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FOREWORD

This report covers work done from June 15, 1960, to May 31,

1964, under Contract DA-19-129-QM-1631 (01 5150). This report is
divided into the following four parts:

Part I, Development of an Expendable Military Field Overgarment
with Protection Against Cheemical Warfare Agents in Liquid

I Form

Part II. Development of Materials for an Overgarment Providing

Protection Against Liquid, Vapor, and Aerosol

Part III. Development of Materials for an Overgarment Providing
Protection Against Liquid and Vapor

Part IV. Studies of Fluorocarbon Compounds

!J

4' I iii-
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"A I3ST 13ACT

This report covers the work done to develop materials for a

4 military overgarment to provide protection against chemical warfare

agents and to prepare fluorochemicals for use as finishes for tile
materials.

The initial objective of this project was to develop an inexpensive,

lightweight, expendable overgarment that would provide protection against
chemical warfare agents in liquid form and that was durable enough to be
worn for 6 !iours. A search of the literature and a survey of industry
disclosed no woven fabrics, nonwoven fabrics, films, papers, or foams
that appeared to be suitable for preparing an inexpensive, lightweight
overgarment that had all of the desired properties. Papers appeared
to offer the most promise for development as suitable material for the
overgarment because they were cheap, lightweight, permeable to air and
water vapor, and could be treated to provide resistance to liquid CW
agents. Poor abrasion resistance, poor snag and tear resistance, poor
flexibility; and in the case of reinforced papers, poor adhesion between
the scrim and surface layers were the major deficiencies of tile
commercial papers. Therefore, studies were made to overcome these

deficiencies.

An experimental paper made from 50% nylon and 50% wood pulp
fibers, reinforced with nylon scrim and treated to increase abrasion

resistance and to provide CW-agent resistance was the best material
J found for the lightweight, expendable overgarment. Field evaluations

of two such scrim-reinforced papers produced on commercial equipment
indicated that they had a service life under combat conditions of 3-4 days.

Work on the design of the overgarment was begun at Southern
Research Institute, but was completed by International Latex Corporation
under Subcontract D-7933. A one-piece coverall-type overgarment and a

two-piece pajama-type overgarmetilt design were approved by the Project
Officer.

- iv -
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AABSTRACT (continued)

The next phase of the program was directed toward the develop-

ment of materials that would be durable en-ough for wear for 3 to 21 days
and that would provide protection against chemical warfare agents in
liqtid, vapor, and aerosol forms. A three-layer system consisting of
an outer layer of Quarpel-treated nylon-cotton woven fabric to provide
liquid resistance, a middle layer of either a Dacron-glass paper or a
glass-viscose- vinyon material (Liner H-18) to provide aerosol resistance,

and an inner layer of rayon nonwoven fabric treated with a chloroamide-
resin mixture to provide vapor resistance possessed most of the desired
physical properties. Before studies of two-layer and one-layer systems
with resistance to agents in the three physical states were completed, the
requirement for protection against agents in aerosol form was dropped
and efforts were directed to development of a material for overgarments
to provide protection against chemical warfare agents in liquid and vapor
form s.

In this third phase of the program, attempts were made initially
to produce a single-layer material for overgarments that would provide
protection against liquid and vapor chemical warf. re agents by treating

one side of base fabrics with a liquid repellent and the other side with a

reactive or absorbtive material that would retain agents ini vapor form.

'iThe results were not promising, and the major effort in this phase of the
program was spent on the development of a two-layer iystem. The most
promising two-layer system developed consisted of an outer layer of
mercerized woven cotton fabric treated with Zepel B and an inner layer
of a rayon nonwoven fabric or a polyurethane foam containing activated
carbon with an acrylic latex as a binder. Several hundred yards each of
scrim- reinforced nonwoven fabric and of polyurethane foamin/nylon
laminate were prepared and treated with the activated carbon/latex

mixture on plant equipment. These materials were supplied to the U. S.
Arnmy Natick Laboratories for evalitation.

- IN
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ABSTRACT (continued)

The fourth phase of the program -as concerned with the

development of new and improved fluorocarbon compounds as
finishes for overgarment materials to provide oil, water, and

flame resistance. Eleven new fluorocarbon compounds were
synthesized and screened as oil and watrer repellents for cellulose
materials and two fluorocarbon compounds were synthesized and

screened as combined oil- and water repeHent and flame retardant.

One of the chemicals, perfluorocaprylamidomethylpyridnium .

chloride, was found to provide good oil- and water-repellent
properties and was extensively evaluated. The compound imparted
some water and oil repellency to six fabrics made from various

types of fibers; to leather; and to nylon-wood pulp and cellulose

papers. In comparison with FC-208. a commercial fluorocarbon,
perfluorocaprylamidom ethylpyridiniu m chloride had good durability

"to laundering, but poor durability to dry cleaning. Good oil

repellency was obtained on cotton fabric with -s little as 2% of

perfluorocaprylH midomethylpyriduium chloride.
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PART , DEVELOPMENT 010A EXPAI'NfAB1E MIIATAItY lIIF14l)
OVERGA R M ENT WITH PiIOTECTwION AGAINST C•EI MICA iL

WARFARE AGENTS INFOMiV

I. INTRODUCTION

eTh major initial objective of this rcearch project for the

Quartermn.ster Research and Engineering Command (now United
States Army Natick Laboratories) was to develop an inexpensive,
lightweight, expendable military field overgarmetnt that would
provide protection against chemical warfare agents in liquid form
and that would be comfortable and du rable onough to be worn for
6 hours under combat conditions. Additional objectives of later
portions of the project are described in Parts II, Il, and IV of
this report.

The program for the development of mn ,x|pndablc over'-
gar'ment involved a review and evaluation of the a\vai~lble, information
on films, foams, woven fahrics, unwuo\''tn fahvnie-A. wid paipers that
might be of use for ov'ergarments; la\boratovy scrociiing ev'altation of

the more promising of these materials; the development of new
materials and treatments to produce dosired qualities; and the design
and production of overgarments for field trials.

ii,
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11 SUMAR AN DISUS~

Tito iniitial goals for the expendable ovei >ir nieot that were
established in cotifrovtn'e withl thle Pro'jeCt Offj4.erl toVlk rdwhlich
miaterial developmeont was to be directed were:

Cot-not over $5. 00 per garment

Wi&dht - appiroximiately 2 poundIs o1' less p0e gZAI'itIiet.
It w~as estimated that about 7 square yzards of
material would be required for a garment, and
thtat 50 to 80O" of thle fInAl wight Would be4

prufiigagtits; henice, the weight of thle base
material should noct exceed 2. 5 outices per squareC

yard.

Permecabilityv - thle finished garment should be suIFficiently
perme11able to air and moisture vapor to permit
wearing thle Overgarment for at least 6 hours
without excessive discomnfort.

FtProtection - thle finished garmnent materi-Al ShOUld not
I increase the hazards of fire and thermnal exposure.

Serviccabilit', - the garments Should remain serviceable and

provideo protection against chemical warfare agents

Condit iolls.

H Consideration of other requirenitints was postponed until these
bastic requiremenits had L.cCII satisfied.

Thle overgarmient was envisaged initially as a complete covering
for thle. body front the neck down, with the hand and foot coverings as eitherl
integval or accessory parts. Bend protection would be provided by the
plastic hood] that is used with the gas mask. The major part of the program
onl overgarment materials was concerned withi development of materials foil
the body. armn, and leg covuring. Special hand and foot covering materials

and closures are discussed separately.
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A. EY 1,1il fC 111e !l AynlbeAaejl

I A review of the var-ious commercially avail.1ble mlat erials--filims,
f oamIIs, w o v en fabrics, nunwuven fabrics, papers, and laminiat es of combi-

naions of thiese-disclosed nlone that mei.t all of the basic ruqui rvilentsI
4 lis~ted above. Each type of mat erial offvred some a dvantages tut was list)

[1deficient ill S0ome res'Pect. Ill genrclal, films were checap, lightweight, and
4! Iresistant to penetration by liquids. They hiad tile undesirable properties of

low tearing strength, poor snag resistanice, impermeability to air, anid \,cry

F1 low perme~ability to water vapor. Foams were unsatisfactory for use as all
L ~unsupported base muterial for the overgar~ment because of generally pour
C ~tensile proper'ties. Woven fabrics that had been used for out ergarmcneit

had thle desired permeability to air and wvaer vapor, met the physical
r-equirements, and hid successfully undergone severe use t rials, even
under combat conditions. hlowever, those with neccessary durability aind
Il1 esistance to liquid, were too heavy and tou cost l\ for a lihwegt
iniexpenlsivec out ergarinlenit. Couted fabrics that have buekmi uisotd for

Protective clothing Were too imilpermeableo to air anld wvater \'a por for thle.
overgarnikent. L4ow tensile and tea ring sti engths, poor drapej, poor

re. ~~resistance to abra sion, and hig&h cost precluded thet u se of the comnme rejail
avalabe nnwoenfabrics that were test ed. Paper~s wvere the cheapest

H materials available that might be used to fabricate a lightweight garment.
ild They were being used com mercially for dis-posable, clothinig. I low ever',

previous field tests had shown that the commerciallY available vIPkers
Wei'e unlsuitable for military garmient s. primarily because. of low abla slonl

resistance and fiisu fficitent tearing strength. A wideo range of coinme rkiial
Papers Were screenecd to (metel'mine if thek papers theon available had anyv

lose advantages ov'er those previously test ed, and it was found that reinforcekd
papers treated to improve abrasion re~i.ktance appeared to have better

~erngproper'ties for lightweight out ergrnicim es thanl thle ot her coi) lilt' re ial
m-at erials that were studfied. Of thet Coin n11,6ierci Impa prs tested, Kayc el

as either51 an aycel WSR~- 8525 had thek best phyýsicanl properties for
~ytelighitw~eight clothing. Thekse papers \\ere, 2. 5-3. 0 o.,yda wood-pulp poapers

,e prograiT reinforce-d w\ithi strands of miu It ifi Iaillnt miv Ion anmid treate'd to i mprove

materials

~.~L1 ,i IN -;k. ARCH IN-.1ITLiTL
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Resistance to penetration by liquid CW agents was a prime requireme.
in the material for the overgarment, and an investigation to ascertain whethe:
this property could be imparted to papers was made. It was found that the
resistance of papers to liquid CW agents was fairly independent of the pore
size of the paper. Swelling, gelling, and absorbancy were investigated as
possible mechanismns for obtaining resistance to CW agents, but they did not
appear promising, and other finishing treatments were studied. A nylon-
reinforced wood-pulp paper was used for the evaluations. Water repellents,
latexes, and a CW-reactant finish (XXCC-3) were not effective for imparting
CW-agent repellency to the paper, but fluorochenmicals appeared promising,
and comparisons were :nade of the then commercially available oil- and
water-repellent fluorocarbon chemicals. FC-208 was the most effective
repellent found in these trials. With only 2% of FC-208, liquid VX, HD,
or GB agent did not penetrate the paper in 6 hours. The FC-208 was just
as effective when used alone as when used with a pyridinium water repellent,
such as Zelan AP or Noranc R; but a small amount of Phobotex FTC, a
durable t extile water repellent, stabilized the emulsion of FC-208 and had
no effect on the CW-agent resistance of treated paper. The presence of
latex impregnant in the paper did not alter the effectiveness of the fluoro-
carbon repellent when it was applied as a separate treatment, but when the
latex and repellents were applied from the same bath, the treated paper
showed little resistance to CW agents.

B. Studies to Overcome Deficiencies of Commercial Reinforced, Wood-

It was concluded from the above study that papers offered the most
promising possibilities for construction of inexpensive, lightweight,
expendable overgarments. Papers had the advantages of economy, light
weight, permeability to air and water, and they could be treated to give
protection against liquid CW agents. However, the commercially available
papers were not satisfactory because of poor abrasion resistance, poorl
snag and tear resistance; poor handle, drape, and flexibility; and, in the
case of reinforced papers, poor adhesion between the scrim and the surface
layers. The development of papers with improvements in these properties
appeared feasible and to provide the most promising route to a material that
would meet the requirements for the overgarment.

II
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requireme
ain whethe,

that the Reinforced, wood-pulp papers were the best of the commercial
the pore papers evaluated and offered a promising starting point for the development
rated as of a satisfactory paper for the overgarment. Tirreatments with latexes,

ey did not softeners, plasticizers, and flame retardants; paper weight and processing

nylon- conditions; fibrid binders; different reinforcing materials; and adhesives

epellents, were investigated for overcoming the deficiencies of the commercial

imparting reinforced, wood-pulp papers.
=romising,ris- and Latex impregnants increased the breaking strength and abrasion

ective resistance of a commercial, nylon-reinforced paper-Kaycel 101-1, but,

0HD, in general, decreased tearing strength. Of the latexes studied, the acrylic

was just polymers Rhoplex B-15 and Rhoplex AC-33 gave the greatest improvements

repellent, in the properties of the paper and had the best effects on the flexibility of the

C, a paper at -55°C and on the tackiness of the paper at 45°C. There was little

and had choice between the two latexes, but Rhoplex B-15 was selected for more

ice of extended studies, and it was found that 25% of resin solids on the weight

fluoro- of reinforced paper was the optimum amount for improving the properties
when the of the paper. A poly(vinyl chloride) resin, Geon 577, in combination with
•P 2r antimony oxide imparted flame resistance to the paper, but the treated

paper had poor abrasion resistance.

A nylon fibrid was investigated as a binder in place of a latex, but

Wood- it was found to be unsuitable for use.

Less beating of the pulp, lower temperatures for drying the wvater-

he most leaf, lighter sheets, and softeners were found to improve the handle, drape
t' and flexibility of wood-pulp papers; but plasticizers were not very effective.

light Some of the softeners studied also gave appreciable increas~s in the teariing
give strength of the paper, generally, at the expense of breaking strength.

available Because of their adverse effects on the strength of the papers, softeners

poor could be recommended only at add-ons of less than 0. 5%.
in the

te surface Scrims of different constructions and made of various synthetic yailns

:'operties were compared as reinforcements for wood-pulp paper. Incorporation of

terial that 100-denier, multifilament yarns of cellulose acetate, nylon, or rayon in a
wood-pulp paper increased the dry and wet breaking strength, tearing st rt.ngh,
abrasion resistance, and crease recovery of the paper. Nylon was gvner.'n'iv
more effective than other yarns in improving the properties of the paper;

rayon was less effective than the others. Cellulose acetate gave the highcý-I
tearing strength. Tile properties of nylon-reinforced papers were improv,..d
as the strands per inch of yarn were inc reased from 4 x 4 to 6 x 6, but tht.h

properties were impaired upon further increasing the strands per inch to

- . .M A C
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8 x 8. As the sizc of the nylon yarns was increased from 100 to 210

denier, the tenlSilt' Strenlgths of the paper inc reased slightly, but the
abrasion resistatwo was greatly reduced.

A reinforcing scrim of 9 x 9 strands per inch of 70-denier nylon 1
yarn was later evaluated with the hope that this scrim would give papers
with improved abrasion resistance, but it was concluded that 6 x 6 strands f

per inch of 100-denier nylon was the better construction.

Although reinforcement of wood-pulp paper with scrim increased
the strength, abrasion resistance, and crease recovery of the paper, the • -•

use of a scrim as a reinforcing material had several drawbacks: the snag v. ;

resistance of scrin-reinforced paper was poor, the adhesion of the surface P
layers of paper to the scrims was not as great as desired, and permanent a

distortions could occur easily in the diagonal direction. Studies of r,

calendered nylon textryls es reinforcing materials was undertaken in :i
attempts to overcome these deficiencies, but the textryls were found tobe u1satisfactory. (C

The adhesion between layers of wood-pulp paper and nylon scrim
was increased by treating the scrim with adhesives. Of the adhesives
tested, Ubabotid 11-511 (an acrylonitrile-rubber adhesive) gave papers with
the highest peel strength, and 13% of adhesive solids appeared to be a
desirable level of add-on to use.

In addition to the protection against liquid CW agents that was needed
in a paper for the protective overgarment (which could be obtained by treat-
ment with FC-208) it was desirable that the paper be flame resistant' at r
least enough so to avoid any special hazard when subjected to high-energy L
thermal radiation. Numerous non-durable, semi-durable, and durable
flame retardants were evaluated for flame proofing a nylon-reinforced
wood-pulp paper containing 20% of an acrylic binder. Three flame l
retardants were found that were effective-Fi Retard NBX; a mixture of
ammonium sulfaMUate, diammonium phosphate, and carboxymethylcellulose t
in the proportions of 7.2: 2.8 :1, respectively; and Apex Flameproof 290-B.
However, only Apex Flameproof 290-B was an effective flame retardant in
the presence of FC-208 without decreasing CW agent repellency.

t

I.
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As a result of these studies, a lightweight (4-oz/yd2 ) wood-pulp
yLon ,..inforced with 6 x 6 strands per inch of 100-denier nylon containingl 1. babond 1-1-511 scrim adhesive, 20% Rhoplex B-15, and 2-4% FC-208-pets ' .., ,,ccntages on final weight) was the best experimental material preparedtrands. overgarment. This experimental paper had excellent resistance to

; d CW agents, good flame retardancy, and physical properties superior
"& .,,ly respects to the best of the commercial materials. Htowever, it hadased • ,. rvY poor handle, drape, and flexibility ail extremely low air permeability.

", the , improvements in handle, drape, and flexihility could have been obtained
snag ,,i'1 softeners or mechanical treatments in exchange for lower levels of

surface p,,vsical properties, but the low air permeability would still have remainedanent a serious disadvantage. The use of cotton linters in place of wood pulp did
n ot overcome these deficiencies.

0-

C C. Experimental Synthetic - Fiber Papersý
"ia ~Since the physical properties of the wood-pulp papers were not

S.4atisfactory for the overgarment, studies were undertaken to determine.3 .h %-Ihether the desired properties could be obtained with r,!inforced, synthetic-
t -filer papers.

For selection of the most appropriate fibers for use in the papers,
needed nonreinforced papers were prepared from the following seven fibers alonetreat- arnd in various combinations: rayon, RD-101 (a multi-cell rayon fiber),
at nylon, poly(vinyl alcohol), cellulose acetate, ordinary Dacron, and Dacronrgy D-90 (a polyester fiber that crimps on heating). Wood-pulp fiber was used

I in many of the papers because of its desirable general properties, its goodpaper-making qualities, and its low cost. From an evaluation of theproperties of the papers, nylon was found to be the most desirable of the
fsynthetic fibers; and papers containing 50% nylon and 50% wood pulp had

lose the best balance of physical properties. The tearing strength and abrasion0-B. resistance of a 50:50 nylon-wood pulp paper treated with Rhoplex B-15 wereSin greater than for the commercial synthetic-fiber papers evaluated; break'ngstrength was about the same; and the abrasion resistance was slightly
greater than the abrasion resistance of Kaycel I{SR-8525, one of the best ofthe commercial papers. Iloweve•r, Kaycel H1S1-8525 had higher dry and wetbreaking strengths and tearing strengths which were probably due to Ihe
reinforcing scrim that it contained. The nylon-wood pLlp paper had much
higher air permeability and better handle and flexibility than the all wood-
pulp paper.

.. . . . . . . . . . . .... . . . . . . . .
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An expetrimental notiueinforced paper containing 75% Dacron D-90
and 25", wood pulp had cxcellent handle, drape, and flexibility; but the

Li abrasion resistance and breaking strength of the paper were too low for
protective overgarmcuts I trio:

"How
The following materials were evaluated as reinforcing agents for flex,

the 50:50 nylon-wood pulp paper: scrimrs made from cotton, rayon, poly- pap€
ethylene, poly(vinylidene chloride), and nyl". yarns; nonwoven fabrics
made from all nylon, all cellulose acetate, -0. viscose, and a 50:50 mixture
of cellulose acetate and viscose fibers; nylon textryl papers. and a light- D.
weight nylon fabric. The nylon -scrim was the most effective of the various
materials tried, and 6 x 6 strands' per inch of 100-denier nylon yarn was
the best construction for the scrim. Splic-It was the best of a number of
adhesives evaluated for bonding the scri I to the paper, gars

shec.yara

A 3. 0 oz/yd2 paper containing 50% nylon and 50% wood pup reinforced abra
with a 6 x 6 scrini of 100-denier nylon and treated with an acrylic binder had

wate
excellent physical properties and appeared to be a satisfactory base material best
for construction of the expendable protective overgarment. Good resistance bres

to liquid GB, HD, and VX agents was obtained by treating the material with resi!
FC-208; and no loss in protection of the treated material occurred after tear
soiling, abrading, wetting, or creasing. The treatment imparted water
repellency to the reinforced nylon-wood pulp paper, but the treated paper
was not rain resistant. Attempts to obtain both liquid CW agent resistance as v
and rain resistance with mixtures of FC-208 and a pyridinium type water dese
repellent (Norane R) were not successful. However, rain resistance was Corj.
only a desired and not an essential property of the material for the over- of th
garment. of n

proc
Numerous flame retardant treatments were investigated for use on Exp

reinforced nylon-wood pulp paper bonded with Rhoplex B-15 and treated with ?
FC-208 to make it resistant to CW agents, but no satisfactory method was PaF
found for making the candidate paper for the overgarment flame resistant. 3.0
The most satisfactory of the various flame retardants that were investigated 50-7
was a treatment with tetrakis(hydroxymethyl)phosphanium chloride and plas
tris(1-aziridinyl)phosphine sulfide in a ratio of 1:1. However, the lack of per
commercial availability and the poor stability of APS made the use of this B-1
treatmient impractical. pap.

• .. . .:..•,, .:•,A
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SD-90
.hefor A nylon-wood pulp paper containing poly(vinyl chloride), antimony

trioxide, and FC-208 was resistant to flame and to liquid CW agents.

Hiowever, the paper was not as satisfactory in regard to hand, drape,

s for flexibility, and abrasion resistance as the reinforced nylon wood-pulp

poly- .paper containing the acrylic binder.

Aics
mixture
light- D. Experimental Paper 2-2-62
various d2
voA 3.0 oz/yd nylon-wood pulp paper was accepted by the Project

a was officer as a candidate material for the preparation of the protective over-
garment. The material consisted of two 50%-nylon and 50%-wood pulp

sheets reinforced with an adhesive-bonded 6 x 6 scrim of 100-denier nylon
yarn, treated with an acrylic polymer (Rhoplex B-15) to bond it and increase

reinforchd abrasion resistance, and treated with a fluorochemical (FC-208) to provide
.inder had

water repellency and resistance to liquid CW agents. Compared to the twoe material best commercial papers found, the nylon-wood pulp paper had the highest
•]esistance breaking strength, bursting strength, puncture strength, and abrasionabai with
a withr resistance. The commercial papers had better handle and drape and higher
alter
, ater tearing strength.

paper
saper About 1700 yards of a reinforced, nylon-wood pulp paper, as similar:istance

as was practical in the construction to the laboratory-prepared paperwater

_~e was described above, was made on plant equipment by the Kimberly-Stevens

over- Corporation for laboratory and field evaluations. Prior to the production
of this yardage, a trial production run was made to establish the feasibility
of making the paper on the commercial equipment and to determine suitable

* use on processing conditions for production. The finished paper, identified as
,ated with Experimental Paper 2-2-62, weighed 3. 2 oz/yd , had excellent physical
•od was properties, and, for a paper, had good drape and handle. Experimental
-- Paper 2-2-62 was made from two sheets of paper that contained 30% ofistant. 3.0 20% of 1.5 denier, 0.25-inch nylon; and

sad 5076 of Iarmac kraft laminated with an.adhesive [ poly(vinyl chloride)-

lack of plastisol-Adhesive KS-i] to a nonwoven scrim containing 6 x 5 strands
of this per inch of 100-douier nylon yarn. The laminate was treated with IRhoplox

B-15 (an acrylic polymer) to apply 25% solids, and then the Rhoplex-trealcd
* paper was treated with FC-208 to apply 3% solids.

S -SC-!
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From field studies by the G . S. Army Natick Laboratories, the
paper was estimated to have a useful life of about 3 to 4 hours under
combat conditions. The major deficiencies of the paper were poor abrasion
resistance when wet, poor snag resistance, and delamination. The tearing
breaking, and bursting strengths, as well as the hand, drape, and flexibility
of the paper appeared to be satisfactory. Dry abrasion resistance was
satisfactory when double layers of paper were used at the elbows and knees
of the garments.

Based on laboratory data, :somewhat better performance would have
been expected if Experimental Paper No. 8-28-61 had been used. This
paper probably would not have delaminated in use, and its abrasion resistanlce
and puncture strength were better. This paper is similar to the plant-
prepared Experimental Paper No. 2-2-62 except that the base sheet is made
from 50% of 1. 5-denier, 0. 35-inch nylon and 50% wood pulp. This corn po-
sition was recommended for the plant production, but there was not enough
time to obtain a sufficient amount of 1. 5-denier nylon and have the paper
ready in time for the field studies.

The resistance to liquid CW agents of Experimental Paper No.
S2-2-62 was satisfactory. Even samples of the paper taken from worn

areas of the field-worn garments were rosistant to penetration by the
agents.

E. Studies to Overcome Deficiencies of Exxp rimental Paper 2-2-62

The physical properties of the candidate paper most needed to be
improved, as shown by the results of the field trials, were wet abrasion
resistance, puncture (or snag) resistance, and adhesion of the base sheets
to the scrim. Binders, increased paper weights and densities, scrim
adhesives, and other reinforcing materials were investigated for improving
these properties.

Several latex binders aud fibrids were investigated for improving
the wet abrasion resistance of the candidate paper, and the uIse of 1khoplex
HA-12 as b:nder more than doubled the wet-abrasion resistance of the
paper.

- - , .. . ..... i
............... ......... ........ ,.
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-brasion Increasing the unit weight of the base sheet increased the abrasion
tearing F resistance, puncture strength, and bursting strength, and slightly decreased
exibility t•he air permeability of the paper. Even slight increases in the weight of the
'as L base sheet were beneficial. Therefore, it was concluded that it would be
Iknees jcsirable to increase the weight of the base sheet used in the reinforced

paper even though minimum weight was desired.

ld have Preliminary data showed that an increase in the density of the base
his paper increased the puncture resistance, but also greatly decreased the air
-esistanc( permeability of the paper.

is made Improved scrim adhesives were found that appeared to be suitable
:ompo- for use on plant equipment, but Kimberly-Stevens could not use them because
enough of mechanical instability, plugging of lines in the equipment, or undesirable
aper tack time. Consequently, optimum conditions of application were established

for producing high-peel-strength papers with an adhesive similar to the one
used in the previous plant trials (Adhesive KS-2).

I' : A method was developed for dyeing the paper to an OD shade without

:e detracting from other properties, and dry creping was found to improve the
hand and flexibility.

1 -F. Experimental Papers 6-21-62 1R and 6-21-62GCD

o be On the basis of the above results, two scrim-reinforced nylon-wood
sion pulp papers with improved physical properties over Experimental Paper
sheets 2-2-62 were developed, and they were produced on commercial equipment
m at Kimberly-Stevens. The papers consisted of two 50% nylon (1. 5 denier,
proving 0. 25-inch) and 50% wood-pulp (liarmac kraft) sheets reinforced with a 6 x 5

scrim of 100-denier nylon yarn treated with Adhesive KS-2. One paper,
identified as Experimental Paper 6-21-62 R, was treated with l.hoplex ItA-12.

wving dye, and FC-208; the other paper, identified as Experimental Paper 6-21-
ioplex 62-GCD, was treated with Geon 577, antimony trioxide, dye, and FC-208.

ýie Experimental Paper 6-21-62 GCD was dry creped to improve hand and
flexibility, but because'of processing problems cneountered, E.,xperimental
Paper 6-21-62 1. was not creped.

SOUTHI.IRN RUAI ARCH INSTITUTt
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The improved papers both weighed 3. 9-4. 7 oz/yd and were
estimated to cost less than $0. 75 per square yard. They had high
air permeability; very good physical properties, including wet-
abrasion resistance, snag resistance, and adhesion of the base sheet
to the scrim; and satisfactory resistance to liquid CW agents. However,
the papers had poor hand, drape, and flexibility. The results of field
evaluations of the papers indicated that they had a service life under
combat conditions of 3-4 days. (rhe evaluations were carried out on the
Cotton Fabric Course at Fort Lee, Virginia. by the U. S. Army Research
and Engineering Field Agency.) Hence, except for weight, the papers had
the military characteristics desired of the expendable, CW-agent-prolective
field overgarment.

G. Experimental Nonwoven Fabrics

Experimental nonwoven fabrics made from nylon, rayon, and nylon-
rayon blends and treated with different binders were evaluated in an effort

to find base materials for the overgarment superior to the experimental
papers. The results of the evaluations indicated that an overgarment made
from a nonwoven fabric would probably have the advantages of improved
durability, flexibility, hand. and drape; and the disadvantages of higher
cost and weight and of lower (though possibly satisfactory) resistance to
liquid CW agents.

The optimum composition of a nonwoven fabric for the overgarment
was not established. However, of the fibers and fiber mixtures evaluated,
nylon was the best; and, of the binders evaluated, a 1:1 solids mixture' of
Rhoplex HA-12 and Rhoplex HA-8 was the best. Laminates of the expeui-
mental nonwoven fabrics to a lightweight nylon parachute fabric were ilot
encouraging for use in the overgarment.

tI
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It.!•cl~anment Design Studies

Work on the design of the overgarment was begun at Southern
,evr Rc•vý%rch Institute but was completed at International Latex Corporation,

:r Dover, Delaware, under subcontract D-7933. Many overgarments of
diffrent designs were made and studied; and, of these, a one-piece

j)n the covvrall-type overgarment and a two-piece pajama-type overgarment
search desiglned by International Latex Corporation was approved by the Project

ders had Offic r. Field evaluations of the two overgarments fabricated fromr
qrotective ExpeIimental Papers 6-21-62 GCD and 6-21-62 I by the U. S. Army

Natick Laboratories indicated that the onc-pioce design was more
desirable.

Adhesives were investigated for forming seams and several
l were found that were satisfactory. However, sewn scams painted

nd nylon- with an adhesive \ere also satisfactory and were considered more
neffort desirable, since they were more amenable to current garment

."ental na nu faturin g conditions.A

ýi roved We gave some attention to the fabrication of protective gloves• ,igherand boots, but the study, was taken over by the U. S. Army Natick :.

kce to Laboratories before being completed in order to allow us to devote

more effort to other studies. At the termination of our research
work on gloves and boots, we had found that nylon filh appeared to be

"garment a good candidate material for construction of these items. IHowever,
"aluated, work at Natick revealed that poly(vinyl chloride) and polyethylene films

S:ture of !were also acceptable candidate materials; and, at the Project Officer's
experi- request, 25 sets of gloves and 25 sets of boots were made from each of
:re not the materials by International Latex Corporation, under subcontract

with us, and sent to the Natick Laboratories for evaluation.

•.. . I N * .**H .. I 
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111. BASE MATER1IAL FOR OVFE1RGAIEMNT

A. Evaluation of Commercially Available Materials

At the start of this project a survey was made of the commercially
available materials to determine which, if any, of these might be of use in
preparing a protective garment that would meet the established requirements
fo r an inexpensive, lightweight overgarment that would provide protection
against liquid chemical-warfare agents. Films, foams, woven fabrics,
nonwoven fabrics, and papers were considered. N commercially available
material was found that had all of the qualities reqx'ed for the overgarment.
In evaluating the usefulness of a material for this application, primary
consideration was given to the following criteria: it should (1) provide
protection against liquid CW agents, (2) be durable enough to be worn under
combat conditions for a minimum of 6 hours, (3) not impose undue heat
stress on wearer, (4) be lightweight (about 4 oz/yd' maximum), (5) not be
a thermal hazard, and (6) be low in cost.

1. Films and foams

A summary of published data on the properties of commercially
available plastic films is given in Table I-1. These data are for standard
films of various polymers. Data on some special types of films and
sheet foams are given in Table 1-2.

Films have many features that are desirable for the protective
overgal-ment, such as lightweight, good flexibility (except at very low

temperatures), good tensile strength, and low cost. Major disadvantages
are generally low tearing strength, poor snag resistance, low air
permeability, and low wvater-vapor transmission.
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Low water-vapor t ansIIission is probably the most insurmountable
Ird"•back to the use of standard films inll the overgarment. It has been

that the ap,'oximate loss of body weight by perspiration is 0. 2 lb/hr

tzý0 g/hr) for a man at rest with an ambient temperature of 21°C (70°F);

," a man doing 90, 000 ft-lb of work per hour with an ambient temperature
, 160 C (60°F)thc loss in bodyweight by perspiration is 0. 5 lb/hr (225 g/hir).o\Itjuinlg that an overgarment would contain about 7 In of film. the film"v• oufld be reqired to t rainsmit water vapor at a rate of about 30 glhr/mI or

720 g/24 hr/in to innintain the comfort of tlh wearer of the garment. Some
ji 1 vcstigator5: have reported eveni this rate of water-vapor Iransmission,

Saloe° is not sufficient for comfort.

Assuming that a thiiokness of at least 3 mits would be required for
ddcquate strength in a film, the rate of wvat er-vapor transmission of an

Sacceptable film would have to be over 2000 g/24 hr/m'/mil or over 50 g/
"24 hr/m3 /mm. Only one of the types of films listed in Table I-1, methyl
,,lltilose wvith a water-vapor permeability of 80 g/ 24 hr/ in/ mm, meets

his requirement, and methyl cellulose cannot be used because it is water
-. dIhble. Of the hydrophobic commercial films, cellulose acetate has theh1i~hest reported water-vapor permeability, a maximum• of 8. 8 g/124 hr/

11lmm, but this value is less than one -half of that required to pass the
,111ount of perspiration from an inactive man at only a moderate anibient

fo r s iOther properties of these films that would mate shen d'nsatisfactory

which they can be snagg~ed or ptcued. Polypropylene has1 thle hig'hest
tearing strength, lip to 1700 g (3. 7 lb), of the films listcdi it, nible L-1; but
41his value is low compared to the tearing strengths of woven fabrics. The
iresistance to heat of most of the plastic films is poor; most of those listed
will not withstand temperatures above 930C (200°F).

1. Heating, Ventilating, and Air Conditioning Guide, p. 64, Amc ic-m
Society of Heating and Air Conditioning Engincers, Inc. , New York
1959.

2. F. N. Craig, 11. W. Garron, H. Frankel, and 11. W. Blevins, J. Apliod
Phvysiolov 6, 634-644 (1954).
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In addition to these conventional films. thruc ,lpecial types of
commercially available films and one sheet foam were investigated
for utility in the overgarment. These materials were: poly(vinyl
alcohol) film that was reported to be permeable to w 4ter vapor, but
not to air; a poly(vinyl chloride) film that is used in a disposable
safety suit; a microporous film; and a thin sheet of polyurethane
foam. The physical properties of these materials were determined
with results as given in Table 1-2.

All three of these films had very good resistance to abrasion.
The microporous film, IHerculite's Micro-Vent, contained a reii-forcing
scrim, and it had exccptional tensile properties (breaking strength,
72-76 lb/in, and tearing strength, >3200 g). The low air permeabilitics
of these films would make them unsuitable for the overgarment.

The tensile properties of the Scottfoam were very poor; the
breaking strength was low, only 2. 5 to 3. 1 lb/in. , and the tearing
strength was only 314 to 326 g. The abrasion resistance of the foam
was good and its air permeability was very high, but the foam was not
considered satisfactory for use as an unsupported base material for
the overgarment because of its poor tensile properties.

Based on these data, none of the commercially available
plastic films appeared to offer promise for use in preparing the
protective overgarment.

2. Woven fabrics

Woven fabrics are, of course, widely tised in garments of all

types and are available in a wide range of wtights and weaves. They
wer'e, therefore, a prime consideration in, tile se~arch for a suiftable

material for the protective overgarment. The major ¢!pcstions regarding
the use of woven fabrics were concerned with the spec I requirements of
light weight with adequate service'ability, low cost, ano liquid resistanc,.
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A review of the literature provided no useful information on the
serviceability of lightweight woven fabrics (not over 4 oz/yd') under
conditions approximating those to which the protective overgarment
would be subjected. The physical properties of several selected types
of commercially available lightweight woven fabrics were determined
and compared with those of other types of materials, and the feasibility
of treating standard woven fabri'cs to make them repellent to liquid CW
agents was investigated. Commercially available coated fabrics were
also included in these evaluations,

a. Uncoated woven fabrics

The uncoated woven fabrics normally used for military clothing
have many physical properties desired in the protective overgarment,
aud certain impregnants can provide the required resistance to CW
agents. However, because of weight and price, the presently used fabrics
were unsatisfactory for the expendable overgarments and a brief investigatimo
was made of the properties of commercially available lightweight woven
fabrics.

(1) hir of selected _litwcight woven fabrics

The commercial fabrics were selected for initial evaluation of
physical properties. These were: a 2. 5 oz/yd nylon fabric, a 2. 5 oz/yd2

Dacron fabric, and a 4 oz/yd2 cotton sheeting. Descriptions of the fabrics
and data on their properties are given in Table 1-3. In comparison with
the commercial films, foams, and papers that were evaluated, the light-
weight fabrics were superior in drape, hand, tearing, and breaking strengtihs
and abrasion resistance. The nylon and Dacron fabrics both had higher
breaking strengths and air permeabilities than the cotton fabric. The Dacroli
fabric had poor apparent abrasion resistance, but this was a result of the
loose weave of the fabric, which caused the fabric to come apart rather than .
to abrade. The nylon fabric had better abrasion resistance on an actual
weight loss basis than the cotton fabric; 0. 61% weight loss, or 0. 027 oz/yd,2

for cotton. The tcaring strengths of the nylon and Dacron fabrics could niot
be determined because the yarns pulled out of the fabrics during the tests.

II
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Of these three fabrics, thle 4-oz cotton sheeting would be the best
choice for the overgarment.

(2) Feasibility of making lightweight woven fabrics resistant to
CW agents

Two types of treatments Were investigated for effectiveness in
making 10 types of woven fabrics resistant to penetration by liquid CW
agents. The fabrics are described in Table 1-4.

(a) FC-208--Phobotex FTC treatment

padding to apply 2%, 4%, and 8% of FC-208 fluorocheemical solids

combined with 0. 25% of Phobotex FTC solids and then dried 5 minutes
at 150°F. Tie resistance of the fabrics treated to apply 2% of FC-208
solids was determined with all three agents (lID, GA, and VX) by the
standard drop test and with VX agent by the expulsion test; only resistance
to VX agent was determined (drop and expulsion tests) for the fabrics
treated with 4% and 8% of FC-208.

The crt *e, percale, cotton chiffon, polypropylene fabric, and

textured nylon fabrics treated to apply 2( FC-208 were not penetrated
by any of the agents in the drop test, but all of these fabrics except
the polypropylene fabric wvere penetrated by NIX agent in tile expulsion
test. With 4% or 8% applications of FC-208, the batiste and tile linen
were not penetrated by VX agent, but the nylon chiffon, tlhe organdy,
and the pique were penetrated in the drop test; hoNý ever, the batiste
and linen were penetrated in the expulsion test.

Although the polypropylene fabric was not penetrated by any of
the agents in these tests, the fabric had vcry low permeability after the
treatments and was stiff and leathery.. None of the ten fabrics treated
with FC-208 and Phobotex FTC was considered acceptable for use in the
overgarment.

77 I
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Mr. L. J. Weiner of the United States Army Natick Laboratories
suggested a 2 oz/yd2 acetate fabric as a low cost fabric that might be
utilized in making the protective overgarment. The fabric was calendered
under heat and pressure to reduce the air permeability from approximately
105 to 18 ft 3/min/fta. As shown in Table 1-5, neither this "closed" fabric
nor the control fabric was resistant to liquid VX agent, before or after
applying 3% FC-208 or after applying 3% FC-208 solids and 25% Rhoplex
B-15 solids.

(b) Quarpel treatment

The Quartermaster Research and Engineering Command supplied
the following Quarpel-treated fabrics for evaluation of resistance to liquid
CW agents: a 9. 0 oz/yd cotton sateen, a 6. 5 oz/yd2 cotton oxford, and a
3. 6 oz/yd2 cotton printcloth. These fabrics were compared with a 4. 0
oz/yd2 cotton printcloth treated by padding to apply 2% FC-208 and 0. 25%7
of Phobotex FTC solids. The resistances of the treated fabrics to liquid

IJD, GA, and VX agents were determined by the standard drop test and
expulsion test. The treated fabrics were also evaluated for resistance
to liquid VX agent after creasing and after soiling. The data obtained
are given in Table 1-6. The only fabric Ihat was resistant to all agents
under the various test conditions was the 9. 0 oz/yd2 cotton sateen treated
with Quarpel. All of the other treated materials failed one or more of the
tests. The 9. 0 oz/yd2 cotton sateen would not be acceptable for the over-
oarment because of its high weight.

b. Coated woven fabrics

Coated woven fabrics were expected to have about the same
disadvantages as films in low permeability to air and water vapor.
However, two coated fabrics that were claimed to have some
permeability to water vapor were evaluated.

-7 71r
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One of these was a fa'.:ric having a microporous- :oating that was
,cported to he water repeller.t and water-vapor transrr...:.ing. This fabric,
made by Reeves Brothers, In.-. and designated Durado -oplin, had a
coating containing pores rep:rted to have diameters of .- to 12 microns.

Tihe breaking strength of the zoated fabric was approxi'. itely equivalent
o that of the 4. 0 oz/yd2 cottcn sheeting, but its tearing strength and

abrasion resistance were less than those of the sheetir,. The air

permeability of the coated fa'ric was less than 0. 5 fti .. in/ftW which made
it unsuitable for the overgarm.ent.

The second coated fat.-ic examined was a ucopr•-.a-coated light-
weight nylon fabric from Ten:n.ssee Eastman Corporat,:-. that was
"reported to be nonporous to a.r, but to have a high wa4,-.:-vapor trans-
11ission rate. The fabric construction was 117 x 76, 2 1 twill, 40-

denier nylon warp and 70-denier nylon filling. The wa, :-vapor
Stra.,smission rate of the faraws3033ghla"v..t1007o R11 on

one side and 40-50% RH on the other side, and the air -:-meability was

0. 5 fts/min/ft2 at a pressure of 0. 5 in. water. This ra:e. of water vapor
transmission is well below the minimum requirement cf 20 g/hr/n2 as
discussed previously.

Most of these studies cf commercially available %wen fabrics were

made early in the program and the results indicated th4 - available fabriel

were less promising than papers for meeting the requi",-'.-ents established
at that time for the expendable, low-cost, light-weight --. garment with

resistance to liquid CW agents.

3. Textile World 110, 73 (11,50).
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3. r sa

a. Background information

Papers have been extensively studied for use in disposable clothing
in recent years. The properties and performance of four papers that had
been field tested for use as military garments were supplied to us by the
U. S. Army Natick Laboratories. 4 These papers were Kaycel 101-1.
Masslinn RI-1150, Johnson and Jolhson's M840B, and mattrial composed
of two layers of cellulose wadding with an interlayer of nouwoven nylon
scrim. The scrim in the last fabric was composed of 6 x 5 strands per
inch of 100-denier multi-filament nylon yarn; the cellulose wadding was
treated to make it fire and water resistant. The Kaycel 101-1 was a
similar material, but the cellulose wadding was described as a bleached
sulfite pulp. Masslinn RI-1150 was described as a mixture of cellulose
acetate and rayon bonded with a latex, and Johnson and Johnson's M840B
as a rayon bonded with a resin in a diamond pattern. The data supplied
in the physical properties of these papers are in Table I-7. From the
results of field tests of these papers, it was concluded that none of these
papers was suitable for military garments. The principal deficiencies
were low abrasive resistance and low tear strength, especially when wet,
The investigators found that the abrasion resistance of the papers could
be improved by impregnating those with various polymers, thle best of
which was neoprene. In tests of abrasion resistance by dragging the
material weighted with a 10-lb sack of sand in a gritty road, unimpregnated
papers could be dragged only about 25 yards before rupture, whereas
neoprene-impregnated papers could be dragged 8 to 10 times as far before
rupture.

4. Snell, Elliot, "Evaluation of Commercial Disposable Clothing,
Report 2, Quartermaster Research and Engineering Command
(Project Reference 7-9-3-30-001), November, 1958.

. ........ .-
,... .. . . ..... -,,,, ..
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Table 1-1. Physica Properties of Papers Fivid-Tested in Garmients

"i hing Johnson and Johnson's Knycel Masslinn !Se ref.

i th e - , y 1.76-1.96 3,3 2.45 3.6

~sed 9 13 1 9 .1

e,• rte, sile strength. lb/in.

Dry, machine direction 25.3 b, 8-11. 2 9.9-11.0 14.7;.-as Wet, machine direction 7,4 5.0 7.5
Dry, transverse direction 3.6 8.1 5.1-5.7 13.3

i •ed Wet, transverse direction 5.4 3,0 6.5i :et?.n;•ation~.5.3065

0B MIachine direction 15 16 13
A Transverse direction 35 30

,: nweudorf tear, g
Dry, machine direction 250-368 1728 464-520 66.56

• Dry, transverse direction 232 1827 450-591

Id RUL-6ting strength, psi 35 25 54 35

Fold endurance, cyclesd NAchine direction 4000 .4000 4000
-nated Transverse direction 9 1630

:.t~o/'e Tabor st iffness .
Machine directior 1. 93 0. 24 2, 90

"rvaisvorere direction 0.7 0.33 1. 00

Air permeability,
OtInin/fts, 0.5-in. 241 13,9 297 14.8
i,.ad of water
Flammability bu'ils Passed failed failed

Abrasion, cycles 56

-OLIT tIA NI RM R ;I:ARCH INtiTITUT,
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In tile development of a laminate of altiminuum foil and paper for use
in disposable fire-fighting clothing, Arthur D. Little, Inc., evaluated
bleached and unbleached kraft paper, a rope-fiber paper, and several
reinforced papers. Of the papers evaluated, a 90-pound unbleached
kraft paper reinforced with rayon scrim was found to be the most desirable P
paper for this application but because of its limited availability, a 50-pound P'
unbleached kraft paper was used. For reinforcement, a -!-in. mesh rayon b

scrim was laminated between the aluminum foil and the paper. The kraft th

papers had to be creped 15 to 20% to provide the minimum flexibility and

drape required for clothing. The wet strength of the kraft papers, although is
higher than that of the other papers evaluated, was lower than desired.
Soluble wet-strength kraft papers were not commercially available. gi,4

Nylon-reinforced papers that were evaluated by A. D. Little, Inc., ell
were similar to the ones discussed earlier. Excellent drape and flexibility P•.
without creping were the desirable properties reported for the papers, and ve
low strength and abrasion resistance were the undesirable properties. A
paper reinforced with glass scr-im was evaluated but was found to be
unsatisfactory, because it was very stiff and had very poor flex endurance. o
Arledter reported similar properties for papers containing reinforcing
strands of glass filaments. lie prepared papers from a mixture of 75%
cellulose fibers and 25% 3-micron glass fibers that had better flexibility P r"

than the glass-rcinforced papers, but the flex endurance of the papers was
still quite low, and we do not believe they would be suilable for use in ,l
clothing. in

The third type of paper that was investigated by Arthur D. Little,
Inc. was the rope-fiber paper. It has an unusual fabric-like hand when
dry creped, but its strength and abrasion resistance were lower than
those of the unblea-ched kraft. 7,

8.

5. Arthur D. Little, Inc. , "Develop ent of Heat-Reflective Paper-Based
Liminate for Disposable Fire-Fighter's Suit, " Quartermaster Rosearcel
and Engineering Command, Contract No. DA-19-129"QM-1243, April 30
1959.

6. 11. S. A,'ledter, TAP._I 39, 299-303 (1956).

..... . - . -
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for use SvnthL'tic Ilher Rpews. Papers have been pret.pareId from) nylon,

ed *)~ItOrion, Dyi !l, polyethylene, Acrilan, rayonl, glass. steel, and
-~~ .~~um. In synthetic fiber systemns, in generaltefbr utb

ed .t'egethl1' by Somne external binder system to over'come tile processing
~sirble :~'e~in pperiaking of insufficient strength of thie wet web. To develop

3iOpound %ýil maximm etensile properties, thle fibers are bonided. Fiber
3sh rayon :.Jtghas been accomlplished in so~ni inst~ances by softening portions of

kraft~ ~~~~ ~~~ * fbrtemevswt o*nthat. or both. but most generally it is
y and Aie by tile addition of a resin to the fibers before or after the sheet
although orillued. Papers ar nolt made commverially from metal fibers, and can
I'ed. 111made e-xperimietitally only in very high woights. 6 rhe addition of 2 to 10%o

finbers to wood-pulp paper increases its dimensional stability, porosity,
~dtear strengths. Tensile and bursting strength are not affected. Flex

3, Inc., t~uac is always reduced; 51o glass fiber causes a 50%o reduction, 7

exibility 1,,p~ers conta nitng reinforcinig strands of glass filaments are stiff and have
rs, and vvr~y low flex, endurance.6
es. A

A review of the published data, onl papers containing variouls synthetic
lurance. r~ncfiber's alon)Ie and in combination with collulosic fibers indicated that
rcing -.. nA~jjti011S Of n1Ylon 11nd wood pulp-offered plrom1ist5 for producling papers

ivhdsirable properties fur' the protective gvarmenits. Data on the1 pYsicalI
jbility .. '*Pcvties of nylon-wood pulp papers as determined by Emery anld his co-
-ýrs was A~."I'k~Vis are given in Trable 1-8. The combination of good tensile, tear,A
in ,,(I burst strength anid the fold endurance of the 50:50 nylon-wood pulp

.ýjpvr made this paper of particular interest for further investigation as a
Wmatcerial for thle protective overgarment.

.~ittle,
whe n __41

-in
7.L. L. \Varner, T\PPI 42., 173-175 (1959).

1.1. ]`. Emery, J. D. Howell, and S. Sands, TAPPI 38, 781-786 (1956).
-Based
Research'

't~ April 30U

SOL'THLRN RLSEARCH INSYiTUTE
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'Table 1-8. Properties of Nylon-Wood Pulp Papersa,

ii, Tensile "ri,ar, Bur'st, Fol d0 ,,•

0 7600 120 19 hhcgligibl,
Ii

4 25 500 360 12.5 80,000 ,

"50 6200 640 19 160,000

75 6200 1000 24 > 10, 000 j

100 6200 1400 25 > 160, 000

I {V

,3. handshets, 8 x 8 in.

2 Ib

-- - I S'
1 b 2% •lyaidc inde. I

S/iI
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b. S. r y _ of eomm r _1. _, _s

jLNumer'rous types of papers are produced commercially for use inl
.cnts and other applications for wviiehi woven or knit fabrics have
rally been used in the past, and the properties of these pnpers have

tv ,tca~dily improved. To determine whether any papers were available
* Fold, .,c time this investigation was undertaken, we made a survey of the

1_cems rs that were being produced inl the Untited States. The known manufac-
.. s of papers for possible use in gainent-• were:

negligiblE Kimberly-Stevens Clupak, Inc.

Scott Paper C. 11. Dexter and Sons
S80,0ooo

Wc•st Virginia Pulp and Paper Enterprise, Inc.

•160,000 St Regis Paper Angelco Uniformi

,1iegtel Ck-xtilC Avondale Industries
160,000 o

A\ead Paper Dispos.ibles, Inc.

160, 000 LTudlow Paper \Villi'ams;on Dickie, Ace High
"Division

Ilollingsworth and Vose No-Wet-Thru

• Most of theseO Companies wevre contictked about th(,ir pr'odulcts and
11'. jority of them sent samples of products that they produced or

;,.ftwmation about their preodudtctts.h pd s

1 T

II
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(1) Papers selected for evaluation

A review of the information and the samples indicated that the

types of paper most used for garments were reinforced papers, laminales,
and synthetic fiber papers. Papers represeinitive of these types were

selected for evaluation on the basis of the hand, drape, weight, tearing

strength, and price. Their properties are given in Table I-9.

Kimberly-Stevens reinforced papers were cellulose reinforced wit),

nonwoven nylon scrim. Kaycel RSR 8514 was similar to Kaycel 101-1 but

had a water repellent treatment and was treated to improve abrasion

resistance, Kaycel RSR 8525 had a scrim with a higher count than Kaycel

101-1 and Kaycel RSR 8514 and had been treated to improve at-i.asion

resistance. CWC 15-2 contained a special wadding surface and was

treated with Rhoplex B-15 and then with FC-208 (fluorocarbon).

The Mosinee5 product was creped, unbleached kraft paper that

was similar to a paper that was reported to be most desirable for

di .spo,•able fire-fighting clothing.

Chicopee's reinforced paper, Chixel, was a cotton gauze surfaced

with cellulose wadding.

Kaycel 100 (polyethylene coated) had the same base material as

Kaycel 101-1 but contained a 0. 6-mil polyethylene coating. The disposable

rain coat fabric of Disposables, Inc., was 'eported to be a paper treated by

a resin process .developed by the Amierican Cyanainid Cuinpaiiy. ]

9. American Textile Reporter 74, 47( (March 10, 1960).

*..

,7U
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No-Wet-Thru, a Mylar-coated paper, was reported1" to have
these properties:

resistance to wetting by water, solvents, grease, oil, and
most solvents

absorbency

good wet and dry tensile and tear strengths

:' softness and good drape

heat sealability

,4 Typical Masslinn papers prepared from acetate and viscose
"rayons were selected from Chicopee's line of products.

Kimberly-Stevens makes a number of Dacron papers and their
Dacron Textryl was selected for further study because of its excellent
handle and drape.

* ,Hollingsworth and Vose uses the Rotoformer for making specialty
"7 ' papers from cellulosic or synthetic fibers having stapel length of up to 1

* ,,inch. U A synthetic fiber paper and three all-wood pulp papers made by
S' Hollingsworth and Vose were selected for evaluation.

The Flexrope papers5 were selected for evaluation because they
were reported to have an unusual fabric-like hand.

ii.
10. American Textile Reporter 74, 45 (March 10, 1960).

11. Conference with Mr. John Vaselow of the Hollingsworth and Vose
Company in Birmingham on July 29, 1960.
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(2) Properties of laminated and coated papers

The laminated and coated papers were characterized by low air

permeability. The abrasion resistance of these papers was considerably
lower than for Kaycel RSR-8525 or the Mosinee creped paper. No-Wet-

Thru, a Mylar-coated paper, had the best abrasion resistance and breaking
strength but the poorest tearing strength of the laminated materials. Since
the other laminates contained reinforcing strands of yarn, the low tearing
strength of the No-Wet-Thru illustrates the importance of reinforcing agents
in improving tearing strength. In general, papers that did not contain

reinforcing strands or scrim had low tearing strength.

(3) Properties of reinforced papers

Of the commercial papers tested, Kaycel RSR 8525 had the best
physical properties for lightweight clothing. This paper was a 3-oz wood
pulp paper reinforced with strands of multifilament nylon and treated to
improve abrasion resistance. The paper had excellent tearing strength,
good abrasion resistance, and good wet and dry breaking strengths. The
U. S. Army Natick Laboratories field evaluated garments prepared from

ty! Kaycel RSR 8525 and RSR 8514.1a The RSR 8514 was said to be the better;Sty three samples showed no failures after four runs over the combat course.
Nevertheless, the physical properties of Kaycel RSR 8525 were superior

Y to Kaycel RSR 8514, as shown in Table 1-9. Especially noteworthy wasV• "greater abrasion resistance of the Kaycel RSR 8525. This differeLace in
abrasion resistance was unexpected since the only apparent difference
between the papers was the scrim used for reinforcement. Kaycel RSR
8514 contained a 6 x 5 scrim of 100-denier nylon; Kaycel RSR 8525 contained
a 9 x 5 scrim of 100-denier nylon in the machine direction and 210-denier
nylon in the cross direction. Kaycel RSR 8525 had better physical properties
than the Masslin M-840-B and the Kaycel 101-1 that were field evaluated in
garments by the U. S. Army Natick Laboratories and by the Defense Research
Chemical Laboratories of Canada. Also, the Kaycel RSR 8525 was superior
to the Kaycel CWC-15-2 and to the Mosinee creped paper that was found to be
the most desirable paper for use in disposable fire-fighting clothing. The

12. Information from Mrs. Mary Darby of the U. S. Army Natick Laboratories.

SOUTHERN RESEARCH INSTITUTE
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Mosinee creped paper had very good dry breaking strength, tearing
strength, and abrasion resistance, but poor wet strength. The weight
of the paper, 5. 3 oz/ydm , was higher than desired. The Kaycel 101-1
and 101-3 had extremely poor abrasion resistance. Chixel, a paper
reinforced with cotton gauze, had generally poor physical properties.

(4) Properties of synthetic fiber papers

These papers we-z not reinforced and consequently had lcw
tearing strengths. The abrasion resistance of the papers wei e - :;,bout
the same as for the polyethylene coated papers. These papers had very
high air permeabilities, 91-450 ftSlminlft'; a characteristic of nonwoven
fabrics. Papers generally have air permeabilities below 50 ftS/min/ftZ.

(5) Properties of miscellaneous papers

The rope-fiber papers, the Flexropes, had low abrasion resistance
and tearing strength, and little wet strength. Polymer impregnants and
reinforcing materials could be used to improve the properties of these
papers but it is doubtful that they would retain their characteristic pleasant
feel which is their only advantage.

A paper made on a Rotoformer was supplied to us by Hollingsworth
and Vose. The Rotoformer is used for making specialty papers from
cellulosic or synthetic fibers having a staple length of up to 1 inch. The
paper evaluated had a high air permeability similar to nonwoven fabrics, but

4 its tensile properties and abrasion resistance were low. This paper was
characterized by nearly the same physical properties in the machine
direction as in the cross direction.

c. Conclusions

From these studies it was concluded that in general reinforced papers
have better properties than nonreinforced papers. The physical properties of
Kaycel RSR 8525 and RSR 8514 were superior to the properties of the other
commercial papers evaluated, and the properties of these papers were used a
standards for accessing the properties of experimental papers. However, the
commercial papers have the disadvantages of poor abrasion resistance, poor
snag resistance, and in the case of reinforced papers poor adhesion between
the scrim and surfacing layers of the papers.

-i
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4. Nonwoven fabrics

A survey of the nonwoven fabrics and clothing produced in the
United States was made to determine whether any nonwoven fabrics
were available that could be used as the basic material for protective
overgarments. On the basis of information from the survey, a number
of nonwoven fabrics were selected for further study.

.a. Survey of manufacturers

Inquires were sent to about 30 companies in the United States
that were known to produce or that we thought might produce wovenI
fabrics, requesting information on and samples of any nonwoven

materials that might be useful for overgarments. The responses4
indicated that, at the time of the survey, no. nonwoven fabrics were
available that were suitable for use in the overgarment; however, the

trend in the industry was apparently toward developing durable nonwovenI
fabrics that would compete with conventional fabrics on a performance
basis. The available nonwoven fabrics offered no price advantage over
woven fabrics; for example, the cost per pound of nonwoven fabrics was
$ 0. 76 to $ 1. 29, compared to about $ 0. 80 for woven cotton fabric and $ 1.30
for knitted cotton fabric. Nevertheless, we investigated the properties of
some of the available nonwoven fabrics that appeared to have some
characteristics of interest.

b. Properties of selected commercial nonwoven fabrics

Two lightweight nonwoven fabrics from Troy Blanket Mills and
five from Pellon Corporation were examined.

One of the fabrics from Troy Blanket Mills contained acetate fibers
and the other contained viscose fibers. Neither of these fabrics appeared to
contain enough binder for satisfactory bonding, since'the fabrics were
easily torn apart.

f
The five nonwoven fabrics from the Pellon Corporation were selected

for investigation, primarily on the basis of weight and appearance. The
e properties of these fabrics were determined and are given in Table I-10.el The Pellon nonwoven fabrics had good flexibility, good crease recovery,

and a pleasant feel when in contact with the skin. The draping qualities of

the materials were inferior to those of woven fabrics and the reinforced

SOUTHERN RESEARCH INSTITUTE
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papers that are used in disposable garments. The air permeabilities of the
nonwoven fabrics were high, 288 to 325 ft3/min/fta. The breaking strengths
of the fabrics were generally low (2. 6 to 15. 2 lb/in. ) and were especially
low in one direction, usually the machine (or warp) direction. In comparisons
with the tearing strengths of woven fabrics and reinforced papers, the tearing
,strengths of the nonwoven fabrics were low. Pellon 40W was the only one of
the nonwoven fabrics that was not ruptured after 200 cycles on the Taber
Abrader, but it was also the heaviest of the fabrics.

Our survey of the commercially available nonwoven fabrics showed

that they were not being produced for outerwear. Nonwovens were available
in the desired weight range and they were highly permeable to air and water
vapor; but, in general, they had low tensile strength, low tear strength, poor
ibrasion resistance, and poor drape. The price range was about the same asfor woven fabrics.

5. Conclusions

From the survey of commercial films, foams, coated and uncoated
woven fabrics, nonwoven fabrics, and papers that might be potentially
suitable for preparing lightweight protective overgarments, it was concluded
that papers offered the most promising possibilities for construction of
inexpensive, lightweight, expendable, overgarments. Papers have the
advantages of economy, lightweight, permeability to air and water, and they
can be treated to give protection against CW agents. However, the commercially
available papers were not satisfactory because of poor abrasion resistance, poor
snag resistance, and, in the case of reinforced papers, poor adhesion between
the scrim and the surface layers. The development of papers with improvements
in these properties appeared feasible and to provide the most promising route
to material that would meet the requirements for the overgarment at the time.

SOUTHERN RESEARCH INSTITUTE
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Plastic films in general had poor snag resistance, low water
vapor permeability, and no air permeability, which precluded their
use in the overgarments. The low breaking strength and tearing
strengths and poor abrasion resistance of foams made themn unsatis-
factory for use as unsupported base rnaterials.

Uncoated woven fabrics were expensive and too heavy for use in
expendable overgarments and coated woven fabrics were unsuitable
because of low tearing strength, poor abra0sion resistance, 1lw air
permeability, and relatively high cost.

B. Studies to Overcome Deficiencies of Cormercial Papers

The review of commercially available papers indicated that,
although some had desirable qualities, even the roost promising types
were deficient in strength and abrasion resistance of papers can be
increased by application of certain resins. We, therefore, made trials
to compare the effectiveness of different types of resins for irmproving
the properties of one of the most promisirg papers as indicated by the
review described in Section III-A-3.

1. Materials and methods of application
rI' Kaycel 101-1 was used for most of the impregnation studies.

Kaycel 101-1, a product of the Kirnberly-C1lark Corporation, is
composed of a nonwoven nylon web betweeri two layers of bleached
sulphite wadding. The nylon web is cornposed of 100-denier multi-
filament nylon yarn, with 6 strands per irnch in orie direction and 5
strands per inch in the other. The 'vadding has been treated to rnake
it fire and water resistant. The paper weighs 3. 3 oz/yd2.

Kaycel 100 was used in one experimxent to investigate the useful-
ness of Geon 577 for imparting both abrasion resistant and flame retardant
properties. Kaycel 100 is the sarne as Xaycel 101-1 except the wadding is
not treated to make it water and fire resistant.
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.ter The latexes used in the study are described in Table I-11.

eir Suitable dilutions were applied to the papers by padding on a Butter-

worth laboratory padder. The impregnated papers were dried for

30-40 minutes in circulating air at 120°C.

The first six latexes listed in Table 1-11 were chosen for

use in investigation because they were types that were known to be useful

)le for improving the properties of papers and nonwoven fabrics. The

ir jHycar 45019 Chemigum 245 CHS, and FC-80510ere included because

they were reported to be effective for providing resistance to liquid

CW agents and they offered possibilities for improving the physical

propefties of paper simultanedusly.

a~t, 2. Comparison of latexes
Ypea

o e The effects of the latex treatments on the physical propertiesStrialsof Kaycel 101-1 are shown in Table 1-12.

oving All of the treatments except that with the combination of
Chemigum 245 CHS and FC-805 improved the dry breaking strength

of the paper. Rhoplex B-15 and Rhoplex AC-33 produced the greatest
improvement in combined machine and cross dry breaking strength.

The treatments resulted in only relatively small, if any,

improvement in the wet breaking strength of the paper.

ke i13. Reported to Dr. W. C. Sheehan at a conference with Mr. Roberts,
Mr. Gilchrist, and Dr. Oglesby of th( Chemical Corns in Edgewood
on September 15 1960.

SsefuI-

retardant 14. Memorandum to Mr. Guy Schrag, U. S. Army Natick Laboratories,
from A. D. Little, Inc., March 15, 1960.
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The elongation at break of the dry paper was most improved,
and to about the same extent over all, by the treatments with Rhor
B-15, Hycar 1572, Dow Latex 512K, Rhoplex AC-33, and Neoprt,.

842A but they had no significant effect on the elongation at break of the
wet paper. The treatments with Hycar 4501 and the Chemigum 2 CHS-FC-208 combination greatly reduced the elongation at break of both wet

and dry paper.

The values given for Elmendorf tear strength would indicate that
the treatment with Dow Latex 512K was very effective for improving this
property; however, the difficulties encountered with slippage of the nylon
yarns in the paper when making measurements on this paper makes the
result questionable.

All of the treatments greatly improved the abrasion resistance
of the paper, as judged by the number of cycles for rupture, but the

weight losses varied greatly for the various treatments. Considering
both the cycles to rupture and weight loss the treatments with Rhoplex
"B-15 and Rhoplex AC-33 were the most effective for improving the
abrasion resistance of the paper.

Only the treatment with Neoprene 842A seriously affected the
air permeability of the paper.

The heat sealability of the paper treated with these various

latexes was examined briefly and none of them showed promise in this
respect.

Comparisons of flexibility and tackiness of the treated papers at
-550C and 45*C, respectively, are given in Table 1-13. These treated
with Rhopiex B-15, Rhoplex AC-33, and Hycar 4501 were least affected
at both of the extremes of temperature.

None of the latex treatments was effective for making the paper
resistant to a liquid CW simulant.

Based on the over-all results, Rhoplex B-15 and Rhoplex AC-33
were the most promising of the li.texes evaluated for improving the
properties of Kaycel 101-1. There was little choice between the two latexes,
but Rhoplex B-15 was selected for more extended studies.
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3. Effects of various amounts of Rhoplex B-15 on physical properties of
Kaycel 101-1

Samples of Kaycel 101-1 were treated by padding to apply 10, 20,
25, and 40% of resin solids. The treated papers were dried 30-40 minutes
at 120°C. The physical properties of the treated and untreated papers are
shown in Table 1-14.

The treatment to apply 25%6 of resin was the most generally effective
4 for improving the properties of the paper. This treatment improved the dry

and wet breaking strengths, the wet tearing strength, the elongation at break,
and the abrasion resistance. The data indicate that the treatment caused a
decrease in the dry tearing strength in one direction, but this seems
questionable in view of the data for the samples treated to apply 10%6 and
40% of the resin. The only definite adverse effects of the treatment were
a moderate increase in stiffness of the paper and correspondingly slightly

poorer draping qualities.

4. Trials with Geon 577 '

In previously described studies, Rhoplex B-15 and Rhoplex AC-33
were found to be the best of a number of latexces for producing desired
qualities in papers for protective overgarments. However, it is difficult
to make the paper treated with these resins flame retardant. Therefore,
we made additional trials with a poly(vinyl chloride) latex, Geon 577.
Vinyl chloride resins have, in general, outstanding flame retardant
characteristics. Geon 5'7' (B. F. Goodrich Chemical Company) is an
aqueous dispersion of a vinyl chloride resin along with a non-burning
plasticizer.

-4
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Kaycel 100 was treated with Geon 577 to apply 25% solids. On
evaluation for abrasion resistance, the treated paper ruptured at 16 cycles.
A comparable sample treitted with Rhoplex B-15 withstood over 200 cycles.
In attempts to improve the abrasion characteristics of Geon 577, it was used
in different ratios with other latexes, but the abrasion resistance values for
treated papers were not increased enough to be of interest.

In another comparison, samples of Kaycel 101-1 were treated by
impregnation to apply 25% solids of Geon 577 and of Rhoplex B-15. The
properties of the two treated papers are given in Table 1-15. The Geon
577-bonded paper was poorer in all properties except tear strength and
air permeability.

5. Conclusions

From the results of these studies of the effects of resin treatments
on the properties of papers, it was concluded that it should be possible to
develop a paper with physical properties that would meet most of the
requirements for a material for the expendable protective overgarment, as
described in Section III-A. A paper composed of two surface layers reinforce
with a nonwoven scrim and containing about 25%10 of an acrylic resin offered a
promising starting point for the development of a satisfactory paper for the
overgarment.

I
l*
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C. Experimental Paper Materials

The early studies of various commercially available materials
for the expendable protective overgarment indicated that papers were
promising because they offered combination of lightweight, permeability
to air and water vapor, ease in making them resistant to liquids, and low
cost relative to many other materials. However, the physical properties
of the papers in commercial production were not satisfactory for the

requirements for the overgarments, and studies were undertaken to
determine whether the desired properties could be obtained by suitable
choice of fibers, use of binders, and reinforcing with yarns.

The terms nonreinforced and reinforced, respectively, are used

in this report to distinguish between products formed directly by the paper-
making screen (even though they might contain special types of fibers to
provide extra strength) and products made by bonding one or more layers
of a paper to another material, such as yarn, scrim, nonwoven fabric,
or woven fabric.

1. Nonreinforced papers

Nonreinforced papers were made containing 10 different fibers
alone and in various combinations. The usual procedure for preparing
experimental papers was as follows: The fibers were beaten or slurried
with water; if mixed fiber sheets were to be made, the slurries were
mixed in the desired proportions; 8 x 8 inch handsheets were formed on a
laboratory mold and pressed and dried; and the sheets were treated to
apply 25 or 30% of a resin binder. Wood-pulp fiber was used in many of
the papers because of its desirable general properties, its good paper-
making qualities, and its low cost,

a. Wood-pulp papers

In the studies of all-wood-pulp papers, two types of kraft pulp.
bleached and unbleached, were used. The effects of beating time (free-
ness), of treatments with different resin binders, and of addition of the
binders to the furnish or the sheet on the properties of wood-pulp papers
were investigated.

'. . . I
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Bleached and unbleached Southern-pine kraft pulps obtained from

international Paper Company were used in these experiments. One-pound

samples of the pulps were beaten for various times with 23 liters of water
xre
S.bility in a Valley laboratory beater and freeness of each sample was determined.

.nd low portions of the beaten pulp slurries were diluted with water to make a slurry

erties containing 0. 5% of dry pulp and each slurry was stirred for 90 minutes before
:)ertiesuse.

ie

The handsheets were formed in a Williamson 8 x 8-in. sheet moldIable
with a 100-mesh stainless steel screen. For each handsheet, about 3 liters

of water was put in the mold, then an amount of fiber slurry containing

3. 5 g +0. 2 g of dry fiber was poured into the mold. The slurry was stirred

e used thoroughly, but gently to prevent foaming, with a perforated plate agitator.

e paper- The waterleaf was then formed by applying suction to remove the water.

rs to The waterleaf was removed from the screen on a blotter, and pressed
layers between blotters for 1 to 2, minutes at 200 psi pressure, then dried on an

ric, electric dryer for 10 to 15 minutes at 120°C. The blotters and the 100

mesh screen were sprayed with ReleasaGen before use to prevent sticking

of the waterleaf. Ten to 15 replicate handsheets were made from each

slurry. They were conditioned for a minimum of 24 hours in an atmos-
phere at 21°C and 65% RH before making measurements of physical

properties.
bers
.-ing The results of measurements of tear strength, air permeability,

rried stiffness, and brusting strength are given in Table 1-16.

xre
ýd on a To obtain satisfactory formation of the handsheets, it was

I to necessary to beat the bleached pulp to a Canadian freeness of at least

ny of 760 and the unbleached pulp to a freeness of at least 840. As beating

)er- time was increased and the freeness of the pulps was decreased, tearing

strength, air permeability, hand, and stiffness of the papers, in general,

decreased slightly. Bursting strength, however, increased with increasing

beating time. There were only minor differences between the properties of

the unbleached papers and the bleached papers.

)ulp, The papers made from the bleached pulp that had been beaten to a
ree- freeness of 760 had the highest tearing strength and air permeability. The

the papers made from the bleached pulp that had been beaten to a freeness of

3pers 435 had the highest bursting strength and the lowest stiffness. All of these
100% wood pulp papers had low air permeabilities and poor handle.

SOUTHERN RESEARCH INSTITUTE



______________________-__4 - ."

-54-

not
drE.

0

co 'W. ccMI q I

c) it C C C*3 MD mD to t

0 cq. c.I CV2 10 C4 C A
44 o i~

14. s t r

* ~of
(U

0 $ no l
cd0 10LOCHd 00r,. to LO ulD 113 w sti

V v Vv v v C

Cd (U

0 'C4
.4 0)

4- Cc
0

0 0 ~ W DCiO 4 0.
co L- co C U

kd V-4 V-4 r- V-44 v4 .

o an
44-1 RI

0 RI
ha

0) o o o ~ obe

k 4L 10
W4 0) C) Lca -

4-.' 
$4

V-4 CU C

Hý CO

--



-55-

It appeared that papers made from wood-pulp fiber alone were

not suitable for use in garments. Even though flexibility, handle, and

drape might have been obtained by creping, no method was available for

increasing the air perrnability of the papers to a suitable level.

b. Cotton-linters papers

H Handsheets weighing 3. 5 g were made from first-cut cotton

linters beaten to a freeness of 600, 175, and 75 Canadian Standard.
Data on the physical properties of the papers are given in Table 1-17.

As the beating time of the cotton linters was increased, the tearing

strength, hand, and stiffness decreased. However, the bursting
strength increased with increasing beating time. The air permeability
of the papers was low and they had poor drape.

It was concluded that paper made from cotton linters alone was

CI not suitable for use in the overgarment because of low air permeability,
D_ stiffness, and poor drape.

c. RD-101 papers

0 RD-101 is a multi-cell rayon fiber made by American Viscose

V Corporation especially for use in paper. The fiber used was 1. 5-denier,

2i •0.25 in. staple.
M

0 Shearer• reported that in order to reduce the level of overlength

and chip fibers which may be present it was sometimes necessary to beat

V .i "RD-101 fibers for a short time. Therefore, handsheets were made from
RD-101 fibers as received from the manufacturer and from fibers that

had been beaten for 30 minutes. The slurries of both the unbeaten and the

1 beaten fibers were stirred for 90 minutes before use. The values of tearing

0o strength, air permeability, stiffness, and bursting strength of 3. 5 g hand-
* sheets of these papers are given in Table 1-17.

15. Howard E. Shearer, Paper Trade J. 144, 42-43 (November 7, 1960).

SOUTHERN RESEARCH INSTITUTE
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Beating for 30 minutes decreased slightly the tearing strength

and the stiffness of papers made from RD-101 fibers. As with other
papers, there was a slight increase in the bursting strength with increased

bcating time. These papers had poor drape and low air permeability.

d. RD-101-rayon papers

The rayon fiber used in these trials was 1. 5-denier, 0. 25-in.

staple XL rayon. Slurries for making handsheets were prepared by

adding required amounts of RD-101 and XL rayon fibers directly to the

total amount of water required to make 0. 476 slurries, and stirring the

slurries 90 minutes before use. Approximately 3. 5 g handsheets were

made.

The physical properties of papers containing blends of rayon and

RD-101 fibers are given in Table 1-18. The breaking strength, and tearing

strength of the paper containing 50% RD-101 and 50% rayon as well as paper

containing 755% rayon and 25% RD-101 were extremely poor and thus the

paper would be unsuitable for use in overgarments.

e. All-nylon and nylon-wood pulp papers

The nylon fiber used in these trials was 0. 25 in. staple, 1. 5

denier. Preliminary trials showed that it was necessary to have some

bonding resin in the handsheets containing nylon fibers when they were
formed in order to facilitate handling them. A slurry for making hand-

sheets was prepared by dispersing 60 g of the nylon fiber in 11. 3 liters

of water containing 0. 016%6 of Santomerse SX. After stirring the slurry

for 30 minutes with a motor-driven propellor, 5.416 by weight of Rhoplex

B-15, which contained 46%6 solids, was added and stirring was continued

for 1 hour. Foaming was controlled during stirring by the addition of small

amounts of Antifoam A as required. The final slurry contained 0. 516 nylon,

0. 015% Santomerse SX, 2. 5% Rhoplex B-15 solids, and a small amount of

Antifoam A.

SOUTHERN RESEARCH INSTITUTE
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The wood-pul lurry was prepared by heating bleached kraft

pulp to a freeness of 60U Canadian Standard. Twenty-three liters of

water was put into the beater and one pound of the dry pulp, torn in0o

Small pieces, was added. The pulp was dispersed by running the beater

for a few minutes without any weight on the lever arrn of the bed plate.

A 5500-g weight was then hung on the lever arm of the beater, and the
pulp was beaten to obtain the desired freeness. The tirne for obtaining the

desired freeness, about 70 minutes, was very reproducible. Portions of

the beater slurry were diluted with water to give a pulp content of 0. 5%.

Rhoplex B-15 was added to the beater slurry and the mixture was diluted

to give a slurry containing 0. 5% wood pulp and 2.5%7 Rhoplex B-15 solids.

All diluted slurries were stirred 90 minutes before use.

Handsheets containing 3. 5 +0. 2 g of dry fiber was made containing

100% wood-pulp fiber and mixtures of wood-pulp fiber and nylon fiber in

ratios of 75:25, 50:50, and 25:75 by the procedure descr'bed above for

preparing wood-pulp papers.

After drying, the handsheets were bonded with Rhoplex B-15.

The latex was applied by placing a dry handsheet between two 60-mnesh

stainless steel screens, and then dipping the sheet into an aqueous

dispersion of the resin. The impregnated sheet, still between the screens,

was pressed between blotters in a hydraulic press to leave a pick-up of

approximately 30% of B-15 solids based on the dry fiber weight. The

screens were then removed, and the sheet was dried in circulating air

at 120°C for 30-40 minutes. The 100% wood-pulp sheets were impregnated

with a dispersion containing 20% Rhoplex 8-15 solids; the sheets containing

nylon were impregnated with a dispersion containing 15% Rhoplex IE-15

solids.

The physical properties of the papers so prepared are given in

Table 1-19. As the nylon content of the papers increased, dry and wet

breaking strengths decreased; elongation, -tearing strength, and air

permeability increased. The presence of 25% nylon in the paper appreciably

improved its abrasion resistance. Papers containing 50% nylon had slightly

lower abrasion resistance than the 25% nylon papers. Abrasion resistance

decreased sharply as the nylon content of the paper was increased above 50%.

SOUTHERN RESEARCH INGTITUTEw
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The papers containing 50% nylon had the best balance of physical

properties. The tear strength and abrasion resistance of this paper were
greater than that of the commercial synthetic fiber papers that were tested;
air permeability was lower; breaking strength was about the same. The
abrasion resistance of the paper containing 50% nylon was slightly greater
than the abrasion resistance of Kaycel RSR-8525, the best of the commercial
papers. Howevei, Kaycel RSR-8525 had higher dry and wet breaking strengths
and tearing strengths (Table I-9)which were probably due to the reinforcing
scrim.

f. All-poly(vinvl alcohol) and poly(vinyl alcohol)-wood pulp papers

-icThe poly(vinyl alcohol) fibers used in these experiments were
aA -inch, 1. 0-denier Vinal fibers. A slurry containing 0. 5% of the Vinal
fibers and 0. 015% of Santomerse SX was prepared as described for the
nylon fibers. The wood-pulp slurry was prepared as previously described
by beating bleach kraft wood pulp to a freeness of 600 and diluting it with
water to make an 0. 5% slurry. No latex was added to these slurries.

Handsheets (3. 5 g) were prepared as previously described from
t he slurry of the Vinal fibers and from mixtures of Vinal and wood-pulp

slurries to provide wood-pulp; Vinal ratios of 75:25, 50:50, and 25:75.
The handsheets were treated, as previously described, to apply approxi-
mately 30% Rhoplex B-15 solids.

The physical properties of these papers are given in Table 1-19.
The breaking strengths of the papers prepared from poly(vinyl alcohol)

ii fiber and wood pulp fiber mixtures 4ere superior to the nylon-wood pulp
pa papers as shown in Table 1-19. The breaking strength of the papers

SS containing poiy(vinyl alcohol) fiber decreased with increasing amounts of
poly(vinyl alcohol); tear strength and air permeability increased with
increasing amounts of poly(vinyl alcohol), Poly(vinyl alcohol) was not as
effective as nylon for improving the abrasion resistance and tearing strength.

For example, the weight loss due to abrasion for papers containing 5076
nylon was 1. 35%, compared to 6.9% for the papers containing 50% poly-
(vinyl alcohol). The addition of 50% poly(vinyl alcohol) increased the tear
strength 140%, compared to an increase of 371% with the use of 50% nylon.

The air permeabilities of the papers containing poly(vinyl alcohol) were much
lower for all samples than the air permeabilities of the papers containing
nylon. Low tearing strength, poor abrasion resistance, and low air perme-
ability do not encourage any further work with papers prepared from poly-
(vinyl alcohol)-wood pulp blenoIs,

SOUTrHRN RIESARCH INSTITUTE I
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g. Cellulose acetate-wood puly papers

Since cellulose acetate fibers have some absorptive power for
VX agent, a study was made on the properties of papers containing the
fiber along with wood pulp. The cellulose acetate used in these experiments
was 0. 25-in. staple, 2. 5-denier fiber obtained from Celanese Fibers

! Company.

We were unable to prepare paper handsheets with 100% cellulose
acetate fiber because of the very low wet strength of the waterleaf. The
addition of a binder to the beaten stock did not alleviate this problem.
However, no difficulty was experienced in preparing papers containing 50%
or more wood pulp. The procedures for preparing the fiber slurries and
the handsheets and for applying the resin binder were the same as described
for preparing the wood pulp-Vinal papers in Section c above. The handsheets
were made to contain 3.5 g of dry fiber.

The data on the physical properties of this paper are given in
Table 1-19. In comparison with a 100% wood-pulp paper that also contained
3076 binder, the cellulose acetate-wood pulp paper had lower dry and wet
breaking strength, lower elongation, and lower abrasion resistance. It had
higher tearing strength and higher air permeability. The drape and handle
of the paper containing cellulose acetate was slightly better than the all

* wood-pulp paper.

Handsheets also were made containing 25% nylon, 25% cellulose
acetate, and 50% wood pulp to determine if the nylon would improve the
physical properties of paper containing cellulose acetate. Also, it was
hoped that this combination of fibers would give papers with good drape.
The physical properties of this paper are given in Table 1-19. The
25:25:50 paper had lower breAking strengths, considerably higher tearing
strength and air permeability, and higher abrasion resistance, than the
paper containing equal parts of '.-:llulose acetate and wood pulp. The stiff-
ness of the paper containing the nylon was less than the stiffness -f the paper
without nylon but it was much stiffer than the Kaycels. The drape and hand
of the paper was only slightly improved by the nylon and was poor compared
to the Kayeels.

S~Because of the generally poor physical properties, the papers

containing cellulose acetate did not appear to be suitable for the purpose
of this project.

.-.'DO r
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h. Dacron-wood Pulp papers

Dacron fibers have good resistance to heat, high strength, and

good flex resistance. Also, commercial papers and nonwovens containing

Dacron fibers appear to be more prevalent than other synthetic fiber papers.

Therefore, experimental papers containing mixtures of Dacron and wood

pulp were made and evaluated for our end use.

Dacron-wood pulp papers were made from two types of Dacron:

one type was 1. 5-denier, 0. 25 in. staple of ordinary Dacron; the other

was Dacron D-90, a polyester fiber that crimps on heating.

Slurries containing 0. 5% of the Dacron fibers and 0. 5% of bleached

wood pulp were prepared as described for the Vinal fiber and wood pulp,

respectively, in section c above.

(1) Dacron-wood pulp

Handsheets were made from the slurries of ordinary Dacron and
wood pulp to contain these fibers in ratios of 75:25 and 50:50. They were

aftertreated with Rhoplex B-15 to apply 30% resin on dry-fiber weight.

The physical properties of the papers are given in Table 1-19.

The paper containing 50% Dacron and 50% wood pulp had better breaking

strength and abrasion resistance than the paper containing 75% Dacron

and 25% wood pulp. However, the paper containing 75% Dacron had higher

tearing strength and air permeability. Both papers had poor hand and drape.

The breaking strength, tearing strength, abrasion resistance, and flexibility

of the Dacron-wood pulp paper were poor relative to the properties of the 50%

nylon and 50% wood pulp paper.

The low breaking and tearing strengths, poor drape, and low
I abrasion resist. ce of the Dacron-% ,od pulp papers made them of no

further interest for the overgarment.

T Rd
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"(2) Dacron D-90-wood pulp

Dacron D-90, a polyester fiber that crimps on heating, was
investigated in attempts to prepare papers with good hand and drape
that would be suitable as a base material-for the protective overgarment.

Handsheets containing Dacron D-90 and bleached wood pulp in
ratios 25:75, 50:50, 75:25 were prepared from 0. 5% slurries of the

4 fibers. The handsheets were aftertreated to apply 30% of Rhoplex B-1S
solids on the dry-fiber weight. The properties of the papers are given
in Table 1-19. As the ratio of Dacron D-90 to wood pulp in the paper
was increased from 25:75 to 75:25. the breaking strength, abrasion
resistance, and stiffness of the paper decreased; elongation at break,

tearing strength, and air permeability increased; and hand and drape
improved. The brusting strength of the 50:50 and 75:25 Dacron-wood
pulp papers were about the same but were considef'ably lower than for
the 25:75 Dacron-wood pulp paper.

The hand, drape, and flexibility of the 75:25 Dacron D-90-wood
pul p paper were much superior to the hand. drape, and flexibility of the
50:50 nylon-wood pulp paper, or to the properties of other experimental
papers that we have made. However, the abrasion resistance and breaking
strength of the 75:25 paper were low. The 25:75 and 50:50 Dacron-wood
pulp papers did not possess outstanding hand and drape. The hand, drape,
and flexibility of the 50:50 Dacron-wood pulp paper was about the same as
for the 50:50 nylon-wood pulp paper, but the physical properties of the
Dacron containing papers were not as good as those of the nylon paper.

i. All-polypropylene and polypropylene-wood pulp papers

The good oil and water resistance of polypropylene made it of
interest for trials in papers for the protective overgarment.

Attempts were made to prepare 100% polypropylene papers from
2-denier, 0. 25-in. polypropylene staple. It was difficult to disperse the
fibers in water, even at 0. 2% fiber concentration. The all-polypropylene
waterleafs had very low wet strength which was not improved by the
addition of small amounts of a binder to the furnish. Drying of the hand-
sheets at 120°C shrank the fibers, and the papers were very stiff and had
poor drape and handle.
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Only one paper containing polypropylene was evaluated teca.use

it was difficult to make a uniform handsheet that contained more tha•- 250/

polypropylene. The procedure used for preparing a slurry of the poly-

propylene fiber was to first disperse 15 g of fiber in a small E.r'bunt of

water in a Waring Blendor and then dilute it to make about 9 liters 40f

slurry. The wood-pulp slurry was prepared as usual. The piocedures

for making handsheets and treating with Rhoplex B-15 were as descr-ibed

previously.

Table 1-19 contains data on the properties of 25% poirynopylene

and 75% wood pulp paper. The breaking and tearing strengths and

abrasion resistance of the polypropylene paper were all poor vornpaz-ed

to the properties of 50% nylon and 50% wood pulp paper. The 1hiard arid

"drape of these papers were also poor. The generally poor propvrtiers
of the polypropylene paper make it unsuitable for use in overgat~merits,

j. Nylon fifpd-bonded papers

Fibrids hay een developed for use in papermaking to prov-i

better bonding of s yetic fibers that cannot be fibrillated as reaLdily •

cellulosic fibers. T -use of fibrids in paper for the overgarigent
offered a possible t jans of eliminating the need for a latex biuler, s

making possible imprevement in handle, reduction in weight, aqcl gr4e r
ease of flameproofin

Nylon fibrid 10 made by E. I. du Pont de Nemours arld Co>ny,

was investigated in w d-pulp and wood pulp-nylon papers. It is a tLf
synthetic polymer supplied as a damp cake containing 20% solids-. r
compositions and properties are given in Table 1-20. The proPertie's5 a

50%0 nylon-50% wood-pulp paper bonded with Rhoplex B-15 are 4iso g

. #r comparison.

In preparing these papers, the nylon fibrid was disperted iri a

small amount of water, and then added to slurries of the nylorn ori woOd

pulp. The slurries of the nylon and beaten wood-pulp fibers were pr-epared

as previously described. Handsheets were made and evaluated tLyth e usual

procedures.
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hda The paper containing 70% wood pulp and 307o nylon fibrid binders
had a slightly higher breaking strength, but the tearing strength, abrasion
resistance, air perneability, and hand were poor relative to the properties
of the 50% ylon-'500/0 wood pulp paper, It was concluded that the wood pulp-
fibrid was unsuitab le for our use.

Two paper s containing 50% wood pulp, 30% nylon, and 20% nylon
fibrid were made and evaluated. One paper was made by heat fusing the
f ibrid in a press at 50 psi; the other was made by heat fusing the binder
in a circulating air oven without pressure in an attempt to try to improve
the drape arid handle of the paper. The paper which was fused -under
pressure had slightly higher tearing strength than the paper heated without
preisure. The air permeability was higher for the paper dried without

4 pressure. There were no significant differences between any of the other
properties of the two papers.

The breaking strengths of the wood pulp-nylon-fibrid papers were
about the same as the breaking strengths of the 50% nylon-50% wood pulp
paper, but the tearing strengths, abrasion resistances. and flexibilities
were poorer.

Low tearing strength and air permeability and poor handle and
drape preclude the use of wood pulp-nylon fibrid papers in the over-
garment.

44*i I
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2. Reinforced papers

Reinforced papers were prepared by bonding papers to scrims,

textryls, nonwoven fabrics, and woven fabrics.

a. Wood-pulp Pamer

Initial comparisons of various scrims and adhesives were made

with all wood-pulp paper. The paper was made from bleached kraft pulp

by the procedure described in Section III-C-1-a.

(1) Scrim-reinforced Daper

(a) Comparisons of scrimns

Scrims of different constructions and made of various synthetic

yarns were compared as reinforcements for wood-pulp paper. The yarns

used in the scrims were:

Cellulose acetate: 100-denier, 40-filament, 2-Z twist, Type 4w

dull made by Celanese Fibers Company.

Rayon: 100-denier, 60-filament, 2-Z twist, Type 11 dull made

by Celanese Fibers Company.

Nylon: 100-denier, 34-filarnent, 0. 5-Z twist, Type 680, made

by E. I. du Pont de Nemours and Company, Inc.

Nylon: 200-denier, 34-filament, 0. 75-Z twist, Type 300 nylon

made by E. I. du Pont de Nernours and Company, Inc.

4 '2
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Nonwoven ocrims of these yarns containing 4 x 4, 6 x 6. or

8 x 8 strands of yarn per inch were prepared on a 10 x 10 inch pin
is,frame that was designed to fit over the bottom section of the mold used

for making handsheets. In making a reinforced handsheet, in this seriesof experiments, a 2. 0-gram waterleaf of the bleached kraft pulp was

formed on the screen of the mold, and the pin frame with the scrim was
placed on the mold so that only the scrim touched the waterleaf. AdUplicate waterleaf that had been made previously and removed from the

made screen was placed on top of the scrim and pressed with a roller. The

* pulp yarns were then cut from the frame. The sandwich was pressed between
blotters for 1 to 2 minutes at 200 psi pressure0 and then dried for 10 to
15 minutes at 120°C. The reinforced papers were bonded by impregnation

-with Rhoplex B by the procedure described in Section III-C-1-b. One
sample was ma with the yarns of this scrim at an angle of 45' to the.Hgesof the handshee 11l others were made with the yarns parallel to the so.

Data o e properties of these scrimn-reinforced papers are nen

hetic in Table 1-21.
yarns iie

Comparsons of the wood-pulp papers containing 4 x 4 strano$er
inch of the 100- ier cellulose acetate, nylon, or rayon yarns indicaI

e4W that the reinforc ents increased the weight, thickness, dry and wet

breaking streng tearing strength, abrasion resistance, and creas
recovery of the er. Nylon gave the greatest improvement in prope~es;

made rayon the least. ellulose acetate gave the greatest increase in teari

strength, but only slightly increased wet breaking strength and crease

recovery. Rayon significantly improved abrasion resistant;t. and crease

nade recovery but increased breaking and tearing strengths only moderately.
Nylon gave the greatest increase in dry and wet breaking ctrengths,
abrasion resistance, and crease recovery, and appreciabLy increased the

iylon tearing strength.
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The maximum values of breaking and tearing strengths and crease

recovery were obtained for the paper reinforced with the 100-denier nylon

with.6 x 6 strands per inch. The strands of nylon were not as equally

,spaced in the paper containing 8 x 8 strands per inch as they were in the

other papers, and this could have contribiited to the low tensile properties

of the paper. Flat abrasion resistance decreased as the size of the yarn

and the number of strands per inch were increased. The size of the yarn

affected abrasion resistance more than the number of strands. For -_xample,

when the strands per inch were increased from 4 x 4 to 8 x 8. abrasion

resistance decreased from 0. 49%6 weight los .s after 200 abrasive cycles to

0. 88%, and when the size of the yarn was increased from 100 denier to 210

denier in the 4 x 4 construction, the abrasion resistance decreased from 0. 49%/

weight loss after 200 abrasive cycles to 3. 35%6. The size and number of

yarns apparently influence abrasion resistance by controlling the height and

frequency that the surface layer of paper is raised from the center plane.

Improved abrasion resistance obtained by the use of reinforcing yarns

probably is a result of the dimensional stability that the yarns impart to the

paper.

Paper that contained 4 x 4 strands per inch of 210-denier nylon had

greater breaking and tearing strength than the paper that contained 4 x 4

strands per inch of 100-denier nylon. The paper containing 6 x 6 strands

per inch of 100-denier nylon was the best paper prepared.

It was reported by a paper manufacturer that some properties of

reinforced papers are improved when the reinforcing yarns are at a 450

angle with the length of the sheet. It was doubtful that sheets made in the

laboratory would show any differences except those that might be realized

by cutting test specimens at a 450 angle; nevertheless, we made papers

as previously described but with the yarns in the scrim at this angle. The

scrim was a 6 x 6 mesh of 100-denier nylon. Test specimens for breaking

and tearing strength tests were cut so the yarns were at 45* angles to the

edges. The breaking strength of these specimens was 8% less, and the

tearing strength was 30%o less than for specimens from comparable papers

with the yarns parallel to the edges. Abrasion resistance and crease

recovery were unaffected by the angle of the yarn in the test specimens.

Although the angle of the reinforcing yarns may have an effect on the

properties of paper made in machine production, we do not believe this

cart be demonstrated under laboratory paper-making conditions.

SOUTHERN RESEARCH INSTITUTE
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Inspection of commercial reinforced papers after they had been
field-evaluated showed that the surface layer was frequently loosened in
small areas. This deficiency was believed to be due to low peel strength,
the strength required to separate the layers of a reinforced paper.

The peel strengths for the experimental reinforced papers ranged
from 0. 93 to 1. 7 lb/in. The peel strengths of all the experimental reinforcec
papers were greater than the 0. 59 lb/in. peel strength of the commercial
reinforced paper, Kaycel RSR-8525. O the experimental papers, the ones
containing 100-denier nylon had the highest peel strengths.

The wood-pulp paper containing 6 x 6 strands per inch of 100-
denier nylon had the best physical properties of the papers that had been
examined. Its dry breaking strength and abrasion resistance were as high
as those of the 4-oz/yd2 cotton fabric, for which physical properties are
also given in Table 1-21. The wet breaking strength and tearing strength
of the paper were quite good; although, lower than those of the cotton fabric.
The paper had poorer drape and hand and low air permeability.

(b) Latex-treated scrims

Although the reinforced pipers previously prepared had reasonably
good peel strengths, it was ccnsidered possible that better adhesion of the
reinforcing yarns to the surface layers of the papers would result in better
tensile properties. Reinforced papers were prepared from nylon scrim
treated with various latexes and two 8 x 8 in. handsheets of Mleached kraft
wood pulp that weighed 1.4 g each. The handsheets were made from kraft
pulp that had been beaten to a freeness of 760 Canadian standard. The
nonwoven scrims contained 8 x 8 strands per inch of 100-denier nylon yarn.
They were prepared on a 10 x 10-in. pin frame, and the latex adhesives we
applied with a small paint brush. Care was exercised to apply the adhesivel
as uniformly as possible, but this was difficult. Immediately after the lateR
was applied, the scrim was placed between two handsheets, the sandwich I
was pressed, first with a roller, then between blotters for 5 minutes at
600 psi. Only one of the papers was heated during pressing-the sheets
containing Gen-Tac-treated scrim were pressed for 5 minutes at 600 psi
and 160°C. The formulas for the adhesives used in this study, the amounts
of adhesive applied to the scrims, and the peel strengl,:Vs of the reinforced
papers are given in Table I-27.

'eI
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-able 1-22. Peel Strengths of Wood-Pulp Papers Reinforced with Nylon Scrim Treated with

*l Various Adhesives

een Parts by Peel
I in weight on Solids strength.
1 ngth, eve Material product basis add-on, % lb/n.

Vistanex L-120 100 1 0- 1 2 a 0.97Vistanex LM, Type MH 35
anged Piccolyte S-115-L 125
-inforced Skelly Solve "B" 1780
-cial
enes G.n-Tac Gen-Tac 90 10a 0.95

Hylene MP 10
Cab-O-Sil 2

3- Ltabond H-511 Ubabond H-511 50 9b 0. 74

een 2-Butanone 50
4ar high 0 b 1.74

Lblbond H-511 Ubabond H-511 70 13 1.74
are 2-Butanone 30 *1

i fabric, tabond H-511 Ubabond H-511 90 22b 1.56
2-Butanone 10

,oly(vinyl Poly(vinyl pyrrolidone/ vinyl
|,rrolidone/vinyl acetate) 1-535 20 12 0.60
acetate). 1-535 Geon 427 20

2-Butanone 50
sonably Toluene 50
:f the Good-rite Plasticizer GP 3
better

'ibr thoplex B-15 25 negligible

kraft
kraft

LAe Solids add-on was determined by extraction of the treated paper with 2-butanone.
a yarn.
ves were Aolids add-on was determined by increase in weight of the paper.
1hesivesheslatex Rhoplex B-15 was applied as an aftertreatment. not to scrim.
ie latex
wich

at
ets
psi

mounts
wrced
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In one experiment, untreated scrim was sandwiched between
two dry handsheets, and the sandwich was wet thoroughly with water.
The wet sandwich was pressed between blotters for 1 to 2 minutes at
200 psi pressure, then dried for 10 to 15 minutes at 120°C. The reinforced
papers were bonded by impregnation with Rhoplex B-15. The add-on of
Rhoplex B-15 solids was 25%.

The peel strength of the Rhoplex-impregnated paper that contained
untreated scrim was negligible. As shown in Table 1-21, peel strengths
ranging from 0. 93 to 1. 7 lb/in. were obtained when untreated scrim was
sandwiched between waterleafs of wood pulp, rather than dry handsheets,
and the reinforced papers were impregnated with latex.

It was very difficult to separate the layers of any of the papers
by hand. At approximately equal levels of add-on of the adhesives
studied, Ubabond H-511 gave papers with the highest peel strengths.
Ubabond H-511 was evaluated at three levels of add-on and papers containing
13% of the adhesive solids had the highest peel strength, 1. 74 lb/in.

(2) Nylon textryl-reinforced paper

In our previous work, we found that reinforcement of wood-pulp
papers increased the dry and wet breaking strengths, tearing strengths,
abrasion resistance, and crease recovery of the paper. However, the
use of a scrim as a reinforcing material had several drawbacks: the snag
resistance of scrimn-reinforced papers was poor, the peel strength was not
as great as desired, and permanent distortion could occur easily in the
diagonal direction. Studies of other reinforcing materials have been under-
taken in attempts to overcome these deficiencies.

An examination of a sample of a calendered nylon textryl revealedK that it was very difficult to tear. Because of its high strength and elongati0m
the textryl would be expected to have good snag resistance and the textryi
was not easily permarqgrtly qist •rted:i h cine, cross, or diagonal

directions. Although a 'red t xtr lV a'e sinilar to conventional paper,
in being dense, smooth, and stiff, and consequently are not suitable alone f~t
our use, the textryls offered possibilities for reinforcing wood-pulp papers.
It was postulated that the good physical properties of the nylon textryl could
be utilized by sandwiching a textryl between sheets of wood-pulp paper and
hot calendering to make them adhere.

Ir
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ttandsheets were prepared that contained a nylon textryl paper

veen sandwiched between two sheets of wood pulp papers. The wood-pulp
Ater. sheets and the nylon sheets were 8 x 8 in. and weighed 1. 2 g each.

reinfore The wood-pulp handsheets were prepared from bleached kraft
-on of pulp, as described previously. The nylon textryls contained 30% of nylon

fibrid 101 and 70% of 1. 5-denier 0. 25-in. nylon staple. A slurry of 60 g
Clnof fibrid 101 (20% solids) in 3. 6 liters of water was prepared by first

contained dispersing the fibrid, in several portions, in a Waring Blendor for 1

"engths minute and then stirring the slurry at a moderate rate for 30 minutes with

im was a propellor agitator. Then 45 g of nylon fiber dispersed in 8. 4 liters of

Isheets, water was added. Stirring was continued for 1 hour after the two slurries
were mixed. The nylon fiber slurry was made by dispersing 45 g of the
fiber in 8. 4 liters of water containing 0. 016% by weight of Santomerse SX.

iapers This dispersion was stirred for 30 minutes prior to adding it to the fibrid
slurry. The slurry mixture was used to prepare 10 to 15 replicate hand-
sheets. Waterleafs were formed in a Williamson 8 x 8 in. sheet mold withcotIS. n a 100-mesh stainless steel screen. The waterleafs were removed from the

onan. screen on a blotter, pressed between blotters for 1 to 2 minutes at 200 psi
pressure, and then dried on an electric dryer for 10 to 15 minutes at 1200C.
The dried handsheets weighed 1. 2 g each.

The reinforced paper was made by sandwiching a nylon textryl

p handsheet between two 1. 2-g wood-pulp handsheets. The sandwich was

ngths, placed between two metal sheets and laminated in a hydraulic press.

the The nylon textryl did not fuse and bond the wood-pulp surface sheetings
as well as was expected. The conditions required to obtain even moderatethe snag
bonding scorched the wood-pulp sheets. The breaking and tearing strengths
of the paper were low compared to papers reinforced with nylon scrim.

enAlso the paper was very stiff, and the adhesion between the wood-pulp sheets
and the textryl sheet was poor.

revealed
elongation b. Nylon-wood pulp papers

textryl The studies of nonreinforced papers indicated -hat papers containing
Lgonal 50% kraft wood pulp and 50% nylon fibers were the Ynost promising of the
e alone fpe numerous types evaluated for the overgarment although they were deficient in

many properties. The studies described in the immediately preceding section
p papers. showed that reinforcement of papers v "'h scrims offered a means of over-

z. ryl c,,uid coming or minimizing man of thece deficiencies. Therefc - additional
Lper and studies were made to *-inforcing material for and

the best method for odli&. n-wood pulp papers.
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The procedures used for preparing the 50% nylon-50% wood
pulp waterleafs and papers for these studies are described in Section
III-C-1-e.

(1) Scrim-reinforced papers

Scrims made of nylon yarn were the most effective of the various

types tried for reinforcing papers for use in the protective overgarment.
Various other types of scrims were investigated but were not as promisir

(a) Nylon scrims

Nylon scrims were shown to be effective for reinforcing wood-
pulp papers in Section IH-C-2-(1) and a scrim with 6 x 6 strands per
inch of 100-denier nylon yarn appeared to be desirable. Ubabond H-511
was the most effective of several adhesives that were tried for bonding
the scrim to the surface layers of the papers, but it caused spotting of
the surfaces of the papers.

Further trials of scrims of different constructions and of other
adhesives were made with 50:50 nylon-wood pulp papers.

(aa) Adhesives

Seven adhesives were compared for bonding a nonwoven scrim
with 6 x 6 strands per inch of 100-denier nylon yarn to dry handsheets of
50:50 nylon-wood pulp handsheets. The adhesives were applied to the
scrim by spraying, and the scrim was immediately placed between two
handsheets. The combination sheet was pressed together with a roller
and evaluated for peel strength after drying and conditioning. The adhesiv(
used and the peel strengths of the reinforced papers so prepared are listed
in Table 1-23.

6- '
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S1 Table 1-23. Formulations of Adhesives.

Solids Peel
applied, strength,

Product Formula a approx. b lb tin.

irious Formica Contact Cement 70% Formica Contact Cement 15 c
30% 2-Butanone

ient.
Ifmisi4 splic-It 100% Splic-It 10 d

5 1.4

Vultex 1-S-105 2  20% Vultex 1-S-1052 10 < 0.1
80% water

Vd- Vultex 1-S-1009 20% Vultex 1-S-1009 10 < 0. 1
80%6 water

511
ng ARCCO SC-377 100% ARCCO SC-377 10 1.2

of U. S. Royal Industrial 100% U. S. Royal Industrial

Adhesive M 6256 Adhesive M 6256 10 c

her PR-153 70% PR-153 10 c
2576 water

5% ethyl alcohol

a Parts by weight on product basis.

-s of Based on total weight of paper.

e C Very poor or no adhesion.

er d Could not separate scrim from paper.
Jhesi•
listed

SOUTHERN RESEARCH INSTITUTE



I,
-78-

The papers containing scrim treated with 5% of either Splic-It or
ARCCO SC-377 had higher peel strengths than the papers containing scrim
treated with the other adhesives. Papers containing 10% solids add-on of
Splic-It had the highest peel strength; the layers of this paper could not be
separated by hand as compared to a peel strength of 1. 7 lb/in, for paper
containing 13% Ubabond H-511. Splic-It did not appear to affect the flexibilit,
of the papers appreciably, and it did not cause color spotting of the paper.
Splic-It was easily applied to the yarns and adhered very well.

Our previous studies of the effects of the structure of scrim on the
properties of reinforced wood-pulp paper showed that paper containing 6 x 6
strands per inch of 100-denier nylon was the best of those studied. A 50%
nylon and 50% wood pulp paper reinforced with 9 x 9 strands per inch of 70-
denier nylon yarn was prepared in the hope that the use of the lower denier
yarns would increase the abrasion resistance of the paper by giving a paper
with a smoother surface. Also, it was hoped that the increased number of
yarns would give more points of adhesion and thus increase the adhesion
between the yarn and the surface layers. For control purposes, a nylon-
wood pulp paper reinforced with 6 x 6 strands per inch of 100-denier nylon
was prepared and evaluated.

These papers were made by placing the nonwoven scrim (without
adhesive) between two 50:50 nylon-wood pulp water leafs and pressing them
between blotters for 2 minutes at 200 psi. Then they were dried 10-15
minutes at 1200C. The papers were bonded by impregnating them to apply
25% Rhoplex B-15 solids and drying 30 minutes at 120°C. Data on the
properties of papers containing scrims of the two constructions are given
in Table 1-24.

The tearing strength of the paper containing 9 x 9 strands per inch
of nylon yarn was slightly greater than the tearing strength of the paper
containing 6 x 6 strands per inch of 100-denier nylon yarn. Howevei, the
latter had greater peel strength, abrasion resistance, and air permeability
than the paper that contained 9 x 9 strands per inch of 70-denier nylon.
Increasing the number of yarns per inch also increased the stiffness of the
paper. It was concluddV-RtJIaBV.ýSMh of 100-denier nylon

yarn was the best construction for the reinforcing scrim.

-PM
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Table 1-24. Properties of Scrim Reinforced Nylon-Wood Pulp Papers

507% nylon-50% wood 50% nylon-50% wood
pulp paper reinforced pulp paper reinforced
with 6 x 6 strands of with 9 x 9 strands of

100 denier nylon yarn 70 denier nylon

Total weight, oz/yd2 2.7 2.8

Thickness, mils 12. 0 13.5

Breaking strength, Ib/in. 30. 3 29.1

Elongation at break, % 20. 3 15.0

Elmendorf tear, g 1203 1357

Abrasion resistance, weight loss
after 200 cycles, % 4.7 5. 9

Air permeability, ft/min/ftz,
0. 5 in. water 21 12

Stiffness. mg 86.6 164.3

Peel strength, lb/in. 0. 47 0. 27

SOUTHERN RESEARCH INSTITUTrC
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(bb) Comparison of experimental nylon scrim-reinforced nvlo•-
wood-pulp paper with commercial papers

At the time this comparison was made, Ubabond H-511 was the bet

of the adhesives that had been evaluated for bonding the nylon scrim in the
papers. The papers that were compared and their properties are listed ia
Table 1-25. The reinforced nylon-wood pulp paper was made with a 6 x 6
nonwoven scrim of 100-denier nylon yarn. The yarn contained 1. 5-denier "'
0.25-in. nylon staple. Prior to use, the scrim was sprayed with a solutio .
of 50 parts (by weight) of Ubabond H-511 in 50 parts of 2-butanone. Then b

was placed between two nylon-wood pulp handsheets and compressed in a
hydraulic press for 2 minutes at 400 psi. The amount of Ubabond H-511
solids applied to the scrim was 10-12% of the total weight of the final sheet. t

The paper was impregnated to apply 25% of Rhoplex B-15 solids and dried
at 120°C for 30 minutes. To impart liquid repellent properties, the paper ,4
was next padded withý a bath containing 2% of FC-208 solids and 0. 25 pry
Phobotex FTC solids to apply 100% wet pickup. Finally the sheet was
dried 6 minutes at 150 0 C.

Kaycel 100 is a commercial wuod-pulp paper also reinforced with .
6 x 6 strands per inch of 100-denier nylon but it is not bonded. For ,,
compa:ison with the reinforced nylon-wood pulp paper, Kaycel 100 was
treated to apply Rhoplex B-15, FC-208, and Phobotex FTC as described
above.

The nylon-wood pulp paper had higher wet and dry breaking
strengths, resistance to wet and dry abrasion, air permeability, crease
recovery, bursting strength, and puncture strength. The treated Kaycel 0.
paper had higher tearing strength a-id the best drape. The handle ot both
papers was good. Compared to Kayce. RSR-8514 and Kaycel RSR-8525,
the two best commercial papers that we have found, the nylon-wood pulp
paper had the highest breaking strength, bursting strength, puncture III
strength, and abrasion resistance. Kaycel RSR-8525 had the best handle
and drape and the highest tearing strength.

KIde



"81-

Table -25. Properties of Scrim-lnforced Nylon-Wood Pulp Paper and Knycel Paipers

Knycel RSII-8525

Knycel 100 crllilosfe wndding
50% nylon-50% wood cellulose wadding Kmycel ILSR-8514 reinforced with

pes lp paper reinforced rrinforced with cullulone wadding 100 denier nylon
with 6 x 6 strands of 6 x 6 strands of reinforced with in warp and 210
100 denier nylon van 100 denier nylgne 100 denier nylonb dnier infL

oz/yd 3.0 3.4 3.5 3.0

)f, Thi1Cknes, mim 14.7 10. 1 9.6 10. 5

it preaking strength, lb/in.
Dry 3.4.3

Machine 22.4 20.5 24.0
Cross 19.4 11.2 21.2~t. wet .a
Machine 15.2 11.6 16.0
Cross 16.1 g.0 19.2

riongation at break. %

Dry 16.3
Machine 27.4 7.5 2.5
Cross 21.6 4.5 2.4

Wet 25.0
Machine 21.2 6.2 1.8
Cross 21. 6.6 2.6

Elmendorf tears g 10461
Machine 1676 2195 •'
Cross 986 1840

Abrasion resistance,
Dry

Cycles 200 200 200 200
Weight loss. % 3.4 8.4 11.9 1.48

Wet
Cycles to rupture 448 209 3l 41

CAir permeability, rup/min/ftu .

0. 5 in. water 29 13 16 10

Crease recovery, % 55 41 43 46
Stiffness, mg 84 22 22 47

liursting strength, psi 81 62 70 80

Puncture strength, lb 5.7 2.6 1.9 2.3

Drape fair good fair good

Ifwedie good good harsh soft

a Treated to apply 25% Rhoplex B-15, 2% FC-2'- and 0. o5% Phobotex FTC siids on weight of paper.

SOUTHERN RESEARCH INSTITUTE .
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(b) Other scrims

Cotton, rayon, polyethylene, and vinylidene chloride yarn scrims
were also tried as reinforcements for 50:50 nylon-wood pulp papers. As

mentioned previously, none of these was found to be as desirable as nylon
scrims. The nylon-wood pulp waterleafs used in these trials weighed
1. 1 oz/yd2 . One 8 x 8 inch waterleaf was placed on each side of a scrim
and the layers were pressed together between blotters in a hydraulic press
at 200 psi. Then the papers were dried 10 to 15 minutes at 120*C. Finally

they were impregnated with Rhoplex B-15 and again dried.

Descriptions of the scrims used and the properties of the papers
produced are given in Table 1-26.

(2) Nylon textryl-reinforced paper

A paper was made from two 0. 85 oz/yd2 nylon-wood pulp sheets
and one 0. 85 oz/yd nylon textryl sheet to determine primarily if such a
paper would have better puncture resistance than papers with other

reinforcing materials. The wood-pulp shlects were made by th*e usl
procedure. The nylon textryl sheets contained 70% of 1. 5-denier, 0. 2 5-in.
nylon staple and 307o of nylon fibrid 101 and were made by the procedure
described in Section III-C-1-j. The paper was treated to apply 25%
Rhoplex B-15 solids.

The properties of this paper are given in Table 1-27 along with
those of a nylon scrim-reinforced paper.

The puncture strength of the nylon textryl-reinforced paper was
excellent compared to the puncture strength of similar paper reinforced
with scrim, but the paper was too stiff and had too poor draping qualities

to be of interest for the overgarment.
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Table 1-27. Physical Properties of Nylon Textryl-llelnforced Paper

50% nylon-506 wood
50% nylon-50% wood pulp paper, reinforced

pulp reinforced with with 6 x 6 strands of
nylon textryla 100 denier nylon yarxnb

Weight, oz/yd2 3.4 3.0

Thickness, mils 8.4 14.7

Breaking strength, Ib/in.
Dry 34.3 29.5
Wet 28.3

Elongation at break, %
Dry 16.3
Wet 25.0 21.3

Elmendorf tear, g 611 1043

Abrasion resistance
Dry

SCycles 200 200
Weight loss, % 4.8 3.4

Wet

Cycles to rupture 44P,

Air permeability, ftW/min/
0. 5 in. water 16 29

Crease recovery, % 55

Stiffness, mg 175 B4

Bursting strength, psi 81

Puncture strength, lb 9.5 f. 7

Drape poor fair

Handle poor good

a Paper contains 25% 11hoplex B-15 solids on weight of paper.

b Treated to apply 25% Rhoplex B-15, 2% F'C-208, and 0. 25% Phobotex FTC solids

on weight of paper.

4
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(3) Nonwovyen fabric-reinforced papers

Nonwoven fabrics made from all nylon, all cellolose acetate, all

viscose, and a 50:50 mixture of cellulose acetate and viscose fibers were
evaluated as reinforcing materials for nylon-wood pulp papers.

The all cellulose acetate nonwoven fabric was made in the

laboratory by hand carding 3. 0-denier, 2. 0-in. cellulose acetate fibers
and cross laying made in the laboratory. The nylon fabric was made by
i1and carding 1. 5-denier, 1. 5-in. nyloni fibers and cross-laying three
layers of tile carded fibers to form a fabric that weighed about 1.1 oZ/yd2.

About 216 of Rhoplex B-15 solids was applied by spraying to bond the fabric.
This fabric was combined with two 1.1 oz/yd2 50:50 nylon-wood pulp sheets,
prepared by the usual procedure, and the composite was bonded with 25%
of Rlhoplex B-15 solids.

Data on tile properties of the cellulose acetate reinforced paper
are given in Table 1-28. * or comparison, data for a nylon-scrixn-
reinforced paper are alsyiven in thle table. Tile tearing strength of the
nonwovenl-reinforced paper was almost equal to the tearing strengi )f
papers reinforced with nylpin scrim. With tile scrim-reinforced paTjer,
a tear was started easily'ýelative to woven fabrics but the tear wazot
easily propagated. The Ier reinforced with nonwoven cellulose •etate

fabric resisted tile propa ýtion of a tear niearly as well as tile scri•-

reinforced paper, but the, honwoven-reinforced paper seemed to r st

initial tearing better thartihe scrim-reinforced paper. The scrim,.

reinforced paper had slig tly better abrasion resistance and break•
strength than tile paper rjnforced with the cellulose acetate.

Attempts were made to prepare a nyloni-wood pulp paper Canforced
with a nonwoven nylon fabric made in thiv,; laboratory from 1.5 del r, 1.5-

inch nylon fibers, but a strong uniform bond could not be obtained between

the surface sheets and tile nonwoven fabric.

One nonwoven fabric made from 1007o viscose rayon and another
made from 507o viscose rayon and 50% cellulo.:e acetate were made by the

Chicopee Manufacturing Company especially for this study. Each fabric

weighed 1. 0 oz/yd2 and contained a lihoplex binder. Papers were made with

one layer of each of tile nonwoven fabrics between two nylon-wood pulp sheets.

They were treated to apply 25% Rhoplex B-15 solids. The final weight of cach
paper was 3. 9 oz/yd2.

SOUTHERN RESEARCH INSTITUTE
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The tearing strength of the viscose nonwoven-reinforced paper

'Was slightly greater than the tearing strength of the similar paper rein-

forced with nylon scrim. However, this nonwoven-reinforced paper

resisted initial tearing better than the scrim-reinforced paper. The

breaking strength of the paper in the machine direction of the nonwoven

r-inforcement was about the same as the breaking strength of the scrim-

reinforced paper. The breaking strength of the paper in the machine

direction of the nonwoven reinforcement was about the same as the breaking

strength of the scrim-reinforced paper; the breaking strength of the paper
in the cross direction of the nonwoven reinforcement was, as expected,
slightly less. The scrim-reinforced paper had better abrasion resistance,
puncture strength, and flexibility than the nonwoven-reinforced paper, but

the nonwoven-reinforced paper had a softer hand than the scrim-reinforced
paper. The drape of the paper was poor.

The breaking strength of the nylon-wood pulp paper reinforced with

the viscose/acetate nonwoven fabric was about the same as the breaking
strength of the nylon-wood pulp paper reinforced with the nonwoven all-
viscose fabric. The puncture strength, flexibility, and abrasion resistance

were higher for the paper reinforced with the viscose/cellulose acetate
fabric, but the tearing strength was lower.

(4) Woven fabric-reinforced papers

Woven nylon fabrics are available in very light weights, and the use
of a fabric of this type as a reinforcement for nylon-wood pulp paper was

investigated as a possible means of producing a light-weight material for the
protective overgarment that would have high tear strength. As expected, the

major problem in making a reinforced paper of this type was obtaining

satisfactory adhesion between the nylon fabric and the nylon-wood pulp surface
sheets without adversely affecting other properties.

A 1. 1 oz!yd2 rip-stop nylon fabric obtained from Frank Ix and Sons
was used in all of the trials of this series. The surface sheets were made

from 50% nylon-507o bleach kraft pulp by the usual procedure and weighed

1. 1 oz/yd3 . The adhesives that were tried were EC-1729, Kymene,
Uformite MM-46, Geon 576, and a combination of Rhoplex B-15 and
Rhonite 401.

SOUTHERN RESEARCH INSTITUTE



-88-

In trials with EC-1729, the nylon-wood pulp sheets were treated
to apply 25% Rhoplex B-15 solids and, after drying, they were sprayed to
apply about 50% solids of EC-1729. A piece of 1. 1 oz/yd nylon fabric was
placed over the adhesive-treated paper, and the combination was placed
between two Teflon sheets and pressed by passing it between the rollers of
a laboratory padder. After air drying, the average weight of the laminate
was 3. 5 oz/yd .

As shown in Table 1-29, the laminate had higher breaking strength
(wet and dry), puncture strength, bursting strength, and tearing strength,
than the nylon-wood pulp paper. The laminated material had good dry and
wet abrasion resistance. With the nylon fabric in contact with the abradant
an average of 225 cycles was required to rupture the dry nylon layer, but
760 cycles was required to wear a hole through the entire laminate.

The laminate weighed slightly more than planned because of the
difficulty encountered in controlling the amount of adhesive applied between
the paper and the fabric. The peel strength of the laminated material was
poor.

Several methods were tried for making laminates with Rhoplex
-1B-5 combined with Rhonite 401 as the adhesive. The first method was
as follows: A paper handsheet and a piece of nylon fabric were placed
between two copper screens to hold them together and dipped in a bath
containing 89% of Rhoplex B-15 latex, 107 of Rhonite 401, and 1% of
concentrated ammonium hydroxide. The impregnated material, while
still held between the copper screens, was passed through a padder to
remove excess liquids. Tfhe screens were removed and the laminate was
heated 5 minutes at 1500C. The adhesive add-on was varied by changing
the pressure of the padder rolls to obtain different wet pickups. Samples
were prepared with 25, 30, 40, and 50% solids add-on of adhesive.

The peel strengths of these samples were 0. 75, 1. 20, 1. 25, and
1. 35 lb/in., respectively. These values are high compared to those for
most of the scrim-reinforced nylon-wood pulp papers, but they are conside
ably lower than the strength of the paper, which is about 3. 4 lb/in. The
peel strengths of laminates containing 30% or more solids add-on were
considered border-line, but acceptable, for use of the laminates in the
protective overgarment. The laminates so produced were stiffer than the
scrim reinforced nylon-wood pulp paper treated with Rhoplex B-15.

MI
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properties of a Nylon Fabric-Paper Laminate and Reinforced Nyloi-Wood Pulp Paper
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Attempts were made to make laminates with the B-15-Rhonite
401 applied to the nylon-wood pulp sheets and to the nylon fabric by
brushing or by knife coating. However, when the adhesive was applied
by these methods, either to the paper or to the fabric, attempted
lamination failed.

Attempts to make laminates of the nylon fabric and nylon-wood
pulp sheets with Kymene as the adhesive were unsuccessful. The Kymene
was applied by brushing (1) to the paper only, (2) to the fabric only, and
(3) to both paper and fabric. No bonding was achieved after pressing the
laminates 5 to 8 minutes at 150'C.

Nylon-wood pulp sheets and nylon fabric treated with Uformite
MM-46 in the same manner as with Kymene also did not produce
satisfactorily bonded laminates. The use of 1% of Catalyst A, 1% of
glacial acetic acid, or 1% of benzenesulfonic acid with the resin did not
improve the bonding.

Geon 576 latex (56. 8% solids) was also tried as an adhesive. It
was brushed on nylon-wood pulp paper to thoroughly wet them and a
laminate of treated sheets and nylon fabric was cured in a press for 5
minutes at 1500C. The laminate formed was well bunded, but, it was
boardy (the fabric and paper were practically embedded in a Geon 576
film). Another laminate made in the same manner with latex containing
28.4% solids was not satisfactorily bonded. Acceptable bonding was
obtained with latex containing approximately 38% solids, but the laminate
was still boardy.

In an attempt to reduce the penetration of the adhesive into the
paper, the Geon 576 was thickened with carboxymethylcellulose (CMC).
The composition used contained 37. 8% of Geon 576 solids and 2. 7% of
CMC. It was applied to the paper handsheet by brushing, and a laminate
was made as described above. A !light but insufficient improvement was
obtained in the hand of the laminate.

Nylon-wood pulp sheets were prepared to contain: (1) 50% wood
pulp, 40% of 1. 5 denier, 0. 25-in. nylon, and 10% of Fibrid 101, and (2)
50% of wood pulp, 40% of nylon, and 10% of Fibrid 201. The sheets were
dried 10 minutes at 1350C. Laminates of each sheet and nylon fabric cured
in a press for 5 to 8 minutes at 150°C werp qot bonded satisfactorily.

to
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c. Dacron papers

Two types of Dacron papers were investigated for possible use

in the protective overgarment. One was a Dacron textryl paper rein-

forced with Dacron scrim; the other was a Dacron D-90-wood pulp

paper reinforced with nylon scrim. The former had low tearing strength

and low abrasion resistance and showed no qualities to make it of interest;

the latter had particularly good hand and drape, but some physical properties

were not as satisfactory as those of comparable nylon-wood pulp papers.

(1) Dacron textryl paper

Dacron textryl handsheets containing 8076 of 1. 5-denier, 0. 2 5-in.

staple Dacron fiber and 2076 of Dacron fibrid 201 were prepared as

described in Section III-C-I-j. Nonwoven scrim containing 6 x 6 strands

per inch of 100-denier Dacron yarn was placed between two of the hand-

sheets and the sandwich was pressed between aluminum sheets for 5

minutes at 205 0 C. The final weight of the paper was 2. 7 oz/yd2 .

The properties of the Dacron-reinforced Dacron textryl paper are

given in Table 1-30. The properties of a nylon-reinforced nylon-wood pulp

paper are also given in the table for comparison.

The breaking strength of the Dacron paper was almost equal to the

breaking strength of the nylon-wood pulp paper reinforced with nylon scrim.

However, the treating strength of the reinforced Dacron textryl paper was

relatively low, and the weight loss of the paper due to abrasion was high

(9. 3%) compared to the reinforced nylon-wood pulp paper. Due to the low

tearing strength and abrasion resistance of the reinforced Dacron textryl

papers they were not of further interest.

ZOUTMIRN R ESEARCH INSTITUTZ
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(2) Dacron-wood pulp papers

Nylon-scrim reinforced papers were made with handsheets

containing 75% of Dacron D-90 and 25% of wood pulp and with handsheets
; cntaining 63% of Dacron D-90, 14% of nylon, and 23% of wood pulp. The

S.andsheets weighed about 1. 3 g (8 x 8 in. ). The scrim used contained
T 6 x 6 strands per inch of 100-denier nylon yarn and they were sprayed with
Asplic-It. Immediately after application of the adhesive, the scrim was placed
0 between two handsheets, and the sandwich was pressed 5 minutes at 600 psi.

Cn The papers were treated to apply 25% Rhoplex B-15 solids and dried 30
C minutes at 120°C.

The properties of these papers are also given in Table 1-30.

The 75:25 Dacron-wood pulp paper that was reinforced with 6 x 6

strands per inch of 100 denier nylon had better tensile properties than the
.2 •nonreinforced 75:25 Dacron-wood pulp paper (Table 1-19). However, the[ z reinforcement did not improve the tensile properties as much as expected.

The abrasion resistance, flexibility, hand, and drape of the reinforced
paper was about the same as those of the nonreinforced paper.

The reinforced 63:14:23 Dacron-nylon-wood pulp paper had increased

abrasion resistance and bursting strength, decreased breaking strength, and

improved flexibility, compared to the reinforced 75:25 Dacron-wood pulp

paper. The tearing strength, hand, and drape of the two papers were about

the same. Compared to the nylon-wood pulp paper, the paper containing
Dacron D-90, nylon, and wood pulp had much better hand, drape, and0Sflexibility, and better tearing strength. The abrasion resistance was some-

.C what lower than that of the nylon-wood pulp paper. The nylon-wood pulp[i paper had a higher bursting strength and a much higher breaking strength.

SExcept for breaking strength and possibly cost, the reinforced

paper containing Dacron D-90, nylon, and wood pulp appears to be suitable
as a base material for the protective overgarment.

12
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D. Treatments for Papers

The work on papers for the protective overgarment that has been
described in the preceding sections (Sections IUl-A, B, and C) was directed
mainly to the development of a paper that would have the basic properties,

V such as tensile strength and tear resistance, required for satisfactory
durability. Other qualities were necessary in materials for the over-
garment that it appeared could best be imparted by aftertreatment of the
papers.

Resistance to liquid CW agents was of prime importance; resistance
to burning and to water, and maximum flexibility and softness were highly
desirable qualities. Studies of means of obtaining these qualities were
carried on concurrently with the development of the papers and attempts
were made to obtain more than one of the effects simultaneously.

The problem of finding a finishing treatment to make the Rhoplex
B-15-bonded nylon-wood pulp paper resistant to oil, water, and flame
simultaneously was complicated by the presence of the several different
types of materials in the paper. Most of the conventional and better known
flame retardants for cellulose were not effective when the acrylic resin
was present, and some flame retardants that were found to be effective on
Rhoplex B-15-bonded cellulose paper were not effective when nylon was
present in the paper. Although we were not restricted to the use of an
acrylic resin for bonding the paper, this type of resin was found to be
most effective of those tried for improving the physical properties of the
paper. Finding a satisfactory means of providing flame-retardant properties
was further complicated by the requirement that the treatment used should
not impair the resistance to liquid CW agents that was provided by the
treatments with FC-208 and that it should not produce an undesirable
handle.
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1. Softeners and plasticizers

A major drawback to the use of paper as a garment material,been

that was recognized at the start of the program, was the self-describing
characteristic of paperiness. In textile terminology, papers generally•rties,'

ry have poor hand, flexibility, and drape. The all-wood pulp papers that
were examined in the early stages of our program were unsatisfactory

in these characteristics and the use of softeners and plasticizers was
the inlvestigated for improving these qualities as described below. The

nylon-wood pulp papers that were developed in the program were much

better than the all-wood pulp papers in these qualities and aftertreatments
- Bistance to improve them were of less importance.

highly
i re The studies of the effects of softeners and plasticizers were made

apts on handsheets weighing about 3. 5 g per 8 x 6 inch sheet made from semi-

bleached kraft pulp beaten to a freeness of 61)0 Canadian standard as

described in Section III-C-1. The handsheets were held between two 60-
Splex mesh wire screens during wet aftertreatments. A handsheet was dipped
ie in a bath of Rhoplex B-15 and then pressed in a hydraulic press to give

-J e- a 25% solids add-on. The screens were then removed and the sheets

k•.,wn were dried 30 minutes at 120°C. The Rhoplex B-15 treated papers were

n S~fthen treated to apply 3% of a softener or 1076 of a plasticizer. The softeners

ye on that were investigated were Epolene E, a polyethylene emulsion; Syl-Soft 12,

ins a silicone softener; C20 "oxo" alcohol; and Aliquat 336 (tricapryl monoethyl
an ammonium chloride). The plasticizers investigated were urea, triethylene

e glycol, and Carbitol (diethylene glycol monoethyl ether). The properties of

'the the papers containing the softener or plasticizer are given in Table 1-31,

•operties along with the properties of wood-pulp paper containing no softener or

;hould plasticizer.
e

The softeners were more efficient than the plasticizers for reducing
the stiffness of the paper. Syl-Soft 12 and Aliquat 336 gave the paper the

best handle, drape, and flexibility, but both drastically reduced the breaking
strength.

SOUTHERN RESEARCH INSTITUTE
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Therefore, wood-pulp papers containing no Jihoplex B-15 were

prepared and treated to apply 3%, 1%, 0. 5%, and 0. 05% of Syl-Soft 12

or Aliquat 336 to determine the optimum concentration of each softener

to give the paper the best over-all properties. The properties of the

softened papers along with the properties of a similar paper containing

no softener are given in Table 1-32.

All levels of add-on of softener studied increased the handle and

drape of the wood-pulp paper and decreased the stiffness, tearing strength,

and breaking strength of the paper. Becai 3e of the adverse effect of the

-softener on the strength, it was concluded that the softener add-on should

be less than 0. 5%.iPapers were impregnated with mixtures of Aliquat 336 or Syl-Soft 12

and Rhoplex B-15 to determine the effect of the softener on the paper when

applied with the latex.

Properties of wood-pulp papers containing 0. 1% softener and 25%

Rhoplex B-15 are given in Table 1-33. The properties of wood-pulp paper

containing 25% Rhoplex B-15 but no softener are given for comparison.

Syl-Soft 12 did not improve the handle, drape, or flexibility of the

latex-impregnated paper; it decreased the tearing strength and elongation

and increased the breaking strength of the paper. The breaking strength

value of the paper treated with Syl-Soft 12 was unexpected and is probably

higher than the true value of the paper. Aliquat 336 improved the handle and

decreased the stiffness of the latex-impregnated paper without seriously

lowering the tearing and breaking strengths of the paper. Aliquat had no

noticeable effect on the drape of the paper.
S
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2. Resistance to liquid CW agents and water

P Resistance to penetration by liquid CW agents was a prime
L requirement in the material for the protective overgarment and the

investigation of methods of imparting this property to papers was
started early in the program. Resistance to water was consideredj to be a desirable, but not an essential property.

a. Screening of commercial materials for oil and water
repellencv

The following methods were used for the initial screening of C.
materials for resistance to penetration by the liquid CW simulant,
bis(2-ethylhexyl)hydrogen phosphite, and by water: (1) determination
of the contact angle between the liquid and the material, (2) determination
of the time required for the liquid to be absorbed by the material, and D.
(3) determination of the time required for the liquid to penetrate the
"thickness of the material. These methods are described in detail in
Section A of the Appendix. These materials were also examined for
water resistance. The materials evaluated and the results are given
in Table 1-34. Contact ang es were measured but are not given in the
tables since they did not show any relationship to absorption or penetration .- ,Wov
time. Comparable data on some nonwoven fabrics, woven fabrics, films,
and foams are also included in this table. Descriptions of the materials
are given in Section B of the Appendix. The conclusions from the evaluatiou

V are summarized here.

The CW simulant rapidly penetrated all the papers except the ,'EN I

laminated papers. Water penetrated all of the uncoated papers except
the creped paper, Kaycel 101-3, and Kaycel RSR-8525. The coated (or
laminated) papers were resistant to penetration by water or CW simulant,
but these papers are not suitable for clothing because of their low
permeability to water vapor and to air. -. Ms A)

Both water and the CW simulant rapidly penetrated all the woven
and nonwoven fabrics tested, except the poplin fabric. This fabric was
not penetrated by water, but it took only 120 seconds for penetration by
the CW simulant,

'Ne ph)[ -'ýickne

II - -- i "I ckI1 ne
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Table 1-34 Resistance of Commercial Materials to Liquid CW Simulant and to Water

Water CW sir•.slant
Absorption Petietration Absorption Penetration

113e s. e,._0Q, time, se&,

='~F'A PE RSO

aeA. Miscellaneous Papers

SVlexrope 8235 instantly instantly instantly 1

dFlexrope 8345 instantly instantly instantly instantly

BRotoform instantly 200 instantly 1

B Reiniorced Papers

Creped paper did not absorb did not penetrate instantly 13

Kaycel 101-1 instantly instantly instantly 2

Kaycel 101-3 3900 dia not penetrate instantly 3

Kaycel RSR-8525 2640 did not penetrate instantly 3Si Chixel instantly instantly instantly 2

S of C. Laminated Papers

"Kaycel 100, polyethylene coated did not absorb did not penetrate did not absorb did not penetrate

tion Disposable rain wear 2820 did not penetrate did not absorb did not penetrate

mination No-Wet-Thru 7502 13 did not penetrate instantly did not penetrate

and D. Synthetic Fiber Papers

h he Masslinn M-840-B - instantly instantly

"i11 Masslinn RI-750-2209 102 102 instantly 8

For Masslinn SI-1
3 0 0

-
2
110 31 31 instantly 1

Calendered Dacron textryl instantly 23 instantly 3

e Heat-fused Dacron textrylc 13 did not penetrate instantly 9

met ration .NONwOVEN FABITUCS

;, films, Pellon 970W instantly instantly instantly instantly

erials Pellon 717 W instantly instantly instantly instantly

e Pellon 40W instantly instantly
evallu.ions Pellon 901 Nat instantly 20 instantly instantly

Pellon 30W instantly instantly

the WOVEN FABRICSe

icept Nylon Style 1181 4 instantly 1

ed (or Dacron Style 1395 1614 1053 instantly I

Durado Poplin 3100 did not absorb did not penetrate 343 120

imulant, Cotton Sheeting instantly 75 instantly 2

FiLMS AND FOAMSf

Reynolon 4-6 did not absorb did not penetrate did not absorb did not penetrate

woven Herculite Micro-Vent did not absorb did not penetrate 444

was Scott foam did not absorb did not penetrate instantly 1680

by Poly(vinyl chloride) film did not absorb did not penetrate did not absorb did not pnetrtrate

S on by Cellophaneg 1320 1320 did not abserb did not penetrate

The physical properties of these papers were given in Table 1-9.

b
Thickness, 3. 9 mils; air permeability. 5. 5 fts/min/ftl.
Thickness 15 9 mils: air permeability 4 5 W/min/fts

The Physical properties of these mat

* The physical proporties of the fabrics were given jin Table 1-3.
t The Physical proper-ties of the materials were given in Table 1-2 s lw

I This was an unplasticized cellophane 0. 8 mil thick and wvighing 0. 3 ottydOU

SOUTHERN RIES•ERCH INSTITUTErTh hsia roeteso h m.tei.lswer ,ie in Tal....



-102-

The poly(vinyl alcohol) film, Reynolon 4-6. the cellophane film,

and the poly(vinyl chloride) film resisted the absorption and penetration

of the CW simulant. The Herculite Micro-Vent, which is a microporous
film containing a scrim, offered little resistance to penetration by the
CW Simulant. It took 1680 seconds for the simulant to penetrate the
polyurethane foam, Scottfoam. All of the films and foams tested, except
cellophane, were water resistant. A series of foams having a range of
pore sizes were evaluated for resistance to water and a liquid-CW
simulant. Single and multiple layers were evaluated. The papers were
supplied by the Hollingswoith and Vose Company, The pore sizes of the

papers ranged from 20 to 75 microns, and the weights of the papers

ranged from 1. 7 to 5. 5 oz/yd2 . Data on their physical properties and

resistance to liquids are given in Table 1-35. Single layers of all of the
papers were rapidly penetrated by water, and only the paper having a pore

size of 20 microns (G-0130) resisted penetration by the CW simulant.

Since this paper was the heaviest and thickest in the series, the penetration
times of the other papers were redetermined with enough layers of each of

the other papers to give approximately the same weight and thickness as

G-0130. Under these conditions, all of the papers were resistant to

penetration by the CW simulant.

b. Studies of oil- and water-repellent treatments on Kaycel 100

At the time the studies of repellent treatments were started, the

development of the reinforced nylon-wood pulp paper that proved to be
most suitable for the protective garment was not completed, but it seemed
apparent that the best type of material would be a scrim-reinforced paper.
Of the readily available commercial products that had been evaluated,

Kaycel 100 appeared to most closely approximate the type of material that

appeared to be most promising, and it was chosen for the evaluation of
finishing treatments.

(1) Comparisons of various treatments

Several series of trials were made to compare different commercial

materials for effectiveness in imparting oil- and water-repellent properties

to Kaycel 100.

m - '. -
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(a) Series 1

Quilon, Quarpel, FC-805 with urea, and FC-805 with Chemigum
245 CHS were compared in the first series. All of the treatments were
applied by padding with treating " ahs and aftertreatments as described
below.

Quilon: A bath cnritaining 10% Quilon solids was prepared by
dilution at room temperaLure o .00 parts of concentrated Quilon with
40 parts of water and 30 parts ý" neutralizing solution (16. 5% urea,
5% sodium formate, and 0. 2% formic acid). The neutralizing solution
raised the pH of the solution from about 2. 5 to 3. 7. The bath was heated
briefly to 950C to assure hydrolysis of the Quilon chrome complex. It
was allowed to cool to room temperature and then applied to give an add-
on of 3% solids. The treated material was dried at 95°C for 15 minutes
in a circulating air oven.

Quarpel: The Quarpel bath contained 8% Zelan AP and 13. 3%
FC-154, both on a product basis. The Zelan AP was diluted at 60°3C
and mixed with 0. 8% sodium acetate, following manufacturer's
prescribed procedure except that a portion of the water was withheld
for dilution of the FC-154. The FC-154 was diluted with warm (40-C)
water and added to the solution of Zelan AP. The temperature of the
treating bath was 40-45°C during padding and 100% wet pick-up was
obtained. The treated material was dried at 120°C for 18 minutes in
a circulating air oven and then cured for 3 minutes at 165°C.

FC-805 and urea: Baths were prepared containing 1% FC-805
solids and 1% urea; 3% FC-805 solids and 1% urea; and 1% FC-805
and 8% urea. These baths were applied to give 100% wet pick-up and
the treated materials were dried at room temperature.

FC-805 and Chemigum 245CHS: A bath containing 12.5% Chemigum
245 CHS solids and applied to the material to give 100% wet pick-up was
prepared. The treated material was dried at room temperature. The dried
material was then treated to give 1001- wet pick-up from a bath containing
10% solids consisting of equal parts of FC-805 and urea. The treated
material was dried at room temperature.

Data on the water and CW simulant properties of the treated papers
are given in Table 1-36.

IN if
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At the concentration level investigated (3% solids), Quilon gave

neither water nor CW repellency. The paper containing 1% solids consisting
of equal parts of FC-805 and urea was water repellent, and 3319 seconds

were required for the CW simulant to penetrate the paper. The paper treated'
to apply 1%/ solids add-on of a mixture of 1 part FC-805 and 8 parts urea wa8

not water repellent, but it took 7649 seconds for the CW simulant to penetrate.
it. Hence, increasing the urea content of the FC-805-urea mixture increased
oil repellency. The paper treated with a mixture of equal parts of FC-805 an
Chemigum 245 CHS and the paper treated with Quarpel were not penetrated by
the CW simulant nor by water after a period of 6 hours.

(b) Series 2

In the second series of trials Quilon, Quarpel, FC-8050 and several

other products were comqred at different add-ons as shown in Table 1-39.
The treating baths were prepared and the padded papers were aftertreated
according to recommend~htions from the supplier of each product.

A minimum of 4% add-on of Quarpel solids was required to maýe the

Kaycel 100 resistant to penetration by the CW simulant for a period of, hour-&
The treated paper had a qpray rating of 100. When Y'C-805 was subst4iftei for
FC-154 in the Quarpel finIsh, the resulting finish was not effective in!t tiq
CW repellency to Kayceil00, even at an 8% add-on of solids. The W1V

repellency of the treatecC~apers was also reduced by the substitution"

Alone, FC-805 i W-arted little if any water resistance to the aycel

100. Results for the CNresistance of Kaycel 100 treated with FC- •5 were

anomalous: samples of Kaycel 100 containing 1 and 476 FC-805 wer• jot
resistant; samples containing 3 and 8% FC-805 were CW resistant. •he
anomalous results probably resulted from nonuniform treatments. 1276 add-
on of FC-15 4 solids made Kaycel 100 both CW and water resistant. The
treated p-Lper had a spray rating of 100, and it was not penetrated by the CW
simulant at the end of 6 hours. The fluoroalkyl acrylate polymer did not
impari CW resistance to Kaycel 100 at add-ons of 1, 2, or 4% solids. At
these levels of add-on, the polymer is a poor water repellent.
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A The vinylidene fluoride-chlorotrifluoroethylene copolymer was
applied to Kaycel 100 from dimethylformamide, and the vinylidene
fluoride-trifluoroethylene copolymer was applied to Kaycel 100 from
r thyl ethyl ketone. Because of the limited solubility of the polymer,
ad-ons greater than 2% solids could not be obtained. Kaycel 100 containin
I. vinylidene fluoride-chlorotrifluoroethylene copolymer had no CW or
wyter repellency; with 2% of the polymer, no CW repellency and a spray

ting of only 50. Kaycel 100 containing 1 or 2% vinyldiene fluoride-
Sifluoroethylene copolymer had no CW repellency and a spray rating of

ily 50.

It was envisioned at that time that a multi-layer paper would be
ed for construction of the overgarment. In a multi-layer system, it

is possible that each layer can have a different composition to provide
different functional effects. One such system that appeared particularly
attractive was an outerlayer that was water repellent and an innerlayer
that was CW repellent. A possible advantage of this system was that it
would provide protection of the CW-repellent treatment from deterioration
by soiling. If the water repellent, outer layer caused the CW agent to
spread over a 'Large area, this might be an additional advantage, for there
would then be less agent per unit area in contact with the CW-resistant
inner layer.

Several water repellents were, therefore, fnvestigated in this series
of trials. They were Aquapel (an alkyl ketene dimer), Aridex L (an aqueous
dispersion of wax and aluminum soap), Quilon (a chrome complex of a fatty
acid), and Permel B (an aqueous dispersion of a melamine resin). At the
concentration levels investigated, none of the water repellents gave any CW
repellency. The papers containing Aridex L or Aquapel had no water
repellency; the Quilon-treated paper had a spray rating of only 50; and
the Permel B-treated paper had a spray rating of 80. The treated papers,
with the possible exception of the Permel B-treated papers, were not
considered sufficiently water repellent for our needs. The Permel B
treated papers had the disadvantage of having a harsh, stiff handle.
Possibly some of the water repellents studied might have provided satis-
factory water repellency at higher levels of add-on, but they would not be
suitable for use in the protective overgarment because of the lightweight
requirements for the overgarment. The poor results obtained with Quilon
are believed to be due to problems in application.

None of the water repellents studied appeared to promote spreading
of the CW simulant over a large area of the paper.

&jMMM fl
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(c) Series 3

The papers listed in Table 1-12 were evaluated for resistance to

water and CW simulant with the results given in Table 1-38. Kaycel 101-1

is the same as Kaycel 100, except that it has been treated with a water

repellent and flame retardant by the supplier.

All of the latex treatments increased the time required for water to

penetrate the impregnated paper. The maximum penetration time, 418

seconds, was obtained with Rhoplex B-15. Some of the latexes slightly
improved resistance of the paper to CW simulant; others had no effect.

The best resistance to CW simulant, 21 seconds, was obtained with

Neoprene 842A.

(d) Series 4

Based on the previous trials and on published information, fluoro-
carbon chemicals appeared to be most promising for imparting both oil-

and water-repellent properties to the paper. Therefore, comparisons
were made of five fluorocarbon compounds from Minnesota Mining and
Manufacturing Company. The compounds were FC-154, FC-208, FC-805,
L-1100, and L-1138. In addition, the Quarpel treatment and the XXCC-3
treatment 16 were also included in the trials. The times of penetration of
actual CW agents through Kaycel 100 treated with various repellents as
measured by the standard penetration test, are given in Table 1-39. The
treatments, involving different levels of solid add-on of the several
substances, were all carried out by padding with an aqueous bath. FC-208
was the most effective repellent in these trials. With only 2% of FC-208
none of the CW agents penetrated the paper in 6 hours.

16. Laboratory Directive No. 112, "Laboratory Impregnation of Fabrics
with CC2 by the Aqueous Suspension Process" U. S. Army Chemical
Corps Technical Command, Protective Division.

SOUTHERN RESEARCH INST1TUT9
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Table 1-39. Penetration Times of CW Agents for Kaycel 100 Treated
with Various Repellents

Add-on, Penetration time, see.

Treatment % ArAent VX AgAent VID

Fc-805 0. 5 -3

FC 8 0 5  2 60 7 a

FC 8 0 5 05

FC- 8 0 5  4 60 10 a

Quarpel 2 2, 520 300-1200 10,800

Quarpel 4' a 10,800 a

FC-154 2 21,600 a a

FC-154  3 a a a

PC-208 2 a a a

FC-208 4 a a a

XXCC-3 2 3

XXCC-3 4 3

XXCC-3 8 3

L-11Ob 0.5 c 3

L-1138 0 . 5c a

a No penetration in 6 hours.

With 0. 5% "Zelan."

Applied by Minnesota Mining and Manufacturing Company.

SOUTHERN RESEARCH INSTITUTE
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(e) Series 5

Our previous work had shown that impregnation of Kaycel 100
with Rhoplex B-15, an acrylic resin dispersion, imparted excellent
flat abrasion resistance. However, the effectiveness of repellent
treatments was markedly reduced when the resin dispersion and
repellent were applied from the same pad liquor. Consequently, a
series of experiments was made in which the Kaycel 100 was impreg-
nated with Rhoplex B-15 and dried 30 minutes at 1200C. Sheets of the
resin-impregnated paper were then treated with an aqueous dispersion
of FC-208 to provide add-ons of 0. 25 to 10%. The results of penetration-
time measurements with VX are given in Table 1-40. As in the case of
Kaycel 100 without Rhoplex B-15, 2% of FC-208 was effective in preventin
penetration of the CW agent.

(f) Series 6

The fluorochemical FC-208 is supplied as an emulsion, with a

mixed solvent as the external phase. The solvent mixture contains
acetone, ethylene glycol, and water in a ratio of 2:1:5, by weight.
This solvent mixture can also be used as an extender for the emulsion.
However, it is unsatisfactory for use with Rhoplex B-15 impregnated
paper, as the solvent has a solubilizing effect on the acrylate resin which

results in an undesirable stiff hand of the dried sheet. Water alone is not
a desirable extender, for the water-diluted emulsion separates on standin
but a water emulsion can be stabilized by adding a small quantity of
Phobotex FTC. This effect of Phobotex FTC, a durable textile water
repellent, is reported in the literature of the suppliers of FC-208 and
Phobotex FTC.

Experiments were made, therefore, to determine the effects of
Phobotex FTC on the important properties of the treated paper. Samples
of Kaycel 100 containing 25% Rhoplex B-1 5 were treated with mixtures of
FC-208 and Phobotex FTC to gave a 2% add-on of FC-208 and different
,dd-ons of Phobotex FTC. Table 1-41 shows the properties of the treated
samples, including resistance to penetration by VX. An add-on of more
than 0. 75% Phobotex FTC decreased the time required for the agent to
penetrate the paper.
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Table 1-40. Time for VX to Penetrate Kavce* 100 Im :.gna_,d with 25%
Rhoplex B-15 and Various A=our.ts c. FC-'08

Add-on of FC-208 F-netr:iLon time,s o l i d s , % o _ 
s e c

0.25 12C-ý00

0.5 21,600

21S600

a.ur~

8 a

10 a

a No penetration in 6 hours.
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The other properties of this series of samples that were measured

were air permeability, abrasion resistance, and water repellency. Water

repellency was measured by the dynamic absorption procedure as well as by

the spray method. From these data, it appears that the addition of as little

as 0. 25% Phobotex FTC improved the water repellency, as shown by the
spray method. The water absorption values, as measured by the dynamic
absorption method, remained about the same. A change of a few percent
in the waer absorption values is of little significance when dealing with
values in the range of 30 to 4076. On the other hand, an increase from 90
to 100 for the spray rating may be a worthwhile improvement in the shedding

of water. With increasing amounts of Phobotex FTC, the air permeability
remained essentially unchanged while the abrasion resistance appeared to
pass through a minimum. In spite of the fact that the abrasion resistance
is lowered, it may be desirable to apply 0. 25% Phobotex FTC along with the

2% FC-208 to stabalize the pad bath for commercial production.

It was concluded that FC-208 was very effective for imparting water

repellency and resistance to VX to paper. The treatment of Kaycel 100
with 25% Rhoplex and 2% FC-208 produced a paper that appeared to satisfy
requirements for the overgarment material in regard to both oil and water
repellency.

c. Studies of oil- and water-repellent treatments on
experimental papers

(1) Effect of fiber content of paper on oil- and water-resistance

The papers that are described in Section I1-C-1 were evaluated for
resistance to liquid CW simulant, bis(2-ethyl hexyl hydrogen phosphite),
and to water with results as given in Table 1-42,

Although water did not penetrate the papers containing as little as
25% nylon, the nylon offered little or no resistance to the penetration of
the papers by the CW simulant. Papers containing 50% or more of poly-
(vinyl alcohol) were water resistant, but only the 100%-poly(vinyl alcohol)
(PVA) paper showed any significant resistance to penetration by the CW
simulant.

sOUTHERN RESEARCH INSTITUTE
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Table 1-42. Resistance of Experimental Synthetic-Fiberaand Wood-Pulp

Papers to Liquid CW Simnulant and to Water

Water CW simulant

Type and amount of Absorption Penetration Absorption Penetrati

synthetic fiber time, sec. time, sec. time, sec. time 8

None 
853 853 instantly 43

100% Nylon 1092 did not penetrate instantly 21

75% Nylon 1843 did not penetrate instantly 50

50% Nylon 142 did not penetrate instantly 2

25% Nylon 194 did not penetrate instantly 4

100% Poly(vinyl alcohol) 3011 did not penetrate instantly 146

75% Poly(vinyl alcohol) 283 did not penetrate instantly 3

50% Poly(vinyl alcohol) 16 did not penetrate instantly 4

25% Poly(vinyl alcohol) 532 532 instantly 6

50% Cellulose acetate 525 319 instantly 3

25% Cellulose acetate and 230 298 instantly 2

25% Nylon

a The physical properties of these papers were given in Table 1-19. All of

the papers contained 30% Rhoplex B-15 solids on fiber weight and weighed

3. 3 oz/yd2.

.4 k
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(2) Effects of various scrims in wood Pulp and nylon-wood pulp
papers

The papers that are described in Section III-C-2 were evaluated

for resistance to liquid CW simulant and to water with results as given

in Table 1-43.

The 4-mesh scrim appeared to decrease the resistance to the CW

simulant of the wood-pulp paper, but a 6-mesh or 8-mesh scrim appeared

to be slightly beneficial, increasing the respective penetration time 23

seconds and 45 seconds. However, these increases are insignificant

compared to the 6-hour protection that is desired. Some of the papers

were not penetrated by water, but there is no apparent relationship to

scrim structure. The 6-mesh, 100-denier appeared to be the most

desirable reinforcement for the papers.

(3) Evaluation of oil- and water-repellent treatments on

reinforced 50:50 nylon-wood pulp paper

After the previous studies had shown that the 50:50 nylon-wood

pulp paper reinforced with a scrim consisting of 6 x 6 strands per inch

of 100-denier nyl.on yarn was the most promising base paper for the
protective garments, studies were made of the effectiveness of oil- and
water-repellent treatments on this paper. Handsheets of this paper were

made for these studies according to the procedure described in Section
UlI-C-2-b and treated to apply 25% of Rhoplex B-15 solids.

The results of the eý,'periments described in Section III-D-2-b

indicated that an aftertreatment to apply 2% FC-208 and 0. 25% Phobotex

FTC was promising for imparting oil- and water-repellency to papers.

This treatment was evaluated for initial effectiveness and for durability

of the effects produced when applied to the reinforced 50:50 nylon-wood

pulp paper. The treatment with FC-208 and Phobotex FTC was applied as

described in Section III-D-2-b.

SOUTHERN RESEARCH INSTITUTE



00"-4 w >1

'.4- c-c L

0 4; C C4 V-'4 1.4 C? Cd co

'. -4

144
4)d

0.

CU41 4)
0. 0U CU

00 14 z4 0 D

1 4 V ~ V a -.

0 ~~ $4t- CDU
o- +. ) w0.zC

0 V~C
AC .4- 0 CD

6-4 9 oo E' 04

V

'.4W tt4 C 6

00

Cd t4

bl) >14 Co.4 1. 1.4 V34 C> 1.4
-4)

W11NCi 4 4 14 14c;

""Ma 0 00 0 0d C0 14
4) 0 x 0

d))) ~ . '4 '4C

.. w co t

4)04C Ud ~ -~ ~ z-z



, I

-119-

In one experiment a 2 x 6 inch sample was creased along the shorter

diflensionf by folding it and pressing with a force of 4, 400 lb. The pene-

tration resistance of the sample was determined by the usual method, but

With the drops of VX placed along the line left by the crease. There was
o penetration of the sample within 6 hours.

Another sample was abraded with a Taber abrader for 200 cycles. 4

The abrasion did not reduce the penetration time below 6 hours.

The effect of soiling the surface of the FC-208-treated paper was

1also investigated. A batch of standard synthetic soil was made according

40o the formula and method of the American Cyanamid Company. 17 The

sample to be soiled was placed on a Crock-Meter and approximately 0. 1 g

of soil was placed on the sample along a line that would be followed by the

reciprocating peg of the Crock-Meter. A piece of 10 oz/yd2 denim was

placed on the peg, and the sample was "crocked" for fifty cycles. The

resultant sample, simultaneously soiled and abraded, showed no
penetration by VX in 6 hours in the abraded area.

The soiling test was repeated with a paste of 0. 1 g of standard soil
and 0. 2 g of water, instead of the dry soil. Again, there was no penetration

by VX in 6 hours.

Two samples of the FC-208 treated paper were subjected to the
dynamic water absorption test. One of these samples was dried, while
the second one was merely pressed between squeeze rolls, to leave a
water content of about 4076. The dried sample was not penetrated by VX
in 6 hours; the penetration time of the wet sample varied from 420 seconds
"to 6 hours.

Samples were also evaluated for resistance to VX by the expulsion test
initially and after leaching in water at 30'C for 24 hours. Neither the original
nor the leached samples were penetrated. This paper was also resistant to
both liquid GA and I1), Furthermore, this paper was not penetrated to either
the liquid VX, GB, or HD after it bad been stored at 121cC for 96 hours to

testing.

17. "Soil Resistant Treatment of Fabrics," Textile Finishing Bulletin No.
150, American Cyanamid Company, page 15.

SOUTHERN RESEARCH IN3TITUTIt

; i 4



-120-

Although the FC-208 treatment imparted water repellency to the
reinforced nylon-wood pulp paper, the treated paper was not rain resistant
Rain resistance was not essential for the material to be used in the over-
garment, but it was a desired property if it could be obtained without
decreasing the CW repellency. The Quarpel-type treatment that was
developed by the Quartermaster Corps for producing rain resistance in
fabrics was tried for imparting rain resistance to the nylon-wood pulp
paper.

Handsheets of the reinforced 50:50 nylon-wood pulp paper that
contained 25% Rhoplex B-15 solids were treated with mixtures of FC-208
and Norane R (a pyridinium type water repellent) at different levels of
add-on and evaluated for rain resistance at the Quartermaster Research
and Engineering Command by AATCC Standard Test Method 35-1961.

The solutions used for treating the papers were prepared by
dissolving the Norane R in water at about 75°C, adding 10% sodium
acetate on the weight of the Norane R to the solution, and then adding
the FC-208. Water was added as needed to adjust the solids contents
of the solutions. Solutions were prepared to contain FC-208 and Norane R
in the weight proportions of 2:1, 1:1, 1:2, and 1:4. The papers were treatet
with each of these solutions to apply 4%, 6%, or 8% solids, and the treated
papers were dried in a circulating air oven for 4 minutes at 150°C.

All the papers were penetrated by water in the rain test. The 1W
rain resistance of the treated papers was probably due to the open strut-' •.
A compact paper suitable for obtaining rain resistance would probabl, .,+,,
low air permeability and be quite stiff and papery which would make the ,"

unsuitable for use in the protective overgarment.. Because rain resistance
was not an essential characteristic of the protective overgarment, no further
attempts were made to obtain rain resistance.

(4) Conclusions

Based on these results, it was concluded at this stage of the program
that the nylon scrim-reinforced nylon-wood pulp paper bonded with Rhoplex
B-15 and aftertreated with FC-208 was a suitable candidate material for
fabrication of a light-weight, disposable, protective overgarment.

Am +=.....
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d. Studies of other methods for obtaining resistance to CW
agents

Other methods than oil repellency that were considered for

making materials for the protective garment included fiber swelling,

gelling, and absorbency. These methods were investigated only very

briefly and they did not appear promising. i

(1) Fiber swelling

One possible method of inhibiting the passage of liquid CW agents

through paper garments is by making the paper from fibers that are easily

swollen by the agents. Swelling of the fibers would close the capillaries of

the paper and thus retard penetration of the liquid agent. With this thought

in mind, the swelling of cellulose acetate, nylon, poly(vinyl alcohol), and

wood-pulp fibers in CW simulants was investigated. Each fiber was cut in
a Wiley Mill until it passed a 60-mesh screen. One-half gram of the cut

fiber was placed in 25 ml of simulant, and the mixture was stirred

periodically. After 24 hours, the fibers were decanted and examined
visually with a microscope. A small amount of the liquid was evaporated
to dryness on a watch glass and any residue was noted. The CW
simulants used were bis(2-ethylhexyl)hydrogen phosphite, dibutyl phthalate,
and dimethyl hydrogen phosphite.

The poly(vinyl alcohol) (PVA) fiber was swollen by each of the three
CW simulants, but there was no evidence of solution. The cellulose acetate
fiber was swollen by bis(2-ethylhexyl)hydrogen phosphite and by dibutyl
phthalate and was partially dissolved by dimethyl hydrogen phosphite. The

other fibers appeared to be unaffected by the simulants.

The swelling of the PVA fiber by bis(2-ethylhexyl) hydrogen phosphite
probably explains the slight resistance of the 100% PVA paper to penetration

by the CW simulant. For example, 146 seconds were required for the

simulant to penetrate a 100% PVA paper and only 43 seconds were required

for the simulant to penetrate a 100% wood-pulp paper. Because the
swelling of the cellulose acetate fiber and the PVA fiber is very slow, the

method did not appear promising.

SOUTHERN RESEARCH INSTITUTE
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(2) Geling and absorbing agents

Several polymers, which it was thought might be useful as gelling
agents, were examined for gelling tendencies with three CW agent simu-
lants. The materials that were tried and the observations are given in
Table 1-44. In these experiments, 2% by weight of the gelling agent was
added to the simulant and any swelling or dissolving was observed. The
only prospective gelling agent that formed a gel with any of the simulants
was carboxymethyl cellulose. High molecular weight poly(vinylpyrrolidone)
(PVP K-90) dissolved in dirnethyl hydrogen phosphite and increased the
viscosity, but it did not form a gel.

Samples of Kaycel 100 impregnated -vith 25% Rhoplex B-15 solids
were treated with carboxymethylcellulose, poly(vinylpyrrolidone) (PVP
K-90), poly(vinyl alcohol), or Cab-O-Sil at different levels of add-on. The
samples were then evaluated for penetration time with the CW simulant,
dimethyl hydrogen phosphite. Also, the area of the drop spread was
measured, The data are given in Table 1-45. The dimethyl hydrogen
phosphite penetrated all the specimens instantly, indicating that none of
the gelling or absorbing materials was effective in retarding penetration
of the CW simulant. Although the area of the drop spread was altered by
the presence of the gelling or absorbing agents, the change in area was not
sufficiently great to be beneficial for our purpose.

Samples of Kaycel 100 were also treated to apply both an oil
repellent, FC-208, and a gelling or absorbing agent in attempts to get

improved resistance to CW agents.

Four samples of Kaycel 100 were brush coated on one side to
apply 2 to 4% FC-208. After drying and curing the treated samples, 2%
carboxymethylcellulose (CMC) was brush coated on the opposite side of

one sample, 5% Cab-O-Sil on another, 5% PVP K-90 on one, and 2. 5%
PVP K-90 plus 2. 5% Cab-O-Sil on the fourth. These samples were
evaluated for resistance to penetration by VX. The VX was applied to
the side treated with the gelling or absorbing agent. The samples
containing carboxymethylcellulose and Cab-O-Sil were not penetrated
in 6 hours. One drop of VX penetrated the PVP K-90 treated sample
in 20 minutes. The other 4 drops did not penetrate during the 0-hour
test period. Two drops of the VX penetrated the sample treated with
PVP K-90 and Cab-O-Sil during the 6-hour test period.

L mI. . lSnii lil~limn
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Table 1-45. Effect of Gelling and Absorbing Agents on Area of Drop
Spread of Dimethyl Hydrogen Phosphite

Gelling or Add-on, Area of drop spread,
Absorbing agent % solids mm 2

None 0.95

Carboxymrethylcellulose 1 0. 64
2 0.64

Poly(vinyl pyrrolidone) K-90 1 1.32
2 0.64
4 0.96

Poly(vinyl alcohol) 1 1. 32
2 1.54
6 1.13

10 0.92

Cab-O-Sil 1 1.54
2 0.95
6 1.13
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In another series of trials, three samples of Kaycel 100
Dro impregnated with Rhoplex B-15 (25% add-on) were brush coated

to apPly 2 to 4% of FC-208 on one side. After drying and curing,

FVP K- 9 0 was brush coated on the opposite side of one sample,

carboxymethyl cellulose on another sample, and Cab-O-Sil on the

third sample. The add-ons of gelling and absorbing agents were

about 1% of all three samples. These three samples along with a
spread, sample that had only FC-208 on one face were evaluated for resistance

to penetration by VX. The VX was applied to the side treated with the

gelling or absorbing agent. The samples with carboxymethylcellulose
5 : and Cab-O-Sil showed no penetration duri,,g the 6 hour test period.

One drop of VX penetrated the PVP K-90 tieated sample in 20

nminutes; 4 drops of VX at other locations did not penetrate during

16 hours.

Samples of Kaycel 100 impregnated with 25% Rhoplex B-15
,: '. soids were treated with 2% carboxymethylcellulose, 2.516 Cab-O-Sil

or 2. 5% PVP K-90 and then 2% FC-208 was applied over the gelling
2I or absorbing agent. These samples were tested for resistance to

VX agent. The samples containing either Cab-O-Sil or PVP K-90
were not penetrated during the 6-hour test period. Two drops of the
Vx. agent penetrated the sample containing CMC in 90 minutes; the
other three drops did not penetrate the material during the 6-hour
test period.

.3 Even though gelling or absorbing agents may slightly alter
the area of the drop spread of CW agents, they apparently diminish

the effectiveness of the fluorocarbon treatment. The use of FC-208
appeared to offer a more promising method for making paper
resistant to liquid CW agents.

4M
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3. Flame retardants

In addition to the protection against liquid CW agents that was
needed in the material for the protective overgarment, it would also
be desirable that the material be flame resistant, at least enough so
to avoid any special hazard when subjected to thermal shock. At the
time that the investigation of flame retardants was begun, the most
promising material for the overgarment was felt to be a nylon scrim-
reinforced 50:50 nylon-wood pulp paper treated witht Rhoplex B-15, an
acrylic binder, and FC-208, a fluorochemical that imparted CW
resistance to the paper. Most of the studies of flame retardant
treatments were done with this paper. However, some of the flame
retardant treatments were studied on Kaycel 100.

In general, the flame retardant was padded on paper previously
treated to apply 25% Rhoplex B-15 solids; but, in some cases, the
flame retardant and acrylic binder were applied from a single bath. The
flanme retardants were applied from aqueous solutions or suspensions by
padding to give the desired add-ons, and the treated papers were dried at
room temperature. Exceptions to this method are indicated in the discussio0
of the individual treatmentz given below.

The most satisfactory of the var-ious flame retardant treatments that
were investigated for use on the reinforced nylon-wood pulp paper bonded
with Rhoplex B-15 and treated with FC-208 to make it resistant to CW agents
was the treatment with tetrakis(hydroxymethyl)phosphonium chloride (THPC)
and tris(1-aziridinyl)phosphine sulfide (APS) in a ratio of 1:1. However, the
lack of commercial availability and the poor stability of APS made the use of
this treatment impractical. No entirely satisfactory method was found for
making the candidate paper for the overgarment flame resistant.

a. Treatments applied to Kaycel 100 only

Fourteen flame retardant treatments were applied to Kaycel 100
impregnated with Rhoplex B-15, and several of the retardants were applied
to untreated Kaycel 100. The treatments applied to Kaycel 100 aud the flame
resistance of the treated papers are summarized in Table 1-46. At the time
of these preliminary evaluations, a char length of 4 inches was considered tV
be the maximum length consistent with flame resistance. However, flame
retardants were conjsidere tc9 be ,of someQ leylup jfsa~nples treated with thenr
had char lengths of approx matelyý 6 irncheýsz' Sles.&-



-127-

,,T bt .45. Flame Resistance of Rhoplex B-15-Lionded Kaycrl 100 Paper Aftertreated with Various Flame Retardantis

Add-on of
Wright ratio flame retardant, Flame resiptance.

Flame retardant of components mro h.l thi

- 10 consImed
Jktp'n" 20 ,'onsumed

af 1etardant 1-2 - a 0 consumed

, , •,.FRtetard NBX

.applied separately - 10 consumed,- 20 5.3
- 40 4.1

,pplied with Rhoplex J-15 - 16 4.6
4.5- 30 4. 1

L - 30 4.4"• i pplied with Rhoplex B-15 and 2% FC-208 - 20 4.5
la pplied With Rhoplex B-15- aft'ettreated with 296 FC-206 - 20 4. R

applied with 2% FC-208 20 4.4

The I.-Retard NBX-carboxymethylce!iulose 4 : 0.2 a0 4.4
by4 :0.1 20 consumedb-J4:0,1 20b consumed
"i d at

A-at 4:0.1 0  consumed

3 CUSSOj0a fr.Retard NBX-pOly(vilnyl pyrrolidone) K'90 4.0.3 20b consumed

lame Retarder X-12 10 consumed
I ;',-20 consumed

t s that lesno oil jib consumedided 20b consumed

agents ryroset DO 486 4.0(T PC)48b consumed

- er, the Antimony trioxide-chilorowax 40 10-15 consumedS .' use O• •~~ttO.-tris(2, 3-dichloropropyl)phosphate 05 nsne

usd f v101 consumfled• frlorax-boe'ic acid 7 :3 10-15 3-4

7: 3 10 consumed

7:3 20 6.4

DAP-APO 3.6:1 23 723

U t'rea-HPO4 -formaldehyde -HxN SOH 4 :1 :0.3 :1 35 consumed

)0 Urea-IINSO3 H 1:1 33 consumed

)plied
e flame No Rhoplex B-15 on the paper.

e time
ered to Applied from a common bath with Fk'oplex B-15 solids.

Lame
h them
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The methods of preparing the treating baths, applying them to the
papers, and curing or drying the treated papers are described below:

Abopan; Fi-Retard NBX; Fire Retardant L-2; Fire Retardant
X-12; SbO,-Chlorowax 40; Sb O -tris(2, 3-dichloropropyl)phosphate;
and borax-boric acid were applied by padding aqueous solutions or
suspensions to give the desired add-ons and the treated papers were thei
dried at room temperature.

Pyroset DO: To 20 g of water was added 10 g of orthophosphoric
acid, then 10 g of sulfamic acid in 25 g of water, and last 60 g of Pyroset
DO. The bath was applied by padding and the samples were air dried.

Fire Retardant L-2: A 10% solution (product basis) of the Fire
Retardant L-2 was prepared. The bath was applied by padding and the
samples were air dried.

Isano oil: A solution containing 44% Isano oil was prepared by
combining 87. 0 g of Isano oil and 10 g of oleic acid with 100 ml of water
containing 3. 0 g of morpholine and mixing for 2 minutes witb a Waring
Blendor. Samples were treated by padding and dried at 120°C for 30
u irautes.

Urea-orthophosphoric acid-sulfamic acid-formaldehyde: A 76%
urea-sulfamic acid-formaldehyde solution was prepared by combining
100 g of urea, 50 g of sulfamic acid, and 50 g of water and heated to 100°C.
The solution was cooled to room temperature, and 7. 5 g of ammonium
hydroxide and 25 g of formaldehyde were added. A 65% urea-ortho-
phosphoric acid-formp 1dehyde solution was prepared by mixing 100 g of
urea and 50 g of orthophosphoric acid and heating to 191°OC. The mixture
was then cooled to 250°F and 74 g of water, 7 g of ammonium hydroxide,
and 10 g of formaldehyde were added. TMie two solutions were combintd
to make a solution containing a total of 70% of urea-orthophosphoric acid-
sulfamic acid-formaldehyde. The padded samples were cured for 15 minute'
at 1500C.
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) the Urea-siilfamic acid: A 66% solution of urea-sulfamic acid was

prepared by combining and heating at 82°C for 1 hour, 60 g of urea,

60 g of sulfamic acid, and 20 g of water. "a The solution was then
nt_ cooled and 40 g of water was added,

Samples treated with the urea-sulfamic acid solution were cured

then for 15 minutes at 171'C. The dried samples were washed in warm water,

then washed int cool water, and dried at room temperature.

:)ric DAP-APO: The diammonium phosphate19 solution was prepared by

roset dissolving 8. 5 g of diammonium phosphate in 121. 9 g of water and adding

d* ft. 0.8 g of Triton X-100. Then 38.8 g of APO (85%) was added to the
diammonium phosphate solution while stirring vigorously. This solution

ire contained 18.2% APO and 5% diammonium phosphate.

he
Samples were padded with the DAP-APO solution, dried 2 minutes

at 120°C, and then cured 5 minutes at 1500C.

",ter Of these flame retardants, only Fi-Retard NBX imparted sufficient

ng flame resistance (char length <6 inches) to Kaycel 100 treated with Rhoplex
_ B-15. Therefore, Fi-Retard NBX was selected for additional study. In

addition to being an effective flame retardant for the wood-pulp paper
impregnated with Rhoplex B-15, Fi-Retard NBX was also an effective flame

'6% retardant for wood-pulp papers containing 25% solids add-on of Chemigum

Lg 245 CHS or Geon 577 as binders. With 40% solids add-on of Fi-Retard NBX,

1000 C. Kaycel 100 irmpregnated with 25% Chemigum 245 CHS solids or with 25%
Im Geon 577 solids had char lengths of 4. 8 inches and 4. 3 inches, respectively.

g of
xture
Kide,
uined
acid- 18. F. M. Ford and W. P. Hall (to Joseph Bancroft and Sons), U. S. Patent

S5 minute' 2, 482, 755 (1949).,

19. T. D. Miller, F. A. Hoffman, and A. Merala, American Dyestuff
Reporter 49, 596-599 (1960).
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To keep the cost of processing as low as possible, it would be
desirable to apply the flame retardant and the latex binder from the
same bath. The flame resistances of samples of Kaycel 100 that were
treated by padding Fi-Retard NBX and Rhoplex B-15 from a single bath
are also given in Table I-46.with comparable data on samples that were
treated by padding the additives from separate baths and drying the
samples between the two treatments.

There appeared to be a slight improvement in flame resistance
when the flame retardant was applied in the pad liquor with the Rhoplex
B-15 rather than applying it to the resin-impregnated paper. Kaycel 100
treated to apply 25% Rhoplex B-15 and 20% Fi-Retard NBX from a single
bath had a char length of only 4.1 inches. Moreover, the sample displayed
neither afterflame nor afterglow. When Fi-Retard NBX was applied with
the Rhoplex B-15 at a concentration level of 16% solids, the treated Kaycel
glowed for 5 seconds after the flame went out. It appeared, therefore, that
20% Fi-Retard NBX was about optimum.

It was of course necessary to include a repellent that would prevent
penetration of CW agents in the treatment of the paper. As determined
previously, FC-208 was effective for this purpose when used alone; and the
effect of FC-208 on the flame resistance of Kaycel 100 containing Rhoplex
B-15 and Fi-Retard NBX was investigated. The Kaycel 100 was treated with
Rhoplex B-15, Fi-Retard NBX, and FC-208 by the following methods: (1)
the three additives were applied by padding from a single bath, (2) FC-208
was applied by spraying onto Kaycel 10n impregnated with Rhoplex B-15 and
Fi-Retard NBX, and (3) FC-208 and Fi-Retard NBX were applied by padding
Kaycel 100 impregnated with Rhoplex B-15. As Fi-Retard NBX was water
soluble, it was impractical to pad an aqueous solution of FC-208 onto paper
that already contained the fire retardant, for the fire retardant would be
washed out of the paper. Thus, Fi-Retard NBX was applied either with other
treating agents or as a separate aftertreatment.

The flame resistances of the papers so treated are given in Table 1-9
From these results, it was concluded that FC-208 had only a slight adverse
effect on the flame resistance of paper containing Rhoplex B-15 and Fi-Retar
NBX. FC-208 increased the afterglow from 0 to about 4 seconds, but it did
not change the char length significantly. The effect of FC-208 on the flame
resistance of the papers was independent of the application methods studied.

AI
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When FC-208 and Fi-Retard NBX were applied from the same

bath to Kaycel 100 impregnated with Rhoplex B-15, the treated papers

had poor resistance to liquid VX ageat. As shown previously, when

,C-20 8 and Rhoplex B-15 were applied from a single bath, the treated

papers were not resistant to penetration by CW liquids. However, a
Rhoplex-impregnated paper aftertreated with FC-208 had very good

resistance to CW agents.

A trial was made applying the FC-208 by spraying it on Kaycel
100 containing 25% of Rhoplex B-15 solids and 20% of Fi-Retard NBX
solids. A solution of FC-208 was sprayed on the impregnated paper
to give 1, 2, or 4% add-on of FC-208 solids. The resistance of the
treated paper to penetration by liquid VX agents was generally
unsatisfactory and very erratic. With 1% add-on of FC-208 solids,
the time required for liquid VX agent to penetrate the treated paper
was 90 minutes. With 2% add-on of FC-208 solids, penetration times
were 3 to 6 hours; and with 4% add-on, penetration times were erratic,
some samples were penetrated in 6 hours, others were penetrated in

1 minute.

CO the basis of the studies of flame retardants applied to
Kaycel 100, it was concluded that none of the flame retardants

evaluated was effective in the presence of the acrylic binder

Rhoplex B-15, except Fi-Retard NBX. However, Fi-Retard NBX
was not considered satisfactory as a flame retardant for Kaycel 100

treated with Rhoplex B-15 and FC-208 because the treated paper was

not resistant to licuid VX agent in the standard drop test.

e
tar.
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b. Treatments applied to both Kaycel 100 and 50:50 nylon-wood
pulp paper

Flame retardants were evaluated on Kaycel 100 and nylon-scrirm
reinforced 50:50 nylon-wood pulp papers to which 25% Rhoplex B-15 solids
had been applied. In a few instances, the flame retardants were evaluatedon the papers not treated with Rhoplex B-15; and, in some cases, in the

presence of FC-208. The results of the evaluations are given in Table I-i

(1) Flame re'ardants ineffective on Kaycel 100 and 50:50 n yký'

wood pulp paper

Four of the eleven flame retardants evaluated in this series of trials

were ineffective on both Kaycel 100 and nylon-wood pulp papers containing

Rhoplex B-15. These four retardants were: brominated triallyl phosphate

(BAP), Pyroset N-2, tris(1-aziridinyl)phosphine oxide (APO), and a mixtuz.

of tetrakis(hydroxymethyl)phosphonium chloride (THPC) with Resloom HP.

The treating conditions used were as follows:

BAP: A 33% ernulsion off AP 2 0 was prepared as follows: 94.5g

of triallyl phosphate and 66 g of bromoform were mixed thoroughly in a flask

fitted with a reflux condenser. Then 3. 0 g of a 5% solution of Elvanol 71-30
poly(vinyl alcohol) was added. The mixture was stirred continuously with L:

electric stirrer and 12 g of sodium bicarbonate was added plus about 30 g of

water. The mixture was then heated to 82°C and 13 g of potassium persulla

was added along with enough water to bring the total amount of water addedt

322 g. The reaction mixture was heated for 2 hours at 82°C and then coolei

to 25*C. The pH of the solution was 7.

Samples treated with this BAP emulsion were dried 5 minutes at

85°C, then cured 5 minutes at 140 0 C. The cured samples were washed onct

in cool water, rinsed twice in water at 60°C, then rinsed in cool water, and

dried at room temperature.

20. J. W. Frick, Jr., J. W. Weaver, and J. D. Reid, Textile ResearchJ

25, 100 (1955). ItJ .i
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rnt' p.m F RneC leamo-. Of lilooPion l-15-itnnd.,l -ye.1~ 100 anot 50.50 Nylut W'o.1 p, lp Pep.'.-. Afteri.-...t.d with Vot loota Fnn,. Ileterdenta

ý:W Ood Weigh~t ratio Addnot, FrC.20 8, FInn.me realptone..
Flame rEtardanti11 92OjyfM2oots FA ~ AfM2lird 7LIAiJllE JyrJswkjiu..jo

Ar's m .proor 2900B - K.,we[ 100 is 6.1
Kqyv..l 100 304.

- Kay-:. 300 2 .-scrjyy K y7c.. 100 20 p.15 Solids onlo:wnn od pulp 32a1.

1 5 con uo,.devaluated 
-. Kayo,.. 100 15 .Ara" Kaye 100 207.

3, in the i ,.adn86Kyl3025.3

Table nylon-wood pulp cnue
*.,aatrdirllyl phnsphote (BAP) Kaycel 100 20 conaumed

nylon-wood pvlp 25 consum~ed

nylon- N- Ka-oe 100 20 colnsu"med
K :.100 10 con end

- nylon-wood pulp 21 consumed

TrOoiiia~hshnl xde - Kaycel 100 10 consmed
* Ka,,ycI 300 20 cons.umed

-eo tils_ Kayoel 100 30 consenmed
-- n' lon-wood pulp 21 Consented

o t nigA,..meoitm .ultzmate-diammoninum phosphate 7:3  Kaycal 100 10-15 3-4
ph sht :3 Kaynel 100 10 consumed

7hsht :3 Kayoal 100 so 4.6
d it aulmt-damnu phospate :3 Kaycel 100 20 3.6Ifl1.jtin.. ~ -rarloxym eqhylcv ilULions

lo li.Ammm~liut aeltamate-dlammnnium phosphate 7: 1so2 4
C.thnnymethyloil~lQ1s* ocl10 .

Amemontium sulfa mate-diem mnnium phosphoate 1:2.6 20
carbonymetthylValluloso Kaycel 100 a 4.3

carboxymoethykcellelose atl102 3f cnue
Ammnit~um~ sulfanmate-diammo~iurn phosphate 7:.36 RTV 0 so

cabO0SII a: 4a..l 0
/AmmniumO~e sultamate-dlammooium phosphate 2: 43

5 0b-O-SiI Kaycel 100 204.
Amnu ufmt-imoimpopae4:1 nylon-wnod pulp 35 consumed.yi ls :3 nylnn-nood pul 25 4.42:1 nylon-ood pulp 25 6.2an l7 301:1 nylon-wood pulp 25 6.6an l713 i nylon-wood pulp 356.1

I sIV with t : y'*wo ~p s(.L
2:1 nylon-wood pup 25 .

1: ylnwo pulp 15 256.out 30go 1 yo-odpl 5 M'
1:2 nylon-wood pulp 25 2s 5.4

p rsla-bammoolumn phnsiphtate-urnat 1,2c Kyevol 100 10-15 -
te det1:3 Kayc-l 100 10 condemed

1:2 Kaycal 100 20 6.6Lh n ooe~4-.1 nylon-wood pulp 215.
2.1 nylon-wood pulp 2 .
1:1 nylon-.ond pulp 25 5.4
1:2 nylon-wood polp is 5.2
1:4 nylon-wood pulp 35 4.4
1A4 nylon-wood pulp 25 2M Consumed

Lit es at Tnlratklroxyn~yethyl)phn,sph.noum chloride end 1:1.2 Kaycel 100 10 consumed'ah d ~Trls(I-azlrldlnyl)phopphlne oxide 1:1.2 KAYCel 100 so 6.0
rs e nt1.1:1 nylon-wood pulp 28 unnaunned

water, ad3 Tetrakla(hydroaynmethyl~,ophDooolurn chloride, 1.:1::1 Kaycel 100 10 consumed
Bromnalnted tilaliyi phosphate, and itesloorn Hp 1.7:3:11 Kaycel 100 20 5.6

1.7 :1: 1 nylon-wood pulp 35 consumed
T

eirasithydronynethyl)jthnhphonium chloride and 1.0:1 Kaycel 100 10 conseumed
Realnom HP 1.8 :1 KaYcel 100 20 consumted

4:1 nylon-wood pulp 25 Consumed
2:1 nylon-wood pulp 21conumed
1-1 nylon-wood pulp a5 .0onmed
1-2 nylon-wood pulp 25 ý.onsomed

e -1:4 nylon-wood pulp 25 nonuoed
1.7:1 nYlon-wood pulp 37 con timed

l*'e lo1 :1 K.)-l 100 25 ronsemed
4:1 n 'ylon-wood pulp 21 onnomed2: nlo-wood pulp "5 ':oto:d
1:1 nyln-wood p,1P 25 cnnnotmed
1:2 no o-wood pulp. 35 conn--td
1:4 nYlon-wod pu'lp 25 6.0

Snsprayeti P *padded: applied PAs ariecre;1 toten:tp.TpIAA k
1
hlb~ r 1

Paaddied fro a ennmoion bath with Apex 290-li to aptth 2%6 M-208 and 0. 25% Pht-.teUTxR ESAC NS~..

N
t
o Ithoplen 0-Il on the paper.

Padded before the flame retarndant was applied.

I Padded from a commono bath with Rthoplen 14-15.
Padded from a common bath with the flamte retardant.SOTENR EAC SIY-
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Pyroset N-2: Aqueous solutions of the desired concentrations were

prepared, and padded samples were dried at room temperature,

APO: A 20% solids solution of APO1 was prepared by combining

53 g of APO, and 3. 0 g of Triton X-100 with 283. 4 g of water and then

adding 5.6 g of Zn(BF4 )2 .

Samples treated with this solution of APO were dried for 5 minutes

at 85°C and then cured 5 minutes at 140 0 C. The cured samples were washed

in cool water for 5 minutes, then washed at 60 0 C for 20 minutes and finally

dried at 1162C.

THPC-Reslnom HP: A solution of THPC 22 was prepared by dissolvir

93. 4 g of THPC in 90. 0 g of water to which 16. 9 g of triethanolamine was

added. The Resloom HP solution was prepared by dissolving 53. 5 g of

Resloom HP and 55.7 g of urea in 156.6 g of water. The THPC solution and

the Resloom solution were then combined to make a solution containing 20%

THPC and 11% Resloom HP.

Kaycel 100 was treated with THPC-Resloom HP, dried for 5 minutes

at 1000C, and then cured 5 minutes at 1400C. The samples were then washed

in cool water followed by two rinses in 60'C water. The final drying was done

at room temperature.

Solutions of THPC and urea in the proportions of 1:4, 1:2, 1:1, 2:1,

and 4:1 by weight were prepared by dissolving the desired amounts of THPC

and Resloom HP in 72 parts of water containing 3 parts of triethanolamine to

make solutions containing 257o solids. Samples of nylon-wood pulp paper

treated with the solutions were dried and cured by the same procedure used

for the Kaycel 100 samples.

As shown in Table 1-47, all of the samples of Kaycel 100 or 50:50

nylon-wood pulp paper treated with these four flame retardants were

consumed in the vertical flame test.

21. G. L. Drake, Jr., and John D. Guthrie, Textile Research J. 29, 155

(1951).

22. W. A. Reeves and J. D. Guthrie, Textile World 104, 101 (1954).
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In one trial, Geon 577 (a flame resistant, vinyl chloride resin)

was tried as a bonding agent for the nylon scrim-reinforced, nylon-

wood pulp paper and antimony oxide was applied with the resin. The

amounts of Geon 577 applied was 25% and the amount of antimony oxide

was 15% of the weight of the dry paper. The tensile and abrasion

resistant properties of the G pen 5 w77-bon e papes 577 and antimony oxide

were generally comparable to those of papers bonded with 25% of
Rhoplex B-15, but the Geon 577-bonded papers were too stiff and harsh to

be of use as a material for the protective overgarment.

(2) Flame retardants effective on K aycel 100 and ineffective on
nylon-wood pulp paper

Of the eleven flame retardants evaluated on both Kaycel 100 and

50:50 nylon-wood pulp papers, the seven retardants discussed below were
generally effective on Rhoplex B-15 treated Kaycel 100, but ineffective on
nylon-wood pulp paper treated with Rhoplex B-15. The data are given in
Table 1-47.

The treating conditions used to apply the flame retardants to the
papers and the results of the evaluations were as follows:

Apex Flameproof 290-B: As shown in Table 1-47, Apex Flameproof
290-B was an effective retardant when 25% add-on of solids was applied to
Kaycel 100 containing 25% of Rhoplex B-15 solids. The char length of the
paper was 3. 6 inches. At add-ons of 15 and 20%, the treated paper had
char lengths of 6. 1 and 4. 9 inches, respectively.

Kaycel 100 treated to apply 25% of Rhoplex B-15 and containing
solids add-ons of 25% of Apex Flameproof 290-B, 2% of FC-208, and 0. 25%
of Phobotex FTC applied from the same bath, had a char length of 3. 2 inches.
However, samples of nylon-wood pulp paper containing 25% of Rhoplex B-15,
2% of FC-208, and 25% of Flameproof 290-B, were consumed in the vertical
flame tests. Untreated nylon-wood pulp paper treated with 25% of Flameproof
290-B was also consumed, showing that this flame retardant was not effective
for mixtures of nylon and wood pulp.

SOUTHERN RESEARCH INSTITUTK
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Akro Fire Retardant 98-B: The char lengths of samples of Kaycel
100 treated with single baths to apply 25% of Rhoplex B-15 solids and 15%,
20%, or 25% of Arko Fire Retardant 98-B solids were 6. 8, 7.2, and 5. 3
inches, respectively. However, nylon-wood pulp paper treated in the
same way to apply 25% of Rhoplex B-15 solids and 25% of Akro 98-B solids
was consumed in the vertical flame test.

Ammonium sulfamate (AS)-diammonium phosphate (DAP): Samples
of Kaycel 100 padded with a 7:3 AS-DAP mixture to apply 10-15% solids had
char lengths of 3 to 4 inches, but samples of Kaycel 100 containing Rhoplex
B-15 similarly treated were consumed in the vertical flame test. A 50%
solution of ammonium sulfamate and diammonium phosphate was made by
mixing 105 g of ammonium sulfamate and 45 g of diammonium phosphate
in 150 g of water. Similar baths were also prepared containing 2% carboxy-
methylcellulose, 1% carboxymethylcellulose, 1%o Cab-O-Sil, or 2% Cab-O-Sil.

Kaycel 100 treated with Rhoplex B-15 and 20% AS-DAP had a char
length of 4. 8 inches, whereas the Kaycel 100 containing similar amounts of
Rhoplex B-15 and AS-DAP plus 2% of carboxymethylcellulose only had a
char length of 3. 8 inches. The addition of 1-2% of Cab-O-Sil to the AS-DAP,
however, was not as effective as the addition of the carboxymethylcellulose
(CMC). A mixture of AS-DAP (1: 2.6) and CMC padded on Kaycel 100 contain•
Rhoplex B-15 to give an add-on of 20% of AS-DAP solids and 2% of CMC solids
imparted flame resistance to the paper. However, when the mixture was applit
with FC-208 to Rhoplex-treated Kaycel 100 to give an add-on of 22% of the
mixture and 2% of FC-208 solids, the treated paper was consumed in the flame
test.

Mixtures of ammonium sulfamate and diammonium phosphate in the
proportions of 0:1, 1:2, 1:1, 7:3, 2:1, 4:1, and 1:0 were evaluated on 50:50
nylon-wood pulp paper treated to apply 25% Rhoplex B-15 solids. The results
are given in Table 1-47. The paper treated with the mixture of 7 parts of
ammonium sulfamate and 3 parts of diammonium phosphate had a char length
of 4. 4 inches which was the minimum char length obtained from the various
combinations evaluated. This value of char length was about the same as that
obtained when diammonium phosphate was used alone (Table 1-47).

Lco V ztý'ým
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..d 15%,S5. 3 To determine the effectiveness of the mixtures of ammonium
he sulfamate and diammonium phosphate in the presence of FC-208, some
ShSolids of the nylon-wood pulp papers contatning 25th Rhoplex B-15 solids and

' S~li25T of flame retardaput mixtures were sprayed with a solution of FC-208

i to give an approximate add-on of 2% solids. The ratios of ammonium

Lmples sulfarnate to diammonium phosphate used were 4:1, 2:1, 1:1, and 1:2.

lids had The mixtures of ammonium sulfamate and diammonium phosphate
.hoplex appeared to be as effective on the papers treated with FC-208 as they
Lde were on similar papers not treated with FC-208. However, the FC-208Ldhaby apparently reacted with the diammonium phosphate, for when the papers

tarboxy" were sprayed with FC-208, they turned brown and developed a leathery
l ab hand. Because of these adverse effects on the appearance and hand of the

Tab-O-SiL papers combinations of ammonium sulfamate and diammonium phosphate

i!L char did not appear suitable as flame retardants for nylon-wood pulp paper
containing Rhoplex B-15.. )unts of

,ad a DAP-urea: Samples of Kaycel 100 without binder padded to apply
AS-DAP, 10 to 15% of a 1:2 DAP-urea mixture had char lengths of 3 to 4 inches.

•' ose ~Rhoplex-treated Kaycel 100 samples treated to apply 10% or 20% of DAP-
~)0 'ontaitL"Ms0urea (1:2) solids were consumed and had a char length of 6.6 inches,

Csoli& respectively.
e was app'
of the Mixtures of DAP-urea in the ratios of 4:1, 2:1, 1:1, 1:2, and 1:4., n the flamt

were applied by padding aqueous solutions onto Rhoplex-treated 50:50

nylon-wood pulp paper to give 25% solids add-on. The char lengths of

~in the the treated papers were 4. 4 to 6. 8 inches, with the 1:4 DAP-urea mixture
Sbeing the most effective. However, a sample of the nylon-wood pulp' n 50:50 bigtems fetv.Hwvr apeo h yo-odpl

e upaper treated to apply 25% Rhoplex B-15 and 25% 1:4 DAP-urea and then
e retuofsprayed to apply 2% FC-208 solids was consumed in the vertical flame

rts oftest.
ar length
various
ne as that
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THPC-APO: A solution containing 10% of THPC and 10% of APO'2

was prepared by dissolving 30. 0 g of THPC in 25. 5 g of water containing
7. 9 g of triethanolamine, and this solution was combined with a solution
containing 35 g of APO, 1. 7 g of Triton X-100, and 200 g of water.
Samples were treated, dried 5 minutes at 85 0 C, and cured 5 minutes at
140"C. The cured samples were washed 5 minutes in cool water, washed
20 minutes in warm water (60'C), and then dried at 115'C.

A sample of Rhoplex B-15 treated Kaycel 100 that was padded to
apply 10% solids of the 1 : 1.2 THPC-APO mixture was consumed in the
flame test, and a sample with 20% solids add-on had a char length of
6 inches.

A sample of nylon-wood pulp paper treated to apply 25% Rhoplex
B-15 and aftertreated to apply 2876 of a THPC-APO (1.1: 1) mixture was
consumed in the vertical flame test.

THPC-BAP-Resloom HP: The THPC-BAP-Resloom HP 24 solution
was prepared by combining 81 g of a 33% BAP solution with 230 g of a
solution containing 20% of THPC and 11% of Resloom HP. The final solutioc
contained 9% BAP, 15% THPC, and 9% Resloom HP. Samples treated with
this Solution were dried 5 minutes at 100°C and cured 5 minutes at 140°C.
The samples vere then washed in cool water, rinsed twice in water at 60%,.
and dried at room temperature. At solids add-ons of 10% and 20% of the
THPC-BAP-Resloom HP mixture (1.7: 1 : 1), Rhoplex-treated Kaycel 100
samples were consumed and had a char length of 5. 6 inches, respectively,
in the flame test. Nylon-wood pulp paper treated to apply 25% Rhoplex B-I5
and overpadded to apply 2576 solids of the THPC-BAP-Resloom HP mixture
was consumed in the vertical flame test.

23. W. A. Reeves, G. L. Drake, Jr., L. H. Chana, and J. D. Guthrie,
Textile Research J. 27, 260 (1957).

24. J. D. Reid, J. G. Frick, and R. L. Aveneaux, Textile Research J.
26, 137 (1956).
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of APo3
-itailling Urea-orthoPhosphoric acid An 18% urea-orthophosphoric acid

SolutionAn17 raotohshrcci
Ot. solutionfl was prepared by dissolving 9 g of urea and 9 g of orthophosphoric

artes at acid in 50 g of water. Enough ammonium hydroxide was added to raise the

washedp to 8. 3, and the solution was then diluted to 100 g with water. Kaycel 100
hconaining Rhoplex B-15 was padded to apply 25% solids of the 1:1 water-
JptP4 mixture and then dried for 15 minutes at 150°C. A sample of the

Ided to treAted paper was consumed in the vertical flame test.
in thei ofe Urea and orthophosphoric acid in the proportions of 4:1, 2:1, 1:1,a of

1:2, and 1:4 by weight were mixed and heated to 880C. After cooling to
roon, temperature, the mixtures were dissolved in water to make 25%

hoplex solutions. Samples of Rhoplex B-15-treated nylon-wood pulp paper were

re was padded to apply 25% solids of each of the mixtures and then dried 12minutes at 150°C. The papers treated with all except the 1:4 mixture
burned to the end of the samples, but the sample treated with the 1:4

solution mixture had a char length of 6. 0 inches. All of the mixtures turned the

of a nylon-wood pulp paper brown and increased the stiffness.

aal solutio
32 I with (3) Conclusions
A •enwpC.
er at 60', The only flame retardants of this group that were found to be
70 of the effective on 50:50 nylon-wood pulp papers containing Rhoplex B-15 were
ýcel 100 DAP-urea mixtures and AS-DAP mixtures. However, when 2% of FC-208
:)ectively,oplex B-15 was present to provide the necessary CW resistance, the most effective
oplex mix- DAP-urea mixture (1:4) did not provide adequate flame resistance and the
P mixture treated paper sample was consumed in the vertical flame test. Nylon-wood

pulp papers containing Rhoplex B-15 and AS-DAP mixtures turned brown
and developed a leathery hand when treated with FC-208. Thus, none of the
flame retardants discussed in this section was considered satisfactory for

use on nylon-wood pulp papers treatec with Rhoplex B-15 and FC-208.k.uthrie,

arch J.

25. F. M. Ford and W. P. Hall (to Joseph Bancroft and Sons), U. S.

Patent 2, 482, 755 (1945).
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c. Treatments applied to 50:50 nylon-wood pullp paper

As mentioned in the introduction to this section on flame retardants,
the most promising material for the overgarment appeared to be a nylon
scrim-reinforced, 50:50 nylon-wood pulp paper treated to apply 25% of
Rhoplex B-15 solids as binder and 2-3% FC-208 solids to provide CW
resistance. Thus, much of the investigation of flame retardants was done
on this base paper with the Rhoplex B-15 binder, in some cases, after-
treated to apply the FC-208. In the work discussed in this section, unless
otherwise noted, the flame retardants were padded on the Rhoplex B-15-
treated paper and the treated papers were air dried. Aftertreatment with
FC-208 was usually done by spraying FC-208 on the paper containing the
flame retardant and then drying and curing the treated paper 6 minutes at
1500 C.

A total of 34 flame retardants, singly or in combinations, were
evaluated. Thirteen of these retardants imparted sufficient flame resistano
to the Rhoplex B-15-bonded nylon-wood pulp paper to warrant investigation
of the effectiveness of the flame retardants in the presence of FC-208.

One flame retardant was evaluated on the nylon-wood pulp paper
bonded with Geon 577, an aqueous dispersion of poly(vinyl chloride) and
a nonflammable plasticizer. A bummnary of the flame retardant treatments
tried and the flame resistances of the treated paper is given in Table 1-48
and 1-49.

(1) Flame retardant effective on 50:50 nylon-wood pulp paper
containing Geon 577

The 50:50 nylon-wood pulp paper was padded with an aqueous
dispersion to apply 25% Geon 577 and 15% antimony trioxide solids,
dried 30 minutes at 120°C, overpadded to apply 3% FC-208 solids,
and then dried 6 minutes at 149°C. The treated paper had acceptable
flame resistance (char length 5. 5 inches) but was much stiffer than
50:50 nylon-wood pulp paper padded to apply 25% Rhoplex B-15 solids
and overpadded to apply 2% FC-208 solids and 0. 25% Phobotex FTC.

.I.
L %Pe
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The resistance to liquid CW agents of the nylon-wood pulp paper

treated to apply 25% Geon 577 and 15% antimony trioxide solids and

ftertreated to apply 3% FC-208 was determined by the standard drop

test. The treated paper was not penetrated by liquid IMl), GB, or VX

agent.

Although the paper trc:ated with Geon 577 and antimony trioxide

was satisfactory in regard to flame resistance and resistance to liquid

CW agents, it had poor hand, drape, and flexibility.

(2) Flame retardants effective on 50:50 nylon-wood pulp
paper containing Rhoplex B-15

As mentioned above, thirteen of the flame retardants evaluated
on Rhoplex B-15-treated nylon-wood pulp paper were sufficiently

effective to warrant evaluation of the retardants in the presence of

FC-2 08 . Nylon-wood pulp paper containing 25% Rhoplex B-15 solids
was padded with aqueous solutions or dispersions of the flame
retardants to apply 25% solids, the paper was air dried, sprayed to
apply 27o of FC-208 and then dried 6 minutes at 1500C. The treating
conditions used with two of the flame retardants were different, and
these are given below:

T11PC-A5S: A treating solution was made by dissolving 35.0 g
of TttPC, 8.7 g of triethanolamine, 35. 0 g of APS, and 2. 0 g of Triton
X-100 in 119. 3 g water, in the orcier given. The temperature of the
solution during the impregnation of the samples was 85-95*C. Th,,

treated samples were dried 4 minutes at 85°C and then were cured 5
minutes at 140°C. The cured samples were washed in a cold water
bath for 5 minutes, in a hot water bath for 10 minutes, and then rinsed

in cool water. The samples were put through a padder to remove the

excess water and then dried at room temperature.

SOUTHERN RLSEARCH NINTITUTE
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Urea-phosphorus pentoxide-formal de:2 5 A solution of urea,
phosphorus pentoxide, and formaldehyde was prepared by r mbining 3 Part,
of urea, 1 part of phosphorus pentoxide, and 2 parts of wat ind heating

the mixture to 95"C. The mixture was cooled to room temperature and

1 part of ammonium hydroxide (28%) and 0. 5 part of formaldehyde (37%)

were added in that order. Samples were padded with a solution containing

2576 solids of the product and dried for 12 minutes at 155"C.

Descriptions of the flame retardants evaluated and the results of

vertical flame te Ats are given in Table 1-48.

The three flame retardants used alone were evaluated both in the

absence and in the presence of FC-208. For a given flame retardant

mixture, only the weight ratio of components which gave the best flame

resistance in the absence of FC-208 was evaluated in the presence of

FC-208. As shown in Table 1-48, samples of nylon-wood pulp paper

containing Rhoplex B-15, FC-208, and the following flame retardants

were consumed in the flame test: ammonium bromide, ammonium

phosphate, 1:2 ammonium bromide-diammonium phosphate, 4:1

ammonium sulfamate-urea, 1:1 Apex 290-B diammunium phosphate,

and 3: 1 : 0.2 urea-P.O. -formaldehyde. Samples with the same treatments

but without the FC-208 were flame resistant.

Diammonium phosphate was an effective flame retardant in the

presence of FC-208 (char length 4. 8 inches), but FC-208 apparently

reacted with the diammonium phosphate. When the paper was sprayed

with FC-208, the paper turned brown and developed a leathery hand.

Because of these undesirable effects on the paper, diammonium phosphate

was not considered suitable as a flame retardant for the nylon-wood pulp

paper.

The remaining six flame retardants imparted sufficient flame

resistance to the nylon-wood pulp paper containing Rhoplex B-15 and FC-2(%

to warrant testing of the treated paper for CW resistance. The effects of t01

following flame retardants on the CW resistance of the paper were determiiL

1:1 ammonium bromide-ammonium phosphate
4:1 ammonium bromide-ammonium sulfamate
7:3 ammonium phosphate-ammonium sulfamate
1:1 Apex Flameproof 290-B-Arko Fire Retardant 98B

1:1 Apex Flameproof 290-B-Flameproof Agent 313
1:1 THPC-APS
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T ble -416. Flame Resistance of ikhoplez B-13-Bonded 50:50 Nylon-Wood Pulp Paper Aflartr.-rd with Varlous

Flame Retardanta that were Effective

W4jlsht rall. Add-on. PC-," Flame resistance,
Flame rSardantf coonent . solids solids char Ieneth. In.

Ammonjium bromide 25 5.7
- of urea. 6.L1¢rxue

.bining 3 Anmonium phophat - 35 .

v and DtammOmium phosphite - 25 4.?

'a t u r e a n2 5 U.4.5iyde (37%) 1 ~ .

SCAmmonim bromide-ammonium pthosphate 4:1254.6
n containi2 2:1 .25

1:1 35 4.?
1:2 25 5.1|1:4 3S 4.7

11 25 2 as 6.
4:1 33 S.1

results of 2:1, 2 S.'
1:1 33 4.1
1:2 33 4.6
1-4 33 4.1

Ammonium bromide-ammoilum aulfamate 4:1 25 5.%

1:1 2 consumed)oth in the 1 215
ardant 1:2 5.1:4 25 2onnumd

.•st flame 4:1 25 2- 6.

.rce of AmmOuium bromide-diammonium phosphate 4:1 35 5.6
2:1 25 4.9

paper I ., 3o 5 m4
1:2 25 4

Lrdants 1:4 21 4.1:i15 2S con'sumed

lium 4:1 37 5.6
1hl 37 4.4

.1:1 37 3.11
h ate 1:4 37 4.5

Ammonium phoaphate-ammonium sulfamate 4:1 25 6.6
2:1 a5 6.6

1:4 t5 consumed
7.3 25 254.7:3 25 2 4. S

t in the : .
Ammonium suifamate-uree 4:1 35 5.o 7

1ently :1 35 consumed

sprayed 1:2 25 consumed
1:4 25 consumed
4:hand. 4:3 5 2-9 consurmed

i phosphate Apex Flameproof 210-8-Arko Fire etardant 95 B 1:1 25 consumed
1:1 40 ::4

wood pulp .. 40 a 5.4

Apex Flameproof 290-8l-diammonium phosphate 4:1 25 6.4

2:1 25 5.6
1:1 5 101
1:,2 35 3.2

fL i e 1:3 25 4.3
1:4 25 6.6

5a dF 201:1 35 2S consumed5and FC-201I,. ,so.°,

effects of tf Apex Flameproof 390-B-Flameproof Agent 313 1:1 30 consumed
30 5.6

are determ 4:3 3 4.?
2:1 37 4.4
3:1 40 4.0

5:3 40 4.0
1:1 40 3.6

3:5 40 4.4
1:3 40 4,3
1:? 40 4.6
1:1 40 as 6.5

Tetrskia(hydroxymethyl)phosphonium chloride and 1:1 25 5.9

Tria(1-asiridinyl)phosphine sulfide 1:1 25 3P 6.3

Urea-Pn-forrmaldehyde 3:1:0.2 25 5.3

3:1:0.2 35 2,3 consumed

S . sprayed, P * padded: applied as aftertreatment t reforth l

bContained a small amount of Santomerse 85, a surfactant.

•UIJTIERN RESEARCH INSTITUTr
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The Apex Flameproof 290-B-Flameproof Agent 313 mixture and the

Apex Flameproof 290-B-Arko Fire Retardant 98 B mixture were applied to

the Rhoplex-treated paper to give a solids add-on of 40%; the other flame

retardants were applied to give a solids add-on of 25%. FC-208 was applied

to the paper treated with THPC-APS by padding and to the other papers by

spraying. The treated papers were evaluated for resistance to liquid HD,

GB, and VX agents by the standard drop and expulsion tests, and the data are:

given in Table 1-49.

The papers treated with Apex Flameproof 290-B-Arko Fire Retardant

98-B, THPC-APS, or Apex Flameproof 290-B-Flameproof Agent 313 had go0d
resistance to the liquid CW agents. The paper treated with Apex Flameproof

290-B-Arko Fire Retardant 98 B was not penetrated by HD or VX agent; its

resistance to GB agent was not determined. The paper treated with THPC-AP

showed no significant penetrations by any of the agents, and there was only 0%

pin-point penetration by HD agent in the expulsion test. The paper treated wil

Apex Flameproof 290-B-Flameproof Agent 313 also showed no significant

penetrations by any of the agents; there were only 2 pin-point penetrations

by VX agent in the expulsion test. The papers treated with the other 3 flame

retardants were penetrated by one or more of the agents.

Of the three flame retardants that had the least effect on resistance

to the CW agents, THPC-APS would be preferred because only 25% add-on

of the flame retardant was required to give adequate flame resistance.

Also since THPC-APS was a durable flame retardant, FC-208 could be

applied to the flameproofed paper by padding rather than spraying, which

would be required with the other flame retardants. However, as mentioned

earlier, APS was not commercially available and its stability is poor.

Therefore, the use of THPC-APS treatment was considered impractical.

(3) Flame retardants ineffective on 50:50 nylon-wood pulp paper

containing Rhoplex B-15

All of the single flame retardants or mixtures of flame retardants

listed in Table 1-50 were considered too ineffective to be of interest for

treating FC-208 and Rhoplex B-15-treated 50:50 nylon-wood pulp paper.

The flame retardants were padded onto the paper from aqueous solutions

or dispersions and the treated paper was dried at room temperature.

Exceptions to this treating method are noted below.
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Table 1-50. Flame Resistance of Rhoplex B-IS-Bonded 50:50 Nylon-Wood Pulp Paper Aftertreated with Various

Flame Retardants that were Ineffective

Weight ratio Add-on. Flame resistanos

Flalpt retardant 2LUMQQnehA. solid char lgnfft. in,

Ammonium sulfamate 25 consumed

Fire Retardant RC 25 6.7

Flameproof Agent 313 25 6.7

Pyroset N-10 25 consumed

Ammonium phosphate-7:3 borax-boric acid 4:1 25 8.0
2:1 25 consumed

1:1 25 consumed
1:2 25 consumed

1:4 25 consumed

Ammonium sulfamate-boric acid 1:1 25 consumed
1:2 25 consumed

1:4 25 consumed

Ammonium sulfamate-borax-boric acid 1: 3.3:1.9 25 consumed
1:1.6:1 25 consumed

gal 1:0.8:0.5 25 consumed

2:0.8:0.5 25 consumed

Ammonium sulfamate-dicyandiamlde 4:1 25 consumed

2:1 25 consumed

Ammonium sulfamate-aodium carbonate 4:1 25 consumed
2:1 25 consumed

1:1 25 consumed
1:2 25 consumed

1:4 25 consumed

Ammosnium nulfamate-thiourea 4:1 25 consumed

2:1 25 consumed
1:1 25 consumed
1:2 25 consumed

A1:4 35 consumed

Apex Fla.eproof 290-B-Pyroset N-2 2:1 30 consumed

Apex Fla4i)roof 290-B-Pyroact N-10 1:1 30 consumed

Borax-bov cld (7:3)-diammonium phosphate 4:1 25 consemod

2:1 25 consumed
1:1 25 consumed

1:2 25 consumed .

1:4 25 consumed

Borax-diammonium phosphate 2:1 25 consumed

1:1 25 consumed

1:2 25 consumed

Diammonium phosphate-ammonium carbonate 4:1 25 consumed

2:1 25 consumed

1:1 25 consumed

1:2 25 6.6
1:4 25 1.4

DiAmmonium phosphate-thiourca 4:1 25 6.0
2:1 25 8.0
1:1 25 6.5
1:2 25 6.0

Tetraki5(h.ydroxynlethyl)phionphordium chloride and 2.4 :1 25 consumed

tria(2-roethyl-I-aziridinyl) phosphine sulfide 1.2:1 25 consimed

1.2:1 40 coneumed

Tetrakis(hydroxymrthyl)phosphonium chloride and thiourea 5:1 25 consumed

2.5-:1 25 consumed

1:1.3 25 consumed

2.5: 1 30 consumed
2.5:1 40 consumed

Tetrakls(hydroxymethyl)phosphonium chloride and urea 4:1 25 consumed

2:1 25 consumed

1:1 25 consumed
1:2 25 co-sumed

1:4 25 consumed

Urea, -oH"•f-formaildehyde 1 :1:0.4 25 6.6
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The treating bath of Pyroset Fire Retardant N-10 was prepared
mixing 68. 3 g of water, 0. 5 g of ammonium chloride, and 31. 2 g of

pyroset Fire Retardant N-10 (80% solids) with stirring. Nylon-wood

pulp paper treated with Rhoplex B-15 was overpadded with the solution
to apply 25% solids add-on and the paper was dried at 170°C for 1
minute.

Urea-orthophosphoric acid-formaldehyde:' 8 A mixture of 50 g

of urea and 50 g of orthophosphoric was heated rapidly to 150'C, and
then cooled and added to a solution of 3. 5 g of ammonium hydroxide(2%,and 5. 0 g of formaldehyde (377o) in 37. 5 g of water. Samples

were treated with a solution of the product containing 25% solids and
dried 13 minutes at 150 C.

As mentioned in the section above, 1:1 THPC-APS was the
most effective flame retardant found for the 50:50 nylon-wood pulp
paper containing Rhoplex B-15 and FC-208 that did not adversely
affect the CW resistance of the paper. However, the lack of
commercial availability and the poor stability of APS made its use
impractical. Two alternate compounds, tris(2- methyl-1 -aziridinyl)
phosphine sulfide (MAPS) and thiourea, were tried as substitutes for
APS. The paper used fur the evaluations of THPC-MAPS and THPC-
thiourea was 50:50 nylon-wood pulp paper containing 25% Rhoplex B-15
solids add-on that was not treated with FC-208.

THPC-MAPS: Samples of the paper were treated with THPC-
MAPS in a ratio of 1.2 : 1 to apply 25% solids. The treating bath also
contained 1% of triethanolamine. All samples were dried for 5 minutes
at 85°C. Separate samples were cured for 5 minutes at temperatures
of 140, 150, 165, and 180'C. All of the treated samples were consumed
in the vertical flame test. The same results were obtained with
similarly treated samples that were washed 5 minutes in cold water
and 10 minutes in hot curing.

LSOUTHERN RESEARCH INSTITUTE
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Samples treated similarly to apply 25% solids of THPC-MAPS
in a ratio of 2.4: 1 or 4M~ solids of THPC-MAPS in a ratio of 1.2: 1
and cured for 5 minutes at 140°C had no better flame resistance.

A sample of the nylon-wood pulp paper containing 25% solids
add-on of Rhoplex HA-12 and treated similarly to apply 25% solids of
THPC-MAPS (1.2 : 1) also showed no flame resistance.

THPC-thiourea: Samples of the nylon-wood pulp paper were
treated with THPC-thiourea in ratios of 5: 1, 2.5: 1, and 1 : 1.3 to
apply 25% solids. The treating baths contained 176 of triethanolamine.
The samples were dried 5 minutes at 85°C and cured 5 minutes at
140°C. None of the samples, either washed or unwashed, showed
any flame resistance when evaluated by the vertical flame rest.

Additional samples were treated to apply 30% and 40% solids
of THPC-thiourea (2.5 : 1). Duplicate samples with each treatment
were cured for 5 minutes and for 15 minutes. None of the samples
showed any flame resistance when evaluated by the vertical flame
test.

Thus, none of the flame retardants given in Table 1-50
imparted adequate flame resistance to the Rhoplex-treated nylon-
wood pulp paper.

tP
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Ex•.primental Paper 2-2-62

The 3, 0 oz/yd nylon-wood pulp paper that was developed in this
Sroject (Sections HI-C and D) was accepted by the Project Officer as a
i ndidate material for the preparation of the protective, overgarment.

Vie material consisted of two 50% nylon and 50% wood pulp sheets

reinforced with a nylon scrim treated with an acrylic polymer (Rhoplex
- to bond it and increase abrasion resistance and with a fluoro-

Sheroical (FC-208) to provide water repellency and resistance to liquid
kID, GIB, and VX.Vi About 1700 yards of this paper was made in a plant by the Kimberly-
Stevens Corporation for laboratory and field evaluations. Prior to the
production of this yardage, a trial producti.-a run was made to establish the
jeasibility of making the paper on existing commercial equipment and to

determine suitable processing conditions for production.

1. Trial production run

a. Preparation of reinforced paper

One thousand yards of 0. 77 oz/yd2 paper containing 50% of 0. 37-
inch, 3-denier nylon and 50% Harmac kraft was prepared on a Fourdriner
r achine, and a scrim containing 6 x 5 strands per inch of 100-denier, high-
tenacity nylon was laminated between two sheets of the paper. The preparation

of the scrim and the lamination were done continuously on a Kaycel machine--
a machine invented by Kimberly-Stevens Corporation. The warp and filling
3yarns of the scrim were bonded together with polyvinyl acetate (AYAT or
equivalent in Solox or acetone), which was applied to the warp yarns. The
bonded scrim was coated with a plastisol (Geon 135 in dioctylphthalate) and
immediately sandwiched between the paper sheets, and the laminate was dried
and hot calendered.

No difficulty was encountered in preparing the base sheet and uniform
sheet formation was obtained. During lamination, the base sheet broke
frequently at the unwind rolls until the machine could be properly adjusted.
When the tension on the unwind rolls was removed, no further breaks occurred
and 250 yards of reinforced paper was produced.

SOUTHERN RESEARCH INSTITUTE
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b. Treatment of reinforced paper

The reinforced paper was treated with Rhoplex B-15 and then over.

padded with FC-208. To establish the process conditions to be used in the

plant, a sample of the paper was first treated on a laboratory padder.

(1) Laboratory treatment

A 7-inch wide roll of the reinforced paper was impregnated with

Rhoplex B-15 at a speed of 20 ft/min. The paper was passed through a
bath containing 31.3% Rhoplox B-15 solids, through one set of hard rubber

squeeze rolls at a pressure of 30 psi (which gave 80% wet pickup), and

then over Teflon-coated drying rolls heated to 305-310 0 F. The paper was

on the rolls for a total of 1. 5 minutes.

The Rhoplex-treated paper was treated with FC-203 on the same

machine. The speed of the machine and the temperature of the drying

rolls were the same as before. The treating bath contained 2. 52% FC-208

solids. Padding was done with only the weight of the squeeze rolls to obtail

a wet pick-up of 70%.

During the treatment of the paper with Rhoplex, there was considertlI

build-up of fibers on the squeeze rolls. No build-up of latex was noted on the

drying rolls.

(2) Plant treatment

Approximately 200 yards of the reinforced paper was treated in the

plant on a two-roll Butterworth padder and dried by passing it over 40

drying rolls. This paper was designated Experimental Paper No. 1-8-62.

The bottom roll of the padder was steel and it dipped into the bath; the top

roll was silicone rubber. The treating conditions used are shown in

Table 1-51.

After each treatment, the treated paper was passed back over the

drying rolls. This was to assure complete drying. There was no build-up

of fibers on the squeeze rolls as there was in the laboratory treatment.

•r•• ''': •-
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* '%Table 1-51. Plant Conditions for Rhoplex B-15 and FC-208
Treat ments

!d inthe
Si er. Conditions Rhoplex treatmenta FC-208 treatmenta

with . Bath 25-28% Rhoplex B-15 solids 2.86% FC-208 solids

f with
S tgh a

tgha ~ squeeze roll
I rabbd pressure, psi 24-28 10-14

and4
per was'

Wet pick-up, to 100 70

sam e
.ing Temperature of drying
FC-208 rolls, "C 120 150
to obtai%

Time of drying, min. ! 5 1.5
* consideraL

)ted on t!

Speed, ft/min 150 150

4

-d in the
40 a Material was run over the drying rolls a second time at 100 ft/min.

1-8-620 The temperature of the rolls was 1500C.
the top

in
{ : "I

fer the,
build-UP

n ent.
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c. Physical properties of the papers

Table 1-52 gives the data on the properties of the base sheet used

to prepare the reinforced paper, the laboratory-treated and plant-treated

reinforced papers which were made by Kimberly-Stevens Corporation, and,

for comparison, a reinforced paper prepared and treated in our laboratory.

The base paper used in the plant was made from 50% of 3. 0-denier, 0. 37.

inch nylon and 50% of Harmac kraft; the base paper used in the laboratory

was made from 50% of 1. 5-denier, 0. 25-inch nylon, and 50% International

kraft.

Comparison of the properties of the treated papers made at Kimberly.

Stevens Corporation shows that the plant-treated, reinforced paper weighed

3. 2 oz/yd2 and the laboratory-treated reinforced paper weighed 2. 7 oz/ydl.

Since the same reinforced paper was used for treatment, the difference in

weights of the treated papers must have been due to a difference in the amout

of shrinkage that occurred and in the amount of solids applied during the

treatments. Based on wet pick-up and the solids contents of the impregnatiot

baths, the plant-treated paper contained 25% of Rhoplex B-15 solids and 1.81

of F.C-208 solids; and the laboratory-treated paper contained 25-28% of

Rhoplex B-15 solids and 2. 0% of FC-208 solids. (Unless otherwise stated, t,

percentages of Rhoplex B-15 are based on the weight of the reinforced paper

before impregnation, and percentages of FC-208 are based on the weight of

Rhoplex B-15 treated paper throughout the report.)

The laboratory-treated reinforced paper and the plant-treated

reinforced paper had about the same breaking strength, elongation at break,

stiffness, bursting strength, air permeability, and abrasion resistance.

However, the Elmendorf tear strength of the plant-treated paper was over

50% greater than the tear strength of the laboratory-treated paper. The

exceptionally high tear strength of the plant-treated paper was partially due

to the scrim pulling out of the paper instead of breaking during the determi-

nation of the tearing strength. The ease with which the base paper could be

separated from the scrim is indicated by the peel strength; and, as shown in

Table 1-52, the value of peel strength obtained for the plant-treated paper

was about half the value obtained for the laboratory-treated paper.

I-, Ak .,4 
-f-
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The treated-reinforced handsheets made at Southern Research
Institute (designated Experimental Paper No. 8-28-61) weighed 3. 0 oz/ye
and contained 25% of Rhoplex B-15 solids and 27% of FC-208 solids. The
base sheets for the reinforced paper were prepared from 50% of 1. 5-delie

0. 25-inch nylon and 5076 of wood pulp and weighed 1. 1 oz/yd . The break
strength, abrasion resistance, bursting strength, and peel strength were
higher for the treated-reinforced paper made at Southern Research Instituu
than for the plant paper; but, the air permeability and tearing strength of

the Southern Research Institute paper were lower.

The differences in properties of the papers made in the plant and J,
the laboratory are attributed to the different nylon fibers that were used it
the papers. A 3. 0-denier, 0. 37-inch nylon was used in the paper prepared
in the plant, and a 1. 5-denier, 0. 25-inch nylon was used in the paper
prepartd in the laboratory. The 1. 5-denier, 0. 25-inch nylon was s•,ecifiet
for the plant-prepared paper, but the 3. 0-denier, 0.37-inch nylon wýs use
by mistake.

2. Production run

Several hundred yards of the reinforced nylon-wood pulp wal needed

by the 1 5 . Army Natick Laboratories for field wear evaluations. :The bas,1
mo-teritl for our preferred experimental paper had been prepared f om 50%
of 1. 5-denier, 0. 25-nylon and 50% of a semi-bleached kraft pulp mdde by tt

Internat-ional Paper Company. Kimberly-Stevens Corporation did nA have
either o~these fibers in stock and there was not enough time to obt+. them

for the plant production of the base sheet in time to meet the schedulte for t$

field trials. However, Kimberly-Stevens Corporation had encugh materials
on hand to prepare a base sheet containing 30% of 3. 0-denier, 0. 37-inch

nylon; 20% of 1. 5-denier, 0. 25 inch nylon; and 50% of Harmac semi-blead
kraft pulp. Laboratory trials were, therefore, made at Southern Research
Institute to determine if a base paper of this composition was suitable for
preparing the reinforced paper for field evaluation.

-i
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a. Prelin mary evaluation of proposed paper composition

iiandsheets with the above mentioned composition and, for

comparison, handshee.s containing 50% of 1. 5-denier, 0. 25-inch nylon

3nd 50% of International kraft were made in two weights and evaluated.

Both the Hlar mac and the International kraft pulps were beaten to a

freeness of 600 Canadian Standard. Data on the physical properties of

the papers weighing about 1. 2 oz/yd2 are given in Table 1-53. Papers

weighing 2. 7 oz/ydk were treated to obtain an add-on of 25% Rhoplex

3-15 solids and dried at '120°C for 30 minutes. The Rhoplex-treated

papers were overpadded to apply 2% FC-208 solids and dried at 1500

for 6 ni4tes. The final weight of these papers was 3. 5 oz/yd2 . Da•

on the ph•ical properties of the treated papers are also given in

Trable I- 
A

atIt

e values for the breaking strengths, elongation at break, t ftring

strength, and bursting strength of the untreated 1.3 oz/yd2 paper coomining

507 of 1A-denier nylon were slightly higher than those for the untre ted

1. 1 oz/ y4 paper containing 20% of I. 5-denier nylon and 30% of 3.0- enier
nylon. Tere were- no significana dfences in thc air permeability

de% stiffnes-of the papers.

The treated paper that contained 50% of 1. 5-denier nylon ha ightly

higher wet and dry breaking strength, tearing strength, air permeability,

abrasion:resistance, bursting strength, and flexibility than the treated paper

containing 20% of 1. 5-denier nylon and 30% of 3. 0-denier nylon. Both treated

papers were resistant to liquid VX agent for at least 6 hours as determined by

the standard drop and expulsion tests.

Although the paper containing 50% of 1. 5-denier nylon had physical

properties somewhat superior to those of the paper containing a mixture

of 1. 5-denier and 3. 0-denier nylon, the latter paper appeared suitable for

making the reinforced paper for the field evaluation, and arrangements were

made with Kimberly-Stevens Corporation to go ahead with production of this

paper for the field evaluation.

SOUTHERN RESEARCH INSTITUTE
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,• b. Preparation and treatment of reinforced paper

Kimberly-Stevens Corporation made approximately 1700 yards of

,h treated, reinforced paper. No difficulties in its production were

.,.ported. 2 The base sheet used in the reinforced paper weighed approximately

o0.8 oz/yd k30 oz basis weight). The reinforced paper contained 6 x 5 strands

per inch of 100-denier nylon yarn and weighed 2. 0-2. 1 oz/yd2 . It was treated
, ,th Rhoplex B-15 to give an add-on of 25% solids and the Rhoplex-treated
.,per was overpadded to apply 3% of FC-208 solids. The final weight of the

ý4 p.iper was 2.6 oz/yd2. The procedures used were those established in the

trial production run which was described earlier in this report. This treated,

j• reinforced paper is referred to as Experimental Paper No. 2-2-62. *

A c.'kProperties of reinforced paper

DI on the properties of the untreated and the treated-reinforced
p.1pers aigiven in Table 1-54. Samples of the treated paper were taken
from fouX.J425-1b rolls, and the results for each roll are given in the

S propertitof the untreated paper are given to provide a basis for comparisonwthbe 4tr oexprsenaple ofer u nteed paper was evaIlutd Thdaaote
Swith futu?- experimental pape-s and for control of the propertics of ts• paper

, in future~roductions.nhown in Table 1-54, the properties of samples from the qerent

rolls indicated good uniformity of the material. The weight of the treated
paper was 2. 6 oz/yd2 , which is 0. 4 oz/yd2 lighter than was planned. To
obtain a treated-reinforced paper that weighed 3. 0 oz/yd , we used a base
sheet weighing 1. 0-1. 2 oz/yd in the laboratory. However, we found from
the preliminary plant run that an 0. 8 oz/yd2 (30 oz basis weight) base sheet
gave a treated-reinforced paper that weighed about 3. 0 oz/yd 2 ; consequently,
a base sheet of this weight was made in this plant run. The weight of the
treated-reinforced paper prepared was less than expected possibly because
of less shrinkage during the finishing treatments.

• A sample of this paper is included in the Appendix.

SOUTHERN RESEARCH INSTITUTE
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Compared to the treated paper prepared in the trial plant run

pril'enalPaper N.1-8-62), the dry breaking strength, bursting

Srength, and abrasion resistance of this paper (Experimental Paper

, . 2•-2-62) were slightly higher; the wet breaking strength, stiffness,

x nd peel strength of the two papers were about the same; and the tearing

0.rength and air permeability of the 2-2-62 paper were lower. These

*!1. jiferences in properties may have resulted from the larger amount of
A •a 3 .0-denier nylon in the 1-8-62 paper. The 1-8-62 paper contained

S 50 of 3. 0-denier nylon; the 2-2-62 paper contained 30% of 3. 0-denier
S•r ny.on and 201o of 1. 5 denier nylon. Greater differences in the properties

of the papers might have resulted if the papers had weighed the same-

the 2-2-62 paper was 0. 6 oz/yd2 lighter than the 1-8-62 paper. TheI • 2-2-62 paper was not as white as the 1-8-62 paper, and it had a greasy
hand that the 1-8-62 paper did not have. Both of these last differences

¶ may have been due to the larger amount of FC-208 on the 2-2-62 paper.

Compared to the reinforced-nylon wood pulp paper prepared and
treated in the laboratory (Experimental Paper No. 8-28-61), paper 2-2-62
had lower breaking strength, elongation at break, and bursting strength.
The air permeability and abrasion resistance of the papers were about the
same. The plant paper had higher tearing strength and better flexibility
and drape. These differences in propertics might also have been caused

e by the different nylons used in the paper or the difference in the weight of
the papers.

3. CW resistance of Experimental Paper No. 2-2-62

The resistances of Experimental Paper No. 2-2-62 to liquid HD,
GB, and VX agents, as determined by the standard drop and expulsion
tests, are given in Table 1-55. Twenty-one specimens were randomly
"taken for evaluation from each of 4 rolls of the paper. Six of the specimens
were used r the drop test (2 i.*r each agent) and 15 of the specimens were
used for the expulsion test (5 for each agent). In the drop test, 6 drops of
an agent were used for each specimen; in the expulsion test, only one drop
of an agent was used for each specimen. The results are given for each
roll of paper. Pin-point penetration is usually considered insignificant
but is reported here.

S E EHItO TH RN.:'r',. I-TTU~
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As shown in Table 1-55 only one of the 84 specimens evaluated
failed to give satisfactory resistance to the agents. One specimen out
of 5 was penetrated by a drop of VX agent in the expulsion test. 1{oweve~r,
two specimens * showed pin-point penetrations in the expulsion tests with
VX agent and half of the specimens showed pin-point penetrations in the
drop tests with HD agent. There was no penetration of any specimens by
HID in the expulsion test, by GB in the drop test or expulsion tes"Ls, or by

VXin the drop test.
4 1 ~In tests at the Army Chemical Center, 26Experimental Paper

No. 2-2-62 showed no significant penetration of the paper by HD, GA,
GB, or VX agents in the drop test at the end of the 6 hours. Some
pin-point penetrations of the paper were noted with the HD and GA
agents, but not with the GB and VX agents. In the expulsion test, there
was no penetration by any of these agents after 30 seconds, the duration
of the test. Samples of the paper taken from the knees of garments that
had been field evaluated still showed good resistance to the agents. These
results are summarized in Table 1-56.

k" 4. Field evaluation of Experimental Paper No. 2-2-62

Experimental Paper No. 2-2-62 was field evaluated in overgarments
by the U. S. Army Natick Laboratories at Maynard, Massachusetts, under
wet-cold conditions and at Fort Lee, Virginia, under dry-cold conditions.
The trials were carried out over rough terrain at a low level of combat
activity. The trials at Maynard were for a duration of 3 hours and Figure I-1
depicts participants during the evaluations at Maynard. In the trials at Foit
Lee, Virginia, the garments were taken from the test as soon as a failure
was noted. A representative of Southern Research Institute observed the
field trial at Maynard, and a representative of International Latex Corporatior.
observed the field trials at Fort Lee.

26. Letter of April 9, 1962, from Mr. Marshall Gilchrist to W. C. Sheehan.
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The results of these trials were reported in detail by the Quarter-

rmaster Corps; hence, only a summary of the findings are given here.

* The pLper was estimated to have a service life of about
3 hours under wet -conditions and about 4 hours under

i dry conditions. 27

* Failures of the paper under the wet conditions were due
principally to wet abrasion and to snagging (or puncture).

plFailures of the paper under the dry cntioithns were due
principally to snagging and delamination. The abrasion
resistance was decidedly better dry than wet, and when
double layers of the paper were used at knees and elbows
the test garments went through the trials without wear-
through.

The overgarments lasted longer when the load carrying
equipment was over the garment, rather than under it,

Glued seams made with Splic-It Adhesive were satisfactory
under. both wet and dry conditions. Ultrasonically-sealed
seams made under the best conditions were about as good
as the glued seams under dry conditions, but they failed
under wet conditions.

27. Meeting with Mrs. Mary Darby of the U. S. Army Natick
Laboratories, April 4 and 5, 1962, in Birmingham, Alabama.
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F. Studies to Overcome Deficiencies of Experimental Paper 2-2-62

The physical properties of the candidate paper that most needed to
be improved, as shown by the results of the field trials, were wet
abrasion resistance, puncture (or snag) resistance, and adhesion of the

base sheets to scrim. Binders, increased paper weights, and scrim
adhesives were investigated for improving these properties.

1. Scrim adhesives

a. Pilot-plant studies

One problem encountered in the field evaluation of the plant-produced
Experimental Paper No. 2-2-62 was delamination. In the production of the
reinforced papers by Kimberly-Stevens, an unwoven scrim was made by
bonding warp yarns treated with a polyvinyl acetate adhesive to filling yarm
The bonded scrim was then coated on both sides with another adhesive, caU4
a filling or scrim adhesive, to bond the paper sheets to it. The scrim
adhesive in Experimental Paper No. 2-2-62, which will be referred to as
Adhesive KS-l, was a polyvinyl chloride plastisol (Geon 135 in dioetyl

phthalate).

Our studies showed that Splic-It, EC-1729, and SC-377 were good
adhesives for the nylon scrim, and samples of these materials were sent
to Kimberly-Stevens to determine whether they could be used on their
production equipment. Kimberly found that Spiic-It and EC-1729 could
be used, and reinforced nylon-wood pulp papez.ý were prepared with them
and with an organoso! (a mixture of 85% adhesive KS-1 and 15% mineral
spirits), which will be referred to as Adhesive KS-2. A bonded scrim,
which contained polyvinyl acetate adhesive on the warp yarns, was coated
with Adhesive KS-2 on one side, and the coated scrim was laminated betwet.

sheets of the base paper used for making Experimental Paper 2-2-62. The
amounts of adhesive applied to the scrim, the peel strengths of the reinforCI

papers, and the peel strength of the paper that was field evaluated (2-2-62)
are given in Table 1-57.

~' k h
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Table 1-57. Peel Strengths of Nylon-Wood Pulp Papers Reinforced with
Nylon Scrim Treated with Various Adhesivesa

Adhesive weight
on yarns, glyd Peel strength, lb/in.

desive War. Fill Machine Cross

KS-Ib 4-6 16-18 0.5 0.8

EC-1 7 2 9  c c 0.8 0.7

KS-2 3.0 10.1 0.8 1.5 j
Splic-It 3.2 8.8 1.1 1.0

All scrims contained poly(vinyl acetate) on the warp yarns to bond
the scrim. The bonded scrim was coated on one side with adhesive.
The laminate was treated to contain 25% Rhoplex B-15 solids on
weight of untreated paper and then overpadded with 3% FC-208 solids.

b Geon 135 in dioctylphthalate.

c Weight not determined.

SOUTHERN RESEARCH INSTIIUTKr
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The highest peel strength obtained (1. 5 lb/in. ) was in the cros8
direction of the paper containing the KS-2-treated scrim. However, the
peel strength of this paper in the machine direction was only about half
this value. The peel strengths of the paper containing Splic-It were abo4
1 lb/in, in both the machine and cross directions. With EC-1729, peel
strengths of only about 0. 7 lb/in. were obtained, and with the KS-1 a va8•
of only 0. 5 lb/in, was obtained in the machine direction of the paper. As
a result of the good peel strengths obtained with Splic-It and Adhesive

it was decided that plant runs would be made at Kimberly-Stevens with
these adh_,sives.

b. Plant trials with Splic-It and Adhesive KS-2

A scrim with 6 x 5 strands per inch of 70-denier, high tenacity
nylon yar:', and bonded by polyvinyl acetate on the warp yarns was coated
or both s.,ies with the scrim adhesive and then laminated between two
Ssheets of the base paper used for making Experimental Paper No. 2-2-62,
The peel strengths of papers made with two amounts of Splic-It and of
papers jmde with two amourtol are given 1in Tble T-r

The peel strengths of these papers were considerably lower than
those obtained when the same adhesives were used in the pilot-plant studie.
This diffe.'ence was attributed to the use of a scrim made of 100-denier ny--
yarn in the pilot-plant studies and the use of a scrim made of 70-denier nyIl
yarn in the- plant studies. The scrim made from 70-denier nylon yarn was
used in the plant studies, because it was being made on the plant equipmec
at the tin-e that the studies were made. Nevertheless, the results of the p4
studies cc.ifirmed the results of the pilot-plant studies, namely that Splic-t

was somncwhat more effective than Adhesive KS-2 for producing papers witk
high peel strength. However, Kimberly-Stevens found that Splic-It was no
suitable f.,r use on their plant equipment because of the mechanical instabi:

of the latcx. Splic-It left solid resin in the lines of the equipment that was
very diff::ult to clean out. Consequently, our efforts in the laboratory wert
directed :ý, determination of the optimum conditions for producing high pee',

strength ,.apers with Adhesive KS-2 as the scrim adhesive.

aO-0.*4.-

-, a.



-168-

Table 1-58. Peel Strengths of Nylon-Wood Pulp Papers Reinforced with
Nylon Scrims Treated with Various Adhesivesa

bAdhesive weight, Peel strength, lb/in.
•cri.m adhesive dscrim. gld Machine Cross

KS-2 (organosol) 18. 5 (0. 9) 0 40 0. 75

KS- 2 (organosol) 9.5 (0.47) 0. 25 0.55

Splic-It 9.5 (0.47) 0.40 0.55

Splic-It 5.2 (0. 26) 0. 4-0. 7 0.45

Trials made at Kimberly-Stevens on May 8, 1962.

Values in parentheses are the add-ons in grams/8 x 8-inch sample to
provide a direct comparison with values in Table 1-59.

SR
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c. Laboratory studies with Adhesive KS-2

The factors that were investigated for obtaining the maximum Peel
strength of papers with Adhesive KS-2 as the scrim adhesive were: amon
of adhesive, curing time, curing temperature, and pressure during euri%

The scrims used for this study were made with 6 x 6 strands per
inch of 100-denier nylon yarn. They were made on a pin frame, and the
adhesive was applied to both sides with a brush. Immediately after appl AN
the adhesive, paper handsheets (50:50 nylon-wood pulp) were placed on br
sides of the scrim (still under tension on the pin frame), and the laminate
was put in a heated press. The laminates were held in the press at variO
pressures and temperatures and for various periods of time. The lamrnjtj
conditions and the peel strengths of the napers are given in Table 1-59.

The peel strengths of the scrim-paper laminates were determined
with a Scott IP-4 machine.

Based upon these i esults, the conditions recommended for
lamination with Adhesive KS-2 were as follows: minimum adhesive
add-on of 24-28 g/yd2 ; minimum curing temperature of 135°C; and
miniimum curing time and pressure of 1 minute and 50-100 psi.

2. Increased paper density

Increased paper density was investigated as a means of improving
the puncture (or snag) resistance of the paper for the overgarment. Nylou-
wood pulp handsheets of equal weights but of different thicknesses were
prepared, and the puncture resistance and air permeability of each paper
were measured. As shown in Table 1-60, an increase in density of the
paper increased puncture resistance, but it also greatly decreased air
permeability.

3. Increased weight of paper

To determind 4 hat effe't-iniTreased.we eght would have on the
properties of the candidate paper, papers that weighed 3. 0, 3. 6, and
3.9 oz/yds were prepared and their properties were evaluated.

L 33I I
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"Table 1-59. Peel Strengths of Nylon-Wood Pulp Papers Reinforced with aNylon Scrim That Was Treated with Adhesive KS-2

'uring conditions
cAdhesivea Temperature, TimeP Pressure, Peel strength, ccuri __,____ rai. psi lb/in.

Per 1.0 150 1 500 0.4-0.63 the 1.4 150 1 300 0.4-2.1 variableappl, 1.2 150 1 300 1.0
1.2 150 1 100 > 3.4

,'! ai 0.6 150 1 100 0.6
rarj% 1.2 135 1 100 > 3.4S anjj 1.2 135 1 100 >3.4
59 1.1 135 1 100 >3.4

e0.8 135 1 100 1.20.ine 0.6 135 1 100 0.5
1.0 120 1 100 0.4
0.9 95 1 100 0.25

1.4 135 0.5 100 >3.4.2 0.5 100 >3.4
S1.4 120 0.5 100 >3.41.2 120 0.5 100 > 3.4

1.2 120 0.5 100 >3.4
1.4 95 0.5 100 0.51.2 95 0.5 100 0.4

NAM, 1.2 120 0.5 50 > 3.4ere 1.2 120 0.5 50 >3.4paper 1.2 120 0.5 25 0.25the 1.2 120 0.5 25 0. 25d
air . 5 0 5

aOn 8 x 8 inch sheet (to convert to g/yd2, multiply by 20. 25) of 50% 1. 5
denier, 0. 25-inch nylon and 50% International kraft fibers.

bIn closed press.

>" 3.4 indicates that the bond was +trone•tflhe paper.

dSmnall areas of the sheet had peel strength > 3. 4.

V SOUTHIERN RIESEARCH INSTITUTE
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a
Table 1-60. Effect of Paper Density on Puncture Resistance and

Air Permeability

Paper, weight,
g 4.0 4.0 4.0

oz/yd" 2.9 2.9 2.9

Paper thickness, mils 15. 2 8.4 7. 7

"Paper density, g/cc 0.259 0.471 0.513

Puncture strength, lb 3.31 4.62 4.92

Air permeability,

ft 3/min/fti, 0.5 in. water 14.5 1.37 1.25

[ a Untreated 8 x 8-inch handsheets containing 50% of 1. 5-denier,

0. 25-inch nylon, and 50% of semi-bleached International kraft
fibers with no scrim.

i 4 1
* *.
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-The base sheets used in these papers contained 50% of 1. 5-denier,

2 5-inch nylon and 50% of wood pulp. The weights of the base sheets were
increased proportionally so that after reinforcement with the scrim and

ftertreatment of the reinforced paper with Rhoplex B-15 and FC-208 the

final weights were 3. 0, 3. 6, and 3. 9 oz/yd2 . The papers were reinforced

with a 6 x 6 scrim of 100-denier nylon containing 100% Splic-It on the weight

of the scrim, and the reinforced papers were treated to apply 25% of Rhoplex

31B-5 solids. The impregnated paper was treated to apply 2 to 3% FC-208

Xt 0 lids.
",4

The data for the abrasion resistance, puncture strength, air

permeability, and bursting strength of each paper are given in Table 1-61.

As expected, the abrasion resistance (wet and dry), puncture strength, and

,ursting strength of the paper increased with increased weight, and the air

permeability decreased. It was concluded from these data that a small

increase in the weight of the base sheet used in the reinforced paper
Snarkedly improves the durability of a nylon-wood pulp paper.

4. Binder studies

Attempts were made to increase the wet abrasion resistance of the

nylon-wood pulp paper by the use of acrylic latex binders.

a. Hycar 260-92 and Hycar 200X-30

The base paper used for making Experimental Paper No. 2-2-62
was used for these studies. One set of samples of the paper was treated
with Hycar 260-92, a self crosslinking acrylic latex, to give an add-on of

f 25% solids. A second set of samples was treated with a 2.5:1 (solids)
mixture of Hycar 200X-30, an acrylic latex that is crosslinked by melamine
resins, and Aerotex M-3, a melamine formaldehyde resin, to apply 35%

total solids. The treated samples were dried at 95'C and cured 3 minutes

at 150°C. As a control, samples of the paper were treated to apply 25% of
Rhoplex B-15 solids and the treated samples were dried for 30 minutes at

120 0 C. All three sets of samples were overpadded to apply 3% of FC-208

solids and dried 6 minutes at 1500C. The properties of the treated papers

are given in Table 1-62.

SOUTHERN RESEARCH INSTITUTE
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The crosslinked Hycar resins did not increase the wet abrasion i.

resistance and increased the wet breaking strength of the paper only

slightly compared to Rhoplex B-15.

b. Rhoplex B-15, Rhoplex HA-8, and Rhoplex HA-12

Nylon-wood pulp handsheets made in our laboratory were used for

these evaluations. The handsheets were not laminated with a scrim.

Samples of the handsheets were treated with Rhoplex B-15, Rhoplex HA-k

and Rhoplex HA-12 in combination with Rhonite 401 (a crosslinking agent

and in the presel e of various catalysts: Catalyst A, zinc nitrate plus

acetic acid, oxaqc acid, and ammonium chloride. The treated samples

were dried, cuI, overpadded to apply 3% FC-208 solids, again dpied,

and cured. The treating materials, the treating conditions, and thd

results of abrasion resistance measurements on the treated papers? are

given in Table fr63. The best wet abrasion-resistance value was obtained

for the paper wIýjch was: (1) treated with Rhoplex HA-12 and 0. 5%7

Catalyst A (basE"d on the bath weight) to apply 25% resin solids and -cured
minutes at i50LC, and (2) overpadded to apply V,1 so ,ids

cured 3 minuie"' t 150°C.

5. Dyeing

One of the requirements for the overgarment material was that it

be an OD shade. Dispersed pigments appeared to be most suitable as

coloring agents, and several combinations of pigments were investigated

in efforts to produce a satisfactory OD color without interfering with

other properties of the nylon-wood pulp papers.

The experimental results described in Section UII-D-3-c of this

report indicated that Rhoplex HA-12 was the most promising acrylic

binder for the paper and earlier results had shown that the Geon 577 and

antimony trioxide combination was promising for producing a flame

resistant paper without impairing resistance to CW agents although it

produced an undesirable hand. Therefore, studies of dyeing methods

were directed toward those which could be used with both of the above

binder systems. The paper used in these dyeing studies was the laminated

but untreated sheet made at Kimberly-Stevens for the production of

Experimental Paper No. 2-2-62.

-.
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a. Formula 1 .4

A pigment combination containing Green B Paste GW-744-P, •
Lithosol-Fast Yellow HV Paste, and Lithosol-Red CSP Paste was
recommended by K. J. Rosenlind of Kimberly-Stevens. The combina.
tion was stable in a bath with Rhoplex HA-12, but it was unstable in a
dispersion with Geon 577 and antimony oxide. To avoid this stability
problem, dyeing in a separate step was tried. The paper was treated
first to apply 30% of Geon 577 solids and 18% of antimony trioxide and
dried and cured. Then the bonded paper was padded with a dye bath
that contained 3% of Green B Paste GW-744-P, 3% of Lithosol-Fast
Yellow HV Paste, and 1% of Lithosol-Red CSP Paste. The wet pickup
was 100%. Uneven dyeing resulted, and after the dyed paper was
treated to apply 3% of FC-208, the CW resistance was unacceptable.
The data in Table 1-64 show the resistance of the paper to liquid VX,
HD, and GB agents, as determined by the standard drop and expulsion
tests. It was concluded that this method of dyeing was unsatisfactory.

b. Formula 2

A pigment composition containing 10. 2% of Titanium Dispersion
W-38, 54. 7% of Organic Yellow Dispersion W-1840, 23. 5% of Dinitr-
aniline Organic Dispersion W-2080, and 11. 7% of Carbon Black
Dispersion W-7017R was next tried; but a stable dispersion with
Rhoplex HA-12 could not be made. Since Formula 3 was being
evaluated simultaneously and with more promise, no investigation
of Formula 2 with Geon 577 was attempted.

c. Formula 3

Satisfactory dyeing of the paper was obtained with a coibination
of 52. 63% of MultispersZ YelL,,j M 12-961, 26. 31% of Multispei ;e Yellow
LC 12-960, and 21. 06% of Multisperse )B 13dc 11-991 in a sinl ,e bath

}! with Rhoplex HA-12. The pigments were mixed in the order listed, and thr
the mixture was added to the Rhoplex HA-12/Catalyst A bath in an amount
equal to 10% (product basis) of the weight of the bath. A stable dispersion
was obtained with which the paper could be dyed and treated with a binder
simultaneously.

Li'-
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01Table -64. Resistance to Liquid CW Agents of Paper a Dyed OD

-.CW Agent
41VX HD GB

Time, hr 6 6 6
Specimens tested 3 2 1
Specimens penetrated 2 2 0
Total drops 18 12 6

E-xpulsion test

Time, sec 30 30 30
Specimens tested 5 4 3
Specimens penetrated 0 0 0

-5-

aThe laminated sheet for Experimental Paper No. 2-2-62 before

application of binder was treated with a bath containing 25%
Geon 577 solids and 15% antimony trioxide to apply 120% wet
pickup. Then it was dyed, and overtreated to apply 3% FC-208

stb solids.

er

SOUTHERN RESEARCH INSTITUTE



-179-

This mixture of pigments gave an unstable dispersion with the
Geon 577/antinmony trioxide bath, and a two-step treatment was tried.
The paper was first treated with Geon 577/antimony trioxide and then
dyed in a bath containing 1 part by weight of the dispersed pigments
and 9 parts by weight of water. Satisfactory dyeing was also obtained
in this manner.

As a result of these dyeing studies, it was decided that Formula 3

was acceptable for dyeing paper treated with either binder system.

6. Evaluation of papers treated with Rhoplex HA-12 or Geon 577/
antimony trioxide. pigments, and FC-208

Papers were treated in the laboratory according to the procedures
described above for evaluation of their properties. The laminated but
unbonded paper made at Kimberly-Stevens for Experimental Paper No.
2-2-62 was used for this work. The laminated paper was treated by two
different methods to give: (a) a dyed paper with Rhoplex. HA-12 as a binder
and (b) a dyed paper with Geon 577 as a bindcr and antimn"ony trioxide as a
flame retardant. Both papers were overtreated with FC-208.

a. Laboratory treatment of papers

(1) Rhoplex HA-12/Catalyst A, pigments, and FC-208

The laminated base sheet of Experimental Paper 2-2-62 was treated
in a bath containing 25% of Rhoplex HA-12 solids, 0. 5% of Catalyst A, and
10% of Formula 3 (OD pigment combination) to apply 100% wet pickup. The
paper was dried 5 minutes at 150°C, overtreated to apply 3% solids of
FC-208, and then dried 5 minutes at 150°C.

(2) Geon 577, antimony trioxide,_pigments, and FC-208

The laminated base sheet of Experimental Paper No. 2-2-62 was

treated with a bath containing 25% of Geon 577 solids and 15% of antimony
trioxide to apply 120% wet pickup and then dried 2. 5 minutes at 1500C. The
treated paper was dyed in a bath containing 10% of Formula 3 (OD pigment
combination) to apply 100% wet pickup, dried 2. 5 minutes at 1500C, over-
treated to apply 3% solids of FC-208,"ahd tfeft dried 5 minutes at 1500C.

It
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?• b. p__rOpLr'ies of papersk

(1) Physical piroe' rties

TThe physical properties of the two papers treated as described

are given ir Table 1-65, together with the physical properties of

* control paper# which was similar to Experimental Paper No. 2-2-62.

Tne control paper 'was prepared by treating the laminated paper used

M making Experlmental Paper No. 2-2-62 to apply 25% of Rhoplex B-15

* ,,,ids, drying for 30 minutes at 120 0 C, overpadding to apply 3% FC-208

,,lids, and redryfýng for 6 minutes at 150°C.

The paper bonded with Rhoplex HA-12 had much better resistanc

,o both wet and dry abrasion than the paper bonded with Rhoplex B-15 or

Gcon 577. Týe wet-sbrasion resistance of the paper bonded with Geon /77

vas somewharless than that of the paper bonded with Rhoplex B-15, whereas

¶ ,he reverse Wvas true for dry-abrasion resistance. The highest wet andory

recaking strngths were obtained with Rhoplex HA-12. Geon 577 gave a

1 unewhat higher dry breaking strength in the machine direction of the O$per
tan Rhoplex B-15, otherwise the breaking strengths of the papers treated

,,Ith these tvAbinders were about the same. The elongations of paper&,with three resins were not greatly different. The paper bonded
bondedwihTt:.I- Rhoplex ,AE-1 R had reater tearinrgy strenogths tban either nf the othl.lwo

p.ipers. There were no differences of practical i..Portance in the air
permeabilitie& bursting strength, or puncture strengths of the three 40ers.

The paper bo ded with Rhoplex HA-12 was slightly stiffer in the machine
direction thatkthe paper bonded with Rhoplex B-15, but the values for the
,'iffness of these papers in the cross direction and considerably lower in the
machine direction than either of the other two papers.

(2) CW resistance

As shown by the data in Tble 1-66, the resistances to liquid VX,
11D, and GB agents of the papers made with Rhoplex HA-12 and Geon 577,
as determined by the standard drop and expulsion tests, were satisfactory.
Trhere were no penetrations of any of the specimens tested.

(3) Flame retardancy

The paper that was treated with Geon 577 and antimony trioxide, dyed,
and then overtreated with FC-208 was tested for flammability. The char

le.ngth of the treated paper was 7. 8 inches, which was considered acceptable.
fBefore dyeing, the char length was 5. 5 inches.

SOUTHERN RESEARCH INSTITUTE
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7. Conclusions

Fr . the results of these studies of means of improving the prope•

of the reinforced nylon-wood pulp paper, the following procedures were re

mended for producing nylon-wood pulp papers with improved properties:

The base paper should be made from a 50:50 mixture of 1. 5-denier.

0.25-inch nylon fibers and wood-pulp fibers. The base paper should weigh

much as possible but with the limitation that the amount of reinforced and

treated paper in the overgarment must not exceed 2 pounds.

A bonded scrim of 6 x 5 strands per inch of 100-denier nylon yarn

be laminated between two sheets of the base paper with a minimum of 24-28 g

of Adhesive KS-2 on the scrim and with curing conditions of at least 1 3 5C

to 100 psi. The recommendation for the use of this scrim adhesive applied

these conditionp.was based on laboratory data.

To obtain maximum abrasion resistance, the reinforced paper shouldi

treated to apply 25% Rhoplex HA-12 solids with 0. 5% of Catalyst A, 'and the

treated paper should be dried at 135-150'C for at least 3 minutes.

To obtain flame resistance, the reinforced paper should be treated to

apply 25% of Geon 577 solids and 15% of antimony trioxide, and the 'Cated

parer should be:dried at 150 0 C for 1. 5-3.0 minutes.

For dyeing, a combination of dispersed organic pigments consisting l

52.63% Multisporse LC 12-960, 26. 31% Multisperse Yellow LC-12960, and

21.06% Multispirse Black Cll-991 (all on product basis) should be dsed. In

the preparation of Rhoplex HA-12 bonded paper, 10% of the pigment~hixture

should be added to the Rhoplex bath, but in the preparation of the Geon 577-

bonded paper, the dye must be applied in a separate step after application of

the Geon. The dye bath should contain 10% of the pigment mixture (product

basis), and the paper should be impregnated to apply 100% wet pickup and irk

for approximately 1. 5 to 3 minutes at 135-150 0 C.

The dyed papers should be overpadded to apply 2. 5-3. 0% FC-208 soL'

and cured at 150'C for 3-5 minutes.

The papers that are produced should be dry creped by the "Micrex"

process to improve hand and flexibility.
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. .•xperimental Papers 6-21-62R and 6-21-62G

Two new reinforced nylon-wood pulp papers were produced during

june 1962 in sufficient quantities for field evaluation. These papers were

",,iade on pilot plant scale equipment by Kimberly-Stevens Corporation at

Neenah, Wisconsin, according to procedures that were developed in our

S1. aboratory. Field evaluations of the paper made previously, Experimental

Fper 2-2-62, showed that it was deficient in abrasion resistance, in

adhesion of the base sheets to the reinforcing scrim, and in puncture and

snag resistance.

an ! One of the new papers, 6-21-62R, was bonded with Rhoplex HA-12, J
aacrylc resin, which laboratory trials had indicated would provide better

abrasion resistance than the bonding resin, Rhoplex B-15, used in
Experimental Paper 2-2-62. An organosol of Geon 135 was used for adhering

the base sheets to the scrim in this paper, and OD pigment mix was applied in
,-.o e ombination with the Rhoplex HA-12, and the bonded laminate was after-

treated with a fluorocarbon, FC-208, to provide water and oil repellency.

The second plant-produced paper, 6-21-62G, was bonded with Geon 577,
a vinyl chloride resin. Most of the Geon 577 was applied from a bath containing
anthAimony trioxide to impart flame resistance, and the dye was applied with a
small amount of the resin as a separate operation. The paper was aftertreated

r• with FC-208 to provide water and oil repellency. Although it was not expected
that this fabric would be as resistant to abrasion as the fabric bonded with

Rhoplex HA-i2, it was made to provide a flame resistant paper for evaluation.
No practical method is known for imparting flame resistance to papers bonded
with acrylic resins.

Both of the new plant-produced papers showed the expected improve-

ments in physical properties, relative to Experimental Paper 2-2-62, in
laboratory evaluations. Creping was effective for improving the flexibility
of the papers without reducing the CW resistance below acceptable limits.

SOUTHHERN RESEARCH INSTITUTE
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1. Plant production of Experimental Papers 6-21-62R and 6-21-62G

a. Preparation of reinforced paper laminate

Thirty-eight hundred yards of 0. 9 oz/yd base sheet containing 50%
of 1. 5-denier, 0. 25-inch nylon and 50% of Hermac kraft was made on a
Fourdrinier machine; and a scrim containing 6 x 5 strands per inch of
100-denier, high-tenacity nylon was laminated between two layers of the
base sheet. The warp and filling yarns of the scrim were bonded together
by applying polyvinyl acetate (AYAT or equivalent in Solox or acetone) to
the warp yarns. The bonded scrim was coated with 27. 0 to 29. 5 g/yd' of
an organosol (85% Geon 135 in dioctyl phthalate and 15% mineral spirits)
and immediately sandwiched between the base sheets. The laminate was
then dried and hot calendered twice. The weight of the laminated paper

was 3. 02 to 3. 16 oz/yd2 . The conditions for preparing the laminated paper
are shown in Table 1-67.

b. Treatment of reinforced paper laminate

Approximately one-half of the laminate' paper produced was
treated with a combination of Rhoplex HA-12 bath and an OD pigment
mix, dried, and then aftertreated with FC-208. This paper was
designated Experimental Paper 6-21-62R. The other half of the paper
was treated with a combination of Geon 577 and antimony trioxide, dried,
treated with a combination of Geon 577 and OD pigment mix, again dried,
and then aftertreated with FC-208. This paper was designated Experimetaw
Paper 6-21-62G.

The formulations for the treating baths are given in Table 1-68. Th
plant conditions for the treatments and the solids add-ons obtained are gives
in Table 1-69. During the impregnation of 6-21-62R, there was a slight b""
up of Rhoplex HA-12 on the bottom impregnation roll, and there was some
build-up on the edge of the first few drying rolls. During the dyeing of
6-21-62G, there was considerable build-up of Geon 577 and dye pigment$ ,
the drying cans.

The final weight of Experimental Paper 6-21-62R was 3.86 ozlyd'.
and the final weight of Experimental Paper 6-21-62G was 4. 42 oz/yd'.

1' i ii
'I
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Table 1-67. Plant Conditions for Laminating Base Paper

Speed, ft/min 325-330

Temperature of drying rolls (3), °C 182

Temperature of calender, 'C 132

Pressure of calender,

gauge 550

lb per inch of roUl length 228

SOUTHERN RESEARCH INSTITUTE
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Table 1-68. Treating Baths for Experimental Papers 6-21-62R and 6-21.,,

lo in bath lo in bath

Weight, product Solids

lb basis basis

A. Rhoplex HA-12/OD dye bath a

Rhoplex HA-12b 389.0 55.4 25.5
Multi-Sperse Yellow M 12-961 36.84 5.3 2.2
Multi-Sperse Yellow L 12-960 18.42 2.6 1. 0
Multi-Sperse Black C 11-991 14.78 2.1 0. 9
Catalyst A 3.50 0.5 0.5
Water 237.6

B. Geon 577-antimony trioxide bathb

Geon 577 288 36.0 20.0
Antimony trioxide dispersion 260 32.5 13.0
Water 252 - -

C. Geon 577/OD dye bath

Geon 577 36.5 4.87 2.67
Multi-Sperse Yellow M 12-961 53.5 7, 13 2.92
Multi-Sperse Yellow L 12-960 26.8 3. 57 1.49
Multi-Sperse Black C 11-991 21.5 2.87 1.02

Water 611.7

D. FC-208 bath

FC-208 135 20.0 5.6
Water 542

a 150 cc of 2-ethyl-1-hexanol added.

b 250 cc of 2-ethyl-1-hexanol added.
4- ' ,•,

Io .+ , ..,. .,
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2. Effects of Creping on Properties of the Papers

Experimental Paper 6-21-62R bonded with Rhoplex HA-12 was

creped 8.31 14.6, and 30%. Experimental Paper 6721-62G bonded

with Geon 577, was creped 6. 3, 10. 9, 16. 7, and 30%. The percentage
of crepe - 100 x (uncreped length - creped length)/uncreped length. A
portion of each of the creped papers was drawn to approximately its
original length. After release of the tension applied to draw the creped
papers, some contraction took place, but the amount was not determined.
Drawing after creping did not appear to reduce the benefits of creping on
either the hander the flexibility of a paper.

The physical properties that were measured are given in Table I-700

and data on the resistance of the papers to CW agents are givenryin Table
1-71.

a. Physical properties

Creping and drawing did not appreciably affect the weight per squar"
yard of 6-21-62R, but the weight of 6-21-62G was increased by,het-e treat-.,
ments. The br"king strengths and elongations at break of theppers were
not significantly changed by creping and drawing.

Erratic changes in machine tearing strength (paper toria across the
machine direction) occurred when 6-21-62R was creped. The machine
tearing strength of 6-21-62G was decreased by creping. The cross tearing
strengths of both 6-21-62R and 6-21-62G were decreased markedly by
creping. In general, the tearing strength of the creped and drawn papers
were not greatly different than the tearing strengths of the corresponding
creped and undrawn papers.

The dry and wet abrasion resistance of the creped papers were
generally greater than those of the corresponding uncreped papers. This
increase in abrasion resistance was probably caused by the increased
"thickness of certain areas of the papers resulting from the creping operatiOLr
There appeared to be no correlation between the percentage of creping and

the abrasion resistance of the creped papers. The abrasion resistances of
creped and drawn papers were not greatly different from those of the
corresponding creped and undrawn papers.

• ?x-

• :;T-rI
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The air permeability of 6-21-62R was reduced by all of the creping

treatments, but not to below an acceptable level. The air permeability of

I 6-2 1 -62G was reduced only very slightly by the treatments.

The stiffness of the papers was decreased by creping. The decrease

,is greater in the machine direction than in the cross direction, as would be

0;pected. The measured decrease in stiffness agrees with the observed

4 ilprovement in hand produced by creping.

"No significant differences were observed in the bursting and puncture

Itrenghts of the uncreped papers and the corresponding creped papers.

The peel strengths of 6-21-62R and 6-21-62G creped 30% were the same

,s those of the corresponding uncreped papers; so the peel strengths of papers

:rcped less than 30% were not determined.

b. Resistance to liquid CW agents

* Table !-71 shows the resistances to liquid VX. HD, and GB agents of

tthe uncreped and creped Experimental Papers 6-21-62R and 6-21-62G.

Experimental Paper 6-21-62R uncreped or creped 8.3% and drawn

^as resistant to the three liquid CW agents by the standard drop and expulsion

kcsts. When it was creped 14. 6% and not drawn, it was penetrated by all three
agents; but, when it was creped 14. 6% and drawn, it was penetrated only by
GB agent. All three CW agents penetrated 6-21-62R when it was creped 30%
ind drawn.

Experimental Paper 6-21-62G uncreped, creped 6. 3% and drawn, or

creped 10. 9% and drawn was resistant to all three liquid CW agents. Uncreped
paper 6-21-62G was penetrated by 1 drop out of 24 drops of HD agent, but this

%as attributed to a flaw in the paper. Paper 6-21-62G that was creped 16.7%

-nd drawn was penetrated by HD agent, but was resistant to VX and GB agents.
Paper 6-21-62G that was creped 30% and drawn was penetrated by all three CW

-gents.

4- LOUTHERN RESEARCH INSTITUTE
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3. Prow rties of papers used in the field evaluation

"I he papers that were selected for field evaluation were uncreped
Experimental Paper 6-21-62R* and Experimental Paper 6-21-62G* that J
had been creped 10. 9% and drawn. The latter paper was designated
6-21-62GCD. The choice of these papers was based on hand and flexibility,
physical properties, CW resistance, and flame retardancy.

Uncreped paper 6-21-62R was chosen to provide a direct comparison
with Experimental Paper 2-2-62, which was previously field evaluated, and
thus to provide a comparison of the effects of Rhoplex HA-12 and Rhoplex
B-15 on the paper properties. Experimental Paper 6-21-62 GCD was selectt
for field evaluation because of the flame resistance of the paper, and crepij
was necessary to increase its flexibility.

Table 1-7.2 shows the physical properties of the two papers that were
selected for field evaluation along wi .1 those of Experimental Paper 2-2-62
that was evaluated in the previous field trials.

The weights of papers 6-21-62R and 6-21-62 GCD were greater than
the weight of paper 2-2-62 (3. 9 and 4, 7 vs 3. 2 oz/yd2, respectively), as a
M 9 r uuli of gi-ate . ....... o scried-el a "L ,..i, in 6-2 -69- 3 and 6-2!-9G
and the weight of the flame retardant in 6-21-62GCD. The weight of 6-21-63
GCD was also increased as a result of the creping operation.

The breaking strengths of papers 6-21-62R and 6-21-62GCD in the

machine direction were higher than the corresponding breaking strength of
paper 2-2-62. Allthree papers had approximately the same breaking
strengths in the cross direction.

The elongations at break were generally less in the machine direction
than in the cross direction. The elongations at break of papers 6-21-62R and
6-21-62GCD were greater than those of paper 2-2-62.

Samples of these paperse included in the Appendix.

),es~ ncue
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The machine tearing strengths (paper torn across the machine

direction) of papers 6-21-62R and 6-21-62GCD were approximately the

same, but both were lower than the corresponding tearing strength of

paper 2-2-62. The cross tcaring strength of paper 2-2-62 was greater

than the corresponding tearing strengths of paper 6-21-62R and

6-21-62GCD (1872 vs 1190 and 643, respectively).

The wet abrasion resistance of paper 6-21-62R was 1. 5 times that

of paper 6-21-62GCD and twice that of paper 2-2-62. The dry abrasion

resistance values were in the same order. (Values obtained by U. S.

Army Natick Laboratories by a method involving rubbing the papers Over

wet sand showed that the wet abrasion resistances of the papers were it

the order 6-21-62R (best), and uncreped 6-21-62G.)

Papers 6-21-62R and 6-21-62GCD had acceptable air permeabilititi

but the values were half (or less) the value for paper 2-2-62.

The stiffness values for papers 2-2-62 and 6-21-62GCD were the

same and were about half that for paper 6-21-62R in the machine directio%.

In the cross direction, the stiffness values of papers 6-21-62R and

6-21-62GCD were the same and were about 3 times the value of paper
'4- •- U"~t.

No significant differences were observed for the bursting Und

puncture strengths of the three papers.

Papers 6-21-62R and 6-21-62GCD had much higher peel etrengths

(scrim to paper adhesion) than paper 2-2-62.

13.
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4. Fld evaluation of Experimental Papers 6-21-62R and 6-21-62GCD

Overgarments were made from Experimental Paper 6-21-62R

And 6 -21-62GCD by International Latex Corporation and submitted to

Uhe V. s. Army NTtick Laboratories for field evaluation. The wver-

,~rnents were evaluated at Fort Lee, Virginia, during November and
Decenber, 1962 on the Cotton Fabric Course.

The results of these trials were reported in detail by the U. S.

Arfmy Research and Engineering Field Agency; hence, only a summary
,of the findings is given here.

There was no significant difference between the durability
of Experimental Paper 6-21-62R and Experimental Paper
6-21-62GCD.

There was no different in frequency of holes, tears, and
wear areas for the two papers.

Both papers were estimated to have a service life of
3-4 days.

SOUTHERN RESEARCH INSTITUTE
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H. Experimental Nonwoven Fabrics

Nonwoven fabrics and laminates of a lightweight woven nylon
fabric with nonwoven fabrics were investigated in an effort to find
base materials for the overgarment that had physical properties
superior to the experimental papers, Nonwoven fabrics made from
nylon, rayon, or mixtures of rayon and nylon were prepared for us
by J. P. Stevens and Company. The compositions, weights, and
designations of the fabrics are given in Table 1-73.

1. Screening studies

For preliminary evaluation of the nonwoven fabrics Fabric
No. 1 and Fabric No. 3 were treated with Rhoplex B-15, an acrylic
resin, and the properties of the treated fabrics were determined with
results as given in Table 1-74.

Samples of the two fabrics (1 and 3) were padded with baths
containing Rhoplex B-15, Rhonite 401, and Catalyst AC in the ratio
of 20: 4 : 1 (solids) to apply 20, 40, and 60% total solids. The padded
samples were dried 10 minutes at 65°C and cured 10 minutes at 150 0 C.
The total resin contents based on fiber plus resin were approximately
33%, 43%, and 50%. The later amounts include the resin applied in
production of the fabrics by J. P. Stevens (Table 1-74).

In general, the breaking strengths, elongations at break, abrasion
resistance, bursting and puacture strengths, and stiffness of the fabrics
increased as the binder content was increased; whereas the tearing
strengths and air permeabilit-ies decreased. With the same amount of
binder, Fabric No. 3 had greater dry breaking strength, machine tearing
strength, air permeability, bursting strength and puncture strength than
Fabric No. 1, and less elongation at break and cross tearing strength.

Samples of the treated nonwoven Fabrics Nz,,. 'I and No. 3 containing
33% of Rhoplex B-15 solids were treated to apply 3% FC-208, and evaluated
for resistance to liquid VX agent. The samples were not penetrated by the
liquid VX agent in the standard drop or expulsion tests.

4L
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Table 1-73. Compositions of Nonwoven Fabrics

Weight,
°z/Ydri Compositiona

3.0 40%7 1. 5-denier, 2. 5-inch nylon; T-201, semi-dull
40% 1. 5-denier, 2-inch rayon; Narcon No. 2, bright
20% Rhoplex B-15

3 3.0 40% 2. 3-denier, 2-inch nylon; T-420, semi-dull
40% 1. 5-denier, 2-inch rayon; Narcon No. 2, bright
20% Rhoplex B-15

2.0 47.5% 1. 5-denier, 2. 5-inch nylon; T-201, semi-dulP"
47. 5% 1. 5-denier, 2-inch rayon; Narcon No. 2, bri.ht
5.0% Rhoplex B-15

7 2.0 95% 1. 5-denier, 2-inch rayon; Narcon No. 2, bright
5% Rhoplex B-15

9 2.2 5% 1. 5-denier, 2. 5-inch nylon; T-201, semi-dulT
57 Rhoplex B-15

aT - 201 is normal tenacity, heat-set nylon

T - 402 is high tenacity, no-crimp nylon
Narcon No. 2 is a high-tenacity rayon
Rhoplex B-15 is an acrylic binder

SOUTHERN RESEARCH INSTITUTE
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2. Efet of variables on properties

The screening studies just described indicated that it might be

possible to make a nonwoven fabric that would meet most of the require-

Wents for the overgarment material. Therefore, studies were made to

determine the type of fiber type, the type of binder, and the fiber/binder

ratio that would produce a nonwoven fabric with optimum physical properties.

a. Treatments

Samples of the five nonwoven fabrics described above (No. 1, 3,

5, 7, and 9) were padded with baths containing: (1) Rhoplex B-15,

Rhonite 401, and Catalyst A in th- ratio of 20": 4 : 1 (solids), and

(2) Rhoplex HA-12 with Catalyst . W0. 5% of the bath) to apply approximately j
20, 30, and 40% total solids basea on the fabrics as received. Samples of

Fabrics No. 1 and No. 3 were also padded with a bath containing 20% Geon

577 and 13% antimony trioxide to apply approximately 33% solids to the

fabrics as received. The padded samples were dried 10 minutes at 660C.
Samples of each of the treated and dried fabrics were cured in two ways:
(1) in an oven for 10 minutes at 150'C and (2) in a hydra-Lic press for 5

minutes at 150°C and 100 psi. All samples were after" .:ated to apply 3%
FC-208 solids, dried, and cured 6 minutes at 1500C.

b. Properties

The air permeability and resistance to liquid VX agent of each of
the treated fabrics are given in Table 1-75.

The air permeabilities of all of these treated nonwoven fabrics were
well above the minimum value considered acceptable at the time of the

investigation (6 ft 3 /min/ft2 ); although the values for the fabrics cured in a
press were appreciably lower tliamtoýJrics cured in an oven, as

would be expected. Increased resin ccn enta so decreased the air

permeability of each fabric.

SOUTHERN RESEARCH INSTITUTE
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The expulsion test was used to determine the resistance of the

treated fabrics to liquid VX agent. All of the treated fabrics that were

cured in a press had unacceptable resistance to liquid VX agent (5 out

of 8 drops penetrated). The only oven-cured fabrics that had generally

acceptable resistance to liquid VX agent, regardless of the binder used,

were Fabrics No. 1 and No. 3.

The data on the physical properties of the nonwoven fabrics treated

with 20jo binder and then oven cured showed that: (1) the treated 3 oz/yd2

Fabrics (1 and 3) provided more resistance to abrasion and VX agent than

the correspondingly treated 2 oz/yd Fabric (5, 7, and 9), (2) the treated

fabric should be oven cured rather than press cured, and (3) the treated
nylon Fabric (9) had greater tearing strength, abrasion resistance, and

resistance to VX agent than the comparable treated rayon Fabric (7). It A

was felt that the advantages gained by the use of nylon might be offset
by the possible difficulty in flameproofing nylon nonwoven fabrics and
thus work was continued with the all-rayon nonwoven fabric as well a,.

the all-nylon nonwoven fabric.

3. Investigation of other binders

Additional binders were investigated in attempts to produce
nonwoven fabrics having good physical properties for the overgarments
and also good flame retardant properties. Nylon webs and rayon webs
(without binder) were treated with Thiokol WD-6, a polysulfide rubber;
with Parlon S-20, a chlorinated rubber; with Lexan 125, a polycarbonate

resin; with Multranil 176, a polyurethane resin; with Elastothane 455,

a polyurethane rubber; and with Rhoplex HA-12, an acrylic resin. The
fabrics treated with Rhoplex HA-12 were used as controls since previous

results had shown that, in general, fabrics containing Rhoplex HA-12 as
binder had good overall properties for use in overgarments.

SOUTHERN RESEARCH INSTITUTE
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a. Treatments

Samples of a 1. 9 oz/yd2 nylon web (1. 5-denier, 2. 5-inch, semi-
dull, normal tenacity fibers) and of a 1. 9 oz/yd2 rayon web (1. 5-denier,
2-inch, bright, high tenacity fibers) were treated as follows:

by padding with each of the following baths: (a) 20% Thiokol
WD-6 solids in water, (b) 15% Parlon S-20 solids in toluene,
and (c) 20% Rhoplex HA-12 solids in water (with 0. 5%V Catalyst A based on the bath weight); and

by immersing in each of the following baths: (a) 2.5%
Lexan 125 solids in tetrachloroethane, (b) 7% Multranil
176, 2. 3 Mondur CB-75 solids (curing agent), and 1. 2%
Catalyst CE solids in ethyl acetate, and (c) 5% Elastothane
455 solids in 2-butanone.

The samples padded with Rhoplex HA-12 were dried 10 minutes at
66 0 C and the other treated samples were air dried. The samples treated
with Thiokol WD-6 and Parlon S-20 were cured at room temperature, those
treated with Lexan 125 were cured 3 minutes at 160 0 C, those treated with
Multranil 176 were cured 5 minutes at 110°C, and those treated with
Elastothane 455 were cured 45 minutes at 140'C.

The fiber to binder ratios of the treated fabrics was about 60:40
or 65 :35, and the weights of the treated fabrics ranged from 2.4 to 3.5
oz/yd2 .

b. Properties

(1) Physical properties

As shown in Table 1-76, the nylon and rayon webs treated with
Rhoplex HA-12 both had good properties except for stiffness. Both the
nylon and the rayon nonwoven fabrics treated with Rhoplex HA-12 had
higher breaking strengths, abrasion resistance, and bursting strengths,than the other treated fabrics, but the tearing strengths were lower.
Multranil 176 was the next best binder. Compared to fabrics treated with

i•* Rhoplex HA-12, fabr ics treated wiljh.Multranil 176 had much lower breaking
strengths and abrasitn resistance, but they had higher tearing strengths and
about the same bursting strengths.

GM AN-
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The nonwoven fabrics treated with the other binders generally had

exceptionally low breaking strengths and abrasion resistance, even though
they all had high tearing strengths and some of them had high bursting

strengths. All of the fabrics had high air permeabilities, but many of thee

fabrics were stiff. Only the nylor, fabrics treated with Parlon S-20,

Multranil 176, and Elastothane 455 and the rayon fabric treated with Parlot
S-20 were pliable.

It had been expected that the use of polyurethane binders (Multranil

176 and Elastothane 455) would provide fabrics with outstanding resistance .4

to abrasion, but the data showed that the abrasion resistances of fabrics

treated with either Multranil 176 or with Elastothane 455 were quite low.

An investigation of different curing conditions for the polyurethane binders i

showed that the abrasion resistance of the polyurethane-treated fabrics

could be increased above the values given in Table 1-76; however, the

values were still considerably below the abrasion resistance of the corresp%
fabric treated with Rhoplex HA-12.

4r~
(2) Flame resistance

The flame resistance of each of the treated nonwoven fabrics was

estimated by the match test. All of the fabrics were consumed, but those

containing Rhoplex HA-12 burned more slowly than the fabrics containing

the other binders. Thr..more rapid burning of the fabrics treated with

Parlon S-20 was surpr.ing since it was expected that the chlorine content

(approximately 65%) of'.the Parlon S-20 would increase the flan7e resistance
of the treated fabrics. 'X.However, the more open and loosely bonded structuft

of the Parlon-bonded fdbrics probably increased the combustibility of the

fabric so that the flam•r'etardant effect of the Parlon S-20 was'ninimized.

4. Nonwoven fabric/fabric laminates

Laminates were prepared from nonwoven fabrics and a lightweight

nylon fabric in an attempt to prepare a material with properties superior

to those obtained with only a nonwoven fabric treated with a binder.

I' Sn 
[



CQNFJDENMAL

-206-

a. Treatments

Laminates were prepared from Fabrics 1, 3, 5, 7. and 9, and a

1. I oz/yd2 nylon parachute fabric. A combination of Rhoplex B-15,

Bhonite 401, and Catalyst AC (20: 4 : 1 solids ratio) and a combination of

Rhoplex HA-12 and Catalyst A (0. 5% of the bath) were tried as binders.

The laminates were treated to apply 20, 30, and 40% solids of the

binders. After treatment, the laminates were dried 10 minutes at 660C
and then cured in two different ways: (1) in an oven for 10 minutes at 150'C

and (2) in a hydraulic press for 5 minutes at 1500C and 100 psi. The
laminates were aftertreated to apply 3% of FC-208 solids and then dried
and cured 6 minutes at 150'C.

b. Properties

As shown in Table 1-77 the air permeabilities of all of the laminates

that were oven-cured were acceptable (>6 ft 3 /min/ft 2 ). Of the samples that
were cured in a press, all samples that were treated to apply 20 or 30o

solids of either resin combination had acceptable air permeabilities, but
those treated to apply 40% solids had permeabilities that were either below

the acceptable value or only slightly above.

The resistance to VX agent of the laminates treated to apply 20%

solids were determined by the expulsion test and the results are given in

Table 1-77. The resistance to liquid VX of the laminates that were oven
cured were generally acceptable, but those of the laminates that were press
cured were all unacceptable.

The peel strengths of all of the laminates that were cured in the oven

were unacceptably low; the laminates cured in the press had acceptable
peel strengths. Since the laminates with acceptable peel strengths were

not resistant to liquid VX agent, no further work was done on this type of
lanminate.

S, SOUTHERN RESEARCH INSTITUTE
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Table 1-77. Properties of Woven Nylon Fabric/Nonwoven Fabrig LaminAte,
Treated with Rhoplex B-15 and with Rhoplex HA-12

Air permeability,
ftl/m Inil ft

Nonwoven CW resistancec 0. 5,in. water

fabric in Oven Press Oven Press

laminate % Add-on cure cure cure cure

A. Rhoplex B-15

1 20 0 7 38 11
3 20 0 7 48 16
5 20 0 8 48 20
7 20 0 4 42 14 k
9 20 1 7 60 17

1 30 33 10
3 30 38 12
5 30 41 11
7 30 35 9
9 30 42 10

1 40 27 5
3 40 325
5 40 25 5
7 40 32 8
0 40 28 5

B. Rhoplex HA-12

1 20 1 5 40 18
3 20 0 8 41 22
5 20 0 7 40 21
7 20 0 4 39 16
9 20 0 6 51 23

1 30 33 6
3 30 34 9
5 30 31 15
7 30 35 12
9 30 34 10

1 40 29 6
3 40 37 10
5 40 27 7

7 40 20 7
9 40 24 3

a Aftertreated to applr 3% FC-208 solids. 4
bbEach nonwoven fabric laminated to woven nylon fabric.

Drops penetrated of 8 drops used in VX expulsion test, 7 to 8 mg drops.

YU
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I pilotPlant Production of Nonwoven Fabrics

Two nonwoven fabrics were made according to our recommendations
bY " p. Stevens and Company. One of the nonwoven fabrics was made from

nylon fibers because our previous studies showed that all-nylon nonwoven

f1,brics had greater tearing strength and abrasion resistance than nonwoven

g.bricS made from either rayon or blends of rayon and nylon. The nylon ron-

w.oven fabric, designated Experimental Nonwoven Fabric 10-30-62 N, was

treated with a plasticized Geon 351, Apex Flameproof 290B, and FC-208 to

produce a flame -retardant, CW-resistant material.

Due to the known difficulty of flameproofing nylon nonwoven fabrics,

a nonwoven fabric was also made from rayon fibers. The rayon nonwoven

fabric, designated Experimental Nonwoven Fabric 10-30-62 R, was treated

with a 1:1 solids ratio of Rhoplex HA-12 and Rhoplex HA-8, because our

previous work on papers had shown that Rhoplex HA-12 alone gave a very

:;tiff material, and it was hoped that by the use of a mixture of these acrylic

binders that the good wet abrasion obtained from Rhoplex HA-12 could be

maintained and that the Rhoplex HA-8 would decrease the stiffness. The

rayon nonwoven was treated with Apex Flameproof 290B to make it flame
retardant and WitI -. to impat '.CVV res-istance.

Both of the experimental nonwoven fabrics had generally better
physical properties than the most promising reinforced paper made

previously (6-21-62R) but they were stiffer and heavier. The nylon

fabric was reasonably flame resistant, but the flame resistance of the
rayon fabric varied from spot to spot indicating uneven treatment.
Conversely, the rayon fabric showed generally good resistance to liquid
CW agents, but the nylon fabric was not uniform in this respect. The
non-unifoi-mity could probably be overcome by modification of processing
conditions, but further plant rrials did not appear warranted.

1. Methods of preparation

From the results of our earlier studies and some suggestions on
drying conditions from Mr. Carl Stark of J. P. Stevens Company, the

following procedures were used in the plant production of the nonwoven
fabrics.

SOUTHERN RESEARCH INSTITUTE
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a. Experimental Nonwoven Fabric 10-30-62R

This nonwoven fabric was made from 2. 8-denier, 2. 0-inch,
Narcon No. 2, bright fibers. The weight of the unbonded web was
2.1 oz/yd'.

The web was impregnated with a bath containing a 1:1 solids
ratio of Rhoplex IIA-12 and Rhoplex ItA-8 and 0. 5% Catalyst A, on
the weight of the bath, to apply 1. 4 oz/yd 2 of solids. This gave a
bonded nonwoven fabric containing 60% fibers and 40% binder. The
impregnated nonwoven fabric was dried for 3 minutes at 950C, 3
minutes at 135°C, and 6 minutes at 150°C.

The bonded material was treated with a bath containing a
mixture of AFex Flameproof 290B and FC-208 to apply 25% Apex

S• • Flameproof 290B solids and 3% FC-208 solids. The overpadded
material was cured for 5 minutes at 150 0 C. The weight of the

finished nonwoven fabric was expected to be 4. 5 oz/yd2 , but it was
5.3 oz/yd2 , probably because of shrinkage.

One hundred yards of the rayon nonwoven fabric was prepared
by J. P. Stevens Company by this procedure. Ninety-five yards of the
finished nonwoven fabric was sent to the U. S. Ariny Natick Laboratoriee
for evaluation and 5 yards was retained for our evaluation.

b. Experimental Nonwoven Fabric 10-30-62N

This nonwoven fabric was made from 2. 3-denier, 2. 0-inch nylon,
semi-dull, Type 420 fibers. The weight of the unbonded web was 2. 1
ozIyd2 .

The web was impregnated with a bath containing a 100: 35 solids
ratio of Geon 351 to Santicizer 141 (plasticizer) to apply 1. 4 oz/yd' of
solids. (The Santicizer 141 was added to the Geon 351 as a water emulsion
containing 65% Santicizer 141. ) This produced a bonded nonwoven fabric
containing 60% fibers and 40% binder. The impregnated nonwoven fabric
was dried for 3 minutes at 95"C, 3 minutes at 135°C, and 6 minutes at 150TC

II E Tll . -, , . . ..
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The bonded material was then treated with a bath containing a

mixture of Apex Flameproof 290B and FC-208 to apply 25% Apex

Flazfproof 290B solids and 3% FC-208 solids. The overpadded fabric

"a•s cured for 6 minutes at 150*C. The weight of the finished fabric was

eXpected to be 4. 5 oz/yd2 , but was 6. 0 oz/yd , probably because of

shrinkage-

One hundred yards of the nylon rnonwoven fabric was prepared.

Ninety-five yards of the finished nonwoven fabric was sent to the U. S.

,,rmy Natick Laboratories for in-house study and 5 yards was retained
for our evaluation.

Mr. Carl Stark of J. P. Stevens Company reported that the webs

Sof both the rayon and the nylon fibers had a high degree of loft and that the
processing of the webs was complicated by electrostatic charges built up

on the webs during laydown. These factors resulted in some non-uniformity;
j. e., thick and thin spots. Also, the shrinkage of the fabric caused breaks.

This was apparently a result of the low stretch of the high-tenacitr r;, Ion
.ised in the fabric.

2. Properties

a. Physical properties .Ii

Table 1-78 contains data on the physical properties of Expe;imental
Nonwoven Fabric 10-30-q2 N and Experimental Nonwoven Fabric 1Q-30-62 R.
The properties of Experifnental Paper 6-21-62R, which is the mo st
promising paper material for the overgarment that we have found to date,
are also given in the tablL*, for comparison. Experimental Paper 6-21-62R
is a 50:50 nylon-wood pulp paper reinforced with nylon scrim, treated with
Rhoplex HA-12 for abrasion resistance, dyed OD, and treated with FC-208
to give resistance to liquid CW agents. A complete description of this paper
is given in Section UI-G.

Experimental Nonwoven Fabrics 10-30-62 R and 10-30-62 N were about
equal in breaking strength, elongation at break, and air permeability, but
Experimental Nonwoven Fabric 10-30-62 N had higher tearing strength, abrasion
resistance, and bursting strength. Experimental Nonwoven Fabric 10-30-62N
W'eighed 6. 1 oz/yd' compared to 5. 4 oz/yd2 for Experimental Nonwoven Fabric

"SOUTHERN RESEARCH INSTITUTE
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,03o-62 R, and this difference in weight may account for the superior

properties. Experimental Nonwoven Fabric 10-30-62 N was very stiff,

and the surface was oily, probably due to migration of the plasticizer
(5,rnticizer 141) to the surface. In comparison to Experimental Paper
6 . 2 1-62R, the nonwoven fabrics had lower breaking strengths in the

rachine direction, about the same elongations at break, and higher

tearing strengths, resistances to abrasion, air permeabilities, and

bursting strengths. The nonwoven fabrics were stiffer and heavier
than the paper; thus, except for stiffness and weight, the physical
properties of the nonwoven fabrics were generally better than those of
Experimental Paper 6-21-62R.

b. Flame resistance

Experimental Nonwoven Fabric 10-30-62 N had a char length of 5.4

inches as determined by the vertical Dame test (ASTM Method D 625-55T).
Three specimens of Nonwoven Fabric 10-30-62 R burned to the ertd, but did
not flame; however, when three additional specimens were evaluated, they
had an average char length of 5. 9 inches indicating that the flame~roof agent
was not evenly applied to this material. Apparently, either of thee fabrics
can be made to have acceptable flame resistance.

On

c. CW resistance

Table 1-79 shows the resistances to liquid VX, HD, and GZ agents
of Experimental Nonwoven Fabrics 10-30-62 N and 10-30-62R.

Experimental Nonwoven Fabric 10-30-62 R was resistant liquid
VX and GB agents by the standard drop and expulsion test. One specimen
of the fabric was penetrated by liquid HD in the expulsion test, but this
specimen was taken from a thin portion of the material and is not considered
to be representative of the fabric.

Experimental Nonwoven Fabric 10-30-62 N was resistant to liquid GB
agent by the standard drop and expulsion tests. Four of twelve drops of liquid
VX agent penetrated the nylon fabric in the standard drop test, but there were
no penetrations of the fabric by liquid VX agent in the expulsion test. There
was no penetration of the fabricby liquid HD agent in the standard drop test, but
2 out of 8 specimens were penetrated in the expulsion test. The penetration of
Experimental Nonwoven Fabric 10-30-62 N by liquid CW agents was probably
d•e to the non-uniformity of fabric thickness. The migration of the plasticizer
','sed in the binder to the fabric surface probably affected the CW resistance of
"he fabric.

SOUTHERN RESEARCH INSTITUTE
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IV. OVERGARMENT DESIGN STUDIES

The specifications for the design of an expendable overgarment

" quired that it should:

fit over the clothing and equipment (except weapon) of a
combat soldier and afford complete protection against
liquid CW agents for a minimum of 6 hours,

" 'be compatible with the soldier's clothing and equipment,
including the gas mask,

have closures that would prevent entry of CW agents,

- not reduce the efficiency of the soldier,

be easily donned and simple in design,V be required in a minimum number of sizes,

be capable of being carried in the soldiers load-carrying
equipment or pocket, Las

be as tight fitting as possible in order to reduce the
silhouette of the soldier and the tendency for the
garment to be snagged,

lend itself to low-cost mass-production techniques.

Work on the design of the overgarment was begun at Southern
Research Institute and then continued by International Latex Corporation,
Dover, Delaware, under a subcontract D-7933. One- and two-piece over-

4 .arment designs, sleeve modifications, methods of forming seams, different
. pes of closures and fabrication of protective gloves and boots were studied.

Dusigns by International Latex Corporation were approved by the ProjectL -ficer, and garments were fabricated from two experimental papers and
'-:livered to U. S. Army Natick Laboratories for field evaluation.

SOUTHERN RESEAR•CH INSTITUTE
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A. Two-piece Protective Overgarment Design Studies at Southern Resea
Institute

The basic design of the Chemical Warfare Protective Garment
described by Purchase Descriptions IP/DES S-29-0 and IP/DES S-27-0
was first examined for suitability for the expendable overgarment. This
garment consisted of pajama-type trousers with draw strings at the waist
and ankles and a long coat with a Pullman closure and tails. The tails of
the coat wrapped around the thighs and were tied with draw strings. The
basic design of this garment is shown in Figures 1-2, 1-3, and 1-4.

L! An overgarment of this design was made from Kaycel 100 with
sewed seams to determine what modifications might be necessary in
making the garment from paper. A paper overgarment with glued searns
and incorporating several modifications was then fabricated from Kaycel 101
for further study. The final modified designs for the coat and pants are
shown in Figures 1-5 and 1-6, respectively. The modifications in the basic
design were: (1) glued seams were used to eliminate stitching, and the bac
seam in the coat was eliminated; (2) the buttons of the Pullman closure
were replaced by Velcro tape and an aluminum zipper; (3) the waist draw-
string of the coat was moved outside for use as a belt, and belt holders wert
sealed to the waist of the garm ent; (4) the waist drawstring in the pants was

* replaced with elastic; (5) the drawstring eyelets in the bottoms of the parn|
legs were eliminated by leaving the drawstring tunnels open on both ends;
and .(6) the apex of the V in the tail of the coat was reinforced.

The modifications made in the garment are discussed below:

Seams: All seams of the basic design were sewn, flat-felled seauL
Stitching of the seams of the paper garment was very difficult; the paper
stretched during sewing and tended to tear away from the stitches. Becaue
of the difficulty in obtaining good seams by sewing, the modified garment WM

made with glued seams. Splic-It, which was found previously to make sea
"stronger than the paper, was used as the adhesive. Another reason for the
use of glued seams was go make them more impervious to liquid CW agere.•
Also, it was felt that stichless seams would allow the garment to be fabrics'
by automated production facilities.

The seam in the back of the coat was eliminated to decrease the n:•
[ of seams susceptible to CW penetration and to decrease the number of fabit

cating operations.
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Figure 1-4. Basic Design of Two-Piece Protective Overgarment-
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Pullman closure: No attempt was made to change the genera!

design of the Fuli--nan closure, which is shown in Figure 1-2, since this

type of closure is known to provide adequate protection against liquid CW

5gents. However, in the modified design, an aluminum zipper was used

on the outer flap cf the Pullman closure and 1 x 1-inch sections of Velcro

:ape were used in :he flap of the closure in place of buttons. Both the
sipper and the Ve_:ro tape were sealed to the paper with Splic-It. The

ipper and Velcrc tape eliminated the several major objections to the use

of buttons, which -Aere: closures could not be made rapidly with them,

5arments with buý.ons would be difficult to make with automated equipment,

buttons could be easily snagged and torn from the garment, and button holes
would have to be reinforced.

Other tyies of fasteners were also tried:

Standard metal grippers were put on cotton twill tape, and the tape
was glued to the paper coat with Splic-It. It was impossible to fasten the
pullman closure rapidly with the grippers and the grippers were heavy,
weighing about 1. 7 g each.

Strips of Vulcro tape 1-inch wide were sealed with Splic-It to the
outer flaps of the Pullman closure. The tape, which ran the length of the
closure, formed a tight continuous seal, but it was difficult to align the two
strips of tape and !-his was necessary to obtain tight closure.

A lightweight zipper made of monofilament-nylon (Talon Zephyr)
could be closed rapidly and did not snag the paper when zipped. This type
of zipper appeared to be well suited for our needs, but the zipper was not
manufactured in *6'e length or the separating type that was needed for the
coat.

Drawstrings: In the basic design, drawstrings were used at the
waist and tails of -he coat (see Figure 1-2) and at the wrist and ankles of the

pants (see Figure 1-3). The drawstrings were in tunnels and metal eyelets
were used as outlets for all the tunnels, except those at the tails of the coat
which were open at the ends.

Ila"
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The metal eyelets in the first garment made for this study pulled
out of the paper when the drawstring was drawn and tied, so attempts Wei, I

made to increase the strength of the paper at the points where metal eyel•
were used in the overgarment. Rhoplex B-15, an acrylic binder, was pait
on - areas before and after inserting eyelets, but this was not effecti%_
Reinforcing the paper with masking tape- was not beneficial nor was gluing !
thicknesses of the Kaycel to the garment at the points where the eyelets "v
inserted.

To eliminate the problem with the metal eyelets, the waist draw-
string of the coat was moved to the outside of the coat for use as a belt.
Belt loops made from paper were sealed to the waist of the coat. The
drawstring in the waist of the pants was replaced with elastic, and the
drawstring eyelets at the bottoms of the pants legs were eliminated by

leaving the tunnels open at both ends.

Coat sleeves: Set-in type sleeves were used in the basic design,
and there were darts at the elbow of each sleeve. The wrists of the sleev
contained elastic.

One modified coat was made with Raglan sleevei (bee Figure 1.-71)'1
instead of the set-in sleeves. This type of sleeve was investigated becaus
it had no seam at the shoulder, where the garment would be frequently
subjected to high stresses. However, it was found that the Raglan sleeve
removed fullness from the shoulder of the coat, restricting arm moveme
and, consequently, this sleeve did not appear desirable.

The results of field studies by U. S. Army Natick Laboratories of
paper garments with sewn set-in sleeves showed that the paper at the sean
was frequently pulled loose from the stitching. Since the glued seams had
strengths greater than that of the paper, no problem was anticipated with
set-in sleeves in the modified design. !

The modified two-piece overgarment met most of the general desi
characteristics for the protective overga:-ment, but it could not be donned
rapidly, and it was felt that automated fabrication of the garment would be
difficult..

NINE_
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. O._ne-Piece Protective Overgarment Design Studies at Southern Research13__stitute

A one-piece overgarment appeared to offer better possibilities for
quick donning and automated fabrication than a two-piece overgarment. Also,
a one-piece overgarment was expected to require less material, thus reducing
the cost and weight of the garment.

The one-piece overgarment shown in Figure 1-8 was made from
Kaycel 100 with glued seams. It had a Pullman closure on the inside of the
trouser legs that was similar to the Pullman closure used in the coat of the
modified two-piece overgarment. Pieces of heat-sealable paper tape
containing lightweight grippers were bonded to the sleeves at the wrists.
This tape could be drawn tightly around the wrist and snapped to make a
tight closure, but the tape broke easily and was not recommended for use
in the overgarment. The ankle closures were made with pressure-
sensitive polyethylene tape. The tape had a protective paper covering which
was only removed for a 2-inch length, and this portion of the tape was sealed
to the garment. The remainder of the protective covering was to be removed
from the tape after the garment was donned and sealed around the leg.

A combat-loaded soldier would have difficulty in donning the garment

as he would have to pull it over his head and load-carrying equipment. It
would also be extremely difficult for him to make the closure located en the
inner sides of the pants legs. The grippers used at the wrists were not
satisfactory, but they could be replaced with pressure-sensitive tape.
Pressure-sensitive tape at the wrists and the ankles of the protectiver over-
garment was preferred over grippers, elastic, or drawstrings. Strong,
tight closures could be made rapidly with tape, and the tape was easily
applied to the garment.

SOUTHERN RESFARCH INSTITUTE
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Another one-piece overgarment was made as shown in Figures 1-9

through 1-12. This garment was essentially a long coat with a tail that was

actually the front of the garment. The garment was made from Kaycel 100
mith searns glued with Splic-It. The garment had two Pullman closures at

the front. The design of the Pullman closures, which can best be seen in
Figure 1-12, was the same as that used in the overgarment previously
developed. The inner flaps of the Pullman closures were held together with
1 1 1 inch sections of Velcro tape, and the outer flaps were joined with

aluminum zippers. The inner flaps of the closures were on the tail portion
of the garment. Both the zipper and the Velcro tape were sealed to the paper
with Splic-It. The sleeves were the set-in type and the wrists and ankles
contained elastic.

This garment was put on like a coat (Figure 1-10) and the tail was

brought between the legs and fastened at the front with Velcro tape as shown
in Figure Il-. The closures were then made with the zippers to form the
front center and legs of the garment as shown in Figures 1-12 and 1-9.

The chief advantage of this overgarment was that it could be easily

and quickly donned. There was nothing for the soldier to put over his head
or for him to step into. There were only two closures to be made. The
chief disadvantage of the overgarment was the complicated design. Attempts
were made to replace the set-in sleeve of the overgarment with a modified
S leeve and these are discussed in the following section. Lightweight
adjustable straps were investigated as replacements for the elastic in the
wrists and ankles and reversal of the zippers was planned so they could
be started at the top while a man was standing.

Studies were initiated on a one-niece overgarment that was similar
to a pair of men's coveralls, except that At had bell-bottom legs to facilitate
donning; but the studies were terminated at an early stage of the work because
•imilar work was started by International Latex Corporation.

SOUTHERN RESEARCH INSTITUTE
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c. S leeve Studies

Attempts were made to improve the sleeve design of the over-

Sarxnent. A set-in sleeve gave the wearer complete arm mobility, but

the sleeve would be difficult to insert by semi-automated production

techfliques. The Raglan sleeve was simpler in design than the set-in

N Ieeve, but it was difficult to make it wrinkle-free with paper materials.

One type of sleeve studied was an integral part of the garment.

Half of the sleeve was part of the front portion of the garment,; the other
half was part of the back portion of the garment. This sleeve was formed

when the back and front portions of the garment were joined with a seam

from neck to wrist and from wrist towaist. 'T", sleeve had a bat-wing

appearance when extended horizontally.

Efforts were made to eliminate the excess fabric in the armpit

by stitching a V in the armpit area and then clipping up the center of the
V, but this only partially eliminated bunching of the fabric under the arm.
One bat-wing type sleeve was made with a gusset in the armpit. The
gusset eliminated some of the excess fabric under the arm, but it
complicated the design. Neither of the sleeves studied was believed
suitable for use in the overgarment.

A partial Raglan sleeve was made that was the Raglan type in

the back and the set-in type in the front. This sleeve eliminated the
fullness of the Raglan sleeve under the arm, and allowed more freedom
of motion than the Raglan sleeve. The front portion of this sleeve was
much easier to insert than a full set-in sleeve. The disadvantage of the
partial Raglan sleeve was that it required more cut-out time and excessive
seaming.

No further work was done on sleeve design because of the start
of design by International Latex Corporation.

SOUTHERN RESEARCH INSTITUTr j
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D. Seam Studies

Sewn seams of overgarments made from some papers do not with,
"stand simulated combat service, as shown by field evaluations made by th

U. S. Army Natick Laboratories. Therefore, studies were undertaken to
determine if glued seams or ultrasonic-bonded seams could be used.

1. Glued seams

Seventeen adhesives, which are described in Table 1-80, were
evaluated for making the seams for the overgarment. An area 1-inch
wide along the edge of one sheet of reinforced nylon-wood pulp paper was
coated with the adhesive. The edge of another sheet of like paper, which
was not coated, was placed over the adhesive-treated area of the first
"paper to make a 1-inch overlap seam. All of the 1-inch overlap seams,
except those prepared with Vultex 1-S-1009 and PR-153 which were
ineffective, had separation strengths greater than the strength of the paper.

One-inch flat open seams were prepared with some of the adhesive
The flat open seams were prepared as follows: 1-inch strips along the edge
"of two sheets of the paper were coated with the adhesive, and the adhesive-
coated area of one sheet of the paper was pressed on the adhesive-coated
"area of the second sheet of paper. The values for the peel strengths of thel'
seams are given in Table 1-80. EC-1729, N-159, Bostick 4034, and
Herculite CVV produced seams with high peel strength. Herculite CVV,
however, was found to have too short a tack time for use in garment
fabrication.

Overlap seams made with EC-1729, Bostick 4034, and N-159 were

evaluated for resistance to liquid HD, GB, and VX agents by the standard
drop and expulsion tests. As shown in Table 1-81, there was no significant
penetration of the seams by any of the agents.

SAs a result of the good (W resistance and strength of seams nade

with EC-1729, Bostik 4034, and N-159 these adhesives were considered
satisfactory for making the seams of the protecLive overgarment.

•.,.



-233-

0 0*

0 0

6.M

10 C- W a- v 0 W4 C m

C v41

J3 v

- 0.

- v -~~. 
3 .

to 0M 0 .0

4c W, 1 L. .3

q- rc

S.

0 c,

754

o4 - C
5. 2n >

SOT. R REEAC ISITT



-234-

010

0u 0

wo'

UC

CD CD
co a V

U006 0 -Ki F'
1-4 In g

0 U

oi~ u U

~-~j ~ ~'D
- ~ -~ to

-4



-235-

r. caled seams

Overlap seams were made on a nylon-wood pulp paper containing

Shoplex B-15 and FC-208 (Esperimental Paper 2-2-62) by means of an

ultrasonlic sealer. The resistances of the seams to liquid HD, GB, and
1% agents were determined by the standard drop and expulsion tests. The

data given in Table 1-81 show that the ultrasonic seams were penetrated

by all of the agents and therefore were not considered satisfýctory for use
m the overgarment.

E. plastics for Boots and Gloves

Plastic films were evaluated for use in protective gloves and

boot coverings because of their cheapness, good abrasion resistance,
and heat sealability.

Table 1-82 gives data on the CW resistance of plastics that were

considered to be the most resistant to HD, L, GA, GB, and VX agents,
as determined from the literature. Comments on the breaking and tearing :
strengths of each type of plastic are given in the table. It was concluded
that the polyamides, polyethylene, and Mylar were the best plastics for
use in making gloves and boot coverings since they had good CW resistance
and might be heat sealable to the overgarment.

I A pair of polyethylene boots supplied by the United States Army

Na~ck Laboratories was evaluated for resistance to liquid HD, GA, and
VX agents. Specimens cut from the sole and from the top of the boots (to
include a seam) were not penetrated by any of the agents in the standard
drop test, but there were slight indications of swelling by VX and HD
agents.

Samples of Mylar, polyethylene film, nylon film, and the poly-
ethylene boots were heat sealed to a piece of 50:50 nylon-wood pulp paper
reinforced with 100 denier nylon scrim and containing 25% Rhoplex B-15

Slids. A Vertrcd Thermal-Impulse-Sealer was used to make the seals.
I ata on the optimum setting required to make a good seal and on the peel
strengths of the best obtainable seals are given in Table 1-83.

SOUTHERN RESEARCH INGTITUTEr
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The 3-mil nylon, the 5-mil Mylar, and the 8. 4-mil polyethylene
from the boot all gave peel strengths of approximately 5 lb/in. width when ,

- I sealed to the nylon-wood pulp paper. On the basis of breaking and tearin
strengths, heat sealability, and resistance to CW agents, it was concluded

that nylon would be the best plastic for use in gloves and boot coverings.
Polyethylene would not have as good physical properties as nylon, but WOt4 il
have the advantage of lower cost. These studies were continued by U. S. ti
Army Natic:= Laboratories.

F. Design Studies by International Latex Corporation

International Latex Corporation of Dover, Delaware, was given a
subcontract (D-7933) to develop four designs for a protective overgarmerto
including gloves and boots. The designs were needed for fabrication of
overgarments to be field evaluated by the U. S. Army Natick Laboratories.

Designs incorporating all of the best features of various modificaft
were established for one-piece, pajama-type and two-piece, coverall type i
overgarments and for boots and gloves to be worn with the overgarments.
Overgarments were fabricated, according to the approved designs, from two

A experimental nylon scrim-reinforced nylon-wood pulp papers, 6-21-62GCD
and 6-21-62R. Gloves and boots were made from polyethylene and from
poty(vinyl chloride). The ovcrgarments, gloves, and boots itermzed from

* Table 1-84 were delivered to the U. S. Army Natick Laboratoriq for field
evaluat'ion.

* . The seams in the overgarments were sewn and then paitoed with aa
V adhesive. These seams had satisfactory CW resistance as deter'nined by

the Chemical Corps. The modified Pullman closure used in the one-piece.
overgarment was also satisfactory for CW resistance.

Field studies of the overgarments indicated that the one-piece
design was more desirable.

The design work done by International Latex Corporation is

:* described in their progress reports dated June 12, July 12, September 24,

,X September 25, and October 12, 1962, and in their final report dated
December 12, 1962. Copies of these reports were sent to the Project
Officer at U. S. Army Natick Laboratories.
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PART II. DEVELOPMENT OF MATERIALS FOR AN OVERGARMENT
PROVIDING PROTECTION AGAINST LIQUID,

VAPOR, AND AEROSOL

I. INTRODUCTION

Part I of this report describes the development of an overgarment
intended to be serviceable and to provide protection against liquid CW agents
for a minimum of six hours. Part II describes work aimed at the develop-
mnent of materials for an overgarment intended to be sufficiently durable for
wear for three to twenty-one days and to provide protection against CW
agents for a minimum of six hours during this period. Initially, it was
required that the more durable overgarment protect against GB, VX, and

* HD in liquid, vapor, and aerosol forms. Later, the requirement for pro-
tection against aerosols was dropped; and, with this change, the directionI
of the experimental work also changed. Therefore, the development of
materials for an overgarment protecting against liquids and vapors only is

* described separately in Part HT.

Most of the work to be described in Part II was based on the concept
of a three-layer garment. The outer layer was intended to provide resist-
ance to penetration by liquid agents and most of the resistance to wear.
The middle layer was intended to entrap aerosol droplets. The inner layer
was intended to prevent the penetration of vapor by chemically converting
agent vapor to a non-toxic form with a ;eactive impregnant. The three
layers were to be fastened together by stitching or by adhesives. Some
work was also done on one-layer and two-layer systems combining the
protective functions of the three separate layers.

AMH
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II. SUMMARY

Evaluation of several materials for the outer layer of a three-laye.
overgarment intended to provide protection against CW agents in liquid,

2
aerosol, and vapor form, indicated that a 5. 5-oz/yd nylon-cotton oxford •
fabric proved best. This fabric, when treated with Quarpel, provided
adequate resistance to penetration by liquid CW agents. Its physical prope
ties indicated that it would be sufficiently durable for three day's wear. 4

For the middle layer, which would function primarily as an aerosol,

filter, a 1-oz/yd2 paper made of Dacron and glass fibers was satisfactory.
Liner E-18, a U. S. Army material composed of glass, viscose, and
Vinyon fibers, was also satisfactory; but it had a greater weight, 3. 7 oz/yd.

For the vapor-absorbing inner layer, a 1. 9-oz/yd2 rayon (Narcon)
nonwoven fabric treated with S-330 and Hycar 4501 appeared to be the most
suitable. A treated 1. 8-oz/yd2 Fortisan fabric was also suitable, except
for low air permeability, but this was partially compensated for by its high
moisture-vapor permeability.

Of several combinations investigated as systems for a two-layer
garment, a composite of the 5. 5-oz/yd oxford cloth and the treated Fortisa
fabric offered the best protection. However, the air permeability of the
composite was low.

14 A theoretical study of the effects of fiber diameter, mat thickness,
S~and bulk density on aerosol filtration efficiency indicated that a single fabri•

layer, suitably treated, might be useful as a protective garment. To sub-
stantiate this hypothesis, it was determined by experiment that the aerosol
retention of certain paper filters was not appreciably affected by increased
binder content, and that air permeability was only slightly decreased.

kI
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""I. EVALUATION OF MATERIALS FOR THREE-LAYER
OVERGARMENTS

A. outer Layer

Materials to be evaluated for the outer layer were chosen primarily

on the basis of their probable wear-resistance, weight, and air permea-
bility. These materials werc treated with FC-208 or Quarpel to make them

non-wettable by liquid agents. Both woven and nonwoven materials were

Included.

Nylon parachute fabric. Lightweight woven fabrics are generally
not resistant to penetration by liquid agents, even when treated with FC-208,
because of the open-weave construction. For example, five out of six drops

of VX penetrated a 1. 1-oz/yd2 nylon parachute fabric containing 4% of

FC- 2 0 8 solids. To reduce the size of the open spaces, the nylon fabric was
t 1eated in a press at 230°C and 1500 psi with Teflon sheeting between the
fabric and the press platens. This treatment reduced the air permeability
from 88 ft 3/min/ft 2 to about 40 ft 3 /min/ft 2. FC-208 was applied to some
samples before hot-pressing and to others after hot-pressing. Although
the hot-pressed fabric acquired increased resistance to penetration by
liquid VX, it was still inadequate for protection.

Nylon oxford cloth. A nylon oxford cloth (3. 0 oz/yd2 ), padded with
FC-208 to apply 4% solids and cured for 6 minutes at 150 0 C, was resistant
to penetration by VX in the standard drop test, but not in the expulsion test.
Hot pressing the treated fabric at 20,000 psi and at 150°C and 230°C did
not improve its performance in the expulsion test.

Fortisan fabric. A 1. 8-oz/yd2 Fortisan fabric having a rip-stop
weave was treated and hot-pressed in the same manner as the nylon fabrics
but was not resistant to penetration by VX.

2
Nylon-cotton fabric. A 5. 5-oz/yd Quarpel-treated oxford fabric

with cotton warp and nylon filling supplied by the U. S. Army Natick
Laboratories was not penetrated by GB, VX, 1ID, or, bis(2-ethylhexyl)
hydrogen phosphite in the standard drop test, but it was penetrated by all
three agents in the expulsion test.

SOUTHERN RESEARCH INSTITUTE
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Experimental paper 6-21-62R. This material, a nylon-reinforced
50:50 nylon-wood pulp paper impregnated with Rhoplex HA-12 and over-
treated with FC-208, was not penetrated by any of the agents in either the
drop test or the expulsion test.

Nonwoven rayon and nylon fabrics. The two fabrics made by the
J. P. Stevens Company [10-30-62R (rayon), and 10-30-62N (nylon), Part I,F Section III] were intended for use in an expendable garment, but were also
considered for the outer layer of a durable garment. These materials had
good resistance to penetration by GB, VX, and HD and also had good
physical properties.

B. Middle Layer

The primary requirement for the middle layer of a three-layer
garment was that it should be an efficient filter for liquid aerosol particles.
This layer was to provide protection against aerosol particles averaging
2. 5 microns in diameter for a minimum of 6 hours. The protection was
required at a pressure differential of 0. 1 in. of water. Secondary factors
included weight, thickness, and air permeability. Strength was of minor .
importance. The experimental work included evaluation of nonwoven
fabrics, battings (unbonded nonwoven webs), and papers for aerosol

•:• retention and certain other physical properties. Related work on aerosol
filtration is described in Section IV in connection with studies on a one-

layer system for protection against liquids, vapors, and aerosols.

Table 1I-1 gives the fiber compositions, weights, thicknesses, air
permeabilities, and aerosol retentions of several materials. Some of the
materials were so porous that two layers were used to determine the
aerosol retention values. In such instances, two layers were also used in
the determination of air permeabilities. Comments on those materials
having more than 809/o aerosol retention follow.

The glass-fiber paper, Type 1106-13, was eliminated from con-
sideration because of its brittleness. The Type 5 paper and the handsheet
made from Type 6 paper were retentive but were heavier than some of
the other mixed-fiber materials made with glass fibers instead of asbestos.

A
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Table 11-1. Physical Prope,'ties of Materials Evaluated for Middle Layer

Air ermeability. Aerosol

Tt of Fiber Weight. Thickness, fImin Itt. retention,
""i composition ot ._ in. 0. 5 in. water _ 6

50% nylon 1.9 0.014 205" 7
S50% Narcon

32% nylonb 3.5 0.006 12 40(
olkmWoven 32% Narcon

50% nylon 2.4 3. 020 235a 12
a50% Narcon

32% nylonb 3.8 0. 00e is 40
V.tIwOVen 32% Narcon

IOU% Narcon 1.9 0.017 225a 13

100% viscose 3.0 0.032 370s 19
pats

$ 1';% acetate 2.7 0.025 430s 2
last

ivonwoven. unknown 2.2 0.013 175' 40

FItlun 970-W

Ponwoven. unknown 1.5 0.010 210a 23

"tellion 900-mat

npr. 93% glassc 1.6 0.013 3 89
S1106-9

paper asbestos, hemp. 4.0 0.023 30 91
yP d5 viscose, cotton

"paper, made. asbestos, hemp. 3.4 0.014 4 98

from Type 6 cotton, esp.dto

Batt 100% Dacron 2.5 0.015 370s 18

Utncr E-16e 15% glass 3A 3.7 -- 18 99
42.5% viscose
42. 5% vinyon

E.lS-301 30% glass 3A 2.0 -- 16 99
35% viscose
35% vinyon

t-16-335f 35% glass 3A 1,0 -- 31 95

32.5% viscose
32. 5% vinyon

57-SYN-3.5 f 30% glass 3A 2.76 -- 99
25% Dacron tibrid
10% Dacron
35% Dacron D-90

$7-SYN-8 f same as 57-SYN-3.5 1.82 -- 18 98

57-SYN-12 f same as 57-SYN-3.5 1.66 -- 13 99

57-SYN-I-40f same as 57-SYN-3.5 0.98 -- 20 B6

57-SYN-1-44( same as 57-SYN-3.5 0.93 -2 05 87

58-S'YN-10! 355 glass 3A 1.87 -- 10 97

25% Dacron tibrid
40% Dacron

58-SYN-33 f stme as 58-SYN-10 0.99 -- 22 93

Two layers.
b 36% Rhoplex B-15 binder.

e 7% binder.

d MIL-P-1375A. 30 November 1955. .
SEdgewood Arsenal.

f Hundsheets obtained from Hollingsworth and Vose Company.
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Liner E-18 was a special U. S. Army paper with outstanding aero.4

filtration properties, but its weight of 3. 7 oz/yd2 was greater than desirab
for use in a multi-layer garment.

Samples E-18-30 and E-18-35 were similar papers, and were

supplied by Hollingsworth and Vose Company as handsheets. They con-

tained a higher percentage of glass fiber and were lighter in weight than
Liner E-18. Although weight was reduced substantially (3.7 to 1.0 oz/ydl)
and air permeability was almost doubled (18 to 31 ft3 /min/ft2 ) by increasix
the percentage of glass fiber from 15% to 35%, the aerosol retention was
only slightly affected (reduced from 98% to 95%). However, the breaking
strengths and tearing strengths of these glass-viscose-vinyon papers were
lower than those of the papers containing glass, Dacron, and Dacron

fibrids, which were also supplied by Hollingsworth and Vose as hand-

sheets. These properties are tabulated in Table 11-2.

The data indicate that a paper containing glass fibers, Dacron

fibers, and Dacron fibrids (for example, 58-SYN-33) should have accept- .

able weight (1. 0 oz/yd2 ), air permeability (22 ft /min/ft 2 ), and aerosol .i

retention (93%) for use as the middle layer.

~J

C. Inner Layer

The function of the inner layer was to prevent the passage of agent I
vapor. To accomplish this objective, a woven Fortisan fabric and a rayon

nonwoven web were treated with a combination of S-330 and Hycar 4501.

The S-330 treating bath was prepared according to directions furnished by

Edgewood Arsenal. The Fortisan fabric, of rip-stop construction and

weighing 1.8 oz/yd was supplied by the U. S. Army Natick Laboratories.
The nonwoven rayon fabric was a 1. 9-oz/yd Narcon web. The evaluation "

of these materials consisted of determining whether the recommended
amount (0. 7 oz/yd2 ) of the S-330 Hycar 4501 combination could be applied

to the fabrics without too great a loss of air permeability.

Attempts to apply 0. 7 oz/yd2 of S-330 solids to the Fortisan fabric

by padding were unsuccessful. However, it was possible to apply that

amount by spraying one side of the fabric with the S-330 treating bath.

After the sprayed fabric was dried and cured for 10 minutes at 150 0 C. it

had a glazed surface and an air permeability of less than 1 fts/min/ft .

.. Li1....
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Table 11-2. Strength of Papers Evaluated for Middle Layer

a Breaking strength, Elmendorf tear,
paper lb / in. g

Liner E-18 1.2b 4 1 c

E-18- 3 0 1.3 32

E-18- 3 5  . 0. 4 16

57-SYN-3.5 7.5 640

57-SYN-8 4.4 192

57-SYN-12 3.9 272

57-SYN-1-40 2.6 d

57-SYN-1-44 2.6 d

58-SYN-10 3.5 d

58-SYN-33 1.9 d

a The fiber composition is given in Table I1-1.

b Average of cross (0.92 lb/in.) and machine (1. 57 lb/in.) direction
values. The other papers have no machine direction.

C Average of cross (51 g) and machine (31 g) direction values.

d Insufficient sample available.

8OUTHERN RESEARCH INSTITUTE
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2I4-.•• Another sample of the fabric sprayed to apply 0. 24 oz/yd2 had an air perri
bility of 8 ft3 /min/ft 2. A sample of the same Fortisan fabric treated with, .
S-330 by the U. S. Army Natick Laboratories had an average air permeaj
bility of 9 ft/min/ft and an average total solids add-on of 0. 30 oz/yd
(determined by weighing treated and untreated samples that were condition
prior to weighing).

Several experiments were conducted to determine the effect of the
method of treatment and the amount of solids on the air permeabilities of
the Fortisan and the nonwoven rayon fabrics. Some samples were spraye4
with the S-330 bath and slack dried at 150*C; others were placed on tenter!
frames prior to spraying and were kept on the frames while they were
dried at 150°C (one sample was dried at 95°C). The results are shown ini
Table H1-3. The air permeability of the Fortisan fabric was greatly
decreased by a solids add-on of 0. 51/o or more, while the desired amount
(0. 65 oz/yd2 ) was applied to the rayon nonwoven without a great reduction
of its air permeability.

:NOW

I.I'I4•.
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Table 11-3. Effect of S-330 Treatment on the Air Permeability
of Fabrics

Tension Cure Solids Air •ermeability,

during temperature, add-on, ft / min/ ft2 '

tr ent *C /0 0. 5 in. water

A. 1. 8 oz/yd2 Fortisan

None 50

Slack 150 0.70 < 1

Slack 150 0.24 8

Framed 150 0.51 1

Framed 150 0.23 44

Framed 95 0.35 40

2
3. 1.9 oz/yd rayon (Narcon) nonwoven fabric

None 455

Slack 150 0.14 400

Slack 150 0. 65 360

SOUTHERN RESEARCH INSTITUTE
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IV. EVALUATION OF MATERIALS FOR A TWO-LAYER
OVERGARMENT

Several two-layer systems were investigated with respect to their
resistance to penetration by liquid agents, their air permeability, and their
aerosol retention. In a two-layer system, the outer layer was expected to
provide the primary resistance to penetration by liquids and to wear; the
inner layer was expected to retard the passage of vapor. Both layers were'
expected to contribute to the retention of aerosols. The outer-layer
materials studied were (see Section III-A):

Nylon-cotton fabric - cotton warp and nylon filling oxford,
treated with Quarpel, and weighing 5. 5 oz/yd2

Experimental Paper 6-21-62R - nylon-reinforced 50:50
nylon-wood pulp paper impregnated with Rhoplex HA-12
and overtreated with FC-208

A :The inner-layer materials were (see Section III-C):

Fortisan fabric - weighing 1. 8 oz/yd2 o with an add-on of
0. 7 oz/yd2 of S-330 and Hycar 4501 solids

2{
Fortisan fabric - weighing 1. 8 oz/yd2 ° with an add-on of

22
0. 24 oz/yd2 of S-330 and Hycar 4501 solids Lk

Table 11-4 gives data for each material individually and also for
two-layer composites of: (1) the oxford cloth and the Fortisan fabric with
0. 7 oz/yd of S-330; (2) the oxford cloth and the Fortisan fabric with
0. 24 oz/yd of S-330; and (3) the Experimental Paper 6-21-62R and the
Fortisan fabric with 0. 24 oz/yd of S-330. The oxford cloth and the
Experimental Paper 6-21-62R served as the top layer in the drop and
expulsion tests with liquid agents. None of the three two-layer composites
was penetrated by the liquid agents. The air perm.ebility of the oxford
cloth and of the composites containing it was less than 1 fts/min/ft , and
the aerosol retention of these materials was relatively good. The paper-
Fortisan corrposit'e had higher air permeability, but its aerosol retenltion !
,- was only 24%.

L ___
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V. ONE-LAYER SYSTEM

Before the requirement for aerosol retention was dropped, sorme.
consideration was given to properties necessary in a single layer of matc
that would .rotect against liquid, vapor, and particulate agents. It was
visualize, iat a nonwoven fabric could be sprayed on one side with FC-2
to give resistance to liquid agents, and on the other side with a mixture o

C,•: S-330 and Hycar 4501 to give resistance to the passage of gases. Becaus
it was anticipated that resistance to penetration by aerosols would be con
trolled by the structure of the fabric, a theoretical study was made on the
effects of the important filter parameters (fiber diameter, filter thicknes,

: and bulk density) of nonwovens on filtration efficiency. Some experimenta
work was done on the effects of added binders in nonwoven fabrics on

ý7 filtration efficiency. However, no single-layer material was evaluated
experimentally for its resistance to penetration by agents in all three
physical forms.

S} A. Effects of Filter Parameters on Aerosol Filtration Efficiency

Initially, it was thought that there were empirical equations that
would allow the quantitative prediction of filtration efficiency from the
measured parameters of the filtration system. However, a few calculatior,

" with these equations, with data obtained from the literature on a filter whoi
filtration efficiency had been experimentally determined, quickly showed
poor correlation between the calculated values of filtration efficiency (aboul
8%) and the experimentally determined values (about 32%). Therefore, the
discussion to follow should be viewed as shedding insight only on the quali-,
tative effect of filter parameters - even though the disci'ssion is couched .
in quantitative terms.

The equations used for the calculations were those of Blasewitz
and Judson.1 Their equations were developed for performance in filtering
0. 5-micron particles. Since we were interested in particles having an

1. A. G. Blasewitz and 1. F. Judson, Chem. Engr. Progress 51, No. 1,
page 6-J (January, 1955).

lli II II'g •"i'1Ini-0 7•
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average diameter of 2.5 to 3. 0 microns, the efficiencies calculated by the
1lasewitz equations were altered to account for the difference in particle
size according to the charts of Stern, Zeller, and Schekman.2

j. Fiber diameter

The Blasewitz equations were used to calculate filtration efficiencies.
The filter assumed for the calculations had the following characteristics:

:k-'

le Thickness - 0. 004 in.

I Weight per square yard - 3oz (62.5 lb/ft3 )

Fiber diameter - varied

The calculated efficiencies for 0. 5-micron particles are plotted as
"the dotted line in Figure Il-1. Efficiencies for 2. 5-micron particles as
cstimated from the Stern-Zeller charts are shown as the solid lines, Note
that if the diameter of the fibers exceeds about 1. 5 microns, the filtration
efficiency decreases rapidly.

toft 2. Mat thickness

)ut The filter assumed for these calculations had the followinj' charac-
) ,oteristics:
I 4 t

Weight per square yard - 3 oz

Fiber diameter - 1. 3 microns

Thickness - varied

2. S. C. Stern, H. W. ZeAler, and A. I. Schekman, J. Colloid Sci. 15,
546 (1960).

.i:I iSOUTHERN RESEARCH INSTITUTE
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Calculations based on the variation in thickness with a constant

•eight of 3 oz/yd2 indicated that the filtration efficiency was a minimum

a thickness of about 0. 03 in. As the thickness increased, the bulk

Insity decreased, which made the filter more porous and less efficient.

,fowever, the increase in thickness (i. e. the number of layers of fibers)

.c-ded to make the filter more efficient, and, at thicknesses greater than

0.03 in., the increase in efficiency because of increased thickness more

ittan offset the decrease in efficiency because of decreased bulk density.

Tne minimum efficiency was calculated to be 99% at 0.03 in.

3 lBulk density

The filter assumed for these calculations had the following

properties:

Fiber diameter - 1.3 microns

Thickness - 0.004 in.

Weight per square yard - varied

The variation in filtration efficiency with bulk density is shown in
Figure 11-2, with the bulk density expressed as weight per square yard for
a 0. 004 in. thickness of mat. In Figure 11-2, it can be seen that at
2 oz/yd , the filtration efficiency is 99. 9%, and even at 1 oz/yd , the
efficiency is 90.5%, when 1.3 micron glass fibers are used.

4. Discussion

If it is assumed that a 1. 5-oz/yd filter mat is used as the filtering
medium, a three-layer construction might be developed in which the total
weight of the treated outer and inner layers could be 2. 5 oz/yd2. Alter-
natively, a nonwuven construction might be used in which 1. 5 oz/yd2 of
1. 3 -micron glass fibers are interspersed with larger fibers to add
strength, if the treatments used r, bind the nonwoven material or '--) effect
vapor and liquid impenetrability do not adversely affect the filtra , -
performance.

SOUTHERN Rt'$EARCk' INSTITUTE
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Figure 11-2. Effect of Bulk Density on Filtration Efficiency.4
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13. Effects of Binders on Aerosc- Filtration Efficiency

As is shown in the discuss on above, micro-diameter fibers are
necessary in a nonwoven fabric c-- Daper to provide acceptable aerosol

neesa ry ben use in aeoo fitr fstesaldaee ie. aretention. Retentive filters usuaý_, contain a mixture of micro-diameter

fibers and other fibers of paper--aking quality. Both glass and asbestos
have been used in aerosol filters as the small-diameter fiber. It was

thought possible that the effective diameters of the micro-fibers might be

increased by the binders that are necessary to provide the strength needed

in a paper or nonwoven fabric for garment applications. Therefore,

several experiments were made :o determine the effects of binders on the

retentivity of a filter material.

Samples of the material designated as Liner E-18 (Section III-B)

were treated with Rhoplex B-15 and vwth a S-330-Hycar 4501 combination.

Attempts to apply the treatments by padding were unsuccessful; therefore,

they were applied by spraying the Rhoplex B-15 on one side and the S-330-

Hycar 4501 on the other. Table :1-5 shows that the amounts of solids

added in these experiments did no: appreciably affect the aerosol retention

and only slightly decreased the aLr permeability. These results substan-

tiate the hypothesis that a nonwoven fabric or paper having resistance to

liquid, aerosol, and vapor CW agents can be developed.

ItZ
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Table 11-5. Effects of Binders on the Air Permeability
and Aerosol Retention of Liner E-18

Solids Air permeability, Aerosol
Sam ple add-on, ftlmin/ft2, retention.

treatment 0lo 0. 5 in. water ...

None 0 18 98

Rhoplex B-15 25 16 96

Rhoplex B-15 50 10 98

S-330 and
Hycar 4501 1 9 a 16 95

.a 7 oz/yd.

i:

IC -.

L),.



PART III. DEVELOPMENT OF MATERIALS FOR AN OVERGARMENT
PROVIDING PROTECTION AGAINST

LIQUID AND VAPOR

V

Sol •I. INTRODUCTION

Part II of this report describes the development of materials for an
overgarment intended to be durable enough for wear for three to twenty-one
days and to provide protection against CW agents in liquid, vapor, and
aerosol forms for a minimum of six hours during this period. During the
course of this work, the requirement for protection against aerosols was
dropped. Therefore the work that is described in Part III was concerned
only with materials to provide liquid and vapor protection. Much of the

.•. J data in Parts I and 11 of this report was used in the work described in Part

In.

Materials for two types of overgarments were studied. Materials
were investigated for use in a garment in which a single layer of fabric was

treated with repellent to prevent the passage of liquids and also with a
reactive compound to prevent the passage of vapors. Other studies were
concerned with a two-layer material in which the outer layer was treated
with a repellent and the inner layer with a reactive or adsorptive compound.
Properties of each of the two layers were determined, and properties of
composites of the two layers were also determined.

I

' R
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II. SUMMARY

On the basis of data on air permeability, resistance to penetration
by liquid VX, and resistance to penetration by HD vapor, it was concluded '!

that one-layer systems were less satisfactory than two-layer systems for
protection against CW agents in liquid and vapor forms. This conclusion ,
was reached after studying 33 fabrics, mostly cottons, each with two or
"more different treatments consisting of FC-208 or Quarpel for repellency •
and S-330 plus Hycar 4501 or Hycar 2671 for resistance to penetration by
vapor.

Forty-one fabrics, mostly cotton, were treated with Zepel B or

FC-208 and evaluated for use as outer layers of two-layer systems. Treated
fabrics having a cover factor greater than 40 or a density greater than
0.35 oz/ in were not penetrated by liquid VX. Resistance to penetration by
liquid VX in the expulsion test increased with increasing fabric thickness,
but the relationship was not linear. Resistance to liquid VX also increased
with dccreasing air permeability of the fabric. Double layers of the treated

fabrics were completely resistant to penetration by liquid VX.

In the expulsion test with VX, fabrics treated with Zepel B were
superior to those treated with FC-208. Fabrics treated with Zepel B were
also more resistant to weathering.

Mercerization of cotton fabrics before treatment with FC-208
improved their resistance to penetration by liquid VX. A significant
improvement was obtained when the mercerized fabric was dried under

fl controlled tension to produce 5% shrinkage. Mercerization resulted in
an increase in weight of the treated fabric and a reduction of about 501/0 in
the air permeability.

A pressure-sensitive, fiber-reinforced plastic tape (3M No. 880)
had adequate adhesive strength and resistance to penetration by liquid VX,
and appeared to be suitable for the repair of the torn outer-layer fabrics.

2
For the inner layer of two-layer systems, a 1. 8-oz/yd Fortisan

fabric, treated with S-330 and Hycar 2671, had some desirable charac-
teristics, but its air permeability and water-vapor transmission rate were
low. Varying the method of application of the S-330 and the Hycar 2671 did
not yield sufficient improvement in these properties.Al.
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Rayon nonwoven fabrics for the inner layer had lower strengths and
higher air permeabilities than woven fabrics. Rayon nonwoven fabrics A
treated separately with S-330 and Hycar 2671 were more resistant to pene-
tration by HD vapor than the same fabrics treated with a single-bath mixture
of S-330 and Hycar 2671. Hycar 2671 and Hycar 4501 were the best of
several binders evaluated with S-330 for protection against HD vapor. A
rayon nonwoven fabric treated with a mixture of carbon and Hycar 2671 had

[. excellent resistance to penetration by HD vapor.

Thirty-six two-layer systems having an outer layer of a 6. 5-oz/yd2

mercerized cotton fabric treated with Zepel B and various materials as
inner layers were evaluated. The weights of these two-layer systems
ranged from 8. 6 oz/yd2 to 13.3 oz/yd2 . The air permeabilities of the two-
layer systems with a treated-Fortisan-fabric inner layer ranged from 0.5
to 3 ft3/min/ft 2 ; with a rayon-nonwoven-fabric inner layer the range was
13 to 17 ft3 /min/ft 2 ; and with a polyurethane foam/nylon fabric laminate
inner layer it was 14 to 17.5 ft /min/ft2 . All of the two-layer systems
were considered to have satisfactory resistance to penetration by liquid VX.
Satisfactory i-esistance to penetration by HID vapor (<5/o penetration) was
'-itained with systems havin2g Fortisan- or rayon-nonwoven-fabric inner

continig 1 0 o/ydof arbn. Wth n S330treaed nne 'Lyer, only

the systems with a foam/fabric laminate gave satisfactory resistance to
lHD vapor; systems with Hycar 4501 as a binder for the S-330 in the inner
layer had better resistance than systems without a binder. With a CC-2
treated inner layer, a rayon nonwoven fabric and a foam/fabric laminate
had satisfactory resistance to penetration by HD vapor; the use of Hycar
4501 with CC-2 decreased the resistance of the systems with foam/fabric
inner layers, increased that of systems with a Fortisan inner layer from
an unsatisfactory level to a satisfactory level, and had no apparent effect
in systems with a rayon nonwoven fabric. The resistance of most of the
two-layer systems to penetration by vapor from a drop of liiid HD was
only slightly better than or not significantly different from the resistance
of the outer layer alone. Systems with inner layers containing carbon
and Hycar 4501 gave better protection against the vpoors from drops of
liquid VX or liquid GB than did systems with other inner-layer treatments.

SOUTHERN RESEARCH INSTITUTE
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Accelerated aging at 80 0 C and 1001/0 relative humidity caused severe

degradation in two-layer systems with S-330 in the inner layer. A foam/

fabric inner-layer system with carbon/Hycar 4501 treatment and rayon-

I...nonwoven-fabric inner-layer system with CC-2/Hycar 4501 treatment were

significantly less resistant to HD vapor after aging. The HD-vapor resist-

,< ance of several other two-layer systems was not affected.

Exposure to body perspiration did not affect the resistance to HD

vapor penetration of a rayon nonwoven fabric treated with carbon and Hycar

4501 or of a polyurethane foam/nylon fabric laminate treated similarly.

A comparison of several binders for use in a rayon-nonwoven-fabric I
inner layer treated with carbon indicated that little difference existed with

respect to physical properties or to resistance to penetration by HD vapor.

However, fabrics treated with Hycar 2600Xd3 were somewhat less stiff

than fabrics treated with Hy-ar 4501, Rhoplex HA-8, or Rhoplex B-15 and,

therefore, Hycar 2600X83 was used in subsequent plant production of

materials.

On the basis of the laboratory evaluations, it was concluded that a

rayon nonwoven fabric and a polyurethane foam/nylon fabric laminate, each

treated with a carbon-latex mixture, offered the best possibilities for the

inner layer of a two-layer system. Therefore, plant production of

materials of these types was undertaken and substantial quantities were

K I supplied to U. S. Army Natick Laboratories for further evaluation.

s o ute vlain
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III. EVALUATION OF ONE-LAYER MATERIALS

re

The fabrics evaluated for use as single layers were woven fabrics of
various weights, weaves, and constructions. Most of them were cottons,

re chosen partly because of cost considerations. Detailed descriptions of
S t- these fabrics are given in the Appendix.

The repellent materials used were FC-208 and Quarpel. TheL Quarpel-treated fabrics were supplied by the U. S. Army Natick Labora-i ar i
a.- tories. The FC-208 was applied by padding or by spraying. Mixtures of

4. S-330 and either Hycar 4501 or Hycar 2671 and a mixture of activated
* • carbon and natural rubber latex were used to provide vapor protection.

[ oThe S-330/Hycar mixtures were usually applied by spraying, and the
carbon/natural rubber mixture was applied by brushing. The amounts of
these mixtures applied and the procedures for preparation of the treating
baths were those recommended by the U. S. Army Chemical Research and
Development Laborat ýries.

Table III-1 lists the types of fabrics, the types of treatments, the
weights of the treated fabrics, the air permeabilities of the treated fabrics,

- ch and the resistances to penetration by liquid agents as shown by drlop tests
and expulsion tests; and Table 111-2 gives the resistances to penetration by
HD vapor of 22 of the treated fabrics. In the columns headed "Fabric-
treatment No. ," the first digit identifies the fabric and the second digit
identifies the treatment given to that fabric.r It was concluded from these studies that one-layer systems were
not as promising for use in overgarments to provide protection against
liquid and gaseous CW agents as multi-layer systems.

SOUTHERN RESEARCH INSTITUTE j
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Table 111-1. Tresinient and EvAhlatlinI tof Maleriia1 for t)oeftayer Systems

Fabric- Weilphl of Air pernoiexllty. P'entra tton bY liquid i*ON8
5 b

rem ment Wet ht. treated sb'rir, ru/,lnl"t •---i". 'r test

No. Fbri OT T aitoefli (7.Kh. solid"sqirdeu) oiy/c'? _2J',j wiii. wae? -? t

- Nytoo-cotton oxford 5.0 467. n Qnr'pel; 0. 19 TI Yd" .-3 1 -<- oil
S-33011tyrar 4501 sprayed
on one aide

1-3 Nylom-rottn oxford 5.0 4-67. QaRroel; 0.42 oalyd, 516 <1 0/O

S-330/Ityrar 4501 sprayed

on one aide

1-4 Nylon-cotton oxford 5.0 4-67, Quarpel; 0. 42 owlyd' 5.6 <" 1 -- 0/

S-3301HyC•r 4501 sprnyed

tin one aideL

1-5 Nylon-Cotton oxford 5'0 0.7 n/lyd' S-330/Hycsr 4501 5.8 < I oil

sprayed on one aide first, 4%

FC-208 sprayed on other aide

1. Nylon-cotton nxiord 510 476 FC-208 stpryed on ne side 5.5 <1

1i ofirat; 0.7 o e/yd
5 

S-350/Hycar

4501 sprayed on other aide

1-7 Nylon-cotton oxford 5.0 4% FC-2f1 pndded; 0,7 oa/yd' 6,6 <! 5/g Ole O le its
.S-330/Hycsr 4501 sprayed

1-6 Nylon-cotton oxford 5,0 4% FC- 208 padded; 1. 4 orlyd ' 7.3 0/6 0/0 0/6 0/l ell

carbon/natnrIl rubber mixture
bruslhed

2-I Nylon oxford 4.4 4-"%. Quarpel; 0, 7 oxlydt 5,s C - 0<j

S.330/1Hyrar 
4501 asprayed

2-2 Nylon oxford 4.4 4% EUC-208 pndded; 0.7 oalyd' 56. < 1 , 01S t

S-330/ttyear 4501 sprayed 1
3.-1 Textured nylon 4.6 416 FC-20 poidded; 0.7 olyd" 5.5 $ i-s .

.-33011/tyar 4501 sprayed 1 V

ATr y4.6 4% .C-20. sprayed on one aide; 6.0 -3 , -2 Textured nxylon 6 4
O. 7 oxlyd" S-330/ Hyc.,, 4501 U

aprayed on other sine 
/7

4-1 Cottlc chintz 3.2 4% C-l208 padded; 0,7 oilyd' 1 4.5 7 -- I *l

; S - 3 3 0 1 H y ~ ar 4 50 1 s p r a y d

5-1 Cotton lawn 3.1 4% E-C-2it sprayed on one side; 4.4 5 -ll - 1SS

0.7 o7/yd" .,-/330/Iycnr 4501

,crxvryed on other .-idL

5-2 Cotton lswn 3.1 0, rU-IMllS added; 0.7 oalyu 456 - . I"~1. s.3301Hyc -r 4501 spr ayed .

5-3 Cotton lawn 3. 1 8%. IF--208 iadded; 0. 7 olyd'c 4.7 3 -11-7/

S-"IO/Hyvnr 4501 sprayed

6-1 Cotton print clota 3.2 41. C-20 apt ayed on one aide; - 49 -
0. 7• oxlyd' S-330/lltyrnr 4501

sprayed on other sitde

6-2 Cotton print cloth 3,3 40 FU-208 padded; 0.7 oxlyd" 5.0 13 - 1/

S-330/HNyrnr 45021 srsyed

6-3 Cotton print cloth 3.3 8% FC-2S38 sprsyed on one side; 49 IVI 1

0, 7 otlydp 5-330/tear 4501

,prayed on other side

6-4 Cottoi print cloth 3.3 1'% rC-208 padded; 0.7 oxl/py 4,9 13 -111/

5-330/11ycs, 4501 sprayed

7-1 Cotton sateen 6.0 4r, F('.-lOS sprll-ed on one side; 10.3 12 - - - 1

0. 7 os./vdI s-330/ityc'r 4501

&prayed 0n other side

7-4 Cotton sateen 8% FU-20f apr-ved -,1 one aide; 20.71 6 O- /

0.7 o, lyd S-3DOOtvcar 4501

spratvc
4 

on oith•r ide C ¶

aAa
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Table 1U-1 (rantinued), Trretmaent and rvsuiution of Mstortala for (On-Layer flysitms

Weight of Air r..enibiltty. Pe.n.tration by liquid x.1ntv _

brc Weight, treated fabric, 0/min/fte Wroeteat puont.s

Fabric wtlyd' Tr..t,.eut • o .lds %pplied) . o, .. .. oll l.. yXt.r . V--- 
1

n V-x 09 --

Cotton poplin 205 4. 6' -08 apried - ne 7.0 < I Ve
0idol 0.7 ol/yd" S 330/fycar

- 4501 sprayed on other side

6.3 Cotton puplil 6,5 4% TIC-Z00 podded; 0.7 owlyd' 1,3 2 1I1 06l 0/1 0/1
s-IS-330/ltycsr 4301 sprayed

! 0., Cotton Popldin 15.5 4% FC-206 padded; 1,4 oxlyd' 9,2 < I Its Ole 0 10 M M 1i
o4. carbon/oxh,rtl rubber mixture"brushed

rio-1 .is cotton 3.0 4% FC-208 sprayed on one aido1  4.4 <1 -1|
broadcloth 0, 7 os/yd" S-330/ltycar 4501

sprayed on other side

I0-I Cotton broadcloth 3.5 4% FC-208 sprayed on one aldoi 4.9 20 l6/6
0, 7i oxlyd' S-330 Hycar 45C1
sprayed on other side

11-| Cotton broadcloth 3.5 4% FC- O1 padded; 0. 7 oxlyd' 4.7 23 31/ 0/6 III all
S-330/Hycar 4501

10-$ Cotton broadcloth 3,5 4% rC.20• podded; 0.7 o•lyd" 5,11 </6 0/I 0/l e 710 s/
csrbonlnatirRl rubber mixture
brushed

" "S ! I- Cot;"• aett ?7.0 47. rC-l08 padded; 0.7 onlyd' 9.4 45 0/6 Ol 1// 018SC( hS-330lltycnr 4501 sprayed

31-2 Cotton sheeting 7.0 4% PC-20 padded; 1.4 o./yda 10.1 <1 0/6 0/6 0/6 1it 0/S 0/8
carbio/natural rubber mixture
brushed

13-I Cotton shetting 4.5 0.7 onlyd S-330111yýar 2671 5,4 20 Ole Ole
padded; 4% PC-208 overpadded

1j-3 Cotton sheeting 4.5 4. FV -200 padded; 0.7 nz 3 'd' 6.6 13 0O6 - 18,
S-3$OItlyear 2671 sprayed

3131 4otton sheeting 4.0 0. ? -!yd' f-330,!O)-r 7671 4.6 49 Ole 5/8
pndakid; 4% I'l-,08 ovcrp-dded

!3-1 Cotton sheeting 4.0 4T. FC-206 padded; 0.7 Ox/yd* 5.0 39 Ole 3SI
X,-3301Hyear 2671 sprayed

14-1 Cotton sheettin 406 5.3 0. 7 oslyd" S-330/ilycer 2671 5.6 31 016 Big
poddrd; 4[% FC-206 overpadded

14-2 Cotion sheeting 5.3 4% FC -208 padded; 0. o'oyd
5  

6.5 16 0/6 6/8
s-330/ltyt-aa 2671 sprayed

15-1 Cotton Ossnburoi 7.6 0,7 ov. yd' S-3301Hyrar 3671 6.0 34 0/6 1/8
padded; 416 FC-208 overpadded

1-2 Cotton Osnaburg 7.6 47% FC-206 Padded; 0.17 oxIyd' 8. 30 016 0/S
c-330/Hycar 2671 sprayed

10-1 Cotmon May Duck 185 6.4 0. 7 ox /yd' S-M0/Hycar 3671 7.0 9 0/6 Ole
podded; 4.% FC-206 overpadded

16-2 Cotton May Duck 6.4 47. 1'V.208 Padded; 0.7 otlyd' 7.6 30 016 -I6/S

S-33011lycnr 2671 sprayed

17-1 Cotton oxford 8.5 0.7 orlyd' S-330/H.rar 2671 10,3 <1 0.3 018

padded; 41. re-206 overpadded

31.2 Cotton oxfor'd 6.6 47. M -206 pAdded; 0.7 oIlyd' 10.3 < 1 0/1 Ole

S-35.Olliycor 2671 sprayeI

21-1 Cotton oxford 6.2 0.7 ol/yd' y-3301/-tyc'r 2071 7.2 <1 016 01/

padded; 416 FP•-l0 overpaddcd

11-1 Cotton oxford 4.2 4% FC-20e padded; 0.7 ox/yd, 7.4 <1 0I 0/o o

S.33011/tycr 2671 sprayed

11-3 Cotton oxford 11.5 0.7 ow.lvd' S-330/Htrar 2671 1.1 (1 0/ld 0oil

padded; 47. rC-1108 overpadded

SOUTHERN RESEARCH INbTITUTE
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Far~-Wright of Ali pt-rinenulill y, Penetratlon h, 11

treatment Wright, trealed fatrilc. ftilii'/tV. cal

P19-2 Cottoni oxford 11.5 4C I C- 200 iJdi-it; 0.7 a ,Ir/at' 13,3 <(3 0/8 all

3 0-3 Cotton oxford 0,8 0. 7 ot(9d S-330/ttycat 1673 7.9 <1 Ole Ol

4mitatdd~; 4%. `C -2011 've! padded

X- 20-2 CotlIn iýxford 6.8 47. ýC -208 Aaditra; 0. 7 vi lyd' 6,1 < 1 0/6 Oil1

S-S301ttvrxr 2671 ra1 raved -

211 Cotton oxford 11.3 0, 7 ox/yd' S-33O/ttycar 2671 13,7 <1 0/0 O il
atiataed; 4% rC-208 ,aveorpiAdded

7M-2 Cotton iixfiord 12.3 4%- PtC-ZO paddod; 0. 7 ývlyd' 14.2 <3 Ole o il
p ~ .A'-330Ittyear 

2871 ahpinrd~i

22-1 Cotton oxford 11.2 0. 7 ix/yat's1-3:o/lYvor 2871 32.7 <1 0/6 Oi

fanilitra; 4.. PC -208 vierriandledI

22-2 Cotton oxford 11,2 47& PC-ZO0O padded; 0, 7 na/ief 12.8 aI </1 Ol -

K 5330/Ilyrar 2873 apr.ayed

23-1 Cotton oxford 8.3 0. 7 nr/yd' s-330It~yrar 2671 7.8 <1 I/ -l al j,

cindatedi 47. FC-208 taverpuAddeal

23-2 Cotton oxford 0.6 4N. PC-ZOO padded; 0. 7 va/pt" 7,9 <l I/ Ol - Ole

9W S-330/ttyvar 2611 asprayed

24-1 Cotton oxford 12.0 0. 7 ot11 yda S-330/iycar 2671 13.3 <3 1 0/6 all*g
ImO

t
ded; 4A PC-1O8 ove~rpedded

24-2 Cotton oxford 12,0 4N PC-ZOO padtdea; 0.71 os/pit' 13.6 <1I Ot/le - Oil
- s~-330/lIyrar 2671 epjrayed

25-1 Cotton oxford 6.4 0. 7 or iyd' S-S301ttyeRir 2673 7.4 <1 Olt- - g
padlded; 4"i rC-ZOO overptixided

25-2 Cotton oxford 6.4 4% VC -208 tiatted: 0.7 ii1vt .6 <l I/ -l oilt-

s-330/tlyva.t 2671 xnriarved

26-1 Cotton oxford 11.4 0. 7 na/pit' 8-350/Ilyior 2671 13.5 <3 O/6 -Oleg
poidded; 41, VC-ZOO nveraiadded

26-2 Cotton oxford 11,41 4N PC-ZOO qIdedei; 0.7 1i/a 13.4 < 1 0/6 - - OatS
8-3S3htfpear 2673 uiprvciyd

27-1 Cotton oxford 7.3 v.1 ipiuiai S-Oiy ii Y 7 5,3 <1 Ol Olt8

podlded; C.% PC-26 overtialded #

27-2 Cotton oxford - 4%, PC - 208 tauihied: 0. 7 ox/pd' 6.8 <1 I/ Ol Oil

28-1 Dock DE 7.5 0. 1 nY/pd' S-330/ttyveia 2671 8.7 8 0/6 -Oil8 a

28-2 Dock DIF 7.5 47- t'C-206paaiddd: 0. 7 -av9.0 a 0tiS allj

29-1 C.otton situcco 8.5 0. 7 o.,pd' R-3/tCr2671 9.2 a 0/0 Oi 'RBB

pndded; 4; tFr-208 overpAidaed

29-2 Cotton anteen 6.5 47. F t-c206 idited; 0,.7 na/pat' 9.3 10 Ole oil*/
S-330/ltvaar 2671 avurayed

30-1 Cotton twill 6.44 0,.7 ox/pd' S-330/ltYtAr 2871 9.2 7 Olt -allI

tatdeat; 40 WC-ZO8 overtaimted

t30-2 Cotton twill 8.4 4% IC -ZO 38P-dded; 0. 7 oxv /yd" 9.7 6 Ole -allW

S-330/lt.v.-or 2M73aiae

31-1 Cotton drill 7,1 0.7 O/i'-3 /tor2671 8.0 9 0/6 - oil

1iadded; 0, FC-2O8 aerp~attdi-d

¾31-2 Cotton drill 7,1 41%V P-ZOO6 1'dio'itit 0.7 old8.1 it o/il

7-4 0.7 %na/at 267tltvn 261 .6sO- v

32-1 Coiton denim 7. 8.7./d -330 114--ar 2673 7.aitov0it

Ii.~~ 1 ioded; Cii Fi- -2011re~ivrpdteald

3- ott etn7.4 4-. FC-tOO pa'd t.tle 0. 7 vs/pIty 7. 8 68 0/6 - .

4% 3-2 Ctto denin -330/tlprarv 2671 viprayed

33-1 Cotton tlckinx 8'8 L, 7 o;/dt s-3f/l ,-x 2671 9.9 < 1 0/6

tIndited; 4-. ir-SO awerjdrdita

33-2 Cottonl ticking 9.6 4*% F C-2fIN paitit-it 0.7 1na/Id' 10.4 1.5 Ole w

S.330/ttivinr1 2673 a1ptaived 
1

bFatbrtca I lbroitgltt 10 (earept 1- T. 1-8, 10- 2. ond 30 -3) cre textea it aia, 7T t.. mp de citroi. All1 oIlier t.'t. were titade *Ilt. 3 ito 4 nig diraN.
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Table 111-2. Penetration of One.-Layer Materials by HD Vapor

Fabric- HD vapor concentration, HD vapor penetration. HD vapor retention.
0  I'

treatment 
-pgh J gcm'

"Fabric 0-2 hr 2-6 hr -U-2 h-hhr i 6 hr

"12-1 Cotton sheeting 29. X 29.2 17 61 51.3 14.9

13-1 Cotton sheeting 24.9 27.7 12 53 59.9 20.3

14-1 Cotton sheeting 405 24.9 27.7 11 49 63.2 26.3

15-1 Cotton Osnaburg 23.8 23.7 7 30 75.4 47.2

16-1 Cotton May Duck 165 23.8 23.7 13 46 54.5 19.3

17-1 Cotton oxford 29.1 29,2 17 60 51.3 14.4

18-1 Cotton oxford 29.1 29.2 15 53 57.0 38.6

19-1 Cotton oxford 29.1 29.2 10 37 71.3 47.2

20-1 Cotton oxford 29.1 29.2 15 52 57.0 25.8

21-1 Cotton oxford 29.1 29.2 10 48 71.3 31.5

22-1 Cotton oxford 29.1 29.2 9 37 74.2 47.2

23-1 Cotton oxford 27.0 35.5 16 67 50.6 21.4

24-1 Cotton oxford 27.0 35.5 12 56 63.0 34.2

"25-1 Cotton oxford 27,0 35.5 15 53 53.7 37.8

"26-1 Cotton oxford 27.0 35.5 9 29 72.2 66.0

"27-1 Cotton oxford 27.0 35.5 14 66 56.8 22.5

28-1 Duck, DF 21.8 20,0 8.5 12.0 67.0 75.3

r 29-1 Cotton sateen 21.8 20.0 4.0 12.9 84.7 73.4

30-1 Cotton twill 21.8 20.0 6.8 28.3 74.0 41,7

31-1 Cotton drill 21.8 20.0 6.8 25.3 72.9 41.7 2

32-1 Cotton denim 21.8 20.0 11.8 41.1 55.0 15.3

33-1 Cotton ticking 21.8 20.0 5.8 12.6 77.9 74,0

12-2 Cotton sheeting 27.0 35.5 16 71 50.6 16.7

13-2 Cotton sheeting 29.1 29.2 18 64 48.4 8.1

14-2 Cotton sheeting 405 24.9 297.2 1 41 63.2 38.3 7

15-2 Cotton Osnaburg 23.8 23.7 14 49 51.0 13.8

16-2 Cotton May Duck 185 24.9 27.7 17 58 43.1 12.8

17-2 Coeton oxford 24,9 27.7 12 48 59.9 26.3

18-2 Cotton oxford 24.9 27.7 12 55 59.9 17.2

19-2 Cotton oxford 24.9 27.7 9 43 69.9 35.3

20-2 Cotton oxford 25.9 28.7 15 55 51.8 20.2

21-2 Cotton oxford 25.? 28.7 11 61 4. 1 26.0

23-2 Cotton oxford 25.9 28.7 13 50 58.2 27.4

24-2 Cotton oxford 25.9 28.7 12 54 61.4 21.6

25-2 Cotton oxford 25.9 28.7 13 60 58.2 12.9

26-2 Cotton oxford 25.9 28.7 11 60 64.6 12.9

27-2 Cotton oxford 25.9 28.7 12 51 61.4 26.0

28-2 Duck. DF 21.8 20.0 8.9 34.0 66.0 29.9

30-2 Cotton twill 21.8 20.0 12.0 41,8 54.2 13.8

31-2 Cotton drill 21.8 2.0.0 6.2 20.0 76.3 58.8

32-2 Cotton denim 21.8 20. 0 10.9 36.6 58.4 26.6

33-2 Cotton ticking 21.8 20,0 13.7 33.3 47.7 31.3

a These measuremelnts were made by the U. S. Army Chemical Research and Devlopment Laboratories. Edgewood

Arsenal.

See Table III-I for treatments applied.

F penetration in ug/cm
c% retention 100- x 100

p x 0.6 I/hr/cm xhr

ati
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IV. EVALUATION OF MATERIALS FOR A TWO-LAYER GARMENT

The outer layer of a durable two-layer garment was required to
provide the strength necessary for wear and to retard penetration by liquid
agents. Because of the strength requirement, the fabrics selected for
evaluation as an outer-layer material were all woven materials, mostly
cottons, treated with a repellent. The inner-layer material, whose
function was to retard agent vapor, was a nonwoven fabric, woven fabric.
or foam treated with a reactive or adsorptive substance.

A. Outer-Layer Materials

1. Agent-repellent treatment of woven cotton fabrics *

Forty-one fabrics, all but two of which were cottons, were evaluated
specifically as outer-layer materials. These fabrics were treated with
FC-208 or Zepel B to provide repellency toward liquid agents. Data wereI' obtained on the air permeability and resistance to penetration by liquid VX
in the drop and expulsion tests of each fabric. These data are summarized
in Table 111-3.

The data in Table 111-3 were used to examine the relationships
between expulsion-test results and properties of the treated fabrics.
Figure Ill-1 indicates the relationship between the overall cover factor'*
(the sum of warp and filling cover factors) and penetration; treated fabrics
having a cover factor above about 40 were not penetrated by liquid VX.
Fabric density, wh.,-h varies inversely with thickness and directly with
cover factor when other variables are constant, was related to penetration
by the curve of Figure 111-2; fabrics with a density greater than about

30. 35 ozl/in. had good resistance to liquid VX. There was a general
increase in resistance to penetration with increasing fabric thickness,
but the expulsion-test data did not show the linear relationship that might

*The cover factor is a measure of the amount of area covered by the
yarns, and is calculated fro'm K = t/vT/ , where K cov-er factor,
t yarns/ in., and N cotton number.

j
4S
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Table 111-3. Physical Properties and Resistance to VX Penetration of Woven Fabrics for Outer Layer

Air permeability,
Thicknees Wiight. ft

5/min/ftl,

of untreated oz/yd' 0. 5 in. water Penetration by VXa

fabric. Untreated Treated Untreated Treated Drop Expulsion
Fabric mils fabric fabric fabric fabric test test

A. Fabrics p)added to apply 4. 07 FC-208

Cotton broadcloth 7.5 3.0 27 - 8 / 8 b
Cotton lawn 7.8 3.1 3.6 53 32 1 / 6 b a/ 8 b

Cotton chintz 5.4 3.2 3.5 18 25 0 / 6 b 8 1 8 .b

Cotton print cloth 8.6 3.3 3.6 80 48 0 1 6 b 8 1/ 8 b

Cotton broadcloth 10.4 3.5 4.0 55 46 8/8 b

j.ylon oxford 9.1 4.4 < 1 Ile
.Nylon twill 13.2 4.6 19 418b

Nylon-cotton oxford 9.1 5.0 - < 1 < I b 1/8

Cotton poplin 11.4 5.5 5.8 6 3 0/6- 1/8b

Cotton sateen 20.3 8.0 8.6 18 18 0/6 2/8
Cotton oxford 5.2 5.4 22 21 3/6 818
Cotton saleeting 12. 1 4.5 4.9 57 24 0/6 3/8
Cotton sheeting 12.0 4.0 4.2 134 58 0/6 7/8
Cotton sheeting 405 14.1 5.3 5.7 39 36 016 6/8
Cotton Osnaburg 22.5 7.6 8.1 39 40 0/6 2/8
Cotton May Duck 16.2 6.4 7.0 31 27 0/6 3/8
Cotton oxford 16.0 8.8 9.7 1.8 < 1 0/6 0/8
Cotton oxford 13.0 6.2 6.8 2.5 < 1 0/6 0/8
Cotton oxford 22.0 11.5 12.8 1.4 < 1 0/3 0/8
Cotton oxford 15.0 6.8 7.6 2,4 < 1 0/6 0/8
Cotton oxford 24.0 12.3 13.6 1.6 < 1 0/6 0/8
Cotton oxford 15.0 11.2 12.3 2.0 < 1 0/6 0/8
Cotton oxford 13.0 6.6 7.4 4,0 < 1 016 0/8
Cotton oxford 23.0 12.0 12.9 1,8 < 1 016 0/8
Cotton oxford 13.0 6.4 7.1 2.2 < 1 0/6 0/8
Cotton oxford 23.0 11.4 13.0 1.7 < 1 0/6 0/8
Cotton oxford 14.0 7.3 8.0 2.3 < 1 0/6 0/8
Duck, DF 21.0 7,5 8.4 45 10 0/6 i/8
Cotton sateen 21.0 8.5 - 19 - 0/6 0/8
Cotton twill 16.0 8.4 8.9 11 8 016 1/8
Cotton drill 19.0 7.1 7.4 32 11 0/6 0/8
Cotton dentro, 21.0 7.4 7.2 100 99 0/6 0/8
Cotton ticking 17.0 8.8 9.5 2.5 1 0/6 018
Cotton balloon cloth - 2.5 2.6 93 35 - 8/8
Pima cotton broadcloth 3.0 3.2 36 27 8/8

B, Fabrics padded to apply 5% Zepel B

Cotton lawn 7.8 3.1 3.6 53 27 8/8
Cotton balloon cloth - 2.5 2.6 93 23 8/8
Cotton sateen 20.3 8.0 8.4 18 12 - 1/8
Pima cotton broadcloth - 3.0 3.2 36 26 - 318
Cotton print cloth 8.6 3.3 3.4 80 38 0/6 6/8
Cotton poplin 11.4 5.5 5.7 6 2 0/6 0/8

a Specimens or drops pcnetratcd/spccimens or drops tested.
bDrop size was 7 to 8 mg. Drop size was 3 to 4 mg in all other tests.
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"have been expected; a linear relationship might have been obtained if the

measurement had been that of the time required for a drop to penetratec

"instead of the number of drops penetrating in a given period (1 minute).

Penetration generally increased with increasing air permeability,

Figure 111-3 indicates. Of the fifteen treated fabrics in Table 111-3 that wee

4 ,not penetrated (0/8) by liquid VX in the expulsion test, twelve had air

permeabilities of 1 fts/min/ft 2 , or less; two others had air permeabilities

"of 2 and 11 ft 3 /min/ft2 . The six fabrics penetrated by one drop out of eight
,(1/8) had air permeabilities of 12 ft3/min/ft2 , or less.

Penetration tests were made with double layers of several treated

fabrics; complete resistance was indicated by the results of expulsion

tests on the double layers. Thus, any of these treated fabrics would be

expected to provide adequate protection in a garment if double layers were

used at press points.

Comparison of Zepel B with FC-208 as a repellent indicated that,

for the six cotton fabrics tested with both preparations, the Zepel B was.

somewhat more effective in the expulsion test with VX. Fabrics treated

with Zepel B were also more resistant to deleterious weathering effectus

than those treated with FC-208. The breaking strength of cotton poplin

treated with Zepel B was not significantly decreased when the fabric was

exposed in a Weather-Ometer for 24 hours, as compared to decreases of

7% for the control fabric and 38% for the fabric treated with FC-208.

Determinations of tearing strength showed a decrease of 8% for the

control fabric, 8% for the fabric treated with Zepel B, and 28% for the

-abric treated with FC-208.

2. Effect of mercerization

Mercerization of the cotton fabrics prior to treatment with FC-208

tended to improve their resistance to penetration by VX. Table III-4 con-

tains data on the mercerization studies. The data show that, for the four

. cotton fabrics tested, resistance to penetration by VX in the expulsion

*" test was significantly better for fabrics mercerized prior to FC-208

treatment than it was for fabrics not mercerized but treated with FC-208.

Air permeability data (including measurements for several fabrics in
addition to those lk~ted in Table III-4) indicated that prior mercerization

: !% .
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4 Table 111-4. Effret of Nltrc.'rization on Air Perriorhtlitty and VX Penetration

Air permeabitity,
_________Weightetwn f mmIt VX p~enetration

F'abric Weight.n 0. 5 in,. water ex lulsolon test

~Co.t ton poplin 5.5 unt rea ted 6
5.8 4S 1"C-208, vildded 3 its
7.2 merc~rt 471. iýC-208 5 Ole

Cotton sateen 8.0 untreated 15 8
8.6 4S FC'-208 I /

[ .11.2 MercetiTNI; 4';. FC-208 6 Ole

[Cotton Onnaburg 7.6 untreated 39 8/6
8.1 4% t'c-208 40 /
9.8 mreerized; 4%0 FC-208 23 0/8

10.3 n'e rcerized-' 4% rc-208 25 Ole
10.2 tnrei e d~ 4-S FC-208 22 0/5

Cotton sheeting 4.0 untreated 135 Ole

4.2 4% FC-208 58 715

j.6.5 mercrrized;) 4% FC-208 57 0ts

5.7 mercerrlvd.c 4% FC-208 57.1%;
6,4 n~rceri ed-d 4%ý FC-208 54 0 8

"61 Inercerkred.' fihrinkaRe 2. 6%;

I-I '~4% F~C-208 2/8

6.0 niercerived.C Mhrinkage 7. 3 3/8
44% FC-2 131

- ~~6.4 meMriearivikile 11. 0%;
46ý 'J 0 FC-208 1r

S3 to 4 mFg drops.

r b 10 minuxtes in 1T)6 sodioum hydroxide saoltion. slack dried.

20 minmates in 1T)6 sodium hydroxIde anoltion, stack (tried.

d 30 minutes in IT% sodiumn hydro~xIlde sotution. Manck dried.

S10 minutes in 1TS sodium hydroxide bailution, stacnk dried on tenter frame to control amount of
shrinknge.

P in pal at pelletIrat ionl.
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Igenerally reduced the air permeability of FC-208-treated fabrics by about

550%. The weights of treated fabrics were, of course, increased by
,mcrcerization. These observations suggest that the improved resistance
to penetration by liquid VX was probably caused by shrinkage and tightening""t- of the fabric structure. To determine tile mhlinim namount of shrinkage

necessary, the 4-oz/yd2 cotton sheeting was mercerized and dried under
controlled tension so that shrinkages ranging from 2. 6 to 11% were obtained.
For this fabric, the shrinkage was the same in tile warp and fill directions.

- Tile slack-dried fabric shrinking 11% was the most resistant to VX pene-
tration; however, significant improvement was obtained when only 5%
shrinkage was permitted. In another experiment, the VX penetration of
"a 3. 5-oz/yd cotton lawn, mercerized prior to treatment with FC-208,

was only 1/8, compared to 8/8 for the unmercerized, treated, fabric.

3. Adhesives and tapes for repair kits

The need for a simple field method of repairing torn overgarments
prompted a brief investigation of (1) patch materials and adhesives and (2)
commercial pressure-sensitive tapes.

Two selected adhesives, EC-1729 and Splic-It, were tried in patch-
ing experiments on two treated fabrics: cotton-nylon oxford cloth treated
with Quarpel, and nylon-wood pulp paper treated with Rhoplex IIA-12 and
FC-208. The fabrics were patched with swatches of tile same material
coated with either EC-1729 or Splic-It. The bonding of the patches was
satisfactory, but the time required for drying and curing, 3 to 5 minutes,
was considered to be too long.

Pressure-sensitive tapes offered a more convenient and rapid
means for patching, and eight commercial pressure-sensitive tapes were
investigated. They were evaluated qualitatively by pressing the tapes
over tears in the treated cotton-nylon oxford cloth or the nylon-wood pulp
paper and pulling across the patched area in the plane of the material
until the patch failed, The four tapes having tile best adhesion were
tested quantitatively by the following procedure' Small rectangular
(0. 75 x 3 in.) samples of fabrics were joined by pressing a strip of
pressure-sensitive tape (0. 75 x 2 in.) over adjacent edges, leaving a
0. 5 in. strip of fabric exposed at each end for clamping in a IP-4 Scott
tester. Table 111-5 shows tile force necessary to pull the taped fabrics
apart. Filament tape No. 880 had the best adhesion of those tested. None
of these four tapes was penetrated by VX in the expulsion test.

SOUITERN RElCARC(4 INSTITUTe
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Table 111-5. Adhesion of Pressure-Sensitive Tapes to Overgarment
Materials 4

Strength of seal, lb, when applied to indicated fabric

Cotton-nylon Nylon-wood pulp
oxford cloth paper, treated with Cotton broadclotk

treated with Rhoplex IIA-12 and treated with

Tape Quarpel FC-208 FC-208

Mystik, plastic-
coated cloth 6.4 7.2 8.4

3M No. 33, vinyl 7.5 5.3 6.4

3M No. 40, vinyl 7.2 6.5 6.6

3M No. 880, fiber-
reinforced plastic 10.2 9.4 11.2

J
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J 13. her-Laye- aterials

1. Fortisan fabric

Preliminary results indicated that a 1.8-oz/yd2 Fortisan fabric was

,a promising material for the inmer layer. To provide sufficient material
for field evaluation of finished two-layer overgarments, 500 yd of this
fabric was treated with an S-330/Ilycar 2671 mixture at the J. P. Stevens

Lbric Company plant in Garfield, New Jersey. After some preliminary adjust-
ment of treating conditions, a two-step spraying procedure was finally

-loth, developed in which the S-330 was sprayed on one side of the fabric, the
"th fabric was dried, Hycar 2671 latex was sprayed on the other side, and

the fabric was again dried. However, samples of this treated fabric

examined by the U. S. Army Natick Laboratories were not considered
satisfactory with respect to resistance to penetration by agent vapor.

Generally, in laboratory work, application to the For',isan fabric
*i of the minimum amount of the S-330/Hycar mixture necessary to provide

protection against gaseous agen1ts (0. 7 oz/yd2 ) resulted in an excessive
reduction in air permeability. Therefore, some studies were made to
determine the effects of various amounts of S-3301Hycar 4501 mixture on

4l the air permeability of the fabric and on the water-vapor transmission

rate. Two methods of application were used: (1) all of the mixture was
sprayed on one side of the fabric, and (2) half was sprayed on one side
and half on the other. Table 111-6 shows that the air permeability and
the water-vapor transmission rate depended on both the amount of solids
applied and the method of application. Application to one side reduced

the air permeability and the water-vapor transmission rate more than
did application to both sides. Calculations showed that an overgarment
(7 yd2 of fabric) should transmit 374 g/m 2 124 hr of water vapor for a man
at rest, and 936 g/m 2 /24 hr for a man doing 90,000 ft lb of work per hour.
None of the treated fabrics had water-vapor transmission rates high

enough to meet this requirement for adequate personal comfort.

:1
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Table 111-6. Effect of S-330/IHycar 4501 Treatment of Air Permeability

and Water-Vapor Transmission of Fortisan Fabric (. 8 oz,/yd')

Weight of
treated Air permeability, Water-vapor

S-330/Hlycar 4501, fabric, ft 3 /min/ft2, transmission rate,
ozlyd2  oz/yd2  0. 5 in. water 1/m 2 /2 4 hr

A. Application to one side

0.3 2.2 19 73

0.6 2.5 7 53

0.8 2.7 < 1 31

1.1 3.0 < 1 24

B. Application to both sides

0.4 2.3 37 100
0.7 2.6 26 83

1.1 3.0 3 65

1.4 3.3 < 1 36

C. Untreated fabric

0 1.8 50 1399

4 •m, qi |-
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2. Rayon nonwoven fabrics

Although rayon nonwoven fabrics did not 'lave particularly good

s strength properties, they retained high air permeability even after treat-

!abilitý, menit with S-330/Hycar mixtures. Table 111-7 summarizes data on the

d2) physical properties and HD-vapor retention of two nonwoven fabrics. The

two fabrics were made from 1. 5-denier rayon fibers (Narcon) and they

contained 59/6 Rhoplex B-15. One sample weighed 1. 4 oz/yd2 and the other

weighed 2.0 oz/yd . The fabrics were padded to apply (1) 0.7 oz/yd2 of

vapor an S-330/Hycar 2671 mixture, and (2) 0. 61 oz/yd2 of Hycar 2671 followed
]2

;ion rate, by overpadding to apply 0.09 oz/yd2 of S-330. Both single and double

!4 hr layers of these treated fabrics were evalhated. No significant difference

in physical properties was observed for the two different treatment pro-

cedures. However, the fabrics treated with S-330 and Hycar 2671 sepa-
rately were more resistant to penetration by HD vapor than the fabrics
treated with the single-bath mixture. The strength properties of all of
these S-330/Hycar-treated fabrics were poorer than those of a rayon non-
"woven fabric treated only with 35% Rhoplex HA-12 - a material that has
oeen found to be a good binder.

4'' The results of several other treatments applied to the 2. 0-oz/yd2

rayon nonwoven fabric are summarized in Table 111-8. Samples of the
fabric were treated with mixtures of S-330 with various binders; and theLI weights, thicknesses, air permeabilities, and HD--vapor retentions were

measured. Of the binders _tudied, Hycar 4501 appeared to be the best

for use with S-330 for protection against HD vapor. However, the HD-I vapor retention was less than was desired. A sample treated by brush-
ing to apply 1. 2 oz/yd2 of a mixture o. activated carbon and Hycar 2671

had excellent resistance to HD vapor. It was penetrated by only

0.2 Ag/cm 2 during the first 2 hours of exposure (99.2% retention) and by

1.7 lig/cm 2 (96. 8% retention) during the next 4 hours. These values are

comparable to those obtained w'h an 8. 5-oz/yd cotton sateen treatej.i

with XXCC-3, which is used as a standard in the determination of

HD-vapor penetration in the Dawson apparatus.

EA
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3. Polyurethane foams

Thin layers of polyurethane foam were considered to have pote tl,
utility as inner-layer material. It was envisioned that a suitable foam Z

would have a small cell size, a high proportion of closed cells, and would
be flexible. Such a foam should offer resistance to penetration by CW ag,
by presenting a devious and restricted passage, but should still have ade-.
quate air permeability. Resistance to agents should be assisted by impreg1.
nation with absorbents.

Several foam formulations were investigated to determine what
combination of ingredients would give a product with the desired proper-
ties. The basic foam formulation adopted consisted of the following
materials:

Nicex PPG 2025 polyether 30.0 parts

Hylene TM-toluene diisocyanate 11.0 parts

Water 0. 74 parts

Triethylenediamine 0. 17 parts

D-22 tin dilaurate Variable

L-520 silicone oil Variable

All ingredients except water were premixed. Water was then added, the

mixture was stirred, poured into a paper container, and allowed to foam.

The foams were cured at room temperature for 2 to 3 hours and then at

80*C for 30 minutes. A practical concentration of amine catalyst, which
determines the rate of carbon dioxide generation, was established by
preliminary trials. Then a series of foams was prepared with a range
of tin catalyst and silicone oil concentrations. The tin affected the

gelation rate of the polymer, and the silicone influenced the size of the
cells and the stability of the foam.

"LI' ___
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The optimum concentration of the D-22 tin catalyst was found to be

0.50/ by weight, and that of the L-520 silicone oil was 0.4 to 0. 6/6. At
erlti9 1  these concentrations, foams of uniform cell structure having approximately
n M equal amounts of open and closed cells were prepared. Microscopic

VOuld . examination revealed that the flow of polymer into the ribs of the cells was
Vge adequate for structural strength.
ade- ,

nPrej,. Evaluation of polyurethane foams for resistance to penetration by
- agents was done only in two-layer composites with outer layers of woven

fabrics. Data on these systems are included in Section IV-C.
t

4. Scrim reinforcing for nonwoven fabrics and polyurethane foams

Methods of applying nylon scrim to nonwoven fabrics and polyure-
thane foams in order to improve their durability were considered. Sev-
"eral types of adhesives were evaluated for bonding a 4. 3-oz/yd2 nylon
scrim to a rayon nonwoven fabric. Rhoplex E-32* was found to be an
effective adhesive for bonding scrim to a nonwoven web as determined by
laboratory studies. Nylon scrim can be flame bonded to polyurethane
foam by presently existing commercial methods, and no attempt was made
to bond nylon 6crhi to foam with an adhesive.

C. Evaluation of Two-Layer Systems

Preliminary studies, described earlier in this report, indicated
that a two-layer system for a durable overgarment to provide protection
against toxic liquids and vapors was superior to a single-layer garment.

e Toward the close of this project, work was concentrated on the evalu-
n. ation of two-layer systems composed of the materials that had been found

to be most promising in the preliminary studies. For the outer layer, a
.h slack-mercerized, 6. 5-oz/yd2 cotton sheeting treated with Zepel B was

selected for intensive evaluation with several candidate inner-layer
materials. For the inner layer, the following materials were selected:

* Prepared by adding 5. 4 parts of Methocel slurry (8 parts of ethanol to

1 part of Methocel 4000) to 100 parts of Rhoplex E-32 and then adding
1. 0 part of oxalic acid.

SOUTHERN RESEARCH INSTITUTE
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(1) a 2. 0-oz/yd rayon nonwoven web made from 1--in., 3.0 denier fibe,-
(2) a 1. 8-oz/yd2 Fortisan fabric, and (3) a 4. 6-oz/yd2 polyurethane foa eft

nylon fabric laminate. Activated carbon, S-330, and CC-2 were used to
treat the inner layer, with and without Hycar 4501 as binder. Some
additional work was done with certain other outer-layer fabrics and innel.,t
layer binders.

1. Two-layer systems with Zepel B-treated cotton fabric as the outer
and various materials as the inner layer

a. Preparation of treating baths

(1) Activated carbon bath -;

Twelve parts of Protovac PV-432 (casein) was soaked in 86. 8 parts
of water for 5 to 10 minutes. Then 1. 2 parts of ammonium hydroxide (28%)
was added to the solution and the mixture was heated to 180*F with stirring.
The solution was held at 180'F for 20 minutes and then cooled to room
temperature.

whichThe casein solution was added to a slurry of 250 parts of carbon,
which had been ball milled in 550 parts of water. The mixture was stirred
until uniform, and finally 100 g of water was added. The final solution con.
tained 25%/o carbon and 1. 2% casein.

(2) Carbon/Hycar 4501 bath

The carbon/Hycar 4501 bath was prepared as described above except

& ' 100 g of Hycar 4501 (50% solids) was substituted for the final 100 g of water.
The final bath contained 25% carbon, 1. 2% casein, and 51o/ Hycar 4501.

r (3) S-330 bath

To a mixture containing 25 parts of S-330 and 64 parts of water which
had been ball milled for 24 hours, 10 parts of an Elvanol 50-42 solution (10
Elvanol) and 1 part of Santomerse SX were added with stirring. The finalL bath contained 25% S-330, 1'/ Elvanol, and 1% Santomerse SX.

DI '9 r-
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bers, (4) CC-2 solution

to A solution containing 27% CC-2 (53. 2% total solids) was prepared

r j•;' as described in Laboratory Directive No. 1121 and diluted with water asi er-:, required.

(5) Hycar 4501

layer
Hycar 4501 (50% solids) was diluted to the desired solids by the

addition of water.

b. Application procedures

.arts Samples of the nonwoven fabric and the polyurethane foam/nylon
S2o) fabric laminate were treated by dipping them in the solutions and then
'ring. putting them through a Butterworth Padder to obtain the desired add-ons.

The treatments were applied to the samples of the Fortisan fabric with a
I" brush.

con- %red-I\• Carbon, Carbon/Hycar 4501, CC-2, and S-330 mixture

The concentration of the baths used for treating the samples with
carbon, carbon/Hycar 4501 mixture, S-330, and CC-2 are given in
Table 111-9 along with the solids applied to each material.[ xcept (2) Hycar 4501 and S-330 or CC-2

,ater.
Samples of the rayon nonwoven, polyurethane foam, and Fortisan

fabric were treated to apply 0. 6 oz/yd2 of Hycar 4501 and then overtreated
with S-330 or CC-2. A bath containing 10'/0 solids was used for treating

which
(10/ 1. Laboratory Directive No. 112, "Laboratory Impregnation of Fabrics

-ial with CC-2 by the Aqueous Suspension Process," U. S. Army Chemical
Corps Technical Command, Protective Division.

SO T
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Table 111-9. Concentration of Treating Baths and Solids Add-on for
Carbon, S-330, CC-2, and Carbon/fHycar Treatments

Solids in Attempted
treating add-on,

Material bath, ¶ oz/yd

A. Carbona

Rayon nonwoven 6.25 1.0
6.25 0.5

Polyurethane foam 15.0 1.0
15.0 0.5

Fortisan 25.0 1.0
25.0 o.5

B. Carbon/Hycar 4501

Rayon nonwoven 5.0 0. 5
10.0 1.0

Polyurethane foam 15.0 0.5
15.0 1.0

Fortisan 10.0 0.5
10.0 1.0

C. S-330 c

Rayon nonwoven 12.5 1.0
6.25 0.5

Polyurethane foam 15.0 1.0
S15.0 0.5

Fortisan 25.0 1.025.0 0.5

D. CC-2d

Rayon nonwoven 13.5 1.0
6.2 0.5

Polyurethane foam 28.0 1. 0
28.0 0.5

Fortisan 22.4 1.0
12.2 0.5

a Treated samples dried at room temperature.

b Treated samples dried 5 minutes at 121°C.

C Treated samples dried 2 minutes at 121*C.

d Treated samples dried 6 minutes at 90*C. Solids in bath are CC-2

sgiids,2*y
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the rayon nonwoven samples and a bath containing 20% solids was used for
treating the polyurethane foam and the Fortisan samples. The samples
were dried for 2 minutes at 250'F after application of the Hycar 4501. The

SA concentration of baths used for overpadding the Hycar 4501-treated samples
with S-330 and CC-2 are given in Table III-10 along with the solids applied.

c. Results and discussion

The weight, air permeability, resistance to VX liquid, and resist-
ance to HD vapor of each of the 36 two-lay 'r systems with an outer layer
of a 6. 5-oz/yd , mercerized cotton fabric treated with 49/o Zepel B and
the different inner layer materials described above are given in Tables
III-11 through 111-16 and are summarized below.

The total weights of the two-layer systems ranged from 8.6 to
13.3 oz/yd2 . Systems with the polyurethane foam/nylon fabric laminate
as the inner layers were the heaviest, ranging in weight from 11.7 to
13.3 oz/yd2 . Systems with the nonwoven and Fortisan fabrics as the inner

2j layers had about the same weights, 8. 6 to 10.5 oz/yd

The air permeabilities of the two-layer systems with the Fortisan
fabric, the nonwoven fabric, and the foam/fabric laminate as the inner
layers ranged, respectively, from 0. 5 to 3, 13 to 17, and 14 to 17. 5
ftl / min/ft.

All of the combinations are considered to have satisfactory resist-
ance to VX liquid. The combination containing the Fortisan fabric treated
to apply 1.0 oz/yd of carbon was penetrated by 1 out of 8 drops of VX in
the expulsion test, and the combination containing the Fortisan fabric
treated to apply 1.0 oz/yd2 of S-330 was penetrated by 1 out of 6 drops of
VX in the drop test and 1 out of 8 drops in the expulsion tests. However,
the penetrations were probably due to nonuniform treatments, since the
combinations containing the Fortisan fabric treated to apply 0. 5 oz/yd2

of carbon or S-330 were not penetrated by the agent. None of the other
combinations was penetrated by VX in the drop or expulsion tests.

SOUTHERN RESEARCH INSTITUTE
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Table III-10. Concentrations of Bv-.%hs Used for Overtreating
Hycar 4501-Treated Samples

Solids in
treating Add-on,

Material _ath, .oz/y 2

A. S-330

10.0 0.5

Polyurethane foam 10.0 0.2
1 0.0 0.5

Fortisan 25.0 0.2
25.0 0.5

B. Cc- 2 b

Rayon nonwoven 10.0 0.2
15.0 0.5

Polyurethane foam 10.0 0.2
25.0 0.5

Fortisan 20.0 0.2
20.0 0.5

a Treated samples dried 2 minutes at 1210C.

b Treated samples dried 6 minutes at 90*C. Solids in

bath are CC-2 solids only.

•LiLW"
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'-,atisfactory HD-vapor resistance (>95% retention) was obtained
!wiu-• some of the combinations containing the carbon-treated inner layers,

but the carbon did not adhere well to the inner-layer materials, especially
to the nonwoven and Fortisan fabrics. For satisfactory HD-vapor resist-
ance the results indicate that the nonwoven and Fortisan fabrics must con-

2
[ • rain about 0. 5 oz/yd2 of carbon, and the foam /fabric laminate must contain

about 1.0 oz/yd2 of carbon. With the S-330 treatment, only the foam/fabric
laminate gave satisfactory resistance to HD vapor, possibly because of loss
of S-330 by the other materials before the evaluations were made. Samples
with Hycar 4501 as binder for the S-330 had in general better resistance to

iHD vapor than samples without a binder. This was probably due to better
adherence of the S-330 to the materials.

* The rayon nonwoven fabric and the foam/fabric laminate containing
about 1. 0 oz/yd of CC-2 provided satisfactory HD-vapor resistance in the
two-layer systems, but the Fortisan fabric containing about 1.0 oz/yd2 of

CC-2 was not satisfactory. The use of Hycar 4501 with CC-2 improved the
HD-vapor resistance of the Fortisan fabric to a satisfactory level. How-
ever, the Hycar had no apparent effect on the HD-vapor resistance of CC-2-
treated nonwoven fabrics; and it significantly decreased the HD-vapor
resistance of the CC-2-treated foam/fabric laminates.

With the exception of the systems having inner layers treated with
carbon and S-330 without Hycar 4501 as binder, the systems found to have
good resistance to HD vapor in the above studies were evaluated for resist-
ance to the vapor from drops of 1ID liquid. In addition, a sample of the

a 2
polyurethane foam/nylon fabric laminate treated to apply 2.0 oz/yd of the
carbon/Hycar 4501 mixture was evaluated in a two-layer system with
Zepel B-treated cotton fabric as the outer layer. The results are given
in Table 111-17. The systems having inner layers treated with S-330 or
carbon without Hycar 1,501 binder that had good resistance to HD vapor,
were not evaluated for resistance to the vapor from drops of HD liquid
because of the poor adhesion of the S-330 and carbon to the inner-layer
materials.

As shown by the results in Table 111-17 the two-layer systems with
the Fortisan and nonwoven fabrics treated with Hycar 4501 and CC-2 were
penetrated, respectively, by 480 and 316 jg, respectively, of vapor from a

4-mg drop of HD liquid, compared to penetration of the Zepel B-treated
cotton fabric outer layer alone by only 116 gg of vapor. The resistance of
the other two-layer combinations was only slightly better or not significantly
different from the resistance of the Zepel B-treated cotton fabric alone.

SOUTHERN RIEEARCH INSTITUTE
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Systems with the 7 inner layers listed below and with Zepel B-
treated cotton fabric as the outer layer were evaluated for resistance
to the vapors from drops of VX and GB liquids. The results are given
in Table 111-18.

U2

1. Rayon nonwoven fabric treated to apply 0. 6 oz/yd2 of Hycar
4501 and overtreated to apply 0. 5 oz/yd2 nf S-330.

2. Rayon nonwoven fabric treated to ap 'j 0. 6 oz/yd2 of Hycar
4501 and overtreated to apply 0. 5 oz/yd2 of CC-2.

3 and 4. Rayon rionwoven fabric treated to apply 1. 0 or 2. 0
oz/yd 2 of the carbon/Hycar 4501 mixture.

5. Polyurethane foam/nylon fabric laminate treated to apply

0. 6 oz/yd2 of Hycar 4501 and overtreated to apply 0. 5 oz/yd2 oS-.

6 and 7. Polyurethane foam/nylon fabric laminate treated to
apply 1.0 or 2.0 oz/yd2 of the carbon/Hycar 4501 mixture.

No treated Fortisan fabrics were included in these evaluations. The data
given previously showed that the two-layer systems with inner layers of
treated Fortisan fabrics had low air permeabilities, they did not give any
better protection from HD vapor than those containing the rayon nonwoven
fabric or the polyurethane foam/nylon fabric laminate, and the treatments
adhered better to the other inner-layer materials.

When evaluated as a single layer, the Zepel B-treated cotton fabric
used as the outer layer in these samples was penetrated by 5 2 pg of vapor
from a 4-mg drop of VX and by 592 jig of vapor from a drop of GB. The
use of the Hycar/S-330- treated nonwoven fabric with the Zepel B-treated
cotton fabric provided little additional resistance to penetration. How-
ever, the Hycar/S-330-treated laminate in combination with the Zepel-
treated cotton fabric was penetrated by only 6. 8 Mg of VX vapor, but it
was penetrated by 320 Mg of GB vapor from 4-mg drops. The two-layer
systems containing the nonwoven fabric or the laminate treated with the
carbon/Hycar 4501 mixture were penetrated by only 2. 0-3. 6 Mig of VX
vapor and 64-200 Mg of GB vapor from drops of the agents. Hence, the
Hycar 4501/carbon treatment gave better protection against the vapors
from drops of VX and GB than the Hycar 4501/S-330 treatments. On the
nonwoven fabric, it also gave better protection than the Hj,,_" 4501/CC-2
treatment.
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1.?

2. Effect of accelerated aging of two-layer systems on their resistance
to penetration by HD vapor

Several two-layer systems having a Zepel B-treated cotton as the
outer layer and treated rayon nonwoven fabric or polyurethane foam/nylon
fabric laminates as the inner layer were stored at 80*C in sealed container6
in the presence of an uncovered beaker of water. The resistances to pene-
tration by HD vapor after storage, as determined in the Dawson apparatus,
are shown in Table 111-19 for some of these systems. In systems having

S- :•S-330 in the inner layer, severe degradation occurred because of hydrolysis

of the S-330 to hydrochloric acid; the cotton outer layer became discolored
V• and was easily torn by hand. Because of this degradation, the HD-vapor

penetration of these systems was not determined. The foam/fabric system
with carbon/Hycar 4501 and the rayon nonwoven-fabric systems with
Hycar 4501 and CC-2 were significantly less resistant to HD vapor after
aging. The other systems were not significantly affected,

3. Effect of perspiration on vapor resistance of carbon/Hycar 4501-
treated systems

a. ,I vapor

Samples of a rayon nonwoven fabric treated with 1. 0 oz/yd2 and

2. 0 oz/yd2 of the carbon/Hycar 4501 mixture were evaluated for resistance

to HD vapor with the Dawson apparatus before and after exposure to body
perspiration. For comparison a polyurethane foam/nylon fabric laminate
treated with 2. 0 oz/yd2 of the carbon/Hycar 4501 mixture was evaluated
under the same conditions. Three samples of each material were prepared
and three different individuals wore a sample of each material in contact
with the skin for three working days. The individuals who wore these
specimens do janitorial type work, which represents moderate activity.
The data for the HD-vapor resistance of the exposed and unexposed
materials are given in Table 111-20. Exposure to body perspiration did
not decrease the resistance to HD-vapor of the carbon/Hycar treated non-
woven fabric or the polyurethane foam/nylon fabric laminate.
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b. Carbon tetrachloride capacity

The carbon tetrachloride capacities of samples of rayon nonwover,
fabric and polyurethane foam/nylon fabric laminate identical to those

described above were determined before and after exposure to body perspl.
ration. These materials were worn for six working days. The CCI4
capacities of the samples are given in Table 111-21. It was concluded from

these results that 2.0 oz/yd2 of carbon/Hycar 4501 was more desirable for
treating the rayon nonwoven fabric. The data indicate that the CC14 capae e
of the treated foam was less affected by perspiration than was that of the

treated nonwoven fabric. However, this would have to be confirmed by
additional studies.

4. Evaluation of two-layer systems having various outer layers

Several two-layer systems with the rayon nonwoven fabric treated

with carbon/Hycar 4501 as the inner layer and with various outer layers

were evaluated for resistance to penetration by agents. The outer-layer
materials were: (1) a 4.0-oz/lyd2 cotton sheeting treated to apply 4%
Zepel B; (2) a 5. 5-oz/yd2 cotton poplin treated to apply 4% Zepel B; and

(3) a 5. 0-oz/yd2 cotton-nylon oxford cloth treated to apply 4% Quarpe!

(Zepel B and Zelan AP). The 6. 2-oz/yd2 slack-mercerized cotton sheet-
ing with 4% Zepei B, used as the outer layer in the 36 two-layer systems

described in the previous section, was included in this series of tests.

None of these two-layer systems was penetrated by HD, GB, or VX in the

Table 111-22 gives the results of measurements of the resistance

to penetration by vapor from radioactive liquid GB. The two-layer system

with the Zepel B-treated mercerized cotton sheeting as the outer layer was

slightly less resistant to GB vapor than the other systems. Drops of Gr

placed on the surface of the treated mercerized fabric were immediately

absorbed, but the drops pearled on the other fabrics. This phenomenon

probably accounts for the lower resistance to GB vapor of the mercerized

sheeting.

S• •llll illIp~~ll~l~ill- -,i . I - -IIIIIIIIIF II • I :IlI H ~~ll'•~~!!



I 'Table 111-21. Carbon Tetrachloride Capacities of Carbon/Hycar 4501-
Treated Materials Before aind After Exposure to Body Perspiration

ve, Add-on Carbon tetrachloride capacity
of carbon/ for 100 sq cm area, rng

rspj., Hycar 4501, Before exposure to After exposure to

Material oz/yd 2  body perspiration body perspirationb
fro;,

e fto. Rayon nonwoven fabric 1.0 6.3 3.0
.pac1l•

-he •
Y f Rayon nonwoven fabric 2.0 22.3 7.6

Polyurethane foam-
nylon fabric laminate 2.0 24.2 13.0

a Concentration of CC14 was 5. 4-5. 5 mg/i and the flow rate was
2

nd 1 1/min/100 cm
b Average for three treated samples worn for 48 hours by three

et- individuals.

the

stem
was

1B

zed
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Table 111-22. Resistance of Two-Layer Systems to Penetration by
Radioactive GB Vapor. Inner Layer of Rayon Nonwoven with

Carbon/ilycar 4501 Treatmenta

Weight of Vapor penetration by GB b

outer
layer, Outer Both Outer Both

Outer layer oz/yd2  layer laers layers laye_

7 Cotton sheeting,
4% Zepel B 4.2 224 92 5,6 2.3

Mercerized cotton
sheeting, 41/o Zepel B 6.5 592 200 14. 8 5. 0

Cotton poplin, [
4/4/ Zepel B 5.7 286 72 7.2 1.8

F • Cotton-nylon oxford,

4/4% Quarpel 5.2 88 60 2.2 1,5

a 2
Treated to apply 1, 0 oz/yd of carbon/Hycar 4501 (5:1 solids ratio).

b Duration of test 6 hr at room temperature; 4 mg drop used.

V. 1

I I['•'A



5 Comparison of different binders for rayon nonwoven fabric for inner
.4 layter

As shown by the studies described above, a 2-oz/yd2, rayon non-
woven fabric impregnated to apply 1-2 oz/yd2 of carbon/Hycar 4501 (5:1
solids ratio) has good resistance to CW vapors. However, results of our
previous work have shown that nonwoven fabrics treated with Hycar 4501
have poor tensile properties and abrasion resistance. Much better proper-
ties have been obtained in the past with Rhoplex iHA-8 and with a mixture
of Rhoplex B-15 and Rhonite 401 (5:1 ratio); hence, these materials were

; •'h evaluated for use as binders in the rayon nonwoven fabric for the inner
layer of CW-protection systems.

Samples of the nonwoven fabric were treated both from single baths
f.3 and from separate baths to apply carbon in combination with Hycar 4501,

Rhoplex HA-8, or the mixture of Rhoplex B-15 and Rhonite 401 as binders.•iThe amounts applied were approximately 0. 8 oz/yd 2 of the binder and

0. 8 oz/yd2 of carbon. When the carbon and binder were applied from
2

S.0 separate baths, the fabric was padded first to apply 0. 6 oz/yd of the
binder and then to apply 1. 0 oz/yd2 of a mixture of the binder and carbon
in a !:4 solids ratio. In all of these treatments, the solids ratio of carbon
to binder was 1:1; whereas, the ratio of 5:1 was used in the previous studies

.8 of CW resistance.

* IThe treated nonwoven fabrics were evaluated for resistance to HD
vapor in two-layer systems with Zepel B-treated cotton fabric as the

.5 outer layer. The results, which are given in Table 111-23, show that the
1iD-vapor retention of the systems was independent of the binder and the
method of application. Increasing the binder-to-carbou ratio from 5:1 to
1:1 did not significantly affect the HD-vapor resistance, as can be seen
by comparing the data in Tables 111-14 and 111-23.

As shown by the data in Table 111-24, the nonwoven fabric treated
with carbon and Rhoplex HA-8 from a single bath had poor tensile proper-
ties and poor abrasion resistance. On the basis of previous data no
better physical properties were expected for the nonwoven fabric treated
with the mixture of Rhoplex B-15 and Rhonite 401; therefore, the physical
properties of this fabric were not determined. The results of these trials
provided no basis for a choice among the three binders, but the nonwoven
fabrics treated with these binders were all stiffer than desired. However,

SOUTHERN RESEARCH INSTITUTE-
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Table 111-23. I/D-Vapor Resistance of Two-Layer Systems with Zcpel B,
Tireated Cotton Fabric as Outer Layer and Nonwoven Fabric
Treated with Carbon and Various Binders as Inner Layer

"HD-vapor IID-vapor

e penetrationb retention,Ný jiug/cm2

Treatment of inner layera 0-2 hr 2-6 hr 0-2 hr 2-' h

Applied from single bath

Carbon/Ilycar 4501 0.2 1.8 99.2 96.7

C Garbon/Rhoplex B-15/ihonite 401 b <0.1 0.2 99.6 97.8

Cr b o n/R1hopleX HA-8 <0.1 1 9. 9. 6 99.8)

Applied from separate baths

Carbon/Hycar 4501 <0.1 0.3 > 99.6 99.5

Carbon/Rhoplex B-15 <0. 1 0.9 >99.6 98.4

SCarbon/Rhoplex HA-8 <0.1 0.3 >99.6 99.5

a Padded to apply 0. 8 oz/yd2 of carbon and 0. 8 oz/yd2 of the latex binder.

Cb oncentration of liD was 22.2 jig/1 for the 0-2 hr evaluation and 22.8

jig/i for the 2-6 hr evaluation.

* -



Table 111-24. Properties of Rayon Nonwoven Fabric Treated to Apply
1. 6 oz/yd2 of a Carbon/Rhoplex HA-8 Mixturea

Weight, oz/yd2  3.6

Breaking strength, lb/in.

Machine 10.4
Cross 12.7

I.

Elongation at break, %
Machine 10.2
Cross 9.7

Elmendorf tear, g
Mac •ine 853
Cross 1251

Abrasion resistance, cycles to rupture
Dry 83
Wet 30

Air permeability, ft /min/ft2 , 0.5 in. water 16.5

Stiffness, mg 188

a 1:1 solids ratio of carbon to Rhoplex HA-8.

SOUTHERN RESEARCH INTITUTX



•( -. .. . ..,

-307-

a nonwoven fabric treated with a mixture of carbon/Hycar 2600X83 (an
acrylic latex made by B. F. Goodrich) was not as stiff as the nonwoven
fabrics treated with Rhoplex HA-8, Rhoplex B-15, or Hycar 4501. The
Hycar 2600XM did not adversely affect the carbon tetrachloride capacity
of the carbon and was approved by the Project Officer for use in the plant
production of the reinforced materials described in the next section. •.4

V. PLANT PRODUCTION OF MATERIALS

It was concluded from the studies described in Section IV-C that the
rayon nonwoven fabric and the polyurethane foam/nylon fabrirc laminate •
treated with a carbon/latex mixture had satisfactory resistance to CW vapW
for use as the inner layer of a two-layer system. The Project Officer
requested that plant production quantities of a scrim-reinforced nonwoven
fabric and a polyurethane foam/nylon fabric laminate be prepared and
treated with a carbon/latex mixture.

The reinforced nonwoven fabric was prepared and treated by The
Kendall Company. Half of the nonwoven web was reinforced with scrim

on one side of the nonwoven web and the other half was reinforced with
scrim on both sides.

The reinforced polyurethane foam was prepared by Reeves 11rothers
and treated by The Kendall Company. Polyurethane foam with nylon tricot
fabric flame-bonded to one side and an equal amount of nylon tricot fabric
flame-bonded to both sides.

A. Nonwoven Fabrics

The Kendall Company of Walpole, Massachusetts, prepared approxi"
mately 1100 yards of carbon/Hycar 2600 X83-treated rayon nonwoven fabric
reinforced with a nylon scrim. The rayon nonwoven web was prepared
from 1-k-inch, 3. 0-denie ra ypSu 3ylon scrim which
was obtained from Souther Press aludFi eýr'eia o mpany was used for
reinforcing the nonwoven fabric.

'"' - ,, ... ,_.- - r 'r' " I I I



•ii Initially an attempt was made to laminate the scrim to the nonwoven
web with Rhoplex E-32 as the adhesive. However, difficulty was encoun-

'• j tered in the plant because with existing equipment they could not keep the
scrim sufficiently aligned with the nonwoven fabric. As a result, good
adhesion between the scrim and the nonwoven fabric was not obtained.

_ý •Therefore, needle-punching was tried for bonding the scrim to the
it rayon nonwoven web. Half of the nonwoven web was reinforced by needle-

punching with the scrim on one side of the nonwoven fabric and the other
half was reinforced by needle-punching with scrim on both sides of the
nonwoven web.

The reinforced nonwoven fabrics were then treated with a bath
"containing 2 parts activated carbon solids to 1 part ITycar 2600 X83
solids in an attempt to apply 2. 4 oz/yd2 of the carbori/Hycar solids.

:he Trouble was experienced in maintaining a stable bath during the treatment
and Kendall was not able to control the solids add-on as accurately as

PtI desired.

The treated reinforced nonwoven fabrics were shipped to the U. S.
Army Natick Laboratories for in-house evaluations.

B. Polyurethane Foam/Nylon Fabric Laminate

Polyurethane foam with nylon tricot knit fabric flame-bonded to
one side and an equal amount of polyurethane foam with nylon tricot fabric
flame-bonded to both sides was prepared for us by Reeves Brothers at

"| i their Cornelius, North Carolina plant. The tricot knit fabric which was
obtained from Guilford Mills weighed 2. 1 oz/yd2 and was flame-bonded to
one side of a i-inch polyurethane foam and to both sides of *-inch foam.
The thicker foam was used when flame-bonding to both sides to compensate
lur extra shrinkage so that the foam in both finished materials would be
comparable in thickness.

ic
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The Kendall Company then attempted to treat both types of the
reinforced polyurethane foam to apply 2. 0 oz/yd2 of carbon/Hycar 2600
X83 (5:1 solids ratio).

The foam with the tricot knit nylon fabric laminated to both sides

could not be treated. The material absorbed water preferentially from .

the bath causing a buildup of sludge in the bath. When the fabric came
into contact with the sludge, it tended to stick causing uneven tension in t

the fabric. The uneven tension in the fabric caused it to slap against the

drying cans, and the treated material was not recoverable in a useable

form. As a result of these difficulties, Kendall discontinued attempts to

treat the foam with the tricot fabric laminated to both sides. About 500
yards ol the untreated polyurethane foam with nylon tricot knit laminated

to both sides was shipped to the U. S. Army Natick Laboratories for in-
house studies.

L .•Although a similar problem was encountered during the treatment

of the foam with the nylon tricot fabric laminated to one side only, it was
possible to overcome part of the problem by putting the material through
the bath with the foam side down so that it came into contact 'with the
sludge. Controlling the web pickup was troublesome, and treatments of

this material was stopped after about 300 yards had been treated. About

300 yards of polyurethane foam with tricot knit nylon fabric laminated to
"one side and treated with carbon/Hycar 2600 X83 and about 200 yards of

4 untreated material were supplied to the U. S. Army Natick Laboratories I
for in-house studies.

_i * VI. PROTECTIVE GLOVES AND STRIPPABLE COATINGS FOR BOOTS

Three two-layer systems were evaluated as materials for protective

gloves. The evaluation consisted of determination of the resistance to pene"

tration by VX under simulated abrasive conditions. A 1 x 1 inch fabric
sample was placed on a sheet of filter paper which rested on a horizontal

glass plate. A 3- to 4-mg drop of VX was placed on the fabric. After 30

seconds, a metal weight that exerted a pressure of 1 psi was placed centralll

on the drop of liquid z •"lya grinding, abrasive actiC6

for 30 seconds. The wewgh'as f ifn'r"e I6 e abraded area for 30 second&

S= =
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Quarpel-treated, 5. 0-oz/yd2 cotton-nylon oxford cloth. The inner layers
were: (1) a 1.4 oz/yd2 rayon nonwoven fabric containing 5% Rhoplex B-15;

8-oz/yd2 Fortisan fabric; and (3) a reinforced nylon-wood pulp
-)00 ()a 1. Th8 ue-ae nec fte he w-ae ytm a

paper (Experimental Paper No. 2-2-62). Each inner-layer fabric was

sprayed on one side to apply 0. 7 oz/yd2 of S-330/Hycar 4501 solids.

des Under the conditions of the test described, neither the oxford-

]Fortisan nor the oxford-paper system was penetrated by VX in eight tests.
ire The oxford-rayon system was penetrated three times out of eight.in

the Three pairs of knit cotton gloves treated with XXC-3 by the U. S.
le Army Natick Laboratories were not penetrated by VX, GB, or HD in the
IN .standard drop and expulsion tests, although the material did absorb the

'00 _agent drops. In tests for resistance to penetration by radioactive vapor,

ited the gloves were penetrated by 0. 5% of a 4-mg drop of VX in 24 hours, by

in- 3. 1% of a 4-mg drop of HD in 24 hours, and by 11. 9% of a 4-mg drop of

GB in 6 hours.

rient Two materials, Hycar 2671 and Rhoplex K-3, were tried as easily

WP- applied, strippable coatings to retard the penetration of leather boots by

uh agents. Hycar 2671 was applied to shoe leather with a paint brush. At a
teac

of thickness equivalent to 2. 2 oz/yd , applied in several coats,' the Hycar
of did form a strippable coating. By adding 1% of Carbopol to the Hycar, a

)out strippable coating was obtained with a thickness equivalent to 1. 4 oz/yd2 .

The Carbopol improved the strippability of the coating, but the finish on
of the leather was pulled off with the coating. Rhoplex K-3, a soft acrylic

ies resin, was applied with a brush to give coatings up to 3.6 oz/yd2 . It

could not be removed from the leather and was very sticky even after

drying for several days.

L S In accordance with a request of the Project Officer, no additional
work was done for obtaining CW protection for boots or on the develop-

ment of materials for protective gloves.

ective
) pene-

Ltal
30

?ntrally

e action
econds.
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j PART IV. STUDIES OF FLUOROCARBON COMPOUNDS

j I. INTRODUCTION

As noted in Part I of this report, treatment with a fluorocarbon corn-

pound was the best method found for imparting liquid CW-agent repellency
to candidate base materials for the expendable protective overgarment. In
the early stages of the program, the fluorocarbon compounds then com-
mercially available were evaluated for liquid CW-agent repellency, and it
was found that 3M's FC-208 was the best available at that time for our use.
However, we could not find a completely satisfactory flame retardant for
use with FC-208 on our experimental nylon-cellulose papers and non-
woven fabrics treated with an acrylic binder, which was the best type of
binder found for the materials. We also found that treatments with FC-208
had poor light stability. Therefore, studies were undertaken to prepare a
new fluorocarbon oil and water repellent that would not have these disad-
vantages and also to prepare a fluorocarbon compound that would function
as a flame retardant as well as an oil and water repellent.

Eleven new fluorocarbon compounds were synthesized and screened
as oil and water repellents for cellulose materials and two new fluoro-
carbon compounds were synthesized and screened as both an oil and water
repellent and a flame retardant. One of the chemicals was found to pro-
vide good oil- and water-repellent properties and was extensively evalu-
ated.

Whatman No. 5 filter paper and an 80 x 80, desized and bleached,
cotton sheeting weighing 3. 3 oz/yd2 were used in the screening studies,

but only the sheeting was used in the extensive evaluations. The water
repellency of treated saroles was determined by contact angle measure-
ments or by the standard ASTM Spray Test, and oil repellency was deter-
mined by contact angle measurements (with b:'-9.-ethylhexyl) hydrogen
phosphite used as the oil) or by the 3M Oil Test.

SOUTHERN RESEARCH INSTITUTE

S, ,,,, " 'l lnll•lill *IIIF"II n o "i m



-312-

II. SUMMARY AND CONCLUSIONS

The following eleven new fluorocarbon compounds were synthesized
and evaluated as oil and water repellents for cotton: N-methylolperfluoro-
propylguanamine (VII), N-methylolperfluoroheptylguanamine (XVI),
N-methylolperfluorocaprylurea (XVII), vinyl perfluorooctanoate (XVIII),
2, 4, 6-tris(hexadecafluorononyloxy)-s-triazine (XIX), 2, 4-bis(hexadeca-

fluorononyloxy)- 6- chloro- s - triazine (XX), perfluoropropylam idomethyl-
pyridinium chloride (XXI), perfluorobutylamidomethylpyridinium chloride

* • ' (XXII), perfluorocaprylamidomethylpyridinium chloride (XXIII), hexadeca-
fluorononylamridomethylpyridinium chloride (XXIV), e icosafluoro- 1-

. undecanylamidomethylpyridinium chloride (XV). The reaction product of
tetrakis(hydroxymethyl)phosphonium chloride with N-methylolperfluoro-
propylguanamine (XXVI), and the reaction product of tetrakis(hydroxy-
methyl)- phosphonium chloride with N- mrethylolperfluoroheptylguanamine

I (XXVII) were prepared and evaluated-was water repellents, oil repellents,
"and flame retardants. Attempts to prepare tris(hexadecylfluorononyloxy)-
antimony (XXVIII) for evaluation as a water repellent, an oil repellent, an'u
a flame retardant were unsuccessful.

Compounds VII, XIX, XXI, XXII imparted neither oil nor water
repellency to cotton; Compounds XVI, XVII, XVIII, XX imparted slight
water repellency but no oil repellency; and Compounds XXIV and XXV
imparted slight water and oil repellency. However, Compound XXIII was
found to be a fair water repellent and an excellent oil repellent for cotton.
"Cotton fabric treated with Compounds XXVI and XXVII were flame
retardant but were only slightly oil or water repellent.

Because of the encouraging results obtained with the perfluoro-
caprylamidomethylpyridinium chloride (Compound XXIII, abbreviated
FCAMPC), it was evaluated extensively. The compound was found to
impart some oil and water repellency to fabrics made from cellulose
acetate, silk, nylon, Dacron, wool, and cotton; to leather, and to nylon-
wood pulp and cellulose papers. It was especially effective on cotton
fabric and cellulose paper.

A sample of a cotton fabric treated with this COMpound had better

oil repellency than a sample of tQ W FC-208, both
before and after 5 launderings. The FCAMPC-treated sample also had
higher water repellency after the 5 launderings, but it had lower initial
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repellency. Accelerated weathering did not significantly change the break-
ing strength, water repellency, or oil repellency of an FCAMPC-treated
cotton fabric; however, outdoor weathering caused about a 30% loss in
water repellency. FC-208-treated cotton fabric behaved similarly, but
lost all of its water repellency during comparable exposure to outdoor

it weathering.

The good laundry fastness of the FCAMPC treatment on cotton lead
us to believe that reaction of the compound with the cotton had occurred, but
it was found in later studies that the treatment had poor durability to dry
cleaning and could be partially extracted with acetone. On the basis of this
information, it appeared that the FCAMPC probably dimerized to a water-
insoluble, organic solvent-soluble product rather than reacting with the
cotton. However, this could not be substantiated, since attempts to pre-
pare the dimer for characterization were unsuccessful.

The lowest add-on of FCAMPC at which maximum oil repellency
was obtained on cotton fabric was 2%. The best conditions established for
obtaining this add-on were these: pad-bath temperature and immersion
time, about 50"C and 1-3 minutes; curing temperature and time, 110 * C
and 3 minutes; and drying tenmperature, 100C. T•o avoid loss of 'abi-ic
strength, it was necessary to use sodium acetate and urea with the
FCAMPC. One part of sodium acetate, 0. 3 part of urea, and 5 parts of
FCAMPC was the best proportion found.

SESOUTHERN RESEARCH INSTITUTE
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III. SCREENING STUDIES

A. Oil- and Water-Resistant Agents

1. N-Methylolperfluoroalkylguanamines

a. Propyl derivative

Perfluoropropylguanamine (II) was prepared by heating perfluoro-
butyrylguanidine (I) above its melting point and by treating perfluoro-
butyronitrile (III) with dicyandiamide.

o NHU II

2CF 3(CF 2)2 CNHCNH 2 - CF 3 (CF 2)2 -C C-NIt2  (1)II I
I N N

NH2

II

NH
H2NCNHCN

CF3 (CF 2 ),CN > II (2)

III

Compound I was prepared by the following series of reactions:

NH
I xI

CF 3 (CF 2 )2COOH I (3)

K IV V

v2mm.
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The oil- and water-repellent properties of perfluoropropylguanamine

were evaluated by applying the compound to cotton fabric with formaldehyde
and an acid catalyst and by measuring the oil and water repellency of the

treated fabric. Formaldehyde and an acid catalyst were used with the
iguanamrne in an attempt to carry out the reaction of the guanamine with the

V I I cellulose as shown below:

1..

""�I Cellulose-OH + II + 2HCHO

Cellulose-O-CH2 -NH-CC C-NH-CH 2OH (4)

N N*': (1) NCN

r( F2 )2 CF 3

VI

The results showed that II did not impart any oil or water repellency
to the fabric at the 1. 4Co solids add-on at which it was evaluated. There are
several possible reasons for this: the add-on was too low; the compound
penetrated the fibers and did not provide the surface effect that is required
to obtain oil and water repellency; the fluorocarbon moiety on the compound

(2) was too short; or the compound did not react with the cellulose or with
itself to give insoluble products and, hence, was removed from the fabric
during the washing operation that was part of the treatment. To investigate
the latter possibility, a sample of perfluoropropylguanamine converted to a
methylol derivative (VII) was applied to cotton fabric. Treatment of the
fabric with this compound did achieve water repellency, but not oil
repellency. To investigate the effect of a longer perfluoroalkyl group on
oil and water repellency, perfluoroheptylguanamine was prepared and
evaluated as described in the following section.

(3)

,I
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b. Heptyl derivative

Perfluoroheptylguanaminc (XI) could not be prepared by the followi.,
reaction route:

I (F o NHCH30H H -NNH= l

2 2'

CF3(CF2),COOH, > CF3(CF,)6COOCH3 >1CF3 CCF2)jjCN CNH,

vii Ix x (5)'•
N •

CF (,CF-•-6-C" \C-NW•

NH2

xI

The preparation was not successful under the conditions tried because
0 ?

perfluorocaprylurea, CF 3(CF 2)6 CNHCNH2 (XII), was formed in the second

step of the reaction instead of perfluorocaprylguanidine (X). Compound XI
was prepared, however, by the reaction of perfluorocaprylonitrile with
dicyandiamide, a reaction similar to (2). The perfluorocaprylonitrile was
prepared from perfluorooctanoic acid by the following series of reactions:

SOC13 NI 3  P 20 5
VIII-- CF 3(CF 2) 6COC1-> CF 3 (CF 2) 6CONH ---- CF 3(CF 2 )6CN (6)

XIII XIV XV

An aqueous solution containing -mely'er' 'huoroheptylguanamine
(XVI) was prepared by treating XI with formaldehyde in the presence of a
base, but it was riot known whether the monomethylol or dimethylol
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derivative was obtained. Samples of the 3.3-oz/yd2, desized and bleached

cotton fabric treated with this solution to apply 2. 1% solids add-on had some
"water repellency, but there was only a very slight increase in oil repellency

•' f over that of an untreated fabric.
°winl

2. N-Methylolperfluorocaprylurea

Perfluorocaprylurea, prepared as indicated above, was treated with
folmnaldehyde under acidic conditions to give N- 'hylolperfluorocaprylurea

,(VII). Cotton fabric treated with this N-methylcl. derivative showed slight
i' I' water repellency and no oil repellency.

, I
3. Vinyl perfluorooctanoate

' N ,,, Pf ...... .anoate (XVIII) was prepared by the reaction of
"perfluorooctanoic acid and acetylene, and an attempt was made to graft
copolymerize it with cotton cellulose.

0 0

CF,(CF 2)6COH + HC CH - CF 3(CF 2)6COCH = CH 2  (7)

XVIII

"a 3A sample of the bleached and uesized cotton fabric was treated to apply
246% by weight of the vinyl compound, and the treated fabric was irradi-

s ated with 1 x 106 roentgens of gamma radiation from a cobalt-60 source.
Under these conditions, the vinyl perfluorooctanoate underwent extensive
homopolymerization, but only a small amount of the compound was grafted
to the fabric. After the homopolymer had been extracted from the fabric,
the fabric had some resistance to water but not to oil,

Graft copolymerization of vinyl perfluorooctanoate and cotton
cellulose with gamma radiation in the presence of a solvent for the vinyl
compound was also attempted. Two samples of the cotton fabric, one
previously wet with water and the other dry, were immersed in an

SOUTHERN RESEARCH INSTITUTE



ethanol solution of vinyl perfluorooctanoate and irradiated with 1 x 106

roentgens of gamma radiation from a cobalt-60 source. Only a small
amount of the vinyl compound was grafted to either sample. The treated
samples showed slight resistance to water but none to oil.

When a sample of dry fabric immersed in an ethanol solution of
vinyl perfluorooctanoate was irradiated with 5. 3 x 106 roentgens of gamma
radiation, a solids add-on of 3. 4% was obtained, but the treated sample
showed only slight resistance to water and none to oil.

4. Bis (hexadecafluorononyloxy)chlorotriazine

Cyanuric chloride appeared to hold promise as a means of binding
fluorocarbon groups to cellulose and for contributing to flame, resistance;
consequently, the reaction products of cyanuric chloride and HOCH 2(CF 2),H
were investigated.

"The reaction of the fluoroalcohol with cyanuric chloride can give
mono-, di-, or tri-substituted triazines. In our initial studies, only the
tri-substituted compound (XIX) was definitely identified as a

NH(CF 2 )8 Cf120-C C -OCH2,(CF)e-I1
I U

C
OC;(C F,)eH

xIx

reaction product of HCF 2 (CF 2 )7 CH 2OH with cyanuric chloride. Since there
is no chlorine available in this compound for reaction with hydroxyl groups
of cellulose, no chemical attachment is likely. Filter paper treated with
this compound was not water or oil repellent. This result indicates that,
as surmised, a suitable fluoro-compound for providing the desired
repellent properties, must contain some polar group that will cause it to
be oriented on the surface of the W by forming
a protective film'

' ,



U 2, 4.-Bis(hexadccafluorononyloxy)-6-chloro-s-triazine (XX) was pre-

j~. ~ ar-ed fromn cyanuric chloride and H(FC1{211

l- cOCIt 2(CF 2 ) 82H-

N N

O1t2(C0 F 2 )2H

I. XX

1' samples of filter paper treated with aqueous sodium hydroxide, then an
F ether solution of the triazine, and finally washed with water and dried hzd

only a slight degree oi water repellency. The poor water repellency was,
probably, a result of the reaction of only a small quantity of the triazine
with the paper under the conditions used.

5. Fluoroalkylam.domethylpyridinium chlorides

The following five fluoroalkylamidomethylpyridinium chlorides were

prepared by the general reaction scheme shown in (8) and were evaliated as
oil and water repellents for cotton fabric: perfluoropropylamidomethyl-
pyridinium chloride (XXI), perfiuorobutylamidomethylpyridinium chloride

(XXII), perfluorocaprylamidomethylpyridinium chloride (XXIII), hexadeca-

fluorononylamidomethylpyridinium chloride (XXIV), and eicosafluoro-1-

undeconylamidomethylpyr idinium chloride (XXV).

CH20

SOC12 NH 3  CSH1N + -

RCOOH > RCOC1-- RCONH 2  > RCONICH2 NC5 H5 CI (8)

HCl

R- CFsCF 2 -(XXI), CF 3 (CF 2 )2 -(XXII), CF 3 (CF 2 )6 -(XXIII),

H(C F 2 )8 -(XXIV),H(C F 2 )1 0 - (XXV)
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"ihe compounds were expected to react with cellulose in a manner similar .

to the alkyl pyridinium compounds that are widely used to produce laundry,..

fast, water-repellent effects on cotton textiles

Cellulose-OH + RCONHCH 2NC H Cl

(9)

Cellulose-O-CH2 NHOCR + C5H5N HCl

The oil and water repellency of samples of the desized and bleached

cotton fabric treated with Compounds XXI-XXV are summarized in

Table IV-1. As shown by the results, the samples treated with Compounds

XXIII, XXIV, and XXV had some oil and water repellency but those treated
with Compounds XXI and XXII showed no resistance to either oil or water.
The sample treated with Compound XXIII had slightly better water

repellency and much better oil repellency properties than those treated

with Compounds XXI or XXII.

B. Oil-, Water-, and Flame-Resistant Agents

1. N-Methylolperfluoroalkylguanamines-THPC condensates

Polymeric products of the perfluoroalkylguanamines (II and XI) and

tetrakis(hydroxymethyl)phosphonium chloride (THPC), which are similar

in structure to the melamine-THPC condensate that is widely used as a

flame retardant for cellulose materials, 1 were investigated as oil-, water-,

and flame-resistant agents.

1. W. A. Reeves and J. D. Guthrie, Ind. Eng. Chem, 48, 64 (1956).

______________fW_



ji, Table IV-1. Oil- and Water-Repellent Properties of Cotton Fabric Treated
with Fluoroalkylam idom ethylpyridinium Chloride

"Water
"Bath Wet repellency,

concn., pickup, Add-on, spray Oil
-. _-____ _Coopound___ ratingsa repellenc'

XXI 6.6 141 0.59 0 0
126 0.52
126 0.43

SXXII 6.5 131 0.41 0 0
127 0.53
122 0.54

XXIII 8.0 2.0 70 130
- 4.4 80 120

XXIV 8.0 131 2.1 50 50
126 2.0 50 50

XXV 8.0 118 4.1 50 60
123 2.8 50 60122 2.2 50 60

a By ASTM Method D 583-58, maximum water repellency = 100.

bBy 3M Method, maximum oil repellency 150.
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H N\ H 'j
-CH 2-P-CH 2-N-<C C-N-CH2-P-CH2 -

CH12  II IC 2NK~
C

(C F2)XC F3

"XXVI and XXVII

XXVI (x = 2)
XXVII (x = 6)

a. Propyl derivative

A solution containing N-methylolperfluoropropylguanamine was
prepared by treating perfluoropropylguanamine with formaldehyde under
basic conditions. THPC was then reacted with the N-methylolperfluoro-
propylguanamine, and samples of the 3. 3-oz/yd2 cotton fabric were padded
with the solution containing the reaction proc ict (XXVI) to apply 38 to 40%
solids add-on. The treated samples had fair water repellency, as deter-
mined by contact-angle measurements, and also had flame retardant
properties, as determined by the match test. However, the treated
samples did not have any oil repellency.

b. Heptyl derivative

This condensate (XXVII) was prepared by heating THPC with
N-methylolperfluoroheptylguanamine, which was prepared by treating
perfluoroheptylguanamine with formaldehyde under basic conditions.
Samples of cotton fabric were padded with solutions of the reaction
product to apply 3. 4%, 16. 4%, and 32. 4% solids. The samples had a
spray rating of 70 and an oil repellency rating of 50. Samples of the
same cotton fabric treated to apply either 2. 9% or 4. 1% solids FC-208
had i spray rating of 90 and an oil repellency rating of 120.



The sample treated to apply 16. 4% solids of the amine-THPC

reaction product was consumed when evaluated by the match test. How-

I ever, the sample treated to apply 32. 4% solids had excellent flame resist-

ance. After 5 launderings, it still had some resistance to water (spray

rating of 50), but it had no resistance to oil, and it failed the match test.

2. Tris (hexadecylfluorononyloxy)antimony

Since mixtures of antimony oxide and halogenated paraffins are

used extesively as flame retardants, it was reasoned that a compound

- containing antimony, oxygen, and a fluorocarbon moiety might function

, , as an oil-, water-, and flame-resistant agent. Attempts were made to

prepare tris(hexadecylfluorononyloxy)antimony (XXVIII) by the following

reactions, but, because of hydrolytic instability and insolubility in organic

A solvents, the compound could not be isolated in pure form for evaluation.

Sb(OC 2H.). + 3HOCH2(CF 2 )8H " Sb[OCH 2(CF,2 )8 H13

xXVIII (10)

Sb(OC2 H5 )3 + 3NaOCH 2 (CF 2 ),H - XXVIII

S
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IV. PERFLUOROCAPRYLAMIDOMETHYLPYRIDINIUM CHLORIDE

Because of the encouraging results obtained with perfluorocapryl-
amidomethylpyridinium chloride (FCAMPC, Compound XXIII), an extensive
evaluation of the compound was carried out. Optimum conditions of appli- ,

4u cation for obtaining maximum add-ons of FCAMPC on cotton fabric were

sought, and the effect of the curing temperature on the properties of
L : j FCAMPC-treated cotton fabric was determined. The effect of the amountr . of FCAMPC on the oil repellency of cotton fabric was determined, and
K attempts were made to improve the water repellency and breaking strength -

of FCAMPC-treated cotton fabric. Various types of materials were treated
with FCAMPC and evaluated for oil and water repellency, the effect of the
FCAMPC treatment on the oil and water repellency of a cotton fabric was
compared with the effects of some commercial fluorocarbon compounds,
before and after laundering, dry cleaning, and weathering. The reaction
of FCAMPC with cellulose was studied.

L A. Basic Procedure of Applying FCAMPC

The basic procedure of applying FCAMPC used in these studies was
to pad the materials with an aqueous bath containing 8% FCAMPC and 0. 8%
sodium acetate (10:1 weight ratio of FCAMPC to sodium acetate) at 45-50*C
to apply 1000/a wet pickup. The padded samples were dried 3 minutes at 804C
and cured 3 minutes at 130°C. After curing, the samples were neutralized
by treatment in a solution containing 0. 1% of sodium carbonate and 0.25%]
of Lux liquid detergent at 600 C for 15 minutes. The neutralized samples
were rinsed in water at 45-50*C for 1 hour and finally in cold water for
1 hour. The samples were dried at room temperature.

As a result of some of the studies described below, the following
changes in the basic procedure were found to give markedly improved
effects: changing the weight ratio of FCAMPC to sodium acetate to 5:1,

t immersing sample in the pad bath for 1-3 minutes prior to padding, lower-
ing the curing temperature from 130 to lo0°C, and increasing the final
drying temperature to 100*C.

not MMENMA.



~ffectS of Conditions of Curing and Padding on Retention (Add-on) of."FC•AMPC by Cotton Fabric

The chemistry involved in the reaction of cellulose with a quaternary
nitrogen compound, according to Mullin, is as follows:

C 5HN(C1)CH2NH-CO-R

K1ýA:4 CH3 COONa

C 5HN(OOCCH J)CHNH-CO-R

,-HOCell

CH 5N(OCell)CH 2NH-COR

Heat

RCO-NHCH 2OCell + C.H.N

However, according to Zerner and Pollak3 the reaction may involve theformation of the quaternary ammonium hydroxide as an intermediate and
the following would happen:

ROCH 2 -C 5 H5N-OOCCH3

SH 20

ROCH2 -C 5 H5N-OH

HOCell (12)
ROCH 2 -CsH 5N-OCell

4Heat

ROCH2OCell + CAH5 N

2. C. Mullin, Textile Colorist 53, 834-837 (1931).3. E. Zerner and P. Pollak, Textile Research 14, 242-245 (1944).
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Assuming either of these mechanisms of reaction to be correct, when I
FCAMPC reacts with cellulose under ideal conditions, approximately
80%, by weight, of the compound should remain attached to the cellulose v
and 20% should be lost as pyridine, or pyridine complexes.

The results of our initial studies revealed that the weight increase
of cotton fabric after trentrnent with FCAMPC, curing, and neutraliZing P
was much less than 80% of .. amount applied. For example, th" ý-.' i
of a cotton fabric padded to apply 100% wet pickup of a 51/6 FCAMPC iath
was increased only 0. 3%, instead of the expected 4%, after it was cured
3.5 minutes at 150*C and neutralized and rinsed as described above,- A
similar treatment with a bath containing 25% FCAMPC (1000/4 wet pickup),_
produced a weight increase of only 2. 5% after curing, washing, and drying "
Apparently, the reaction of the FCAMPC with the cellulose was incomplete
under the conditions used and much of the fluorocarbon compound was lost
during processing.

In efforts to make more effective use of FCAMPC, the effects of
the following curing and padding conditions on the amount of FCAMPC

2
retained by a 3. 3-oz/yd bleached and desized cotton fabric impregnated to
apply 8%o FCAMPC were determined: curing temperature, curing time, the

ratio of FCAMPC to sodium acetate in the pad bath, pad-bath temperature,
and the time of immersion of the sample in the pad bath. In these experi-
ments, the basic procedure for treatment with FCAMPC described above
was used, with the changes noted, except for variations in factors that
were being studied. The amounts of FCAMPC retained by the treated
samples under the various conditions of treatment were calculated from
the increases in weights of the original samples (all conditioned at 21*C
and 65% RH) and are expressed as percent add-on of FCAMPC. Results
are given in Tables IV-2 through IV-6.

1. Curing temperature

Table IV-2 gives the add-ons of FCAMPC and repellencies of eight
samples of the treated cotton fabric cured for 3. 5 minutes at temperatures
ranging from 56 to 177*C. Data on water and oil repellency are given for
the samples before and after 5 launderings. For complete reaction, the
theoretical add-on of the treated samples would have been 6. 4%; the
highest value found was 2. 3%. In general, the add-on increased with

t *%WM1.
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I Table IV-3. Effect of Curing Time at 110 and 130*C on Add-on of
~1> FCAMPC-Treated Cotton Fabrica

Curing conditions
Temperature, 0 C Tieminutes Add-on, '7o solids

130 3 1.8

130 
0.

130 10 0.5

130 15 0.0

110 3 2.4

Ik110 6 1.6

a 86FCAMPC applied.

Lo
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Table IV-4. Effect of Weight Ratio of FCAMPC to Sodium Acetate in Padri Bath on Add-on of FCAMPCa

"Weight ratio of
FCAMPC to sodium acetate Add-on, % solids

1:0 3.3

20:1 3.2

10:1 3.6

N 5:1 3.3

•a

a 8% FCAMPC applied. Samples cured at 110°C for 3 minutes.

S H Ri
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Table IV-5. Effect of Pad-Bath Temperature on Add-on of FCAMPCa

Pad-bath Add-on, % solids,
temperature, *C at immersion times of < I minute

49 0.4

60 0.7

71 1.0

K. 82 2.1

a Bath contained 8O FCAMPC, samples cured at 1100C for 3 minutes.

4',3
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:Table IV-6. Effect of Pad-Bath Immersion Time at 82*C and 50'C.•.: ,,..on Add-on of FCAMPCa

Temperature, 00 Time, minutes AId-on, % solids

82 2.1

82 3 5.3
82 4 4.8

, 82 7 9.7

5 0 .b ,0 .
0.4

50 1 1.9

50 2 2.4

50 4 1.8

a Bath contained 8% FCAMPC, samples cured at 1100C for 3 minutes.

b About 0.5 minutes.

SOUTHERN RESEARCH INSTITUTE
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decreasing temperature of curing. The sample cured at 110C had the best
oil repellency (120) and spray rating (70) and had good durability to laun-
derings. Therefore, it was concluded that the optimum curing tempera-
ture for cotton fabric treated with the perfluorocaprylamidomethyl-

*, . pyridinium chloride was 110°C.

2. Curing time I
As shown in Table IV-3, the amounts of FCAMPC retained by

1* samples of the treated cotton fabric cured at 110 or 130°C decreased with
increased curing time. For example, a sample cured for 3 minutes at
110°C retained 2.4% of the 8% of FCAMPC applied, whereas a sample
cured for 6 minutes at this temperature retained only 1. 61/o of the FCAMPC.
A sample cured for 3 minutes at 1300C retained 1. 8% of the 8% of FCAMP•
applied, and a sample cured for 15 minutes at 1300C did not retain any.
Thus it appears necessary to keep the curing time as short as possible.

3. Weight ratio of FCAMPC to sodium acetate

The effect of sodium acetate in the pad bath on the retention of
FCAMPC by the fabric was investigated with baths containing weight ratios
of FCAMPC to sodium acetate of 1:0, 20:1, 10:1, and 5:1. The average
solids add-on of the samples was 3. 4%; and as shown in Table IV-4, the
add-on was independent of the weight ratio of FCAMPC to sodium acetate.
The higher add-ons of these samples compared with those above (Tables
IV-2 and 3) are attributed to longer immersion times in the pad bath.

4. Pad-bath temperature

l To determine the effect of pad-bath temperature on the retention
of FCAMPC by the cotton fabric, samples of the fabric were treated by
padding with baths containing FCAMPC at temperatures ranging from
49 to 820C. As shown in Table IV-5, when the samples were immersed
in the pad baths for less than a minute (about 30 to 45 seconds) and
immediately padded to apply * tt o' The samples
after neutralization ranged o increased with increasing
pad-bath .temperature.
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5. Pad-bath immersion time

Sbeat To determine the effect of the time of immersion of a fabric sample

in the pad bath on the retention of FCAMPC, samples were immersed in

*a- pad baths at 50 or 82°C for times ranging from less than 1 minute to

'7 minutes and then they were padded to apply approximately 100% wet pickup.

The add-ons of the cured and neutralized samples are shown in Table IV-6.

There was a general increase in the retention of FCAMPC by the

fabric with increased immersion time in the pad bath. For example, 9. 79/

add-on was obtained for the sample immersed in the pad bath for 7 minutes,

and a 2.19/o add-on was obtained for the sample immersed in the pad bath

with -"for less than 1 minute. For complete reaction, the theoretical add-on of

I Lt samples impregnated to apply 8% FCAMPC would be 6. 4%. The add-on of

9t9.T/ obtained with a bath-immersion time of 7 minutes indicates that the

" increase in add-on with an increase in batr.-immersion time is due to an
%-MPC. increase in exhaustion of the cationic FCAMPC onto the fabric.AMIPC

'Y" With a pad-bath temperature of 50°C, there was a significant

increase in the add-on of FCAMPC by the fabric when the immersion time

was increased from about 0.5 to 1 minute; but longer immersion times

"L N ýgave no further increase in add-on.

ratios C. Effect of Add-on of FCAMPC on Oil Repellency of Cotton Fabric

ige
"the Samples of the 3.3-oz/yd cotton fabric containing 0.4 to 5.3%
the FCAMPC were evaluated for oil repellency, and the results are showntare.

les in Figure IV-1. Each point in the graph is the average for 3 to 5 samples.

As shown in Figure IV-I, oAl repellency increased to a maximum

oil-repellency value of 130 and then it remained constant with increasing
add-on of FCAMPC. The lowest add-on at which m_.imnvitm oil repellency

was obtained was about 2. 0%.

Sion
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pD Attempts to Improve Properties of FCAMPC-Treated Cotton Fabric

L Water repellency

The water repellencies of the FCAMPC-treated cotton fabrics that
were prepared in the above studies were low - a spray-rating value of 70
was the highest value obtained. In attempts to improve water repellency,
cured samples of the fabric were dried at 100°C after neutralization, rather

,: than at room temperature. An investigation was also made of the desira-
bility of using Zelan AP with FCAMPC. Zelan AP is a commercially avail-
able product containing an alkoxymethylpyridinium chloride that is widely
used to produce laundry-fast water-repellent effects.

a. Increasing final drying temperature

Six samples of the 3. 3-oz/yd2 cotton fabric were treated with
FCAMPC dried, cured, and then neutralized under similar conditions.
"After neutralization, three of the treated samples were dried at 20°C and
the other three were dried at 100°C. The dried samples were evaluated
for water repellency and for oil repellency. As shown in Table I"V-7, there
were no significant differences in the oil repellency of the samples dried at
200C and of those dried at 100'C. However, all three of the samples dried
at 100*C had higher spray ratings (80) than the three samples dried at 20°C
(50- 70).

b. Use of Zelan AP with FCAMPC

It was thought that improved water repellency might be obtained
with FCAMPC by treating fabrics with a bath containing FCAMPC and a
small an.ount of Zelan AP. Since the optimum curing temperatures for
FCAMPC and Zelan AP are different, a cotton fabric treated with a mix-
ture of the two compounds would have to be cured first at 110°C to cause
the FCAMPC to react with the fabric and then cured at 160°C to cause the
Zelan AP to react with the fabric. Therefore, a study was made to4 determine the effect of curing a FCAMPC-treated sample of the 3. 3-oz/yd2

cotton fabric first at 1100C for 3 minutes and then at 1600C for 3 minutes.
After curing at-.110?C, the dry, neutralized sample had an add-on of 1.3%;
and it had ar oil-rating value of 110 and a spray rating of 70. After

SOUTHERN RESEARCH INSTITUTE
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Table IV-7. Effects of Drying Temperature on Water and Oil-
- Repellency of FCAMPC-Treated Cotton Fabric

Drying Water repellency Oil
teperature, *C Add-on, 76 solids spray ratinga repellenc bý

) 20 5.3 70 130

1 20 2.0 50 120

20 2.6 70 130

100 4.4 80 120

100 4.8 80 130

100 3.6 80 130

a Maximum water repellency - 100.

;b Maximum oil repellency - 150.

IasI



recuring the sample at 1600C, the sample had no water or oil repellency.
The weight of the sample indicated that all of the FCAMPC had been lost.
From this study, it was concluded that Zelan AP could not be used
effectively with FCAMPC to treat cotton fabrics.

2. Breaking strength

As shown in Table IV-8, treatment with FCAMPC alone caused a
' , b severe decrease in the breaking strength of the 3. 3-oz/yd 2 cotton fabric;A

2 Y but addition of 1. 61/o sodium acetate to the pad bath containing 8% FCAMPC
(weight ratio of FCAMPC to sodium acetate of 5:1) greatly reduced the loss
in breaking strength, without adversely affecting water and oil repellency.
The addition of 0.5, 1.0, or 2. 0016 urea to the pad bath containing 8%
FCAMPC and 1. 6/o sodium acetate prevented any significant loss in the
breaking strength of the treated cotton fabric. At the 0. 5 and 1. 0116 concen-
tration levels, the urea had only a slight effect, if any, on the water and oil
repellencies of the treated samples; but, when 2. 0%o of urea was used, the
treated sample had no water repellency, although it had excellent oil
repellency.

In these studies, the samples of cotton fabric were padded with each
bath to apply 100016 wet pickup, and the padded samples were cured at 130*C
for 3 minutes. After curing, the samples were neutralized and then redried

at 1000C.

E. Water and Oil Repellency of Various Materials Treated with FCAMPC

The following materials were treated with FCAMPC and evaluated
for water and oil repellency: 11. 2-oz/yd2 cellulose acetate fabric,
2. 3-oz/yd2 silk fabric, 2.1-oz/yd2 nylon fabric, 2. 5-oz/yd2 Dacron fabric,2 2

4.3-oz/yd2 Dacron-cotton fabric, 8. 2-oz/yd polypropylene fabric,
2 2 2

7. 8-oz/yd wool fabric, 3. 3-oz/yd cotton fabric, leather, 2. 5-oz/yd
50:50 nylon-wood pulp paper, and 2. 5-oz/yd all-cellulose paper.* All of
the materials were treated by immersing a sample for several minutes in

Kaycel 100, an all-cellulose paper reinforced with 6 x 5 strands per

inch of nylon yarn.

SOUTHERN RESEARCH INSTITUTE
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Table IV-8. Breaking Strength and Rcpellent Properties of FCAMPC-
Treated Cotton Fabric

Composition of
pad bath, % Properties of cured samplesa

Sodium Add-on, Breaking Spray Oil

FCAMPC acetate Urea % solids strength, lb ratin re' ec

Untreated control 0 119 0 0

8 0 0 1.9 66 70 110

8 1.6 0 4.4 109 80 120

8 1.6 0.5 1.5 117 70 130

"" 8 1.6 1.0 2.0 113 70 130

8 1.6 2.0 1.7 116 0 130

a Samples cared at 130°C for 3 minutes.

b Maximum water repellency = 100.

c Maximum oil repellency - 150.
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an 8% aqueous dispersion of FCAMPC at room temperature, padding to
apply 100% wet pickup, drying at 80°C for 3 minutes, curing at 110°C for
3 minutes, neutralizing, and then redrying at 100*C. The all-cellulose
paper was immersed in the pad bath for 1 minute; the cotton, Dacron-
cotton, and wool fabrics, and the nylon-wood pulp paper for 3 minutes; the
leather and polypropylene fabric for 5 minutes; and the silk, nylon, cellu-lose acetate and Dacron fabrics for 10 minutes.

The add-ons and water- and oil-repellency ratings of the treated
materials are shown in Table IV-9. The results show that some waterrepellency and oil repellency were imparted to all of the materials studied,

except the polypropylene fabric which did not retain any FCAMPC. The
i 2 treating conditions used were probably far from optimum for most of the

materials, but these examples illustrate the wide range of materials to
"which FCAMPC can be applied to impart water and oil repellency.

F. Durability of FCAMPC Treatment to Laundering

2Separate samples of a 3. 3-oz/yd , desized and bleached cotton fabric
were treated to apply 1. 5 or 4. 8% of FCAMPC, 49/o of Quarpel, and 1.5 or
5. 09/6 of FC-208. Separate samples of a scoured, 2.5-oz/yd2 Dacron fabric
were treated to apply 2. 8% of FCAMPC or 3. 7% of FC-208. The samples
of treated cotton and treated Dacron were evaluated for water and oil
repellency before and after 5 launderings. The results are given in Table
IV-10.

Before laundering, the cotton samples treated with FCAMPC had
lower water repellency but higher oil repellency than the FC-208 or the
Quarpel-treated samples. After 5 launderings, the water repellency of
the FCAMPC-treated cotton samples was better than the FC-208-treated
samples but poorer than the Quarpel-treated samples. The cotton samples
treated with the FCAMPC had better oil repellency after 5 launderings
than the cotton samples treated with either of the other two products.

Before laundering, the Dacron sample treated with 2. 8% FCAMPC
had lower water repellency but slightly higher oil repellency than the
FC-208-treated Dacron. After 5 launderings, the FCAMPC-treated
Dacron still had slightly better oil repellency than the FC-208-treated
Dacron, but both had equal water repellency.

SOUTHERN RESEARCH INSTITUTE
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Table IV-9. Water and Oil Repellency Ratings of Various Materials

Treated with FCAMPC

Add-on, a Water repellency, Oil

Material % solids spray ratinb repellenc•

A1

Cellulose acetate fabric 0.9 50 90

Silk fabric 1.0 50 90

Nylon fabric 0.1 50 120

Dacron fabric 2.0 50 90

Wool fabric 9.8 70 80

'4 Cotton fabric 3.6 80 130

Dacron-cotton fabric 1.7 70 90

Leather 1.7 50 70

Polypropylene fabric 0.0 0 0

Nylon-wood pulp paper < 1. 0 70 100

Cellulose paper 5.4 80 120

a Determined by increase in weight after curing and neutralizing.

b Maximum water repellency - 100.

c Maximum oil repellency 150.

I'IR* : is
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G. Durability of FCAMPC Treatment to Dry Cleaning

2
"Samples of a desized 3. 3-oz/yd cotton fabric were treated to apply

3./6% FCAMPC solids or 5.0% FC-208 and evaluated for water and oil
repellency before and after 5 dry cleanings. The results are given in Table
IV-11.

Before dry cleaning, the sample treated with 3. 6% FCAMPC had a
lower spray rating but higher oil repellency than the sample treated with
FC-208; but after 5 dry cleanings, the sample treated with FC-208 had
better oil repellency and a higher spray rating than the sample treated with
FCAMPC.

H. Durability of FCAMPC Treatment to Weathering

1. Accelerated weathering

Separate samples of the 3.3-oz/yd2, esizedand bleach.dcott
".•fabric treated to apply 1. 6% FC-208 solids or 1. 8% FCAMPC solids were

Sexposed for 26 hours in a Weather-Ometer• The breaking strength, water
repellency, and oil repellency of each sample was determined before and
after exposure; the results are given in Table IV-12.

The exposure in the Weather-Ometer did not affect the breaking
strength or spray rating of either sample, but it decreased the oil repellency
of the FC-208-treated sample. The oil repellency of the FCAMPC-treated
sample was not affected by 26 hours in the Weather-Ometer.

2. Outdoor weathering

Separate samples of the 3. 3-oz/yd2 cotton fabric were treated to
apply 4. 5% FC-208 solids, 4. 3% Zepel B solids, and 49/o FCAMPC solids;
and the treated samples were evaluated for water and oil repellency before
and after outdoor weathering for 2 months. The results are given in Table
IV-13.

Before outdoor weathering, the sample treated with FCAMPC had a
lower spray rating than the samples treated with FC-208 or Zepel B. The
sample treated with Zepel B had slightly better oil repellency than the
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sample treated with FCAMPC which had slightly better oil repellency than
the sample treated with FC-208. After outdoor weathering, the samples

treated with Zepel B and FCAMPC had equivalent oil- and water-repellent

ratings which were better than those for the FC-208-treated sample.

"I. Reaction of FCAMPC with Cellulose

Studies were made to determine whether FCAMPC reacts with

cellulose. A FCAMPC-treated cotton sample was extracted with acetone
in an attempt to remove the FCAMPC, and studies were made to deter-

mine what reactions FCAMPC underwent when heated.

S1. Extraction of FCAMPC-treated cotton fabric with acetone1

A sample of a desized cotton fabric was treated to apply 3. O/o of

FCAMPC, and the treated sample was evaluated for water and oil

repellency before and after extraction with acetone. The sample was
V -extracted with acetone in a Soxhlet extractor for 96 hours, dried, and

conditioned at 21'C, 65% RH. The weight loss and the water and oil
S •: repellent properties were determined. Then the sample was extracted

with acetone for an additional 96 hours and evaluated again. The results
are given in Table IV-14.

•4 The extraction greatly decreased the oil repellency of the sample,
JK but reduced the spray rating only to 50. These data indicate that only a

small amount, if any, of the FCAMPC reacts with the cellulose under the

conditions used for treatment.

Y_ _ _ _ _ _ _ _ _ _ _ _ _ 'Al

:: 2. Mechanism of decomposition of FCAMPC

Since extraction of an FCAMPC-treated cotton fabric indicated

* that little, if any, of the FCAMPC reacted with cellulose, studies were
begun to determine if perhaps self condensation of FCAMPC occurred

when it was heated. Self condensation could produce a dimer that wojld
impart water and oil repellency when deposited on the fabric.
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Table IV-14. Effect of Extraction with Acetone on FCAMPC-Treated
Cotton Fabric

W Weight, Add-on, Water repellency, Oil
S76% solids spray rating repellene

Initiallya 4.7221 3.0 70 120

After 96 hours
extraction 4. 6523 1.2 50 50

After 192 hours
extraction 4. 6392 0. 8 50 0

a Sample weighed 4. 5950 g before treatment.
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"Davis has reported4 that cotton treated with steramidomethyl-

pyridinium chloride by the corventional pad-dry-cure procedure contains

some methylene steramide [(Cl 7 H 3 5,CONH),CH 2 ] and sh-owed that this corn-
pound can also be formed by heating the pyridinium compound first in

• ~~water and then in dilute acid: t•

+ H 20
SC1 7H3 CONHCH 2NC5 H5 Cl-> C 17H3sCONHCH 2OH + C5 H NHC1 (13)

heat

Q H 2 0 + H+
2C 7H 3 5CONHCH OH > (C 17H 3 5CONH) 2CH 2 + HCHO + HIO (14)

heat

To determine whether FCAMPC undergoes self-condensation, FCAMPC

was heated in a similar manner and the products were isolated and

characterized.

An 81% solution of FCAMPC in water was boiled for 2 hours, and

the yellow oil that formed was collected and solidified by cooling. The
solid product was recrystallized twice from a hot benzene-ethanol solution

"(70:30 by volume) and then dried in a vacuum oven at N0°C. The recrystal-

lized product melted at 95-95. 5C and had the correct elemental analysis

and molecular weight for perfluorocaprylrnethylolamide, the expected
product.

Calculated for CJ- 4FJ5 NO2 : C, 24. 38; H, 0. 90; N, 3. 16;
Mol. wt. 443.U Found: C, 24.28; H, 0.83; N, 3. 30; Mol. wt. 430.

Several attempts were made to condense the perfluorocapryl-

methylolamide in boiling 5% sulfuric acid, but a pure product could not

be isolated from the reaction mixture. When a watch glass was placed

over a beaker containing boiling sulfuric acid-perfluorocaprylmethylol-

amide solution, white crystals were deposi ted,. o"°n" t .a glass. These

4. F. V. Davis, J. Soc. Dyers and Colorists 63, 260-263 (1947).

HEM-J



p - " ...... . . ...- " - - 1P

"CQNF!DE N T

-349-

crystals were insoluble in boiling water and melted at 114-1160C. It was
thought that perhaps these crystals were the dimer, however, the ele-
mental analysis and molecular weight of the crystals disproved this
assumption. The crystals have not been identified, since there was not
sufficient time remaining in the project to complete this portion of the
work.

Calculated for (C7H1sCONH) 2CH2 : C, 25. 56; H, 0. 67; N, 6. 28;
Mol. wt. 892.

Found: C, 19. 49; H, 0. 52; N, 2. 81; Mol. wt. 419.

ii
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V. EXPERIMENTAL DETAILS

A. Syntheses

1. N-Methylolperfluoropropylguanamine

the Perfluoropropylguanamine was prepared by thermal cyclization of
the corresponding guanidine compound, which was prepared from guanidine
and methyl perfluorobutyrate, and by treatment of perfluorobutyronitrile
with dicyandiamide. The N-methylol derivative of the guanamine was pre-
"pared by treating the guanamine with formaldehyde in the presence of a
base.

~ a. Guanidine

- . A beaker containing 100 g of ethanol and 18 g of guanidine carbonate
was placed in dry ice. When the mixture was cold, small beads of sodium i
were added slowly to it with stirring until 5 g of sodium had been added.

The mixture was stirred continuously, and it was allowed to warm to room
temperature. The mixture was then centrifuged, and the guanidine solution
was decanted from the guanidine carbonate that had not reacted and the
sodium carbonate that had formed. The guanidine solution was concentrated
at reduced pressure.

r :b. Methyl perfluorobutyrate

Methyl perfluorobutyrate was prepared by esterification of the
corresponding acid with methanol according to the procedure used by
Burgoyne and Conden.5

Into a three-neck, round-bottom flask fitted with a reflux condenser,
a thermometer, and a distilling receiver was put 10 g (0.05 mole) of per-
fluorobutyric acid, 2 g (0. 06 mole) of methanol, and 2 g of chloroform.
The mixture was heated at 56°C, and the water that formed during esteri-
fication was collected as an azetrope with the chloroform. When the
amount of water collected approximated the theoreticayield, which took

5. E. E. Burgoyne and F. E. Conden, J. Am. Chem. Soc. 72, 3276
(1950).

IA
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I less than 10 minutes, the reaction was considered complete; and the
remainder of the reaction mixture was distilled. The methyl perfluoro-
butyrate was collected at 65°C.

The infrared spectrum of the product agreed with the infrared
spectrum reported for methyl perfluorobutyrate. 6 The bands at 2970 cm-1

were characteristic of CH. stretching; the band at 1785 cm- showed CO
stretching. CF 3 stretching was shown at 1346 cm-"; and the strong bands
near 1200 cm-' showed C-F stretching.

f
kne

[ c. Perfluorobutyrylguanidine
ie-

In Perfluorobutyrylguanidine was prepared according to the procedure
used by Iwanza and Melsvhaski. 7 To a round-bottom flask fitted with a
reflux condenser was added 5 g of methyl perfluorobutyrate and 5 g of the
concentrated guanidine solution. A very mild exothermic reaction occurred
immediately. The mixture was refluxed for 2 hours and then cooled to
room temperature. After standing at room temperature for 36 hours, the

te white precipitate that formed was collected on a filter and washed several
times with water. The melting point of the product was 1660C after purifi-
cation. The infrared spectrum for the product showed no CH stretching.

n The following characteristic bands were observed, indicating that the
n perfluorobutyrylguanidine compound was formed.

ed
Sy(cm-l) Assignment I

3150-3550 N-H stretching bands 1
1680 Amide I (C=O stretching)

1640 C-N stretching

1614 1 A2 banding

1544 Amide II (secondary amine)

3 1348 CF 3 stretching

Near 1200 C-F stretching

6. R. N. Haszeldine and K. Leedham, "Documentation of Molecular
Spectroscopy," Spectral Card No. 63 (1963).

7. Namanckowa Iwanza and Yoshida Melsvhaski, J. Pharm. Soc. Japan
- 69, 248 (1949).
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d. Perfluoropropylguanam ine from perfluorobutyrylguanidine

Perfluoropropylguanamine was prepared from perfluorobutyryl-
guanidine according to the procedure used by Simons and Weaver 8 for pre-
paring alkylguanamines. The perfluoropropylguanamine was prepared by 1 !
heating perfluorobutyrylguanidine in an open beaker at 10 0 C above its melt-,•2:• ing point (176*C) for 15 minutes. The product was recrystallized from hot 'water and dried in a desiccator. The melting point of this product, assumed

to be perfluoropropylguanamine, was 220*C.

Ji e. Perfluoropropylguanamine from perfluorobutyronitrile

Perfluoropropylguanamine was prepared from perfluorobutyronitrile --
and dicyandiamide by the procedure of Simons and Saxton.9 To a flask fitted '

with a reflux condenser, a thermometer, and a stirrer, were added 1 g of
potassium hydroxide dissolved in 20 ml of butyl Cellosolve and 4. 2 g of
dicyandiamide. The mixture was stirred continuously throughout the

f reaction period. Liquid heptafluorobutyronitrile, 10 g, was added and the
"N. mixture was heated at 170-180*C for approxinmately 20 minutes. Heating

was then discontinued and the reaction mixture was allowed to cool during
2 hours. At the end of this time, the product was centrifuged, and the
liquid portion was decanted from the solid material. The solid product was
washed twice with water and then with acetone. The acetone-insoluble[5. portion melted at 354"C, the melting point of melamine, The acetone-
soluble portion was crystallized by cooling the solution and then recrystal-
"lized once more from acetone. The recrystallized product had a melting
point of 199. 5-202. 0*C and elemental analysis indicated that it was
probably impure perfluoropropylguanamine.

Calculated for C6 H4F7 Nr: C, 25. 82%; H. 1. 43%; N, 25. 09%

b •Found: C, 27. 61%; H, 2. 56%; N, 23. 75%

The infrared spectrum of the compound indicated the pi zsence of CF, and
i;3 -,CF3 groups.

8. J. K. Simons and W. I. Weaver (to Libby-Owens-Ford), U. S. Patent
2, 408, 690.(1946).

9. J. Simons and M. Saxton, "Organic Syntheses," Vol. 33, 1st edition,
John Wiley and Sons, Inc., New York, N. Y., 1953, p. 13.- , 44,W
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f. N- Methylolperfluoropropylguanam ine

A solution that was expected to contain approximately 109/o of
N-methylolperfluoropropylguanamine was prepared by adding 1.39 g of
-erfluoropropylguanamine to a solution of 7. 9 g of 389/o aqueous formalde-

hyde in 4 ml of water at pH of 7-8. The mixture was heated to 70-80*C
for 20 minutes and allowed to stand overnight at room temperature. The
perfluoropropylguanamine dissolved on heating at 70-80*C and the solution
remained clear after standing overnight.

2. N-Methylolperfluoroheptylguanamine

This compound was prepared by the reaction of perfluorocaprylo-
nitrile with dicyandiamide and treatment of the product obtained with
formaldehyde. Perfluorocaprylonitrile was prepared by treating perfluoro-

Se caprylamide with phosphorus pentoxide. The perfluorocaprylamide was
-d prepared by the reaction of perfluorocapryl chloride with ammonia, and

perfluorocapryl chloride was prepared by the reaction of perfluorooctanoic
acid with thionyl chloride.

a. Perfluorocapryl chloride

To a 3-neck, round-bottom flask fitted with a reflux condenser and
stirrer were added 100 g of perfluorooctanoic acid, 250 ml of thionyl
chloride, and 1 g of pyridine. The mixture was refluxed for 22 hours,

while being stirred, and then it was cooled to room temperature. The mix-
ture was then poured into a separatory funnel, and the lower layer, which
was assumed to be perfluorocapryl chloride, was drawn off.

b. Perfluorocaprylaraide

The perfluorocapryl chloride prepared as described above was added
during 2 hours to 400 ml of concentrated ammonium hydroxide, with con-
tinuous stirring. A white precipitate formed as the perfluorocapryl chloride
was added to the ammonium hydroxide, and it was collected at the end of
the reaction period by centrifuging the mixture and decanting the ammonium
hydroxide. The precipitate was washed with water, and then dissolved in

SO R R
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acetone. The solution was filtered, and the acetone was evaporated to
yield 53. 9 g of product after drying in a vacuum oven. The dry product
melted at 142-145°C and had the correct carbon and nitrogen analysis I
for perfhLI,'ocaprylamide.

Calculated for C8 H2F, 5NO: C, 23. 26%; N, 3. 39%

Found: C, 23.9",;; N, 3.55"/o

c. Perfluorocaprylonitrile

Several unsuccessful attempts were made to prepare and isolate
perfluorocaprylonitrile by the dehydration of perfluorocaprylamide with
phosphorus oxychloride, but dehydration of the amide to give the nitrile
was successful only when phosphorus pentoxide was used as the dehydrating:
agent.

To a 3-neck, round-bottom flask fitted with a thermometer and a
distilling apparatus was added 10 g of perfluorocaprylamide, 25 g of
phosphorus pentoxide, and 40 ml of xylene. The mixture was stirred con-
tinuously while being heated. The product (6.2 g), which distilled at 0,
115-C, was a clear, volatile liquid. The infrared spectrum of the product
conformed to that expected for perfluorocaprylonitrile. The spectrum
showed C---N absorption near 2260 cm- and CF stretching near 1200 cm-
The elemental analysis of the product and the composition of perfluoro-
caprylonitrile are as follows:

Calculated for CF 1 5 N: C, 24. 30'/6; N, 3. 54%

Found: C, 25. 38%; N, 3. 58%

d. Perfluoroheptylguanarnine

To a 3-neck, round-bottom flask, fitted with a thermometer and

a reflux condenser, was added 150 ml of butyl Celloselve containing2 2
of potassium hydroxide (95%). Dicyandiamide, 4. 2 g, and 19. 6 g of
perfluorocaprylonitrile were added"to tte solution. The mixture wasL2= 1
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i " :.rred continuously with a magnetic stirrer and heated at 170 to 18gO°C

1r 3 hours. The butyl Cellosolve was then decanted from the solid

.,erial, and the product was washed with cool water, collected on a
•, ed filter, and washed twice with warm water. The product, after

-ing in a vacuum desiccator, weighed 1. 6 g and melted at 185 to 188°C.

jrnfrared spectrum of the product showed the presence of CF 2 and CF.
as well as NH, groups. The elemental analysis of the product gave

-tlier evidence that it was perfluoroheptylguanamine.

'iCalculated for CIoFISHAN: C, 25. 05%; N, 14. 61%; H, 0. 83%/

ffiFound: C, 25. 43%; N, 14. 91%; R, 1. 28%

e. N-Methylolperfluoroheptylguanamine

A solution that was expected to contain approximately 5'/G of
, Nie,ýthylolperfluoroheptylguanamine was prepared by adding 0. 6 g of
perfluoroheptylguanamine to a solution of 2. 07 g of aqueous formalde-
hyde (380/o) in 15 ml of water at a pH of 7 to 8. The mixture was refluxed
-or 23 hours while being stirred continuously.

N"

3. N-Methylolperfluorocaprylurea

Perfluorocaprylurea was prepared by treatment of methyl perfluoro-
octanoate with guanidine (in an attempt to prepare perfluorocaprylguanidine)
and by treatment of perfluorocapryl chloride with urea by the method of
Stoughton. 10 N-methylolperfluorocaprylurea was prepared by the reaction
of perfluorocaprylurea with formaldehyde.

a. Methyl perfluorooctanoate

Methyl perfluorooctanoate was prepared by the same procedure
used for preparing methyl perfluorobutyrate except that 10 g (0. 024 mole)
of perfluorooctanoic acid, 19 g of methanol (0. 031 mole) and 1 g of

10. R. W. Stoughton, J. Org. Che.2 (.1
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chloroform were used. The reaction mixture was distilled and the met}I
perfluorooctanoate was collected in 63ia yield at 1590C.

The spectrum of the product showed CH3 stretching at 2970 cm
and 2860 cm- 1 , C=O stretching at 1789 cm-i, and C-F stretching near
1200 cm-r. This spectrum was very similar to that obtained for methyl.
perfluorobutyrate and indicated that the product was methyl perfluoro-
octanoate.

b. Perfluorocapryl chloride

To a 3-neck, round-bottom flask fitted with a reflux condenser
and stirrer were added 40 g of perfluorocaprylic acid, 80 ml of thionyi
chloride, and 0.5 g of pyridine. The mixture was refluxed for 6 hours,
while being stirred, and then it was cooled to room temperature. The
mixture was poured into a separatory funnel, and the lower layer (31. 1
which was assumed to be perfluorocapryl chloride, was drawn off.

c. Perfluorocaprylurea from methyl perfluorooctanoate

To a round-bottom flask fitted with a reflux condenser was addeti
28 g of methyl perfluorooctanoate and the guanidine solution prepared
above. The mixture was refluxed for 2 hours, and then allowed to stal
without heating for 72 hours. At the end of the reaction period, a sm.;l:

amount of white crystals had formed. The reaction mixture was pourcl

into 20 volumes of cold water and after 4 to 5 hours, a gel formed. T1,"
water was decanted and the residue was recrystallized from water, dri '
in a vacuum oven at 40"C (the macerLal was extremely difficult to dry).
and recrystallized from cold acetone to give 3. 4 g of purified prodtct.

which melted at 188°C. Analysis of the product was in fair agree"'
with that calculated for perfluorocaprylurea.

Calculated for CIH 3F1 5N20 2: C, 23. 68%; H, 0. 66%; N, 6, 14

Found: C, 22. 93%; H, 0. 97%; N, 5. 96%

•IL
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d. Perfluorocaprylurea from perfluorocapryl chloride

To a 200-ml, 3-neck flask fitted with a stirrer, reflux condenser,

dropping funnel were added 4. 2 g of urea, 25 ml of benzene, and 2

; .ops of concentrated sulfuric acid. The solution was warmed and stirred

Sble 3. 1 g of perfluorocapryl chloride was added dropwise during 3 hours.
! hs mixture was refluxed and stirred 1 hour, after addition was completed,
*..d then cooled to room temperature. HCl gas was evolved during the

:..,action. The solid product was filtered off, washed with water, and dried

' . vacuum desiccator. The dried product was washed with dilute aqueous

: odium bicarbonate, then washed twice with water, and dissolved in

.,cetone. The acetone solution was filtered, and the filtrate was cooled in

.n ice bath. The product that crystallized from the solution weighed 0.69 g,

.,nd melted at 175-185°C. Analysis indicated that it was the desired

.,erfluorocaprylurea.

Calculated for C9-I3 F1 5 N20 2 : C, 23.68%; H, 0.66%; N, 6.14%

Found: C, 23. 76%; H, 0. 99%; N, 6. 290/

e. N-Methylolperfluo--ocaprylurea il
The methylol derivative was prepared by a procedure used by Frick,

Kottes, and Reid." To 40 g of 35% aqueous formaldehyde solution was added

1.0 g of perfluorocaprylurea (2.1 x 10-' mole) and 5 g of water. The

solution was adjusted to a pH of 8 with sodium hydroxide solution and

:allowed to stand overnight at room temperature. This solution was desi•,-

iaated Solution A.

The method described by Vail, Frick, Murphy, and Reid' 2 was also

used in an attempt to prepare N-methylolperfluorocaprylurea. To about

0. 2 g of perfluorocaprylurea was added 2 ml of 38% aqueous formaldehyde

solution and enough water to make 5 ml of solution. The mixture was

11. J. G. Frick, Jr., B. A. Kottes, and J. D. Reid, Textile Research J.

29, 314-321 (1959).
12. S. L. Vail, J. G. Frick, Jr., Paul J. Murphy, and J, D. Reid,

Am. Dyestuff Reporter 50, 200 (1961).
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adjusted to a pIl of 8 with dilute sodium hydroxide solution and heated at
60*C for 20 minutes. The solution, designated Solution B, was then
cooled to room temperatuIe.

A third method used for preparing the methylol derivatives was as
follows: To a 3-neck, round-bottom flask fitted with a reflux condenser
and a thermometer was added 0. 3 g of perfluorocaprylurea, 0. 06 g of
aqueous formaldehyde (38"). 20 ml of xylene, and approximately 0. 001 g

of toluenesulfonic acid. The mixture was stirred continuously with a
magnetic stirrer and heated at 100-1050C. The mixture was kept at
100-105=C for 48 hours and then allowed to cool to room temperature and
stand overnight. The precipitate that formed when the mixture cooled to
room temperature was collected by filtration, washed with water, and
dried in a vacuum desiccator. The yield was 0. 11 g.

4. Vinyl perfluorooctanoate

Vinyl perfluorooctanoate was prepared by the reaction of acetyl','x
and perfluorooctanoic acid, according to the procedure of Hawk and
Jacobson.' 3 The vinyl perfluorooctanoate and a cotton fabric were graft

copolymerized with the aid of gamma radiation.

a. Preparation of vinyl perfluorooctanoate

The reaction was carried out in a 3-neck, round-bottom flask
"fitted with a thermometer; a condenser, which was connected to a trap

immersed in a dry ice-acetone bath; and a gas distributor inlet. Perf:-":

octanoic acid (50 g), red mercuric oxide (3 g), hydroquinone (0.2 g). J

mercuric sulfate (3 g) were added to the flask. The mercuric sulfate •

prepared by allowing a mixture of 11 g of mercuric oxide and 5 g of ,

acid to stand overnight. The mixture was heated to 60-70*C, and thel

13. B. W. Hawk and R. A. Jacobson (to Du Pont), U. S. Patent 2. 43f"C

(1948).
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Vtrified acetylene was bubbled through the mixture. The mixture was
5 tirred continuously with a magnetic stirrer while the acetylene was being
idded. The acetylene was purified by passing it through water, solid

.ustic soda, solid calcium chloride, and a trap immersed in a dry ice-

.acetone bath.

The temperature of the mixture was gradually raised during a 40-
minute period to 90-95°C, and, after 3 hours at this temperature, an
additional 1 g of red mercuric oxide and an additional 1 g of mercuric
st lffate were added. The mixture was kept at 90-95°C for an additional
2 hours, and then allowed to cool to room temperature and stand overnight.
The mixture was then vacuum distilled into a container immersed in a
dry ice-acetone bath and the distillate was treated with a small amount of
sodium bicarbonate. After standing for 3 days, the distillate was redis-
tilled, and the product (12.4 g) boiling at 161-165°C was collected. The
refractive index of the product (nD) was 1. 3160. The infrared spectrum
for the product conformed to that expected for vinyl perfluorooctanoate.
The spectrum showed C=O stretching at 1790 cm- 1 , C=C stretching at
1652 cm-1, and 890 c, -, and CF stretching near 1200 cm- 1

b. Graft copolymerization of vinyl perfluorooctanoate and cottoncellulose in absence of solvent

A bleached and desized cotton fabric weighing 3.3 oz/yd2 was used
for this study. A sample that weighed 0.3986 g at 65% RH and 21°C was
immersed in undiluted vinyl perfluorooctanoate, and then it was put
through the Butterworth Padder to apply 246/o wet pickup. The impreg-
inated sample was placed in a glass test tube, and the tube was placed in an
aluminum container fitted with a bellows valve. After capping the con-
tainer, it was alternately evacuated to a pressure of approximately 1 mm
of Hg and flushed with nitrogen 5 times. The container was then sealed
while filled with nitrogen and placed in the center of a cobalt-60 radiation
source. After receiving 1 x 106 roentgens of gamma radiation, the irradi-
ated sample was removed from the source and washed for 10 minutes with
acetone and then 2 hours with running water to remove the homopolymer.
Before washing, a large amount of homopolymer was attached to the
surface of the sample. After being conditioned at 65"i' RH and 21 0 C, the
sample weighed 0. 4028 g, indicating that a maximum of only 1% of vinyl
perfluorooctanoate was grafted to the cellulose.

LsOUTHERN RLSEARCH INSTITUTE
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c. Graft CopolymeL'ization of vinyl perfluorooctanoate and cotton
cellulose in presence of solvent

An alcohol solutilon of vinyl perIfluorooctanoate was prepared by
mixing 6 g of ethanol with 6 g of vinyl perfluorooctanoate. Six grams of
the alcohol solution was put into each of two test tubes. A sample (No. 1)
of the 3. 3-oz/yd& cotton fabric that weighed 0. 2171 g (conditioned weight,
210C-65<;:, R11) was placed in one of the test tubes. Another sample (No. 2
of the cotton fabric that weighed 0.2779 g (conditioned weight) was wet wc"Q
distilled water to a total weight of 0. 53 g. The wet sample was put into 1t1,
second test tube.

The test tubes containing samples were placed in an aluminum cor

tailer fitted with a bellows valve. The container was capped, alternately
evacuated to a pressure of approximately 1 mm of Hg and filled with
nitrogen 5 times. The container was sealed while filled with nitrogen and
placed in the center of a cobalt-60 radiation source. After receiving
1 x 1 0 ' roentgens of gamma radiation, the irradiated samples wereremoved from the source, washed 10 minutes with acetone, and 2 hours

t j with running water to remove the homopolymer. The samples were then
dried at 65"u RH and 21 0 C.

"! ¶w After dryinga Sample No. 1 weighed 0. 2200 g, indicating th,3at there
was a maxinm um add-on of 1.33o solids. Sample No. 2, which was tr,'ad,"
ated in the presence of water, weighed 0. 2808 g. Therefore, the maXi-
mum solids add-on for Sample NTo. 2 was only 1%.

dropNeither sample showed any oil repellency as deterrained by plac",:
a drop of bis( 2 -ethylhexyl) hydrogen phosphite on the surface of the aterý'
al. A drop of \rater pearled on Sample 1, but penetrated the fabric in
approximately 3 minutes. A water drop also pearled on Sample 2, btit
penetrated the sample in less than 1 minute.

A sample of a 3. 3-oz/yd2 , bleached and desized cotton fabric th'
weighed 0. 3231 g (conditioned weight, 21 0 C and 65"/o RH) was placed in '
test tube containing a solution of 3 g of vinyl perfluorooctanoate in 3 g
ethanol. The test tube containing the sample was placed in an alumintir
container fitted with a bellows valve. After capping, the container was
alternately evacuated to a pressure of approximately 1 mm of Hg ar.-
filled with nitrogen 5 times. The containor was then scaled while filled

"r 
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,,ti, nitrogen and placed in the center of a cobalt-60 radiation source. After
,.,'Vivinig 5.3 x 106 roentgens of gamma radiation, the irradiated samples

.,crc removed from the container and washed 30 minutes with acetone and

2 hours with running water to remove the homopolymer. The sample was
*hen dried at 65'/o RIt and 21 0C.

After being dried, the sample weighed 0. 3242 g, indicating that
:here was a maximum add-on of 3. 4% solids. Drops of water placed on the
Stu'face of the sample pearled initially, but were absorbed in 1 to 5 mninutes,
.dcpcnding on the location of the drop on the sample. Evidently the fluoro-
carbon was not applied uniformly.

5. Hexadeeafhm~roiioziyloxychilorotria zines

A tri-substituted triazine, 2, 4, 6-tris(hexadecafluorononyloxy)-
"s-triazine, was obtained from the reaction of the sodium salt of the
C9 fluoroalcohol, H(CF2 ),CH.,OH, and cyanuric chloride in attempts to
prepare either the mono- or di-substituted triazine. A di-substituted
triazine, 2, 4-bis(hexadecafluorononyloxy)-6-chlloro-s-triazine, was
obtained, however, by ieacting the C. fluoroalcohol, rather than its

-r sodium salt, with cyanuric chloride. The preparations of these triazine
compounds are described below.

a. 2, 4,_6 -Tris(hexadecafluorononyloxy)-s-triazine

The following method based on procedures patented by Ciba-4
, 15

was used:

The C 9 fluoroalcohol (4, 32 g, 0. 010 mole) was placed in a round-
bottom flask and heated to 50 0 C. Sodium (0.24 g, 0. 010 mole) was added
over a period of 10-15 minutes while the mixture was stirred continuously.STen to fifteen minutes after addition of the sodium was completed, 10 ml

ofacetone was added to the flask, followed by 3.0 g (0. 016 mole) of
cyanuric chloride in 10 ml of acetone. On addition of the cyanuric
chloride, the ternperature rose to 50°C. The mixture was stirred for an
hour at room temperature, and then kept for 48 hours at room tempera-
,ure. The precipitate that formed was filtered off, washed with water,

14. Ciba, Swiss Patent 106, 116 (1924).f: 15. Ciba, Swiss Patent 106, 407 (1924).
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air dried, and then recrystallized from boiling carbon tetrachloride. Th-
recrystallized product was washed with cold carbon tetrachloride and dr.r
in a vacuum desiccator. This product was recrystallized from boiling he.
tane, and dried in a vacuum oven at 60*C, to yield 2.03 g of product, w.
melted at 106-107°C. The product gave a negative test for chlorine, ind-.-
cating that tri-substitution had occurred to give 2, 4, 6-tris(hexadeca-
nonyloxy)-s-t.-iazine. The infrared spectrum of the product agreed witih
the infrared spectra for other tri-substituted triazines. The band at
800 cm-1 was characteristic of the triazine ring, the bands at 1150 cm-1
were characteristic of CF 2 stretching, and the band at 1200 cm- 1 was
characteristic of ring plus CF 2 stretching.

Other reactions were carried out with the same procedure, but t'
reaction temperatures of 00 and 60'C. The tri-substituted derivative w.,#
obtained from all the preparations. When the amount of C9 fluoroalcohi,
used in the reaction was decreased in an attempt to decrease the chance
of forming the tri-substituted compound, it was again obtained.

b. 2, 4-Bis(he:xadecafluorononyloxy)-6-chloro-s-triazine

2, 4-Bis(hexadecafluorononyloxy)-s-triazine was prepared )y the

U , reaction of cyanuric chloride with H(CF 2 )-CH 2 OH in the following n '
To 80 ml of acetone in an Erlenmeyer flask was added 17.28 g (0. 04 :
of the fluoroalcohol. While the mixture was stirred at room temper-','- "°

6.0 g (0. 056 mole) of sodium carbonate in 100 ml of water was adde,!.
Finally, 8. 20 g (0. 044 mole) of cyanuric chloride in 80 ml of aceton"

slowly added to the mixture during 1 hour. After the mixture had b,'-

stirred for 24 hours at room temperature, the precipitate that had f':: .
(presumably sodium chloride) was filtered off with a fritted-glass f .

and the filtrate was allowed to stand overnight at room temperature-

filtrate, which had separated into two layers on standing, was placed

separatory funnel and the lower layer was drawn off into an evapor""'

"dish. After evaporation was complete, a gel remained. The upper ,

of the filtrate was poured into 4000 ml of water. A gel precipitated "'"

2-3 hours. The water was decanted and the gel was dried. The prL',-

8,
16. W. N. Padgett, III, and W. F. Hamner, J. Am. Chem. Soc. 8,

803 (1956).-
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,:.iied from both layers of the filtrate were dissolved together in ether,• A, j the insoluble residue was filtered off. The ether was evaporated from
.e filtrate and the product was dried in a vacuum desiccator to yield 10 g,. yield) of a product melting at 84-86°C. Analysis indicated that it was

. desired product, 2, 4-bis(hexadecafluorononyloxy)-6-chloro-s-triazine.

Calculated for C 2 1 H6N 3 F 32C1O.: C, 25. 7%; H, 0.61%; N, 4.31%

Found: C, 24.66%; H, 0.95%; N, 4.24%

j •. perfluorOcaprylamidomethylpyridinium chloride (FCAMPC)r Throughout the investigation of FCAMPC, improvements were made

the procedures used for preparing it, and the details of the best pro-
,.Cdures developed are given below. The FCAMPC was prepared by the

j-iction of perfluorocaprylamide with pyridine by the method used by

- rth and Deese3& for preparing alkylamidomethylpyrLdinium chlorides.
St i, perfluorocaprylamide was prepared by the reaction of perfluorocapryl

,jloride with ammonia, and the perfluorocapr-yl chloride was prepared by

%e reaction of pcrfluorooetanoic acid with thionyl chloride.

a. Perfluorocapryl chloride

To a 3-neck, round-bottom flask fitted with a reflux condenser and

:-tirrer were added 85 g of perfluorooctanoic acid, 195 g of thionyl chloride,

,::d I ml of pyridine. The mixture was refluxed for 36 hours, while being
.. irred, and then it was cooled to room temperature. The cooled mixture

--. s poured into a separatory funnel, and the lower layer of perfluoro-

ipryl chloride was separated. The yield of perfluorocapryl chloride

.,s 70 g (78. 5/0).

17. W. V. Wirth and R. F. Deese, Jr. (to Du Pont), U. S. Patent

2, 291, 519 (1942).
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b. Perfluorocaprylamide

The 70 g of perfluorocapryl chloride prepared as described abovewas added during 4 hours to 600 ml of concentrated ammonium hydroxide.
with continuous stirring. A white precipitate formed as the perfluorocapr-,

chloride was added to the ammonium hydroxide. At the end of the reactiow.
period, the ammonium hydroxide was decanted from the mixture, and the
white precipitate of perfluorocaprylamide was washed three times with
800-ml portions of water by centrifuging the mixture and decanting the
water. The yield of perfluorocaprylamide after drying in a vacuum oven,
40*C for 24 hours was 62 g (92. 8%). The product melted at 142-1450 C ar;,
had a satisfactory carbon and nitrogen analysis for perfluorocaprylamide.

Calculated for CH 2FlNO: C, 23. 26%; N, 3. 39% K
Found: C, 23. 9%; N, 3.55%

c. FCAMPC

To a 3-neck, round-bottom flask fitted with a reflux condenser :

a thermometer were added 62. 0 g of the perfluorocaprylamide, 13. 0 g of
W,- 9 4• Is •paraformaldehyde, 0.25 g of p-toluenesulfonic acid, and 1200 ml of

benzene. The mixture was refluxed while being stirred vigorously. After
the mixture had refluxed for 40 hours, 15. 5 g of pyridine and 5 ml of 2
butanone were added. After 2 hours additional reflux, about 750 ml of t:,
benzene was distilled from the mixture and 900 ml of xylene was added.
Refluxing, with stirring, was continued for an additional 40 hours, and
then hydrogen chloride was bubbled through the refluxing solution for the~
next 6 hours. Two hours after completion of the addition of the hydrog"
chloride, additional pyridine was added in small quantities until the
solution was neutral to litmus paper. Heating was then terminated. As

the mixture cooled, a yellow-brown, waxy material precipitated fro" ,!"
reaction mixture. While the solution was still warm, it was poured i
a separatory funnel, and the waxy material was collected and dried.

Qh641t4C
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The dried product was extracted with hot acetone, leaving a dark oil
i discarded. The acetone solution was evaporated to dryness, and

i • e tan-colored, waxy residue was washed three times with boiling n-hep-

in ; d then dried in a vacuum oven at 40°C for, 28 hours to give 54-g of

':,rcd'ct, which corresponds to a 66. 5% yield of perfluorocaprylamiidomethyl-

,,rdinium chloride.

The infrared spectrum of the product corresponded to the spectrum

.,,jccted for perfluorocaprylamidomethylpyridinium chloride, but the

,:d.Ict did not have the correct elemental analysis for pe, fluorocapryl-

'..,idomethylpyridinium chloride, and attempts at further purification were

_.:,successful.

j Calculated for C 1 4 F 15118ONCl: C, 31. 10/o; H, 1. 49%; N, 5. 18%;

c C 6.56%

Found: C, 33. 2%0; H, 2. 45%; N, 6. 15%; Cl 9. 10%

An attempt was made to obtain some indication of the purity of the

product by comparisons of the amounts of titratable acid and ionic chlorine
,present in the product with the amounts of thesc materials present in

;,N'ridine hydrochloride, the expected principal impurity in FOAM PC.
Titrations were carried out potentiometrically with 0. 1 N NaOH for the
ictermination of acid and with 0. 1 N AgNO 3 for the determination of
hiloride, and the results obtained are given in Table IV-15 with the calcu-

ILted theoretical values for the pure compounds. Assuming that pyridine
'.%-drochloride was the only impurity present in the sample of FCAMPC, it
.s possible to calculate from the data on milliequivalents (meq) of titratable
,,cd per gram that the sample contained approxiimately 85% FCAMPC.
This value is in reasonable agreement with the value of 89. 69/o calculated
riom the data on meq of titratable chlorine per gram.

7. Perfluorocaprylam idomethylmorpholinium chloride

An unsuccessful attempt was made to prepare perfluorocapryl-
:,midomethylmorpholinium chloride following the procedure for perfluoro-
caiprylamidonmethylp)yridinitun chloride as described above with morpholine

s'ubstituted for pyridine in tIe tr•, --L r~k C ,,1 "-:,

souTHrRN RESfARCH INSTITUTE
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Table IV-15. Titratable Acid and Chlorine Present in FCAMPC and
Related Materials

Titratable acid, Titratable chloride.
meg/g _ _ _meg/g

Compound Found Calculated Found Calculated

Pyridine hydrochloride 8. 730 8. 734 8.744

FCAMPC 2.883 1.849 2.567 1.850

!a II

a End point at pH 9.

i"g

*1
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p. icrfluoropropyl and perfluorobutylam idomethylpyridiutim chlorides

These compounds were prepared from perfluoropropionamide and
.t.rfluorobutyramide and purified by the p, ucedures described above for

S..rcpparing and purifying FCAMPC. The yields and elemental analyses of

:hc products obtained are given below.

Propyl derivative

Yield: 26.3%
t~+_

"Calculated for C 9 F 5 IiONCI: C, 37. 2%; H, 3. 85%;

N, 9.64%; Cl0 12.2%

'Found: C, 38.1%; H, 3.11%; N, 11.3%; Cl, 10.6%

Butyl derivative

"[ Yield: 51. 9/6

R+

i Calculated for C 1 oF 7HsONCI: C, 35. 3); If, 2.3; 1

N, 8. 230/'; Cl, 10. 4%[ Found: C, 35. 1%; H, 2. 81%; N, 9. 09'i; 'I, 10. 9%

A sample of the propyl derivative yielded 2. 904 miillequivalents of

titratable acid per gram and contained 10. 6% of titratable chloride. The

theoretical values for the pure derivative are 3. 441 milliequivalents of

acid per gram and 12. 2% chloride. Therefore, assuminzg no other titrata-
ble material present, the purity of the product based on milliequivalents

of titratable acid was 84. 4%. Since the chloride content of the product was

low, it would seem that the impurity contains no titratable chloride and the

purity on this basis was 86. 90/a. This does not preclude the possibility that

"-some impurity consists of equivalent amounts of pyridinium hydrochloride

and the methylol derivative of pentafluoropropionamide.

On the bases of the milliequivalents of titratable acid per gram
(3. 405) and the percent ionic chloride content (10. 91,), the butyl deriva-
tive was 91. 9-97. 6% pure.

SOUTHERN RESEARCH INSTITUTE
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9. Hexadiecfluorool:riN 1 un tdomethy lpyr idinitui chloride'3 Ia. Elexadecafluorononanoic acid

tiexadecafluoronoi'anoic acid was prepared from hexadecafluorononv%-
alcohol by the procedure described by Berry.

Seventy-two grams of hexadecafluorononyl alcohol, which had been
purified by recrystallization from hot chloroform, and 500 ml of glacial
acetic acid were heated to 100'C in a 2-liter, 3-neck, round-bottom flask-
fitted with two reflux condensers and a thermometer. The reaction mixture
was stirred vigorously by means of a magnetic stirrer. Sixty grams of
finely ground potassium permanganate was added over a 2-hour period to
the reaction mixture through one of the condensers. The temperature of
the reaction mixture varied between 90 and 105*C during the addition. Aftc:
the addition of permanganate was completed, the reaction mixture was
refluxed for 2 hours at 1100C, cooled to room temperature, and sulfur
dioxide gas was added, while it was stirred vigorously, until all the inanm ,
nese dioxide had been reduced. The acetic acid was then removed from tkC
mixture by distillation at reduced pressure with a water aspirator. Attt'tV J
at removing the final traces of acetic acid from the crude manganese Slt
by repeated codistillations with toluene were not completely successful.

The crude manganese salt after drying at 45-500C in a vacuum o0""'
for 48 hours was converted to the hexadecafluorononanoic acid by mlixingi
with 42% sulfuric acid and extracting the mixture with ethyl ether to ten'.
the acid. Since acetic acid is infinitely soluble in ethyl ether, some of i'
was extracted along with the desired product. This was confirmed by th,
acetic acid odor of the product obtained after evaporation of the ether. TV'

ether-extractable material was further purified by recrystallizing it frL':
xylene solution (65 g), cooled to 5-10°C in an ice bath. The white, cr? *

line material that precipitated from the xylene was collected and dried

16 hours at room temperature in a vacuum oven. The dried material h.
a m. p. of 50-52°C and represented a 63% yield.

Ui 18. K. L. Berry (to Du Pont), U. S. Patent 2, 559, 629 (1948).

p'Top
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b. Ilexadecafl nor0nonylai ide

The amide was prepared by converting the hexadecafluorononainoic

.cid to acid chloride with thionyl chloride and reacting the acid chloride with

.rnmonitlln hydroxide, as described above for the Conversion of perfluoro-

)ctanoic acid to per'fluorocaprylamide. A total of 94 g of hcxadecafluoro-

.0,nanoIc acid was converted to 33. 7 g (37% yield) of hexadecafluorononylamide
-aving a m. p. 140-141'C.

c. Ilexadecafluorononylam idomethylpyridiniu-i chloride

The procedure described above for the preparation of perfluoro-

caprylamidomethylpyridiniurn chloride was followed, and 22. 7 g of a yellow,

,,waxy paste was obtained from 33. 7 g of the hexadecafluorononylalnide. The
ionic chloride content of the product was 10. 8i/o, Since the theoretical ionic
chloride is 6. 19%, contamination with some impurity with a higaer ionic
chloride content than the product was indicated. Treatment of the product
%%-with acetone lowered the ionic chloride content to 7. 76i'o, but repetition of
tile acetone treatment caused no further decrease. The final product was a
.yellow wax whose elemental analysis was 32.37Th C, 2.02iv H, 6.06/o N,
and 7. 701o Cl. The theoretical analysis of the desired product is 31.5/ C,
1. 58% H, 4.899/o N, and 6. 190/ Cl.

10. Eicosafluoro-l- undecanylam i domethylpyr idinium chloride

a. Eicosafluoro-1-undecanoic acid

Eicosafluoro-1-undecanoic acid was prepared from eicosafluoro-1-

undecanyl alcohol in the same manner as the hexadecafluorononanoic acid.
Sixty-eight grams of product (m. p. 105-106°C) was obtained from 81 g of
alcohol. The yield was 83%.

b. Eicosafluoro-l- 1-udecanamide

Eighty-eight grams of eicosafluoro-1-undecanoic acid was converted
to the amide in the same manner as the perfluorooctanoic acid (page 363).
The yield was 42.9 g (49'io) of the amide (m. p. 150-152°C).

$OLI'THURN RLSEARCH INSTITUTE
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c. E cosaiiot o - 1- uIýdecianla idonicthylpyridinium chloride

The 42.9 g of the amide of eicosafluoro-1-undecanoic acid was

treated in the same way as the amide of perflIorooctanoLc acid (page 363).
A yellow waxy product which weighed 19. 6 g was obtained. The ionic chl,,-
ride content of the product was 11. 3% and the theoretical for the desired

product is 5.27%'0. An attempt to remove the C1 impurity responsible for
the high chlorine content in the same manner that the perfluorobutyryla, II J,
methylpyridinium chloride product was purified did not succeed. The ion., "

chloride content of the acetone soluble material was 12. 9,0. The elenineti

analysis of the acetone soluble material was 6. 79", N, 38. 17"i' C, 3. 75,', If.
and 12.91 C1-. The theoretical values for eicos:Afluoro-1-1l-undccaiiyl-
amidomethylpyridinium chloride are 4. 1V7 N, 30. 35"'o C, 1.35 H, and

5.27% Cl-.

11. Fluoroalkoxymethylpyridinium chloride

Two unsuccessful attempts were made to prepare eicosafluor"n11,!I
methylpyridinium chloride, II(CF'2 ),oCH 2OCH-I2N+Cs 5CF-, by the proced,';:-
described in U. S. Patent 2,277, 17419 for the synthesis of alkoxynietdh';Žý
dinium chloride compounds.

12. N-Methylolperfluoropropylguanamnine-THPC condensate

A solution that was expected to contain approximately 10', of

N-methylolperfluoropropylguanamnie was prepared by adding 1.39 g o0 .17

fluoropropylguanamine to a solution of 0. 8 g of 38% aqueous forjaldcv! '."

in 4 ml of water at a p11 of 7 to 8. The solution was heated for 20 rf':'

at 70 to 80 0 C, 2.0 g of THPC was then added, and the mixture was lt,.'
approximately 10 minutes at 60 to 70°C. At the end of this period, the

mixture was quite viscous.

19. E. Waitman (to Heberlein Patent Corporation), U. S. Patent

2,277,174 (1942).
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The solution was divided into two p•arts - one part was boiled gently
, hot plate until polyin erization proceeded to the point where the entire

q-edtict was a hard mass. The second part was used for treatment of a
t fabric as described in Section V-B1-6.

The hard mass obtained by heating was kept in boiling water for 30

"i,11teuts, and then washed in acetone for 10 minutes. The infrared spectrum

0f tC product showed Oi absorption near 3400 cm- ; Nil absorption near
5250 cin'; aliphatic C11 at 2950 cm'; and CF absorption in the 1200 cm-

:egion. Phosphorus also absorbs in the 1200 crn- region, and it is possible
Ihat sonie of the absorption in this region can be attributed to the plhosphorus

Lri the compound. The compound contained 13. 3% nitrogen and 6. 9'' phos-
,thorus as determined by elemental analysis, as compared to 16.2% nitrogen
Vnd 7. 2% phosphorus calculated for a 1:1 reaction product of the N-methylol
derivative and TftPC.

13. N- ]Vlethylolperfluoroheptylguanam ine - TIIPC condeasate

To a 3-neck, round-bottom flask fitted with a reflux condenser was
added 4. 8 g of perfluorohieptsylguananmine, 1. 7 g of formaldehyde (38%

wueous solution), and 27.0 g of water, The solution was adjusted to pH
7-8. The mixture was heated and stirred for 18 hours, but all of the
g1a Laiini e had IIot dissuived so un additionail 6.2 g of formaldehyde Solution
wis added. At the end of 4 hours additional heating, a reddish brown mate-
rial had precipitated. The water was then decanted, and the gummy mate-
rial was dried in the vacuum desiccator to give 3. 4 g of product. The
infrared spectrum of the product resembled the spectrum of perfluoropropyl-
guanamine, but also indicated that the product might have been the methiylol
derivative.

To a round-bottom flask fitted with a reflux condenser and thermoi-n-
eter was added 2. 6 g of the recovered material in 20. 9 g of ethanol_ and
2. 0 g of THPC in 9. 2 g of water. The pH of the solution was slightly
greater than 6. The solution was heated with stirrinig for 1. 5 hour at
60-70*C, and then used for the treatment of a cotton fabric as described
in Section V-B-7.

SOLJTHI N N 1.LARCH IN51ITUTE
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14. rls (hexadcca f1 orononyloxx'),intinoil"

Aiitimony triethoxidc

A procedure of Mlecrwein and Bersin2 ° was followed for preparing

antimony triethoxide. To 400 ml of ethanol was added 14.4 g (0.63 mole)

of metallic sodium. The mixture was stirred until all of the metal had

reacted. Then a solution of 45, 7 g (0. 2 mole) of antimony trichloride dis-
solved in 140 nil of ethanol was slowly dropped into the sodium ethoxide

solution. A precipitate of sodium chloride formed immediately. The

addition was made over a period of about 1 hour. The reaction flask was
then fitted with a condenser, and excess ethanol was distilled off. Antinioyiv

triethioxide was next distilled from the residual salt at 95-100°C"1 and 11 nir
ttg pressure. Antimony triethoxide is a clear liquid that fumes in air and is
very readily decomposed by water.

b. Tris(hiexadecafluorolnonylox)')antinon•y

To 45 nil of toluene was added 2. 6 g (0. 01 mole) of antimony trieth
oxide, 13. 0 g (0. 03 mole) of H(CV') 8C112 0tt, and 3 or 4 crystals of be 'zInt

stifoniic acid to serve as a cataivst. The dIInIIIOIy trietliU x id was so: ible
in toluene, but it produced a slight cloudiness in the mixture. After the
solution had refluxed slowly for an hour, a white, milky phase separated

from the solution. The solution was distilled, and 1. 10 g of a liquid that
distilled 79-80'C (presumably ethanol from the ester exchange) was col-
lected. The toluene was then distilled off.

The distillation residue was washed with toluene, the wash mniXtuIre

was centrifuged, and the toluene was decanted. This procedure was
repated three times. The product was placed in a vacuum desiccator ald
dried. The product decomposed at 286-2900 C witnout meltinIg. Analysis
showed that the expected product, Sb[OCtt2 (C F48 11t 3 , was not obtained. TdW

product may have been r' mixture of Sb(OEt)3 and Sb[OC1l2 (C1i 2 )8 tlI3 .

Calculated for C, 7 IIF4SbO3 : C, 22. 9"Yo; 1i, 0. 6,(; Sb, 8. 6"

Found: C, 16.5? c, H, 1. 01%; Sb, 7. 0%o

20. If. Mtetw in and T. Bersul, J. 1hsical C'heni. 39, 1125-1133 (1935)-

21. Liter-atuIC valut of Meerwein and Berlin was 95. 5-C nt this preS "
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7Zn(NO 3 ). 61120, 0. 7 g, dissolved in 1 ml of water', was added to a 10%

-5o]ut ion of N-nethylolperfluoropropylguana e (V-A-I-f) to ser ve as

catalyst and the solution was applied to a 3. 3-oz/yd2 cotton fabric by padding

to lCave 100'0 wIet pick-Iup. The impregnated fabric was dried 7 in mutes at
60'C and cured 3 minutes at 160'C. After curing, the fabric was rinsed
first with acetone, then with water, and finally it was dried at room tern-

, er'aturC.

The treated fabric was tested with a drop of water and the contact
angles were 860 after 1 minute and 78' after 5 minutes, indicating some
water I epellency.

S. 2. N - Methylolperfluorohec ptylguaiam inc

Two grams of zinc nitrate hexahydi rate, Zn(NOA), 61120, dissolved in
2 ml of water was added to a 5% solution of N- inethylolperfluoroheptyl -
glanalnaiOC (V-A-2-c) to serve as a catailvst. A bleached and desized cotton

fabric weighing 3.3 oz/yd2 was padded with the solution to apply 155'%'0 wet
piclup. The padded samples wer'e dried 7 minutes at 60*C and cured
3 minutes at 160'C. After curing, the samples were washed with acetone
for 2 hours, and with water for 2 hours, and then were dried at 21°C and
651'o Rt1. The average solids add-on was 2. 1%, as determinmed by the
increase in weight of the treated samples conditioned at 21°C and 65%io 1Ii1.

Drops of water were placed on the treated fabric; and the contact
angles were 1170 after 1 min ute and 1110 after 5 minutes, indicating
reasonably good water repellency. The treated fabric showed only a slight
increase in resistaice to his(2-ethyihixyl) hydrogen phosphite compared to
the untreated fabric.

SOUTHI RN RUI1LARCH INSTITUT[
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SSohltion A of m'.Žthvlolper[fluorocaplrylulIea (V-A-3-e) was diluted
"" with enoutgh water to nake a solution containing approximately 5% solids.

Then 0. 5'; of zinc nitrate (predissolved) on total weight of bath was added
to the solution. Samples of Whatman No. 5 filter paper were dipped in
the solution and put through a BLutterworth padder to apply a wet pickup of
2251o. The impregnated samples T ýre dried and cured at 60°C for
7 minutes or at 160°C for 3 minutes. The cured samples were washed
with acetone, air dried, and then washed in running water for 2 hours.

The papers so treated were not water repellent nor oil repellent, as show%,
by the immediate penetration of a drop of water and of a drop of bis(2-
ethylhexyl) hydrogen phosphite. Nitrogen was determined on an air-dried
sample of the treated paper by a Kjeldahl method described by Cole and
Park.2 The treated sample contained less than 0.! % nitrogen, which w as
the limit of sensitivity of the method. The low nitrogen content indicated
that chemical reaction of the methylol derivative and paper had not occurr°
to a significant extent.

Sto room temperature, and a cry-,tal of Zn(NO 3)2- 6H2O was added. A piecc,
of filter paper was immersed in this solution for 3 minutes, and the t-e.e

paper was dried for 10 minutes at 135°C. The treated paper was instndl,

penetrated by a drop of water.

A solution was prepared by adding 0. 1 g of the N-methylolperflu1o:
caprylurea solid prepared above (V-A-3-e) to 0. 9 g of acetone. Then

approximately 0. 05 g of Zn(N0 3 )2 - 61120 was added t,,. the solution. A sa?

of 3. 3 oz/yd , bleached and desized cotton fabric that weighed 0. 128 g a
65% RH! and 21 0 C was mnmersed in the N-methylolperfluorocaprylurea
solution, put through the BLutterworth padder to removed excess SoILtLo'.
and dried in a circulating oven at 140°C for 15 minutes. The dried -"
was washed 10 mirnutes LL acetone and 1. 5 hours in water and dried at 65

R11 and 21°C. The dried sample weighed 0. 149 g at 65% RH and 21°C,
indicating a 0. 02 1 -g increase in weight or a 16.4% solids add-on. A d"

t of water placed on the treated cotton fabric pearled, but it was absOri•'
in 4 minutes. Thr CW agent simulant, bis(2-ethylhexyl) hydrogen PhO"
phite, penetrated tne faoric instantly.

Itu ~ -22. J. C). Cole a C. R. P, ng.Clem. ,n I. Edition 18
'~-irk. Cle L T" C6

61 (1946).
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Alkaline solutions of perfluorocaprylurea and formaldehyde were
heated at different temperatures in attempts to prepare N-methylolper-
fltiorocapryl," -a, and the solutions were used in the presence of an acid
catalyst to treat cotton fabric. Three different solutions were made by
adding 1 part of perfluorocaprylurea to 2 parts of aqueous formaldehyde
(380/0) and 16. 6 parts of water. Enough sodium hydroxide solution was
added to each solution to adjust the pH to between 7 and 8. One solution
was heated at 80-90'C for 20 minutes and cooled to room temperature.

The second solution was heated at 80-90'C for 20 minutes, cooled to room
zernperature, and allowed to stand for 24 hours. The third solution was
boiled for 20 minutes (water being added at intervals to replace that evapo-
rated) and cooled to room temperature. To each of thesn solutions was
then added 0. 6 part of Zn(NO3 )2 6H20 dissolved in 3 parts of water.
Samples of 3. 3-oz/yd2 cotton fabric were padded with each of the solutions
to apply approximately 100% wet pickup. The treated samples were dried t

7 minutes at 60 0 C, cured 3 minutes at 160*C, washed in acetone, washed
in water, and finally dried at room temperature. None of the samples was
oil or water repellent.

4. Hexadecafluorononyloxytriazines

a. 2, 4, 6 -Tris(hexadecafluorononyloxy)-s-triazine

2, 4, 6-Tris(hexadecafluorononyloxy)-s--triazine (V-A-5-a) was evalu-
ated as a water and oil repellent for paper. Whatman No. 5 filter papers
were impregnated with a 5% solution of the triazine in xylene. The solution
was kept warm during the treatment to prevent precipitation of the solids.
The papers were dipped in the solution and then put through the Butterworth
padder to apply an approximate wet pickup of 200%.

Contact angles of water drops were measured to evaluate the water
repellency. The water drop on the paper treated with the triazine had a
contact angle of 42° after it had been on the paper 1 minute and it was
absorbed at 3. 5 minutes. In comparison, a water drop on paper treated
with 2% FC-208 solids had a contact angle of 960 after it had been on the
sample 1 minute and 940 after 5 minutes. Bis(2-ethylhexyl) hydrogen

phosphite, a compound considered to be typical of oils, penetrated the
paper, treated with triazine in 10 seconds. These results indicate that the

compound was not effective as a water or oil repellent.

SOUTHERN RESEARCH INSTITUTE
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b. 2, 4-I-is(hiexadecafluorononyloxy)-6-chloro-s-triazine

The attempted reaction of 2, 4-bis(hexadecafluorononyloxy)-6-

chloro-s-triazine (V-A-5-b) with the cellulose in paper to impart oil and
water repellency was carried out basically by the method of Warren, Reid.
and Hamalainen~ for the reaction of cyanuric chloride with cellulose. Thi
method involved treatment of the cellulose with alkali, removal of excess
alkali, and subsequent treatment of the alkali-treated paper with the
triazine.

Pieces of Whatman No. 5 filter paper were soaked for 5 minutes in
140 aqueous sodium hydroxide and then put through the Butterworth padder,
to remove excess solution. The average wet pickup of alkali was 223%'0.

Samples of the alkali-treated paper were immersed for 1 hour in
a solution of 20 ml of ether containing an amount of the triazine equivalent
to the weight of the untreated paper. The treated paper was air dried,
rinsed successively with ether and with acetone, washed for 2 hours with
running water, and air dried. Controls were prepared in the same manv',.
except that the triazine was not added to the ether. The triazine-treatCd
paper had no water repellency.

Nitrogen was determined on air-dried samples of the treated pi;Wpr

by a modified Kjeldahl method described by Cole and Parks. The ,re, , .

samples contained less than 0. 1o nitrogen (the lower limit of sensitivity
of the method), in contrast to an expected nitrogen content of about 1% if

quantitative chemical reaction of the triazine and the cellulosc in the paper
. had occurred.

An attempted reaction of the triazine with the cellulose in paper

carried out by a modification of the above method. To a flask fitted wi -
reflux condenser was added 0. 4 g of the triazine and 21 ml of ether. .A

piece of filter paper which had been dipped in dilute sodium hydroxido

solution was added to the flask, and the solcition was refluxed 1. 5 hour:.;
The liquid was decanted and the paper was dried at room temperatu1re.C

drop of water penetrated the treated paper immediately.

23. J. Warren, J. D. Reid, and C. Hamalainen, Textile Research J" "

584-586 (1952).
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In another experiment, alkali-treated filter paper (0. 65 g) was

placed in a hot solution (135*C) of 20 ml of xylene and 0. 65 g of the tria-

*jne. After 10 minutes, the paper was removed from the solution, dried

•t room temperature, washed with ether and water, and then it was dried

3 t room temperature. A control sample of paper was treated in the same

11anner, except that the triazine was not added to the xylene. Drops of

water placed on the treated paper pearled, but the control paper was

penetrated immediately. The contact angles of the drops on the treated
,•aper were 86* after 1 minute and 75* after 5 minutes. The same treat-

r:,ent was applied to a 3. 3-oz/yd cotton fabric, The contact angles of

water drops on the treated fabric were 670 after 1 minute and 50* after

5 minutes. Thus, water repellency was imparted to the treated paper and

fabric. However, a drop of bis(2-ethylhexyl) hydrogen phosphite placed on

the fabric to check the oil repellency penetrated immediately.

5. Perfluoroalkylamidomethylpyridinium chloride

a. Perfluorocaprylamidomethylpyridinium chloride

Cotton fabric treated with FCAMPC (V-A-6) was found to have excel-

lent oil repellency and fair water repellency. The best procedure found for

treatment of 3. 3-oz/yd2 cotton fabric with FCAMPC was to immerse the

fabric in an aqueous bath containing 81/o of the compound and 1. 6% of

anhydrous sodium acetate (5:1 weight ratio of FCAMPC to sodium acetate)

at 43-45°C for 2-3 minutes and then to remove excess bath from the fabric

by padding. The padded samples were dried 3 minutes at 80°C and cured

3 minutes at 110*C. After curing, the samples were neutralized by treat-
rment in a bath containing 0. 1% of sodium carbonate and 0. 25"o• of Lux liquid

detergent at 60°C for 15 minutes. The neutralized samples were rinsed
in water at 45-50°C for 1 hour and finally in cold water for 1 hour. The

rinse water was changed once at both temperatures. The samples were
then dried at 1000C.

fSOUTHERN RESEARCH INSTITUTE
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b. Other fluoroorganic pyridiniurn chlorides

The other fLuoroorganic pyridinium chlorides were applied to the
3.3-oz/yd cotton fabric in a manner similar to that used for application
of FCAMPC. Some of the compounds contained a sticky material that did
not dissolve in the padding bath. This material was separated from the
pad bath, dried, and weighed, and the bath concentration corrected for th,.
insoluble material. The conditions for application were 8% pad bath, 2-
minute immersion time, 3-minute drying at 80'C, 3-minute curing at 110"'"
washing and rinsing as described above, and final drying at 22*C and 65".
RH.

6. N- Methylolperfluoropropylguanamine-THPC condensate

The solution containing perfluoropropylguanamine -THPC that was
prepared as described in Section V-A-13 was diluted with 10 ml of water.
The diluted solution was turbid, so 3 drops of Triton X-100 and 3 g of
triethanolamine were added and the mixture was stirred for 2 hours in aIt
attempt to obtain a stable solution. A sample (Sample 1) of bleached and

d .,.d cotton fabric (3 3 •Z/yd 2 ) that weighed 0. 81037 g (conditioned at 91"C
and 65"10 RH) was padded with the solution. A second sample (Sample 2) of
cotton fabric that weighed 0. 8067 g (conditioned at 21°C and 6/5% RH) was
padded with the solution after it had been stored for 48 hours at room
temperature and the turbidity had disappeared. Both of the treated safl.',
were dried 5 minutes at 150 0 C. The cured samples were washed 30 Mr"n
utes in acetone, 1 hour in warm water (43-46°C), and 1 hour in running
tap water. The samples were dried at 21*C and 65/ RH.

i Sample 1 weighed 1.139 g, indicating 40% solids add-on, and

Sampple 2 weighed 0. 8067 g, indicating 37% solids add-on.

~ !Samples 1 and 2 both had flame retardant properties as deter-
mined by the match test. A specimen of Sample 1 (151 mm long) burneJ
127 mm before the flame was extinguished. Sample 2 (145 mm long)

+I burned completely but slowly. Neillher sample was oil repellent, but Lo:'
were water repellent. Both samples were penetrated instantly by bis( 2 -

ethylhexyl) hydrogen phosphite. One minute after the drops of water %%'
placed on the samples, the contact angles were 960 and 840 for Sam pplcs

and 2, respectively' 5 minute , o T on the "
the angles were 920 for Sampte i 'an 072g€ for ramp "

- 2 f-- -
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7. N-Methylolperfluoroh e ptylguanam ine-TIHPC condensate

A weighed sample of the desized and bleached cotton fabric,
3.3 oz/yd2 , was padded with the solution of the guanamine-THiPC reaction

product to apply 176% wet pickup. The sample was dried 5 minutes at 82"C
and cured 8 minutes at 160°C, but the sample was discolored and had lost
strength, indicating that the sample had been overcured. The treated
"sample was washed 30 minutes in ethanol, 1 hour in warm water (43-46-C),
1 hour in running tap water, and then it was dried at room temperature
and weighed after conditioning. The solids add-on of this sample was 16.3%.

Another sample of the desized and bleached cotton fabric was padded

with the treating bath to apply 110%1o wet pickup and then dried 4 minutes at
82°C and cured 3 minutes at 138*C. The sample was washed, dried, and
weighed as described above. The solids add-on of this sample was 3. 8%.

The properties of these treated samples were discussed in Section
111-B-3-a.

8. Quarpel

The Quarpel bath was prepared to contain 8% Zelan AP and 14. 30
FC-208 on a product basis. The Zelan AP was diluted with water at 60"C
and mixed with an 0. 8% aqueous sodium acetate solution following the
manufacturer's prescribed procedure, except that a portion of the water
was withheld for dilution of the FC-208. The FC-208 was diluted with
warm water (380c) and added to the solution of Zelan AP. Application to
fabric samples was by padding with 100% wet pickup. The temperature
of the bath was maintained at 45-50'C during padding. Treated materials
were dried at 120°C for 5 fihnutes in a circulating air oven and then cured
for 5 minutes in a circulating air oven at 175°C. The cured materials
were neutralized 15 minutes at 60'C in a bath containing 0. 1% of sodium
carbonate bath and 0. 25% of Lux liquid detergent. The neutralized
materials were washed in water at 45-50°C for 1 hour, 1 hour in cold
water, and then dried at 160°C for 3 minutes.

~~EENTIAtQ 2 ~z
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9. Zelan AP

Baths of Z7lan AlP paste were prepared by diluting the Zelan with
water at 60*C and mixing the dilution with a solution containing one-tenth
as much sodium acetate in accordance with the manufacturer's recommen-

dations. Applications to fabrics were made by padding. The temperature
of the baths was maintained at 45-50°C during padding and the wet pickup
on cotton was 75TU. The treated material was dried for 4 minutes at 120°C
in a circulating air oven and then cured for 3 minutes at 1750C. After

curing, samples were neutralized 30 minutes in a solution containing 0. 1V
of sodium carbonate and 0. 25' of Lux liquid detergent at 500C. The
neutralized samples were rinsed in water at 45-50°C for 1 hour, and finallv
in cold running water for 1 hour. Finally, the samples were dried in an air
circulating oven at 160*C for 3 minutes. Add-ons were determined by
weighing.

10. FC-208

Samples of fabrics were padded with aqueous solutions of FC-208

with 100Ya pickup and then cured for 6 minutes at 150'C.

,r • •

i1



r€

-381-

ACKNOWLEDGMENTS

The research team- that conducted this program included the follow-

*.g: bNiss Catherine Boozer, Associate Textile Technologist; Mr. Charles
S. Bradford, Research Technician; Miss Virginia Jackson, Associate
I -. crist; Dr. Richard S. Johnson, Senior Chemist; Mr. Howard A. Kirk,
leSearch Technician; Mr. Robert E. Lacey, Senior Chemical Engineer;

S:rs. Gladys B. Milner, Assistant Textile Chemist; Mrs. Carolyn B. Moses,
..,sistant Textile Chemist; Mr. R. B. Perkins, Senior Chemist; and Mr.

rzeston C. Rice, Associate Engineer. Mr. Kirk and Mr. Bradford worked
,,,l on unclassified portions of this investigation.

T Determinations of HD-vapor resistance with the Dawson Apparatus
wre done by the United States Army Chemical Research and Development

1,aboratories, Edgewood Arsenal, Maryland. We wish to thank Mr. Marshall
(Ilchrist for his cooperation for expediting these evaluations.

Submitted by:

B. C. Moses, Associate Chemist
Textile Section

('. . .), d

W. C. Sheehan, Head
Approved by: Polymer Division

C. E. Feazel, Director
Physical Sciences Research

Birmingham, Alabama
July 28, 1964
6 853-1203-XXII
(50:2) rc, jh

SOUTHLRN RESEARCH INSTITUTE



-.-... .. . , -- =. - ... ..

-382-

APPENDIX A

EVALUATION PROCEDURES

i, Conditionlinl

All materials were conditioned at 21-C, 6576 relative humidity for a

,ninimum of 24 hours prior to evaluation of physical properties. The physical

tsts were made under these standard conditions of temperature and relative• hurnidity.

n 2. b~reaking strengths and elongation

The dry and wet breaking strengths and elongations at break were

determined by ASTM Cut Strip Method D-39-49 with an IP-4 Scott Tester
or a J-2 Scott Tester, depending on the strength of the material. Measure-
" ments were made in both the wa-p or machine direction and the filling or

cross direction. Each value reported is the average of 5 individual tests.

c3. Taring strength

Tearing strength determinations were made with an Elmendorf

Tearing Tester by ASTM Method D-1424-56T. Specimens from both the
warp or machine direction and the filling or cross direction of the samples

' were tested, and each average tearing strength value reported is the
average of 5 individual tests. The lowest and highest tearing strength values
are reported as well as the average because of the wide variation in the
individual tearing strengths of reinforced papers. Wet tearing strength was
determined by the same procedure except that the specimens were immersed
for 1 minute in water containing 0. 05% Triton X-100 removed from the water
and evaluated immediately.

SOUTHERN RLSE.ARCH INSTITUTK
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4. Abrasion resistawce

Abrasion resistance was determined by ASTM Method D- 1 175-55T
with a Taber Abrader equipped with CS-10 calibrase wheels. The 1000-
gram weights were used d-iring all tests. The material was weighed, then
abraded for 200 cycles or until a hole was worn through it. The abraded
material from the specimens that were abraded for only 200 cycles was
removed by a vacuum cleaner and the specimens reweighed and the result:,
are reported as percent -,s, of weight. For all other specimens the resul,
are expressed in cycles to rupture. For wet abrasion the test specimen %.,
immersed in water contaiijing 0. 05% Triton X-100, and then abraded until,•
hole was worn through it.

5. Edge tear

Edge tear was determined by TAPPI Method T 470 M-S4 with a J-2
Scott Tester. The test specimens were 1-inch wide and 8-inchies long wit!'

the long dimension parallel to the warp. Measurements were made only in
the warp or machine direction. The results are expressed in pounds as

measured on the 1 inch strip, and each value reported is the average of 3
individual tests. In retrospect, there is some doubt regarding whether t01.

Ls i method is suitable for measuring the edge tear of the types of sampl's Of
4 interest in this project.

6. Bursting strength

Bursting strength was determined by ASTM Method D 231-46 usif.;

a Mullen Tester made by B. F. Perkins and Son, Inc. Results are e- P
as psi and each value reported is the average of 3 individual tests.

7. Stiffness

Stiffness measurements were made with a Gurley Stiffness Tescr

with a loading weight of 25 grams attached to the pointer I inch below
center. The specimens were 0. 5-inch wide and 1. 5-inch long, with thle

long dimension in the warp or machine direction. Results are given in

and each value reported is the average of 3 individual tests.

ut
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8. Flexibility at low temperature

Impregnated paper samples were conditioned in a cold box for 30

minutes at a temperature of -55°C to -60 0 C and the flexibility was determined

,bjectively without removing the samples from the box.

9. Air permeability

Air permeability was determined with a Gurley Permeometer at a

pressure drop across the material of 0. 5 inch of water. ASTM Method

D-735- 4 3 T was used. Results are expressed in ft/r/min/ft', and the value
reported for each sample is the average obtained from 5 specimens.

10. Thickness

Thickness was determined with a Randall and Stickney gauge in
accordance with ASTM Method D-39-49. Each value reported is the

irage of 5 determinations.

11. Weight

The weight of the materials was determined according to ASTM
Method D-39-49. Results are expressed as oz/yd2 and are the averages
of 3 determinations.

12. Wrinkle recovery

Wrinkle recovery tests were made on paper handsheets with the
Monsanto Wrinkle Recovery Tester. The values reported are the averages
:f 3 measurements.

S
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4 13. Peel strcnqth

.einforced papers consist of scrim or strands of yarn sandwicilh.,I11 between two layers of fibers. Peel strength, as used in this report, is (h,.
maximtum pull required to separate both layers of paper simnultaneously
from the reinforcing strands. A specimen of paper 1-inch wide and 4 -irnu,.
long was used foi" the test. The upper and lower layers of fibers were
separated by hand from the reinforcing yai'ns for a distance of 3 inches.
One layer of the paper was clamped in one of itie jaws of an IP-4 machinc;

X the other layer was clamped in the othr jaw leaving the yarns free. The
jaws were 3-inches apart. A 1-inch - 1-inch area of the specimen remaii,
in tack for testing. Tile maximari "alue recorded by the machine when tOIL
layers in this area were separated was taken as the peal strength. Each
value report,2d is tile overage of 3 individual tests.

14. Water-vapor transmission rate
7 Water-vapor transmission rates were determined with Payne

permeability cups by ASTM Method E-96-537. The cups are designed

so that an area of the specimen 10 cm is tested. The tests were made
at 22°C with 100,o relative humidity o one side of the material being

tested and 50% relative humidity onl the other side. Each value reported
is the average of 2 individual tests.

15. Water repellency

ASTM Method D 583-54 was used for determining the resistance

of the materials to water spray. Each value reported is the average of
3 individual measurements.

16. Flame resistance

Flame-resistant properties were determined by the Vertical Bun, .
test, ASTM Method D 626-55T. The Vertical Bunsen test consists esseT."
of applying a 1. 5-inch luminous flame to the lower end of a 12-inch specsin'

I supported in a vertical position and clamped in a holder so that a 2-inICh
is exposed. The specimen is held 0. 25-inches above the top of tile gas b,'

Sand thle flame is ap~' -

KqIDrnA
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Observation of after-flame, after-glow, and char length are made.

o4fter-flame is mcasured by the time in seconds that the specimen continues
to flame after removal of the flame. When flaming ceases, glowing is allowed
to Continucl until it stops naturally. The time in seconds that the sample glows
or smolders after removal of the flame is recordcd as tile after-glow. Char-

.ength is the distance from the lower end of the specimen that was exposed to

:he flame, to the end of a tear produced by raising one lower corner of the
specimen until it lifts a 2 ounce weight attached to the other lower corner.
5pecimens are conside:'ed flame-resistant if the after-flame does not exceed
2 seconds and if the char-length does not exceed 4 inches. There is no

precise limit for after-glow but it should be of short duration.

17. Tackiness at elevated temperature

Impregnated paper samples were heated for 30 minutes at 45°C in a

circulating air oven. The tackiness of ihe samples was determined subjectively
at the elevated temperature and compared to control samples that had not been
heated.

18. Puncture strength

A 3 x 3-inch specimen of the material is placed across the end of an
aluminum tube 1. b-inch high and 1. 375-inch inside diameter, and clamped
around the sides of the tube. The tube is placed on the stationary platen of
the compression cage of the Instron Tensile Tester, Model TM, with the
specimen at the top of the tube. A 0. 16 inch diameter rod rounded at the
bottom end is fastened to the moveable platen. The puncture rod is lowered
at the rate of 1 inch per minute until it punctures the specimen, and the force
required is read from the chart. 1\1Measurements are made on 5 specimens and
the values are averaged. The results are expressed in pounds.

19. Water resistance of cloth

Details of this method are given in Dynamic Absorption Method 5500,
Federal Specification Tex-tile Test Methods, CC-T-19b, May 15, 1951.

In this method, samples are tumbled in a drum containing water. After
a given length of time, the samples are removed from the drum and passed
through squeeze rolls. The Percchtage increase in weight is reported.

SOLITHER1 RESEARCH INSTITUTE
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20. WVatr lceachinz

Details of this mncthod are given in AATCC Tentative Test Method
30-52, part C-1.

In this method, samples are leached in running water at 30'C for
24 hours.

21. Sea,, separation strength

Sea" separation strength, as the ternm is used in this report, is th,
maxi!mun pull required to separate the two layers of an overlap sealn. TP.-
seams were made with 1 inch overlap and I x 6 inch specimens were cut
across the seam with the scam at approximately the center of the strip.
The bonded area of each specimnen was therefore, 1 x 1 inch. The specSin..
weriI clamped in a Scott IP-4 tensile test machine with the jaws 3 inches
apart and with the seanm centered between the jaws. The maximumn value
recorded by the machine when the seam separated was taken as the seam
separation strength. Each value reported is the average of 5 determinat:,
and the resuLlts are expressed in lb/in. of width.

U

22. Seal strengzth

Seal strength, as used here, is the maximnum pull required to
separate plastic filth from the paper material to which the plastic has
been heat sealed. Specimens 1 x 4 inches were cut and clamped length-
wise in an IP-4 machine with the Jaws 1 inch apart. The maximum pull

required to separate the filin from the paper was taken as the seal strcnm.-
Each value reported is the average of 5 determinations and are expres-'Cb

in lb/in. of width.

*

23. Contact anxls

TAPPI Method T-458-M-59 was followed for determining co~t-,
angles. The apparatus that was used for the determinations consists Of

the following parts:

4 I
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(a) A. 0. Spencer adjustable lamp for illuminating the

test specimen.

(b) A. 0. Spencer Model P42AC microscope mounted
horizontally. The microscope is equipped with a

2 2x objective and a 10x eyepiece.

(c) E. Lietz Micam Camera that has a removable ground-

glass plate for viewing and focusi.ng. The camera
makes 3 1 x 4 -- inch pictures.

(d) Micro-syringe with a 20-gauge needle.

The samples and test liquid were conditioned at 21°C and 65% relative

humidity for 24 hours, and the contact angles were determined at the same

conditions. The edge of one end of a test specimen of garment material was

"F glued to a microscopic slide; then, while the specimen was pulled to remove

wrinkles, the other edges were glued. The mounted test specimen was placed

on the stage of the microscope, and a 0.07 ml drop of liquid from a hypodermic

aeedle was deposited on the surface of the specimen. The tip of the needle was

approximately 2. 5 mm from the surface of the specimen. The profile of the

drop was projected on the ground-glass plate of the camera and brought into
focus. The g,-ound-glass plate was then replaced with photographic paper,

and one minute after the drop was deposited, a picture was taken. A line

was drawn on the picture to represent the base of the drop, then tangents

to the drop were drawn at the points of solid-liquid-air interfaces. The

contact angles were mea-ured with a protractor, and the maximum angle was

recorded as the advancii g angle.

If a material has good repellency for the liquid, the rate oi penetration

can be estimated by determining the maximum contact angle again after the

drop has been on the surface of the specimen for 5 minutes. The rate of

penetration, expressed as the rate at which the angle of wetting changes in

degrees/minute, is equal to the contact angle after 1 minute minus the contact

angle after 5 minutes divided by 4.

LOUTHFRN R[ErARCH INSTITUTE
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24. Methods for screening garment materials for resistance to liquid
"CW simulants and agents

The following observations were made in screening garment
materials for resistance to penetration by liquid CW simulants and
agents: (1) observation of the behavior of droplets of the liquid applied
to the material, (2) determination of the time required for the liquid to
be absorbed by the material, and (3) determination of the time required
for the liquid to penetrate the thickness of the material. The penetratior;
time was determi'aed under two conditions: with no pressure and with
pressure on the liquid.

Bis(2-ethylhexyl)hydrogen phosphite was used as a simulant for
the agents, GA, GB, HD, and VX are the live agents that were used.
The simulant and agents were colored with an oil-soluble dye to aid
detection.

The general procedure consists of placing small droplets of the
liquid on one surface of the material, held under constant tension and1 i noting the time required for the first appearance of any liquid on the
opposite side; the time required for the Uiquid to disappear from the

surface by absorption or by evaporation; and the shape and maximu.w'
length of the wetted area.

end"of In making these determinations, a 235-g weight is attached to C-1'
end of a 2 x 4-inch piece of the garment fabric and the assembly is hunl

over a horizontal gla..-s tube, 40 mm in diameter, with a piece of absor.

filter paper between the fabric and the glass. A 7 to 8-mg drop of the

colored simulator agent, is placed on the fabric by means of a micros'•-
held with the tip approximately 3 mm from the surface. A prism is n"'
under the tube to facilitate observation of penetration.

;,_ _4
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The several effects that may be observed when a drop of a liquid is

.,pplied to a specimen are:

(a) The drop does not wet the material initially, but remains
pearled on the surface for various lengths of time before
evaporating or wetting and sinking into the specimen.

(b) The drop wets and sinks into the body of the material but
does not wick out rapidly.

(c) The drop enters the material immediately and wicks out
rapidly in an elongated pattern.

(d) The drop enters the material immediately and wicks out
rapidly and uniformly in all directions to form a circular
pattern.

When actual CW agents were used, measurements were made in the
apparatus shown in Figure 1. Essentially, this apparatus is a small hood
containing a glass mandrel, a chrome-plated bar with an attachment for

,Iding a microsyringe and for allowing the syringe to be moved over the
length of the mandrel, a microsyringe, and a prism. The samples and the
syringe may be reached through the two holes in the front panel of the
apparatus. A blower and a compartment filled with activated charcoal
are on the back of the apparatus. The apparatus is housed in a hood
equipped with a charcoal filter in the stack; the hood has an air velocity
greater than 100 cfm.

The method described above is modified slightly for determining
the penetration time of liquids under pressure. For this purpose, the
specimen is placed on a horizontal plate of glass, with a piece of filter
paper between it and the glass, and unless otherwise noted a 7 to 8-mag
drop of liquid is placed on the specimen as before. Fifteen seconds
later, a metal weight that exerts a pressure of 1 psi is placed centrally
on the drop of liquid. The weight is kept in place for one minute and
penetration is observed visually through a prism located beneath the
sample. The time required for penetration is reported in seconds,
starting at the instant the weight is placed on the specimen.

SOUTHERN RESEARCH INSTITUTE

k..



-391-

IV,~~ .7W

) 44

Cd

ý ý'! 4tZ I

3N L . 1
Ftlllf



S*:.-T ... ..; " " ' " -

-392-

25. Description of apparatus and procedure for determination of aerosol
i filtration efficiency

L A di-n-octyl phthalate (DOP) aerosol in air was produced by a

generator similar to the one described by Sinclair and Le Mer. 1 This

apparatus consists of two 3-liter flasks, one called the boiler, the other

called the reheater. The boiler, which contains about 1. 5 liters of DOP,
is equipped with 2 tubes, through which dry air is admitted, and a corona-
discharge tube. Each air-inlet tube contains a needle value and a roto-
lieter-type flow meter. One air stream is bubbled into the liquid and the
other one passes across an A. C. :gih voltage spark gap and then into the

vapor-containing portion of the flask. A mist of DOP, ions produced
from the corona discharge in air at the spark gap, and dry air is led from
the boiler into the reheater In the reheater, the DOP evaporates and
subsequently condenses withi the ns in the air stream, which serve as

nuclei for the minute droplet for ation.

The following conditions were experimentally determined for
producing an aerosol containing 4. 6 mg of DOP per liter at a rate of
4 liters per minute; boiler at 190'C, reheater at 2400C, a rate of air
flow into the DOP of 3. 3 liters per minute, and a rate of air flow through
the 20, 000 volt spark gap of 0. 7 liter per minute.

The particle size of the aerosol droplets were determined by
measuring the rate of settling of the particles. A 1-liter graduated
cylinder was filled with the aerosol by displacing the air that was in
the graduate. After filling, the aerosol delivery tube was removed
from the graduate and the upper, open end of the graduated cylinder
was covered with a watch-glass. The movement of the settling aerosol
was measured with a meter stick. The average particle size of the
aerosol was 2. 4 p in diameter, as determined from the rate of settling
measurements. During settling, the aerosol had a well defined front.
Sinclair2 has interpreted such a boundary condition to be indicative of a
narrow particle-size distribution.

1.D. Sinclair and V. K. La Mler, Chern. Rleviews 44. 254 (1945).

2. D. Sinclair in "Air Pollution. " L. McCabe, Ed., McGraw-Hill Book
Company, Inc., New York, 1952, pp. 169-171.

r
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The aerosol stream from the generator was split. Some of it was
discharged to the fume hood, and the rest was diluted with dry air so that
the concentration was approximately 1 mg of DOP per liter and the flow
rate was 5 liters per minute. This diluted stream was then led to a sampi,
holder through a pressure regulator, consisting of a "T" in the aerosol linc
with a drop-tube submerged in water. A water depth of about 6 inches,
corresponding to approximately 0. 25 psi, gave the maximum pressure at
which the aerosol generator and dilution system would operate. The sampi.:
to be evaluated was clamped between a pair of steel, bell-shaped cups so
that a circular portion of the sample, approximately 5 cm in diameter, was
exposed to the aerosol stream for 5 minutes. Static pressure lines were
connected to the apparatus so iat the pressure drop across the sample coul,!
be measured. These pressure drops were between 0. 01 and 0. 2 inch of
water, depending on the porosity of the sample. With exceedingly porous
samples, two layers of the filter media were used. This maximum pressur,-
and the porosity of the sample then determined the upper limit of the volunw
of aerosol that would pass into the sample holder.

Downstream from the sample holder was a flange-type union that
accomodated a 3-cm diameter circle of glass filter paper (Mine Safety
Appliances Company, Type i BU"-H Filter Paper). This filter paper
trapped the aerosol and served as a measuring device. After use, the
paper was extracted with ethanol, and the quantity of DOP in the resu tant
solution was determined spectrophotometrically. Immediately after a given.
filter medium was exposed to the aerosol stream, a blank determination*
made with the apparatus under identical conditions, except that no sample '"
present. From the analytical data it was possible to calculate the filteringl_
efficiency of the sample, or that portion of the aerosol retained by the filter
medium.

An electronic particle size counter was assembled and used in sotc

evaluations. The counter indicated the number of particles present il a t.
volume, and also measured the particle size distribution.

1m-
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26. Oil repellency

The 3M test was used for evaluating the oil repellency of samples.

This test is based on the difference in the penetrating or wetting properties

of mineral oil and n-heptane. The two liquids are miscible in all proportions
and exhibit greater wetting power as the amount of n-heptane in the mixtu e
is increased.

The oil repellency rating assigned to each of the eleven test oils that

are used are given in Table A-1. To measure the oil repellency of a treated
fabric by the 3M method, drops of the tests oils are gently placed on the
fabric and allowed to stand undisturbed for 3 minutes. The number corre-
sponding to the mixture containing the highest percentage of heptane which

r does not penetrate or wet the fabric is considered the oil repellency rating
of the test material.

"L •The oil repellency values determined by this method have been found
to correlate with actual resistance of materials to oily stains. Fabrics with
an oil repellency rating of 50-70 have only fair resistance to oil staining;
fabrics with an oil repellency rating of 80-90 have good resistance ,) oil
staining; and fabrics with oil repellency ratings of 100 or greater have
excellent resistance to oil staining.

27. Laundering procedure

Fur evaluations of durability of the finishes to laundering, samples
were washed in a Maytag automatic washer, Model 132. The washing
cycle consisted of walshing 14 minutes at 77°C with 0. 25 cup of Tide,
extracting 2 minutes, wet spinning 0. 5 minute, rinsing 2 minutes, and
extracting 4. 5 minutes. The samples were then dried in a Westinghouse
clothes dryer (Model D-112), rinsed 10 times in distilled water at 49°C,
and air dried.

SOUTHERN RlESEARCH INSTITUTE
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Table A-1. Compositions of Liquid Mixtures for the 3M Oil
Repellency Testa

Oil repellency Percent Percent

rating mineral oil -heptane

150 0 100

140 10 90

. 130 20 80

120 30 70

110 40 60

100 50 50

90 60 40

80 70 30

70 80 20

60 90 10

50 100 0

0 (immediate penetration by miner-al oil)

ad

a E. J. Grayjeck and W. H. Peterson, Textile Research J. 32, 320-331

(1961).

"Nujol", percent by volume.
' i
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Procedure for determination of penetration of vapor from liquid CW
agents

Pieces of flank pigskin, 1. 5 x 2. 5 inches, with as much of the fat

removed as possible but with the dermis intact were attached to the
underside of specimens to be evaluated with the dermis against the
specimen. These assemblies were placed on aluminum plates with the
specimens on top.t Evaluations with VX and HD were conducted at 35 0C, but tests
with GB were conducted at room temperature. The agents labelled
with P'3 (VX and GB) and S5 (HD) were applied as single 4 mg
free-falling drops from a 27 gauge needle held close to the specimen.
Drops of VX and HD were allowed to remain on the surface of the
fabric for 24 hours, but the GB was left on the fabric for only 6 hours.

At the end of an exposure period, the piece of pigskin was put
immediately into a beaker containing 20 ml of concentrated nitric

Sacid and digested at 60 0 C. The residual fat, which separated as a
liquid layer, was taken up in benzene, and the benzene and acid layers
were separated. The two layers were diluted to 100 ml with benzene
and water, respectively. Two 1. 0-ml aliquots of each diluted layer
were assayed in a liquid scintillation spectrometer, Packard Modcl
314 EXTRI-CARB.

With each group of pigskin pieces processed, controls, to which
a known amount of the agent had been applied were also processed.
For a control, a 4 mg drop of an agent was placed on a piece of the
pigskin, and the pigskin was immediately digested and the fat was

SOUTHERN RESEARCH INSTITUTE
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processed as dcscribed above. The total activity observed in the benzene

and nitric acid layers from an unknown relative to the activity observed

for the control provided a measure of the amount of penetration of an agent.

The results are reported as pg of agent penetrating a system and also as

the percentage by weight of a 4-nag drop. I)eterrminations were made on

two specimens of each experimental material, and the results are the

averages of the two values.

29, Accelerated aging

Samples were stored at 80'C for 16 hours in an individual container

containing a beaker of 'water to provide high humidity.

30. Match test

This method consists of suspending a strip of fabric !-inch wide

by 8-inch long in a draft-free area and igniting the sample at the lowcr

end with an ordinary match. The h;.;ght of burning is noted visually a.Id

the results are expressed by four general classifications of flame resistL "
"excellent" if the fabric does not burn after removal of the igniting flame°

"good" if the burning is self-extinguished in the lower 3 or 4 inches of thle

strip, "fair" when the burning extends approximately 5 inches up the strip.
:.-•i~iIand "fail" when the strip burns completely.

Iz r
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A ) IISYIV ES

Solids,

Trade nanrit Do.e i i,'ii Source

Adhesive KS-2 85. Plastisol (Geon 135 in dioctyl Kimberly-Stevens Corporation

pithalite) and 15% Skellysol
(mineral spirits)

A C0 S-377 Vinyl chlhride-wetaite copolyme' paste The Borden Company, Chemical Division

SBostick 4034 Synthetie rubber resin 35 B&B3 Chemical Company

CV-794 Vinyl emulsion type kuhvslve 49 The Borden Company. Chemical Division

lCVV a Ierculite Protective Fabrics

EC-784 Oil soluble elastomer 60 Minnesota Mining & Manufacturing Com-n•"'

EC-1729 Synthetic rubb,,r based - Minnesota Mining & Manufacturing Company

* EZ-1904 Vinyl chloride 38 Permacel Adhesivev

Formica Contact Cement 27 American Cyanamid Company

Kymene Unknown Hercules Powder Company

N-159 Neoprene in solvent 23 Union Bay State Chemical Company

Polyester 40971 Polyester in 1. 1, 2-t rich Inroethan e 15 E. 1. du Pont de Nemnours and Company. '

wil dl •'-153 HeNinota glue 100 The Borden Compan)., Chemical Divi. ton

. I Rhoplex E-32 Self-croaalinking acrylic emulsion 46 Rohin and Haas Company

Reatweld Epoxy-hased adhesive for nylon The N. B. Fuller Company

Splic-It Neutral color cement 93 The Borien Company, Chemical Divisi"o

SWB-952 (A&B) Neoprene in solvents 24 Interchemical Corporation, Angiers Adhe,..

Department

Ubabond UI .511 Acrylonitrile-rubber 28 UBS Chemical Company

U. S. Royal Industrial Therinoplastic 90 LI, S. Rubber Company

Adhesive M-6256

Vistanex L-120 lsolmutyiex'e poiymer 100 F-11jay Company, Inc.

Vistan.x M, Type Mlf lsobutyl'ne polymer 100 Enjay Company. Inc.

Vultex 1-S-1000 Compounded latex 57 General Latex & Chemical Corparation

Vuttex I-S-1052 Compounded latex 64 General Latex & Chemical CorpNratiL'n

X-210tB Compodnded latex 60 Adhesive Products Corporation (Fhbr

Adhesives)

a Recently developed; no specifications available.

.V



-4 00-

CHEiMICALS

acid Reagent grade, from General Chem'ical rDiviaion, Allied Chemical Corporation

:",one Reagent grade, from General Chemnicail Division, Allited Chemical Corporation

-lenePost Welding Company

tvnmsulfate Reagent grade. fromt Baker and Adamison

~,,,onium bromide From Mallinckrodt Chemical Works

,11onitfl1 hydroxide Reagent grade (28%v), from General Chemical Division, Allied Chemical Corpor-ation

'r~onium stl'fnmate Practical grade, from Eastman Organic Chemicals Company

F 1 ,1 tamA A silicone compound from Dow Corning Corporation

.11,o~~ny triehloride Reagent grade, from General Chemievi Division, Allied Chemical Corporation

,..mntrioxide Reagent grade, from Generuri Chemical Division, Allied Chemical Corporation

:,nze~neReagent grade, from General Chemical Division, Allied Chemical Corporation

(2ctliylhexyl~hydrogcn From Virginia-Carolina Chemicnl Corporat ion

phosphite
s'rax ~~~~~~Technical grade, from United State, trxadCeia oprto

:.c acid Reagent grade, from J. T. linker Ch~emicals Division, Vick Cirerical Corporation

ofrmReagent grade, from General Chemical Division. Allied Chemiceal CorpoK-ration

:113itnone Reaen gade, from EaRstn Ia OrganeCrmel

Fityl cellosolve Technical grade, from Union Carbide Chemical Company

2-ab-O-Sil Ultrafine pyrogenic. silica fromt Cabot Corpa.-ration

?atibon tetrachloride Reagent grade, from General Chemical Voivision, Allied Chemical Corporation

-malyst A An inorpanic acid-forming salt from I'oltim and Hanas Company,

.atalyst CE Catailyst, from Mobay Ceientical Company

-a talyst 11-7 35 ouino iccomplex, fronm l~ohn o and Ilnars Co milpany

Chlramde romArmy Chemicas Center

.llosize WF-09 Hlyd roxyet-ylele lu lose, from Utnion Carllid, Chemical Company

Thlorowax 40 Chlorinated alkane, from Diasa ord AM1 nli Company

C anuric chloride Obtained from Amnerican Cyananidh Cowrp;,.ny

:).Ar-co KB Activated carbon, from Atlas P1owder Company

:)arco S-51 Activated carbon, from Atlas Powdeor Company

)axad 11 Su'rfactant, from Dewey rand AImnay Chiemtical Compqany

D~arnimonium phosphate Reagent grade, froin C eneral Chremrical Division, Alliled Cilemical Corporation

:)ibutylphthalate Obtained from Fisher Scientific Comrpati)

SOUTHrRN REr~aARCH INSTITUTE
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j L.)kiy and i-i midc i 01M' d f i-owi Amiiici c in Cy anami d Corni ýAny

bilmvt hyl hydrugenptiji phot*M 4J1'tat ticti fin ii Vi iginii- Ci rolfnj Chemical Corpouraition

bi-octylph~t laat, etto bp. ardc from Easi ~tmban Orgianic Chemi cails

ýAhaniol Fui .S. Indu st rial Chernicual Comiliny

Lihur ltavtgrade, from G~eneral ChemiicalDisonAledCmca oprtm

For mA Idutiyde Reitgolt grnde (377o) firvnG encrall Chemii cali Divtiorin, Allied Chrrnlcz.l Corl-t oi.

lleptfluotobutyic ocd Obtined ror CoiopinylrCemee h Inc.

IIL~t~lftlkr()bityuviirit, Obain de front Peinuar Cein es O rgai CIitniuc.

5 m labelledade Irom Gro NtcvrCit~ig Coroalth~ion acivity6ion, A 028 tll, Diluted wit nI Morp _~

llyrottiiion Re~ctt, rodn(t7) fitlaioo. Pnroucts CIenimties Di vision, ofie CEastmani Iof C. m

Hydrohlori aci (gam Fro the Oatheonc Coropai,Inc,

flylet, T Toaent ltoroty enate, fr'ont E. 1. dIu Pont de Nernouii rand ConmpaflyInc.

lgpa C-80Skrfcttifrom Peourila rChemo .. ical ch Copny

hydrric oxide Reagentt grade, from Genertal Chenijeni Uiv ieion, Allied ChcoiijCai CortPr I''

Meh l alohlnRagnt rae, ro Get'ieral Chemia iiin Allied Chle ne ica Corpor to

POalouron acid doageie graide, frmGeneral Chn~~lDvsoAllied ( 7 h1o" lt! Corp~oral

Orthphophoic cid eagnt r,%e (7o),tomvnval hemial iviion Altvd heoic-1 C

trfrmlihd Fro -atml OraicIere
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CHEMICALS (continued)a

pvridine Reagent grade, from General Chemical Division, Allied Chemical Corporation

~eiesse Gen Type S-1 Silicone mold release agent from Dow Corning Corporation

r.,oom HP Trimethylolmelamine (powder). from Monsanto Chemical Company

,.rtomerseSX Sodium alkylaryl-sulfonate solution, from Monsanto Chemical Company

,ntomerse 85 Sodiu~nsalkylaI'ylsulfonflte solution, from Monsanto Chemical Company

Silione il Srfacantfrom Union Carbide Chemical Corporation

4.330Chloroamide, from Army Chemical Center

-.Xcllysolve "B" Essentially a-huxane, from Skelly Oil Company

* ýdium (metallic) Reagent grade, from General Chemical Division, Allied Chemical CorporationSdumactae nhdrusreget rde f i GnealChmialDiiio. lledChmialCopoato
ýýdjum biacet nate AnR ru eagent grade, from General Chemical Division .Allied Chemical Corporation

,.,,lium bcarbonate Reagent grade, from General Chemical Division, Allied Chemical Corporation

cdium cadronate Reagent grade, from General Chemical Divisin lidCeia oprto
~,jdu~ ydrxid Reaentgrae, romGeneal hemcalDivsion, Allied Chemical Corporation

* Silfamic acid Practical grade (100%o),from General Chemnical Division, Allied Chemical Corporation

* cu~lfuric acid Reagent grade (95-9656), from General Chemi cal Division, AllieL Chemical Corporation

Sufrdioxide From The Mathe'son Company, Inc.

"Tergitol" penetrant 08 Surfanctant, from Carbide and Carbon Chemical~s

P~ :urea Reagent graude, from Eastman Organic Chemicals

D-33 Tin dilaurate Catalyst, from Union Carbide Chemicals Corporation

Toluene Reagent grade, from General Chemicals IDivi:,ion. Allied Chemical Corporation

P.-Toluene sulfonic: acid Reagent grade, fromn Eastman Organic Chemicals

Triallyl phospnate Technical grade, from Borden Chemical Company

Triethanolamine Reagent grade, from) Eastman Organic Chemicals

Triethylene diamine Catalyst, from Union Carbide Chemical Corporation

Triton X-100 Iso-octyl phenuxy polyethoxy ethanol, nonionic surfactant (1007. active), fronm

hohtm and Hlaas C'ompany

Urea Reagent grade, from Greneral Chemical Division, Allied Chemical Corporation

P" labelled VX From Caunadian Research Defense Laboratories; activity 50 mc/ml

Xylene Reagent grade, from General Cli\ mical Division, Allied Chemical Corporation

Zinc fluoroborate 40%e solution, fromn llarshaw Chemical Company

Zinc nitrate 6111O Reagent grade,from General Chemical Division, Allied Chemical Corporation

-- - iOUTHERN RESEARCH MNOITUTE
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COMMERCIAL SCRIMS

Dixienet 551-40047 A 6-mesh cotton scrim weighing 2.2 oz/yd2 ,
from Swift Manufacturing Company

Scrim Style BR-36 A 4-mesh rayon scrim weighing 1. 0 oz/yd2 ,
from Wellington Sears

Scrim Style 150 A leno weave nylon scrim, from Southern
Press and Filter Media Company

1>
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CW AGENT GELLING MATERIALS

CMC Type 70D High A high molecular weight carboxymethylcellulose,
supplied by Hercules Powder Company

Methocel 1, 500 cps A methylcellulose of high molecular weight,
supplied by the Dow Chemical Company

Polectron 130 A copolymer of vinylpyrrolidone and ethyl acrylate,
supplied by Antara Chemicals Division, of General
Aniline and Film Corporation

Polectron 430 and 450 A copolymer of vinylpyrrolidone and styrene. The
450 type has a higher vinylpyrrolidone to styrene
ratio than 430. Made by Antara Chemicals Division
of General Aniline and Film Corporation

PVP, Types K-30, Technical grade of poly(vinylpyrrolidone). The

K-60, K-90 three types differ in the size of the polymer and
are listed above in order of increasing molecular
weight. Suppl;ed by Antara Chemicals Division of
General Aniline and Film Corporation

PVP/VA W-464 A copolymer of vinylpyrrolidone and vinyl acetate,
made by Antara Chemicals Division of General
Aniline and Film Corporation

SOUTHERN RESEARCH INSTITUTE
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FIBERS

Cellulose acetate 2. 5-denier, 0. 25-inch staple, Type 4W dull, made by
Celanese Fibers Company

Cellulose acetate 3. 0-denier, 2-inch staple cellulose acetate, dull, made
by Celanese Fibers Company

Cotton linters First cut cotton linters Type 1-P-500f were supplied by
the Buckeye Cellulose Corporation

Dacron 1. 5-denier, 0. 25-inch staple, Type 54 Dacron, made by
E. 1. du Pont de Nernours and Company, Inc.

Dacron D-90 2. 5-denier, 0. 25-inch staple Dacron, made by E. I. du
Pont de Nernours and Company, Inc.

Fibrids 101 Fibrous synthetic polymer binder made by E. I. du Pont

de Nemours and Company, Inc. The morphology is some-

what similar to that of beaten wood pulp. Fibrid binders
are supplied as a damp cake of 20'/o solids.

Fibrid 201 A fibrous synthetic polymer binder made by E. I. du Pont
de Nemours and Company, Inc. The morphology is some-
what similar to that of beaten pulp. Fibrid binders are

supplied as a damp cake of 200% solids.

Harmac kraft Semi-bleached kraft pulp, obtained from Kimberly-Stevens
Cornoration

Nylon 1. 5-denier, 0. 25-inch staple, Type 221 nylon, made by E. I.
du Pont de Nemours and Company, Inc.

Nylon 1. 5-denier, 0. 25-inch nylon staple, obtained from Kimberly-
Stevens Corporation

Nylon 3. 0-denier, 0. 37-inch nylon staple, obtained from Kimberly-

Stevens Corporation

Nylon 1. 5-denier, 1. 5-inch staple nylon, Type 203, made by E. I.

du Pont de Nemours and Company. Inc.

Polypropylene 2-denier, 0. 25-inch staple, supplied by Claremont Flock Company

Poly(vinyl alcohol') 1.0-denier, 0. 37-inch staple, Vinal fibers made by Air Reduction

Chemical Company

Rayon 1. 5-denier. 0. 25-inch staple, Type XL rayon made by American

Viscose Corporation

RD 101 1. 5-denier, 0. 25-inch staple, Type RD 101 rayon fiber. RD 101

is a multi-cell rayon fiber made by American Viscose Corporation-

It is supplied as a matty crumbly mass of dry fiber which wets out

quickly, swells and separates when placed in water.

Wood pulp Semi-bleached (approximately 80 brightness) kraft pulp obtained

from International Paper Company was used. The pulp is kept

in the form of dried sheets, resembling heavy paper board; the

sheets are disintegrated in water as needed for the experiments,

31I
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FIRE RETARDANTS

Abopan A complex sodium borophosphate from Glyco
Chemicals Division, Charles L. Huisking and
Company, Inc.

Apex Flameproof Water-soluble fire retardant (25% solids) made
290-B by Apex Chemical Company, Inc.

Arko Fire Retardant Water-soluble flame retardant (100% solids) made
98-B by Arkansas Company, Inc.

Fi-Retard NBX Water-soluble flame retardant from the Arkansas
Company, Inc.

Fire Retardant L-2 Water-soluble flame retardant from Burkart-
Schier Chemical Company

Fire Retardant RC General purpose flame retardant (100% solids)
from Burkhart-Schier Chemical Company

Fire Retardant X-12 An ammonium sulfamate type, non-durable flame
retardant from E. I. du Pont de Nemours and
Company, Inc.

--Pyroset DO An organic phosphate compound from American
Cyanamid Company

Pyroset Fire A stable urea formaldehyde syrup (85% solids)
Retardant N-2 from American Cyanamid Company

Pyroset N-10 A urea-formaldehyde copolymer condensate (80%
solids) from American Cyanamic Company

Tris-l-aziridinyl A durable flame retardant (85% solids) from Chemir.-,!

phosphine oxide (APO) Corporation

Tris-l-aziridinyl A durable flame retardant (crystalline, 95% mininT:
phosphine sulfide (APS) purity) from Chemirad Corporation

Tris(2-methyl-1- A durable flame retardant (85% solution in ethanol)
aziridinyl)phosphonium from Interchemical Corporation
sulfide (MAPS)

Tet -akis(hydroxymethyl)- A durable flame retardant (95% purity) from OldI :r.

phosphonium chloride ElectroChemical Company

(THPC)IE 11.I
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MATERIALS USED FOR DESIGN STUDIES

Aluminum zipper A lightweight aluminum zipper made by Talon, Inc.

3
Elastic -i-inch elastic purchased locally from F. W. Wood-

worth and Company

Heat-sensitive tape Made by Scovill Manufacturing Company, Inc.
with grippers

Metal eyelets Purchased locally from F. W. Woolworth and
Company

Polyethylene tape A pressure-sensitive tape made by Fasson Products,
Inc.

Standard metal Purchased locally from F. W. Woolworth and
grippers Company

Velcro tape Purchased locally from Pizitz Department Store

Zephry zipper A monofilament nylon zipper made by Talon, Inc.

SOUTHERN RESEARCH INSTITUTL
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OIL REPELLENTS AND WATER REPELLENTS

A water repellent of alkyl ketone dimers (100% eolids) froI

A p Hercules Powder Company, Inc.

Aridex C Concentrate A 60% dispersion of wax and aluminum soap, from E. i. du
Pont de Nemours and Company

FC-154 Nonionic emulsion of a fluorocarbon (30% Solids), from

Minnesota Mining and Manufacturing Company

FC-20 8  Non-ionic emulsion of a fluorocarbon resin (28% solids) from

(Textile Chemical) Minnesota Mining and Manufacturing Company

FC- 8 0 5  30% solution of the chrome complex of perfluoroctanoic acid in

(paper Chemical) isopropanol, from Minnesota Mining and Manufacturing Company

L,-1100 and L-1138 Fluoro-organic chemicals, from Minnesota Mining and

Manufacturing Company

Norane R Long chain pyridinium compound, from Warwick Chemical

Division, Sun Chemical Corporation

pc:,mel B 4076 dispersion of a melamine resin, from American Cyanamid

Company

Phobotex FTC Synthetic resin water repellcnt from Ciba Company

Quilon Werner-Type e romiiim cor.-l... Af fatty acid (301% solids) in

isopropanol, from E. I. du Pont de Nemours and Company, Inc.

Velan NW Long-chain pyridinium compound from I. C. I. Organics, Inc.

Zelan AP Paste A pyridinium compound (90% solids), from E. I. du Pont de

Nemours and Company, Inc.

Zepel B Fluorocarbon (14% solids), from E. 1. du Pont de Nemours and

Company, Inc.
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PJG M ENTS

Trade name Source

Green B Paste, GW -744-P E. I. du Pont de Neinours & Company, Inc.

Liihosol-Pas, Yellow 1IV E. 1. du Pont de Nvmours & Company, Inc.
Paste

Lithosol-Red CSP Paste E. I. du Pont de Neniours & Company, Inc.

Multisperse Black C 11-991 Sherwin-Williams Company

Multisperse Yellow LC 12-960 Sherwin-Williams Company

Multisperse Yellow M 12-961 Sherwin-Williams Company

W-308, Titanium Dispersion Harshaw Chemical Company

W-1840, Organic Yellow Harshaw Chemical Company
Dispersion

W-2080, Dinitraniline Hlarshaw Chemical Company
Orange Dispersion

W-7017 R, Carbon Black IHarshaw Chemical Company
Dispersion
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I'LASTICIZERS AND SOFTENERS

Aliquat 336 A tricapryl monoethyl ammonium chloride from

General Mills, Inc.

Carbitol A diethylene glycol monoethyl ether from
Carbide and Carbon Chemicals Company

Celluflex FR-2 Tris(2, 3-dichloropvopyl)phosphate from
Celanese Corporation of Ame-ica

C3 o "ox alcohoA An "oxo" alcohol from Enjay Company

F -olene E A polyethylene 100% solids) prepared by
Eastman Chemical Products

Good-rite Plasticizer GP Dioctyl phthalate plasticizer made by 3. F.

Goodrich Chemical Company

Santicizer 141 An alkyl aryl phosphate from Monsanto
Chemical Company

Syl-Soft 12 Silicone-based softencr (307o solids) madc
by Dow Corning Corporation

Triethylene glycol A glycol from Carbide Carbon Chemical
Company
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THICKENERS AND STABILIZERS

Carbopol Synthetic gel forming polymer from B. F.
Goodrich Chemical Company

Guar Gum Plant mucilage from General Mills, Inc.

Gum Arabic Plant gum from Uni-Gum Division of r. M.
Duch4 and Sons, Inc.

Gum Tragacanth Plant gum from Central Scientific Company

Methocel 4000 cps grade, Dow Chemical Company

Protovac PV 432 Casein made by Borden Chemical Company

Sodium Alginate Seaweed colloid from Matheson, Coleman,
and Bell Division of the Matheson Company
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YARNS

Cellulose acetate 100-denier, 40 filament, 2-Z twist, Type 4W
dull made by Celanese Fibers Company

Dacron 100-denier, multifilament, Type Dacron yarn
made by E. I. du Pont de Nemours and Company,
Inc.

Nylons 100-denier, 34-filament, 0. 5-Z twist, Type 680
and 200-denier, 34-filament, 0. 75-Z twist,
Type 300 nylon made by E,. I. du Pont de Nemours
and Company, Inc.

Polyethylene 170-denier, monofilament polyethyleie made by
Reeves Plastics, Inc.

Rayon 100-denier, 60-filament, 2-Z twist, Type 11
dull made by Celanese Fibers Company

Rovana 400-denier Saran yarn, which is approximately
20-25 mils in width, made by the Dow Chemical
Company
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APPENDIX C

SAMPLES OF PLANT PRODUCED EXPERIMENTAL PAPERS

Experimental Paper No. 2-2-62

Experimental Paper No. 6-21-62R

24A

Experimental Paper No. 6-21-62 GCD
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APPENDIX D

MATERIAL SUPPLIED TO U. S. ARMY NATICK LABORATORIES

200 yards of Experimental Paper No. 1-8-62; an undyed, scrim-reinforced
nylon-wood pulp paper treated with Rhoplex B-15 and FC-208, prepared on
pilot-plant equipment.

1700 yards of Experimental Paper No. 2-2-62, an undyed, scrim-reinforced
nylon-wood pulp paper treated with Rhoplex B-15 and FC-208, prepared on
plant production equipment.

1000 yards of Experimental Paper No. 6-21-62R; a scrim reinforced nylon-

wood pulp paper, dyed OD and treated with Rhoplex HA-12 and FC-208.

1000 yards of Experimental Paper No. 6-21-62GCD; a scrim-reinf-'rced
¶ nylon-wood pulp paper, dyed OD and treated with Geon 577, antimony

trioxide, and FC-208.

100 yards of Experimental Nonwoven Fabric No. 10-30-62R; a nonwoven
fabric containing 60% rayon fibers and 40% Rhoplex HA-8/Rhoplex HA-12

, a mixture (1:1 solids ratio) and treated with Flameproof 290B and FC-208.

100 yards of Experimental Nonwoven Fabric No. 10-30-62N; a nonwoven
fabric containing 60% nylon fibers and 40% Geon 351 and treated with Flame-
proof 290B and FC-208.

100 yards of E-18 Gas Aerosol Filter containing glass, viscose, and vinyon
fibers.

500 yards of 1. 8 oz/yd2 Fortisan fabric treated with a S-330/Hycar 2671
mixture.P 500 yards of Kyron S/403 nonwoven fabric.
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APPENDIX D (continued)

550 yards of rayon nonwoven fabric with nylon scrim needle punched to
one side and treated with carbon/Hycar 2000 X 83.

550 yards of rayon nonwoven fabric with a nylon scrim needle punched
to both sides and treated with carbon/Hycar 2600 X 83.

300 yards of polyurethane foam with nylon tricot fabric flame bonded to
one side of the foam and treated with carbon/Hycar 2600 X 83.

200 yards of untreated polyurethane foam with nylon tricot fabric flame
bonded to one side of the foam.

500 yards of untreated polyurethane foam with nylon tricot fabric flame
bonded to both sides of the foam.
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