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Alrapces in the fschnol in gurable presgs finishes
applied to textile materials a widespread acceptance for
civiiizn clothing, Garments rom such fabrics are capable of
maintaining an acceptable appearance even after a significant pumber
of Launderings aad wear cycles. This prompted a reappraisal of the
sarrier uniform currently issued to Army troops which is made from
cotton fabric and requires starching and pressing tc attain a proper
military bearing.

This report is concerred with the development ot a nolyester/
cotton fabric with a durablz press, soil release finish as a
candidate to replace the standard all-cotton summer uniform fabric.
It is anticipated that the studies reported here will lead to the
seiection and adoption of a suitable fabric and process for producing
a durable prass treated summer uniform for military personnel.

The authors wish to specially acknowledge the assistance und
guidance provided by Mr. Frank J. Rizzo, MNr. Louis I, Weiner,
Mr. Harold Monahan, Mr. Harry F. Smith, and Mr. Gecrge Fage.
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ABSTRACT

This report dsscribes the development of a suitable candidate
duratle press fabric for the summer Army uniform.

Mary commercial fabrics were examined and analyzed before the
selection of a prototype fabric was made. The preferred candidats
is a 7.0 oz/yd? 2/1 RH twill composed of a blend cf 50/50 polyester/
zotton treated with a durable press, soil release finish. This
fabric was dyed with a special all-vat dye formulation to a tan
shade using a continuous thermofixation-pad-steam system. The
reactant used to impart durable press properties was dimethylol-
dibydroxy ethylene urea (IMDHEU) and the soil release agent was a
fluorochemical. The post-cure method of obtaining durable press
properties was selected.
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DEVELOPMENT OF A DURABLE PRESS SUIMER UNIFORM

1. Introduction

The summer uniform presently in use is made of 100 percent cotton
and must be heavily starched and pressed to attain a distinctive
military bearing. Even in this state, the appearance atlained is
only temporary as such materials are very vulnerable to crumpling and
wrinkling. Maintenance of appearance becomes extremely difficult and
requires a significant expense to the individual soldier. This
condition coupled with the fact that newly-developed civilian durable
press garments have excellent appearance and maintenance properties
have caused troops to be severely critical of the presently issued
unifoms. &

These Laboratories have been investigating fabrics and functional
finishes for several years in an attempt to find a more suitable
material for summer wear. The initial successful application was tne
development of the polyester/rayon blended fabric with durable press
and anti-soil finish used by officers and drill. sergeants. This
uniform was well received and cffered encouragerient for increased
efforts to develop a summer uwdferm for army-wide use which would
impart a similar sharp military appearance, be easily maintained, and
eudure extended laundering and wear cycles. OSome of the limiting
problems encountered with the polyester/rayon fabric, such as marginal
colorfastness, shade variations, and critical control of the pressing
and curing conditions, served as primary considerations in the
development of a new fabric.

Industry experience has shown that a 100 percent co*ion fabric is
not suitable because the amount of reactant resin necessary to give
good durable press properties wili embrittle and weaken the fibers to
the degree that the fabric is rapidly abraded. A fabric containing
high energy absorting polyester or nylon is nece¢ssary to provide
reinforcement to the material for strength and abrasion resistance.
However, a sufficient quantity of cotton is desirable to absorb
meisture for comfort considerations and as a finish-receptive
ingredient. Initial efforts were directed toward the evaluation of
numerous civilian fabrics with varying polyester/cotton blends and
in a number of textures. For shade selection and the development of
a finishing system, a 65/35 polyester/cotton fabric showed a success
potential. However, in the anticipated service of military garments,
a hagher percentage of cotton should result in more receptivity of
the reactant and produce garments with better durable press properties.
Therefore, the blend composition under consideration was changed to
a 50,/5C blend of polyester/cotton.
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lhae veport is concerned with the development of a fabric with a
durable press, soil release finish to repiaze the all co thn khakl
twiil fabric currently used in the summer uniform. 14 3
inty Pour geneoral parts as follows:
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a. developmenit of fabric

b, development of dyeing and finishing system

¢» G2velopment of functional finish

d. assessment of isewability ard fabrication of garments

2. Background

The original concept for improving the appearance and reducing the
maintenance of clothing fabrirs was to apply a cross-linking reactant
resin to the fabrlc. Thie is commonly referred to as a "wash and
wear" finish(1). Cross-linking can be considered as the establishment
of covalent chemical bonds among the molecules of the individual
fibers'?)., These cross-links take place between the fibrils of the
cellulose molecule primarily in the randomly ordered (amorphcus)
regions which are more reactive than the highly oriented (crystalline)
regions(3), These interlocking chains of molecules zccount for good
wrinkle resistance and recovery as well as dimensional stability in a
cellulosic fabric. This idea of crease resislan® fabrics was first
concelved by Foulds, Marsh, and Wood in the 1920's and the fundamental
basis ¢f the process renains essent:ally unchanged 4). These wash
and wear fabrics were finished flat, i.e., the curing operation which
sets the resin was done on open width fabric., The stabilized fabric
was later cut and sewn into garments. After laundering the ¢ ats
it was £ und that the creases no longer had a sharp edge and ) seams
puckeredll), These difficulties resulted in consumer dissatis ~ction
with this type of garment because pressing was still necessary to
obtain an acceptable appearance.

With subseguent improvements in technology, one garment manufacturer
made garments successfully from resin treated, uncured fabric and then
oven heated the garmenis to complete the croqs~13nk1ng of the finish{1),
These garasenis retained the intended sharp creases after many washes
and tumble dryings. This was the beginning of what is now referred to
as "post-cured durable rress" material. To achieve duraple creases
and reduced wrinkling required the application of about twice 28 much
resin veactant than was used in regular wash and wear finishes. When
applied to a 100 percent cotton fabric, the resin embrittled and
weakensd the fibers to the degree that the creasas were rapidly abraded.
In =zome cases, the abrasion resistance and fe?ring strength was reduced
50 percznt from that of the untreated state
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The use of high energy absorbing but non-receptive man-made fibere,
such as polyester and nylon, blended with cotton provided reirnfcrcement
to fabrics having little strength and abrasion resistance. These
fabrics contained a sufficient quantity of cotton as a finish-receptive
ingredient and to absorb moisture fcr comfort considerations. In
addition, the man-made fibers have a lower density thereby allowing
for a reduction in fabric weight which contributes to increased comfort
and ease of laundering. Durable press garments made of 65 percent
polyester and 35 percent cotton or rayon have become a popular combina=-
tion while a 50-50 blend of these fibers is also quite common. Most of
the commercial uniforms and casual wear clothing are now using durable
press finished fabrics.

The methods of obtaining durable press garment? 3sing resins are
classified into two groups: post-cure and pre-cure 6), The post-cure
is probably the method most commonly used. This consists of resin
treatment of the fabric, drying, fabrication of garment, pressing of

© garment and oven-curing of the resin. Some difficulty has been

experienced in obtaining durable creases in shirts, especially in the
area of the pockets due to the multiple layer construction. In the
pre-cure technique the fabric is resin treated and cured before
fabrication of garments. Intended creases are then put into garment
using high temperature presses or by using standard presses and oven
heating. A third method utilizes heat-settable fibers primarily, and
does not depend on chemical treatment. These fabrics are made into
garments and then pressed at high temperatures (300-4O0OF).

Impetus for application of durable press technology to Army
uniforms resulted from a tour of military installations in Southeast
Asia by the Army Chief of Staff who saw officers wearing a uniform
made of a wash and wear polyester rayon fabric which was purchased on
the local civilian market. These uniforms were worn instead of the
authorized cotton khaki or wool tropical worsted material because of
the ease of maintenance compared to that of the standard uniforms
which must be starched and pressed or dry cleaned, A few yards of
this polyester/rayon fabric was acquired by the Chief of Staff and
sent to these ucboratories for analysis. This fabric was reproduced
by representatives of the U. S. textile industry, and after laboratory
evaluations was fabricated into garments which were approved by the
Army Uniform Board. A test quantity of some 800 uniforms were made
and suvmitted to U. S. Army Test Evaluation Command for wear testing.

It was originally expected to use this fabric in uniferms to
replace the current standards on an army-wide basis. However, since
this material must be dyed and finished in relatively small lotsg,
problens in controlling the shade within acceptable tolerances were

A== - _ L




ncounterad which made it difficult to produce uniforms wiili matched
sofiponents.  This deficiency would be further amplified in large

scale procurements. As a result, a decision was made to test the
dvrable press polyester/rayon garments as a replacement for the
limited-izgue drill sergeants' uniform since some shade difference
tetwsen shirt and trousers could be tolerated with a select group.
Another factor which prompted this decision was that the authorization
for wear c¢f the Army tan tropiral worsted wool uniform for Jdiill
sergeants was scheduled for expiration in a short time and the supply
was minimal.

Wear tests wers conducted at three test sites under weather
conditions ranging from hot-humid to hot-dry. The results of the
tests shcewed that the durable press polyester/rayon garments met all
of the established criteria and were considered suitable for wear by
drill ser ' ants. This fabric was recommended and adopted as the
standard . mmer uniform for this limited use.

3. Fabric Development

Although the polyester/rayon fabric was acceptable for the limited
use dArill sergeants' uniform, it was not considered fully satisfactory
for general use for all military personnel. Several factors account
for this decision such as the difficulty'ln shade control through the
dyeing, finishing, curing and pressing stages used for the polyesier/
rayon fabric, the desire to retain the particular esthetic qualities
of cotton in the fabric, the ready availability of polyester/cottcn
blends, the greater durability of cotton over rayon, and the policy
of using cotton unless the desired properties could only be obtained
with a man-made fiber. The use of a polyester/cotton blend allowed
the fabric to be dyed by a continuous method which not only permitted
the use of fewer and cheaper dyes, but also provided better shade control
and colorfastness.

Several czndidate fabrics were selecied from an analysis of over
fifty industry-supplied fabrics for which there is production history
and user experience. Many of the fabrics submitted were eliminated
from consideration because of technical and esthetic factors emumerated
in subssquent paragraphs. The initially selected candidate fabrics
have been evaluated and the data appear in Appendix I together with the
data for comparable standard fabrics.

a. 2asis for Comparison

One basis for comparison was the pr . :ntly specified cotton
3/1 twill, “chino" fabric which sets the standard for quality of
surface appearance and for drape and general sharpness when in a

-




starched and pressed condition. This fabric is also the basis for

comparison of durability in that any replacement fabric should render

adequate service life commensurate with relative cost. 1n additici,

the base of supply shculd be as broad and computitive as that of zhn
tton twill. The polyester/rayon tropical, plain weave fabric with

durable press and soil release finisn used in the drill sergeants’

uniferms was taken as the basis of comparison for freedom from wrinkling,

retention of intended creases, and ease in laundering plus reduction

in the frequency of laundering compared Lo that of the cotton stanaard.

| b. Weight

In selecting the fabric weight, it was recognized that ons
effect of the dursole press treatment was tc increase the apparen®
body and firmuess of the fabric to levels exhibited by untreated
fabrics that are a.proximately 1 to 1.5 oz/yd2 hieavier. Accordingly,
the weight target was taken as 7.0 oz/yd2 for the uniform fabric which
will be used in both the snirt and trousers.

c. Weave

4 2/1 twill fabric in the selected weight range gives the
optimum interlacing density necessary for firrness, drape and overall
appearance. Compared to the plain weave drill sergeants' unifornm
fsbric, the slight shadow line of this twill adds to the surface
character and will tend to conceal light soilage, abrasion marks, and
rmssing. The shorter warp yarn float of the 2/1 twill will minimize
the effects of fuzzing compared to twills with longer floats.

A S P b o 1 e e S -
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d. Construction

The use ur hign energy absorbing polyester fibers in the yerns
. | results in a fabric with slightlv fewer warp ends and filling picks
than the standard cotton twill and still maintains durability
characteristics. Accordingly, a testure in the range of 08 ends arnc
52 picks was selected for the proposed durable press fabric to keep

! within the weight range selected using commercial yarn sizes., The

i candidate fabrics from industry contained a varleqy of yarn types

g ranging from 2-ply yarns in the warp and fil:ing to singles yarns in

H both directions and a few were made with a 2-ply warp znd singles

i filling. Quality considerations from a broad base of zupply indinaiec
;

§

that a 2-ply warp yarn would be necessary. However, a singles filling
yarn appeared to be satisfagtory.

e. Fiber Blend

The most popularly promoted blend of durable press civilian
fabrics is a 65/35 polyester/cotton; however, 50/50 blends ~f these

o
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Caowit Aluo Jvery cwonmon.  As there are e clesr cut aindicagtions of
3osuperiority of e hlend over tle Jker, a 50,/°C blend was selected
roandloated 2irinlages in oconomy, uomfo:t in hot c¢limates and
phatLL Ly to dus ol precs and ovdl release treatments. If further
—atroand exparicnie shovld andicate that some other tilend is surerior
romiiitary usags, *he modification could be made later with no upset
oML TPty ana lssie Dasis,

fo Woar Pattorns

The usuzal "end points" for durable press garments in service
wili be consideratly different *han those for the current standard
“crino" garments. Wherea:s, the chino fabrics are usually worn until
holes actually appear and/or the fabric is thinrned down in relatively
large areas (knees, =eat)}, dur a"; press garments arc mere cormonly
downgraded or discarded for zppeoarance C-LI.“\.~t10 such as
fuzziress; pilling, fru:tiﬁg ixdighter appeurance of a%raded areas),
aczumilated uaremoveable stairs ard seam fa l‘*» whlch now occurs
bafore actual failure of the %asic fabric. . ixperience with polyester
fiber blend fabrics generally confirms thrat whey will cutwear similar

otton fabrics if subjected to normal wear h:s*ories. However, the
d fferences in actual service life will be m:ch greater since the
frequency of washing is much less for ‘e durable press polyester blend
fabrics which greatly reduces the large proporticn of total wear
atiributed to laundaring.

g. Comfort

It is commonly but not universally acknowledged that the
domizating fac'ars affecting comfort in warm ¢limate clothing are
fabric thickness and weight. However, there are wide variations in
wearers' sensitivity to other facters such as tactile sensations and
moiature absorbency. In the overall combinaticn of trade-offs, it is
expected that most wearers will prefer to wear durable press garments
rather *tran the cotton standard aven though under :ome conditions they
may re slightly lesz comfortable. New draftees and recruits who are
by now thoroughly acsustomed to durable press type garments will probebly
net ke aware that any comfort has been sasrificed. There may be some
veteran scldiers to whom the traditional feel of well-worn chino is
the idaal of comfort, and whe will be corscicusly less content with
durable press garments. However, there is no reason ho believe that
th2 durable press uriform will bte entirely un:cceptable fto any wearers
or <hat there will bhe a physiclogical disadvantage in their efficiency
or endurances.

he, La2woratory Evaluation

The data in Table I bel-y show tne phirslcal properties of the
curable press polyesster/coston fabrie {0389) corsidered %o be a suitable
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Weignt, oz/yd2
Fiber Content,
Texture, ¥ x F

Tarn Ply, Wx ¥

Breaking Strength
Grab; Ibs, Wx F

Tear Strength - original
Elmendorf, lbs, W x F -
15 launderings

Abrasion Resistance
Sand Cycles
Taber Cycles

Laundering, Yarn Breaks
50 cycles

Water Absorption, secs.

Air Permeability,
£t3/min/ft2

Burn Hole

Shrinkage, #-Curing

W x F -~ 15 Launderings
Appearance - 15 Laundesrings

Crease Retention -
15 Launderings

Soil Release - 15
Launderings

Spray Ratings ~ 3
Launderings

Seam Efficiency

Yarn Sever ance

Colorfastnegs ~ Light
# Crocking
* Perspiration
¥* Laundering
* Frosting
Pilling

TABLE 1

DURABLE~PRESS
FABRIC
CODE 0389

2/1 twill RI
7.0

50/50 P/C
112 x 50
2x1

187 x 89
5.3 x 3.0
5.5 x 3.3

2000

on
7~
8

100
14.3

Med. Hole

0.5 x 0.0
2.2 x 0.5
4.0

4.0
4.0

50, 50, 50
100
0

L0-20 Hrs.
5.0
5.0
L.C
4.0
Negligible

¥ AATCC Hatings
5. practically unaltered
L. slightly altered

3. appreciabiy altered

2. considerably altered

1. mch altered
7

PROPOSED
SPEC LFICATION
REQU IREIENTS

2/1 twill Ri
e 75 Mmine
50/50 P/C
104 % 50 mir.
2x 1
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sonda “ate for the swmmer uniform material. These data are compared
Wwith ae regquirements established in the proposed specification.

4r analysis of *these 'data shows that the candidate {rbric equals or
eyreeds the specrfivcation requiraments. Apperdix | @ m¥orve e

rex itz ot the laboratery azvalvgtion of varicus ¢uy:b'e press fobrics,
rha cniron standard and two catsen fabrics. These lata also show the
wrportance of blend compositicn, yarn size, yarn ply and texture on i
whe durability propertlies of the durable press fabrics. For exampie,

<% is noted that the fabhrics with higher percen*tages of polysster

havy higher <ear mwl abrasion resistance than fabrics with lower percen-

tages of polvester fiber nrovided that the other parameters are about

eqtal. 'The bturn hole resistance follows a general irend in that the

fabrics with the higher polyester content show larger sized holes.

Approximately half of the candidate fabrics have shrinkage values that

exceed the proposad specification requirements. The water absorption

ratings were inconsistent among the polyester/cotton fabrics which is

protably due to the pariicular itype of finish used,

4. Dyeing and Finishing System

a. Shade Salection

Simultarecusly with the development of a suitable fabriz, a
study was made to establish the exact shade which would be acceptable
for the proposed new swmmer unitform. At the present time, ilhe Knaki
1, M~1 and Army Green Tropical (polyester/wool) uniforms are being
worn by either officers or enlisted men. It was planned to divert
from these traditional shades and introduce a new and novel shade
which would be distirctive as well as durable. Accordingly, with the
above concepts in mind, various hues and chromas of blues, greens, )
grays and tans wers dyed for review by the Army Uniform Board. Also
included were hesather blends with one fiber of the blend preferentially
dyed. A%t this time, the fabric blend and functional finish were
lgrored as shade selection was the basic criterion.

Arcther aspect considered in this initial effort to find a
sujtable chade was the feasibility of a two-tone uniform, i.e.,
trousers > one shade with a shirt of a different tone or contrasting
color, I' was telieved that suck a uniform would significantly
overvome the protlems of shade variation found with the Polyester/Rayon
Drill Sergeants' Uniform, Tan LLS. In addition, a tone-on-tone uniform
would register lass visual shade difference and be more uniform in
appearar-e than the current cotton twill. These ideas were presented
to the Army Uriform Bcard, bu% the decision was *o cortinue using a
monotene uniform.

G:neral experisnce has indicated that dark shades give le:s
trouhle In ghads control then light shades. Sa*urated colors or dark '

r! T



o

P

e e L Ll Ll |

=y o ” ™
n e s haim e e = AP Lt 1% o e Amn e g g

s ol

P —

.

shades were included in thece shade trisls, but other problems were
created. For instanze, it was found that ccicrfustness %o washing and
frosting due to edge wesr would be a problem after repeated laundexlng
and wear cycles. Also, it was aore difficulst 1o obbain uniformily oFf
dyeing in a Wlended fabric dyed to a darker zhade than in ons dyed
a medium or pastel shade using the continucus methods that must be
applied for large scale production. MNMoreewver, a sumer uniform in s
lrght shade is preferred for esthetic properties,

i d

Q

Several commercial fabrics were dyed or praocured ia popuiar
civilian shades and depths. However, none of these were completely
acceptable for military wear bhecause they were used normally fcor high
styling.

From these investigaticns, a tan shade different from that of
Knaki 1 and Army Tan K-1 was seiected and decignated as an interim
standard. %This shzde was scmewhat redder in tcne than the current
Khaki 1 shade, thus giving an appearanze of richness in character,
The present Khaki 1 sghade was originally selected for field use.

b. Continuous Dye System

4 consjderable armount of experieice has been gained in the
dyeine of taz polyester/rayon Drill Sergeanvs' uniform fabric. For
this labric, a direct/disperse dye system applied in dye backs has
veen used. Some of the difficulties encountered in thig sys'em are
slsade varistion from lot to lot ancd within the lot, cross-staining
affects initigted by the dyeing methed. shade change in resin
finishing, furiker shade change on vressing and curing and marginal
co.oriastness. These problems served to esctablish basic gaidelires
for the dyeing and finishing system used with & new surmer uniform
fabrie for enlisted personnel. They are as follows:

1) The fabric should be prepared, dyed and finished in a
contimuious thermolixation-pad-steam system which would insure
adequate yardage in the expected large procurements and minimize
shada variation over several hundred thousand vards.

2) The oye system should exhibit minimum shade chanye when
sansitized with the resin, pressed in gamment form andé cured,

3} The dye system should yield fabrics that exhibit maximum
colerfastuess to light, repeated home launderings, croecking,
perspiration and frosting.

i) Tne dye fermilation vsed shouid contain a wirimm vumber
of dyestuffs, be relatively simple to apply and be reproducible from
piant to plant.
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Troe apriication of various dye classes which might conform to
‘oe zbov: criteria were investigated. Iuciuded in this investigation
wera pesin-rondad pignent. reactive-dye/disperssd-dye combinatiors,
13luble Ta*, wa‘/dispersed dye combinations snd finally a specisal all-
3% dye formiiavion.

The v
3 commer~ial bhasis to dyc fast pastel shades cr. various fiber-klend
fanrire, This dye system is easy %o apply and resvlts in good
lightfastness with minimum shade chiange after applical.on of resin
finish and good shade control in curing. However, the fiber-te~fiber
shade talance and the abrasiuvn resigtanc~ itends to be poor. Trousers
fatricated from fabric dyed with this type of dye suowed a white line
on *he creasze after a Tew launderings. Consequenily; tuis systenm
did not meet the established criteria and was rejscted.

in -bonded pisment systems have been used extensively on

3
)

5
ha

The reuctive dispersed classes of dyes applied to polyester/
cotton fabrics were relatively easy to apply, but fasiness proverties
and ~r1o0ss~dyeing effects were unsatisfactory. It was difficult to
improve upon the marginal coiorfastness of the Tan L5 shade of the
Drill Sergeants' fabric.

The soluble-~vat dyes are limited in availability, expensive
ard difficult to apply and control. The colorfasiness obtained was
no better than with other dye classes that are easier to use.

The thermosol~applied dispersed/vat dye combinations are
currently used by most commercial dyers of polyester/cotton fabrics.
The rarge of colorfastness attainabie with these combinations is
devendent upon the selection of dyes. Cross-staining of each
individual dye class onto the other fiber is apt to occur in the
thermesol process and the various camponents of the Jinighing
formulation asx well as the dyeing conditions affect the shade. The
colorfastness of polyester/cotton blended fabrics ranged from poor
to excellent depending on the control of these factors,

Early in the work on the dyeing of fiber--blend fabrics, the
dyeing of polyester/cotton fabrics with an all-vat formlation had
tzen conzidersd. The colorfastness of vat dyes absorbed by the
pclyester component of a blended fabric was vormally of a low level
and appeared to te a problem. A company was lorated that marketed
a iire of wat colors which are lower in molecilar weight than the
usual -nrthraquinone types and have s special particle gize. This
dye ciasg was considered because it was thought possible to dye both
fiber comgonents easily to the same tone with equal colorfastness.

10
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Dysing +rials on small sized swatches of 68/35 polyester/cotton twill
fabrics were carried out. The swatches showed excellent colorfastaess;
dye application was easy; the shads was reproducible from run to 1un,
ans a minimur number of dyes were sufficient to contrel the shade. The
s¢ .de change following curing of the applied resin was minimal also.

T2 demonstrate the characteristics of the prorosed durable press summer
uniform, the Army Uniform Board was permitted to examine and evaluate
complete uniforms. These were produced from 200 yards of the proposed
fabric continuously dyed at a commercial finishing plant on production
equipment using the formulation of special all-vat dyes. The resin
treatnent applied to this fabric was proved with the Tan LL5 Drill
Savgeants' fabric. The treated fabric was given comprehensive testing
and the results confirmed the previous findings regarding superior
coinrfastness,

Five one-yard cuts of the resin-treated material were sent to
five diflerent cutting plants and portions cured under the manufacturers'
normal procedures. This material was evaluated visually and spectro-
photometrically; shade change results on curing in different plants
were excellent, The balance of the fabric was made into garments
which were pressed and cured. These vniforms were shown to the Army
Uniform Board and were approved. The Uniform Board requested that the
requirements for possible volume procurement of this fabric be
established expeditiously and left the technicalities of fabric and
finish to the judgment of Natick Laboratories' personnel., The shade
of this fabric in the dermonstration uniforms was adjudged to be more
desirsgble than the one originally selected and, accordingly, it was
designated as the new interim standard for shade; finish aad
colorfastness.

At the same time, the problem was presented to the National
Research Council Committee on Textile Dyeing and Finishing. A small
quantity of 65/35 polyester/cotton was supplied to a number of
industry representatives to dye samples to match the new interim
=tandard for shade or to submit any other shades that were believed
desirable, After receipt of these submittals, all of the fabrics
were given a durable press, soil release resin treatment and then
pressed and cured under carefully controlled conditions. These
samples were meastred visually and spectrophotometrically for color
difference comparing material dyed only with dyed, resin treated
material both before and after pressing and curing. The samples
were also tested for colorfastness to light, laundering, perspiration
and frosting. Cut of the 22 dye formulations submiited and tested
(See Appendix 2), five forrmlations with the highest ratings were
selected for further study.

11
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At thies time, the fabric was changed to a 50/50 polysster/
cotton blend in a 271 twill Wweave and the additionul work was done
with the five selected formulations on this matsrial., A production
run in a commercial finishing plant was conducted using 200Q yards of
fabiri: for each of the 5 selected formulations. The dyed and resin-
treatel fabric was gent to the Natick Laboratories for curing and
tsstiag. (See Appendix i; A five yard cut of dyed, untreated fabric
was also submitted for resin application and curing by these
Laboratorics, After resin treatment and curing, these short cuts
wors corrslated for shads against a small piece from each formulation
c¢ared at the finishing plant.

Two o1 the five formulations evaluated against the sstablished
criteria were satlsfactory. Of the two best, one formulation was
selactsad because of its eass of application, simplicity and minimwm
mumper of dyestuffs. (See No. 10, Appendix 2) Approximately L4500 yards
of fabric have been dyed with this formulation and durable press, soil-
release~treateds Uniforms are being made from this material for wear
veating.

5. Durable Press Finish

While durable press fabrics werc being considered in military
rniforms, the advice of industry representatives was requested because
of their wide experience gained from similar-type civilian fghrics.
The reactant recommended as the basic ingredient of the durable press
formilation was dimethyloldihydroxy ethylene urea (DMDHEU). This
reactant was considered to be readily ad=ptable to the post-cure
process which would be necessary for uniforms to obtain the reguired
military creases in shirts and trousers. Fabrics treated with this
agent may be kept in storage for relatively long periods of time
without self-curing of the reactant taking p” .ce. Fabric in a
sansitized state has been stored in a warehouse for several months
at, temperatures not exceeding 110°F at these Laboratories and was
still capable of yielding good durable press qualities. Another
advantage attraibuted to IMDHEU is its low level of formaldehyde odor
compared to other resins used for durable press purposes.

In addition to ths reactant, a catalyst, softener agent and hand
tuilder are addsd to make up the basic formulation. (Appendix 3).
A s0il release agent was also added to the formula.ion because the
polyeaier fibers in the fabric have a high ¢ffinity for oily--type
soilage and the reactant in the cellulosgic fibers reduces their
hydrophi'ic properties and thus also makes this component susceptible
to oily stains. Both acryiic and fluorochemical soil release agents
were tried. It was found that the fluorochemical agents wera more
guitable as they do not break down at the high temperatures raquired
for raring the rsactant.

12
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Much experience with this resactant (DMDHEU) was gained through
work done on the polyester/rayon drill sergeants' uniform fabric.
For this fabric, the recommended curing temperature of 3L40°F for
1C minutes was found to be too high for the direct,d.spersed dyestuffs
used and caused shade variations. This temperature was reduced to
3 259F for 12minvtes and resulted in better shade control. Since
the curing operation would normally be done after the garment is
faoricated and pressed it was difficult to control the process in
the individual garment plants. On visits to various garment
manufacturers, differences of as much a=< 1009F from the top to the
bottom of curing ovens were found. However, if the recommended
curirng conditions regarding temperature and time were closely followed,
+there was better shade control of the garments and better durable press
prcperties. To further improve shade control ¢u curing, a more highly
buffered reactant was used which regulates the pH of the formulations
in a narrow range. This durable press formulacion with soil release
was applied on 65/35 polyester/cotton samples submitted by industry
members for shade consideration. Also, in a further study of the five
best dye formulations, (previously referenced) the durable press, soil
rclease treatment was applied industrially to 200 yards of 50/50
polyester/cotton fabric from each of the five dye shades selected.
These fabrics were evaluated for durable press properties after 1%
home launderings and were rated as unsatisfactory especially regarding
crease retention. Additional experimentation was done on the durable
press formulation using a higher percentage of reactant and several
different combinations of softeners.* Nine variations of the basic
formuiation were tried on polyester/cotton fabric and evaluated. The :
formulation which produced the best durable press properties with the
minimum effect on shade was selected (No. 7 from Appendix 3). This :
new formvlation was applied to a second run of 20D yards of fabric !
from each of the 5 dye shade formulations, but with the soil release 1
agent omitted. Analysis of these fabrics showed that they had gocod
durable press properties but pcor soil release properties. This same
formulation but with soil release agent added was subsequently applied
tc a 4500 yard run of the selected shade. Tests show that the fabric
has good durable press and soil release properties (Appendix 1)
Uniforms are being made from this fabric for further testing.

¥ Natick Laboratories' Report (In Review) - "A High Performance Durable
Press Finish for Polyester-Cellulosic Blend Fabrice;" Francis A. Hoffman
and Harold J. Monahan
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In ganaril; fabrics treated with a durable press finish require
mora attsntion in “he sewing operation than with the same fabrics
witboot reactant finish, The ctifiness and flatness imparted to the
mat<eral leads to differential feeding of the layers of fabric to
the gvmitzhing elements of the sewing machine and results in zeam
pucksring. Thas, proper control of sewing machine speeds and settings
are essaatial to good appearance in the seams of garments., Operators'
sxillv o1 techndques rust be more refined to reduce their infiuence on
the "latness of tha seams.

Modsrn sewing machines have been devsioped for use on durable press
fabri~s, These machines take into consideration the recessity of
feeding both vlies of material evenly thereby minimizing seam puckering
from this sourcs. Smaller needles, finer feeds, smaller throat plate
boles and lower thread tension devices are integral parts of thsse
machines. Feed mechanismg, such as top feeds, pinch feeds and needle
feeds, improve the sewability of durable press fabrics by reducing the
operators' influence such as stretching or pushing the fabric.

With tne advent of durable press fabrics, two new types of sewing
threads were developed. Ore of thess threads is made by wrapping
cotton fibers around a core of multifilament polyester yarn. Two or
more of thcse composites are plied together to make the final sewing
thread. The other thread is made of spun polyester staple fibers.

The principal reasons for the extensive use of these sewing threads
are their reputed stability {resistance to shrinkage) to wet and dry
heat and resistance to degradation by any acidity developed during the
pressing and curing prccesses.

Teste conducted on pre-cured, nclyeater/cotton fabric show high
logses in seam efficiency wiiu attendant high increases in yarn
severance compared to fabrics without a durable prese finish, The
resin finish used immobilizes the yarms of the fabric and causes them
to regist the penetration of the needle and become subject to rupture.
The same tests made on the polyester/rayon, drill sergeants' uniform
fabric whick was sensitized with resin, btut not cured, show no losses
in zeam eofticiency and very little, if any, yarn severance. Since the
rexin was not polymerized, the fabric was fairly sof* and pliable

and tae yarns coild deform or move away from the impact of the sewing
needle, Tests were alsn made on this fabric to determine the amount
of saam shrinkage due to the sewing opsration and to pressing and
ctring., Fabric strips were seamed together with the line of stitching
thrsad parallel %o the warp yarn, parailel tc the filling yarns and

on & giight blas to *he warp yarns. The seamed strips were then
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pressed and cured. The amount of shrinkage after sewing and after
pressing and curing were recorded for each seam condition abeve, In
each case, the combined seam shrinkage did not exceed 2 percent which
was within the limits of acceptability. The only sewing tests
conpleted at this time on the 50/50 polyester/cotton candidate fabric
have been seam efficiency and yarn s.verance (Appendix 1). The
results are 100 percent seam efficiency and O percent yarn severance,
which far exceeds the minimum requirements specilied for the covton
uniform twill presently being used in the summer uniform.

7. Gawrent Fabrication

The post-cure technique was selected as the method tc be used for
the dursble press summer uniform. This method is preferred because
the distortions sewn into the garment are pressed out wiile the
rezctant is flexible and after the reactant is properly cured and set,
it preovonts the distortion or seam puckering from returning. Intended
creases are pressed in after the garment is made and the curing or
setting ot the reactant causes them to resist remcval in laundering.
Durable press garments made in this manner have certain limitations
in that alterstions are precluded becausc of the durable creases
originally pressed into the garment prior to curing. The garment
riust be properly fitted to the individual as there is no provision
for the seat seam outlet in the trovsers nor can any components be
lengthened. The garment patterns have incorporated a compensating
allowance for the small amount of anticipated shrinkoge which occurs
in the pressing and curing operations.

Durable creases in the trouser legs can be readily obtained since
the fabric in this garment is folded in a relatively sharp angle in
a restricted area. However, the military creases required in the
shirt fronts and backs are more difficult to maintain because of the
several layers of fabric necessary to make the front pockets and also
because the fabric of vthis garment lies in a fairly flat and open
condition.,

8. Future Work

An experimental quantity of a series of durable press fabrics
made with varying percentages of two different types of polyest*er
fiber blended with cotton will be evaluated for physical and
mechanical properties, dyeability, shade control, colorfastness,
durable press and soil release properties and sewability upon
their receipt at these Laboratories. In addition, one fiber
producer is experimenting with a special type of polyester Liber
which when blended with cotton in a fabric imparts durable press

15
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Lrop=rties withuat tre addition of a reactant. The blend proportions
coobeoanveitigated are 80 percent of the speeial polyester and 20

1 ver et Cotton.,  Inls new polyester fiber is not yet sold on a
JNLew 14l Rasts, bab g amall quantity of blended fabric using this
fiber gnd fobton has been ordered and will be evaluated when available.

Sous wors hax baern dire on fabrics with the view »f incorperating

47l })I&-w properties in work and training-tyre uniforms. The

fouhrs neiform may be mads from pre-cured durable-press~

‘riatet Latian Yooause military creases are not required. However, it
E, 2

< ~

LN
.

1- 21040 = *3 Rave sharp creases in tha troussrs and the post-cure
lirat!s priss fabric will be useds At thas t:une, no definite decision
bas h:em ma e regarding *he fiber blend tc be uzeds A polyester/
2otton twill weave fabric and a nylon/cotton sateen are under

]

orswdaration. Additional work is necessary to improve on the
Loy :p~ of ..nw—r‘*lon of nilitary creases in cpen panels such as
. frante and barks.

o -
U °

-
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Fe Summary

After aa extensive evaluation of many proposed fabrics, a 7 oz/yd?
C0/E0 polyester/cotton 2/1 twill fabric treated with durable press,
011 releass finish was selected as the preferred candidate for the
gammer uaiform issued to enlisted Army personne’. This fabric is
! made with 2-ply warp and singles fillirg yarns in a texture of
appres mately 108 ends and 52 picks. The physical and mechanical
proverties of this fabric meet or exceed the reaqiirements established
] in the propossd gpecification.

The fabric was dyed to a tan shade using a continuous thermofixation-
palt-steam system. A special all vat dye formulatior containing a
minimum of three dyestuifs was used because it was thus peossible to dye
botir fiber components easily to the same tune with equel colorfastness.
"'t"P stade was re'*r'\ducible from rv1 to run. Also, there wz= lesg ghade

nangs ¢uring the preseing ord cuiliug of the sensitized favric than
w.'n Gthsr dye formulatiens tried.

The rea. tan® ws=d as the bas'c dingredient, nf the durablie press
form.la* on was Zimebthyloldihydroxy ethylene ures {IMDHEU) which 1is
1zadlly adaptabls to the pest-cure process necessary te maintain the
Josirzd cre=ases dnowmilitary uraforms. Fabrics in a zengitized state
wiy b2 wtemred at room twmperauture for ralatively lorg periods of time
witnoat polvmerization or self-caring of the reactant taling place.
"o micimize woiling, i fluorocnemical s5il rslesse agent weg added to
sna rasic formulation. A catalys+, ‘.Jf"ane" agentz and hand huilders
usts 2190 wrcludsd in this formulation. A curing temperature of

Y aai
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3259F for 12 minutes in an oven proved satisfactory for goud durable
press properties and shade control.

The sewing charzcteristics of the treated, uncured fabric show
a seam efficieiicy of 100 percent with nc yarn scverance. However,
modern sewing maclhines with skilled operators are required in the
fabrication of any dursble press garments to minimize seam puckering.
Either a rlied polyester/cotton wrapped thread or a plied spun
polyester thread is necessary in garment seams to resist degradation
by acidity developed in pressing and curing the garments.
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APPENDIX 2 - EXYERIMINTAL DYE FCRMULATIONS -~ TAN ih3

Dye Formulations Submitied by Individuals and Members of the NRC
Committee on Dycing and Finishing Asscciated with:

1. Allied Chemical and Dye Corporation  (Mr. James E, Loughlin)
Pad - Thermosol - Chemical Pad - Steam Method .
Grams per liter:
2.25 Polynal Blue E 50% Paste
2.75 Polynal Golden Brown RA 50% Paste
22.50 Cibanone Brown BG Paste

1.25 Carbanthrene Khaki 2G Double Paste

¢. American Cyanamid Company (Dr. Zdwin I. Stearns)

Pad - Thermosol Methced
Ounces per gallon:
0.80 Calcoloid Brown GL Double Paste
Mixture of Vat Brown 3 and Vat Black 27
0.50 Calcosperse Orange RIK Paste
0.50 Calcosperse Blue BGLK Paste

Dispersed Blue 27

3. Ciba Chemical and Dye Company (M. David M. Freedman)
PFad - Thermosol - Chemical Pad - Steam Method
Ounces per gallon:
0.83 Cibanone Brown GR Double Paste - Vat Brown 3

0.74 Cibanone Olive 2 RM Double Paste - Vat Black 27

ot preceding page blank
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D.LO Terasil Yellew CWN Liquid 50% - Disperse Yellow 42
0410 T pssil Red 2 GL Ligeid 50% - Disperse Red 72

Aar T o

Sutd epssil Blue GLF New - Tisperse Blue 27

L. Dan Hiver Mills, Inc. (Dr. R. Lee Waylaad Jr.)
Continuous Thermnscl -~ Pad - Steam Methol
Grams per Liter:
2.00 Disperse Blue 60 50% Paste
1.70 Disperse Brown 3 Pasts
1.22 Disperse Yellow 42 Paste
11,00 Citanc ie Brown BG Paster
2.00 Vat Brown 3 Double Paste
#Cibanone Brown BG is a commercially mixed dye containing:

Vat Brown 3

Vat Black 27

. E. I. DuPont de Nemours & Co. (Ir. Paul L. Mennier)
s. Pad - Thermosol Methcd
Cunces per Gallon:
0.4 Latyl Blue & GS 50% Paste
0.38 Latyl Brown Y-S Paste
0.138 Latyl Ruby Red Bll-FS 50% Paste
0.575 Ponsol Brown ARN Double Paste

0.53 Ponsol Olive AR Double Paste
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Geigy Dyestuffs No. 1

de

b.

Pad -

Pad -

Pad -

Pad -

Thermosol

Qunces per Gallon:

0.48 Latyl Blue FLW 50% Faste

0.38 Latyl Brown Y-FS Paste

0.14 Latyl Ruby Red BR-FS 50% Paste
0.575 Ponsol Brown ARN Double Paste
0.53 Ponsol Olive AR Double Paste
Thermosol Method

Ounzeas par Gallon:

0.44 Latyl Blue L - G#S 50% Pacte
0.4l Latyl Blue Y-FS Paste

0.04 Latyl Ruby Red BR-FS 50% Paste
0.575 Ponsol Brown: KRN Dcuble Paste

0.53 Ponsol Olive AR Double Paste

(Mr. Robert C. Allison)
Thermosol - Chemical Pad - Method Grams per Liter:
2.00 Setacyl Orange P-GRL No C.I. number

2.50 Setacyl Blue P-GL 50% Paste Disperse Blue 27
5.00 Tinon Brown GRND-F Vat Brown 3

5.00 Tinon Clive SRR Vat Black 25

Tnermosol - Chemical Pad - Steam lMethod

Grams per Liter:

1.50 S=tacreon Yellow T-3GL 100% Paste No C.I. nwaber

23
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Pad -

0,80 Setacron ed BL 9C% Paste No C.I. number

Ly

+«C0 Tinen Brown GRND-F Vat Brown 3

5.2 Tincn Clive SRR Vat Black 25

Thermosol - Chemical 1ad - Steam Method

Grams per Liter:

2.00 Setacyl Blue P-GL 50% Faste - Disperse Blue 27
0.20 Setacron Red BL 90% Paste - No C.I. number
2.90 Sevacyl Yellow Brown P-2RFL Disperse Orange 30
5.00 Tinon Brown GRND-F Vat Brown 3

5.0 Tinon Olive SRR Vat Rlack 27

Thermosol - Chemical Pad - Steam Method

Grams per Liter.

2.50 Setacyl Blue P-GLP Disperse Blue 27

0.80 Setacron Brilliant Orange 2RL 70% Paste - No
C.I. number

C.80 Setacron Golden Yellow RL 80% Paste - No
C.I. number

5.00 Tinon Brown GRND-F Vat Brown 3
5.00 Tinon Olive SRR Vat Black 27
Thermcsol - Chemical Pad - Steam Methocd
irams per Liter:

{.7c Setacron “rilliant Orange 2 RL 70% Paste - No

Gole sauiber
1.40 Setacyl Brilliant Blue P-GG Disperse Blue 50

0.60 Selacron Golden Yellow RL 80% Paste - No
C.I. number

"W
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5.00 Tinon Brown GRND-F Vat Brown 3
5.00 Tinon Olive SRR Vat Black 25

f. Pad - Thermosol - Chemical Pad - Steam Method
Grams per Liter:
0.40 Setacron Red BL 90% Paste - No C.I. number
2.00 Setacyl Yellow Brown 2 FFL Disperse Orange 30
2.00 Setacyl Turquoise Blue 2 GL - No C.T. number
5.00 Tinon Brown GRND Vat Browr 3

5.00 Tinon Olive SRR Vat Black 25

7. General Aniline and Film Corporation (Dr. Stiles M. Roberts)

Pad ~ Thermofix Method
Ounces per Gallon:
0.08 Genacron Yellow L RLP Paste
0.03 Genacron Turquoise BP Paste
0.02 Genacron Pink RL Paste
1.20 Indanthrene Brown G Infra Double Paste

0.90 Indanthrene Olive T Infra Paste

8. S5andoz Inc. No. 2 (Mr. Alfred J. Carbone)
a. Pad - Dry - Thermofix - Oxidize Method

Grams per Liter:

1300 Indigosol Brown 13B

/
1.50 Indigosol Grey 13F
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1.50 Indigosol Yellow 2GB
30.00 Kromfax
100.9C Sodiw. Vanadate 1% Solution
125.00 Activator 929
b. Pad - Thermofix - Chemical Pad - Steam Method
Grams per Liter:
3.08 Foron Yellow Brown S-2RFL Paste
73 Forca Turqueise fupine S-3GL Paste

oron Rubine S-2BFL Paste

o
*
co
c.
w xj

andothrene Brown NBG Double Paste
c. Pad - Thermofix - Chemical Pad - Steam Method
Grams per Liter:
4.20 Foron Yellow Brown S-2RFL Paste
6.L5 Foron Turquoise S-3GL Paste
1.17 Foron Rubine S-2BFL Paste

9.75 Sandothrene Brown NBG Double Paste

9. Sherwin-Williams (Mr. Kenneth J. Broden)

Pad - Dry - Cure Method

Grams per Liter:

17.50 Sherdye Yellow PC3W
5.00 Sherdye Scarlet GR3W
0.75 Sherdye Blue GH3W
1.E75 Sherdye Grey GH3W

30,00 Sherdye Emmlsion 8300
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10. Sou-Tex Chemical Inc. (Mr. Harry M. Thompson)
Pad - Thermosol - Chemical Pad - Steam Method
Ounces per Gallon:
2.80 Polyestren Brown C-GR Paste
0.30 Polyestren Grey C-GN Paste

0.85 Polyestren Yellow GG Paste

TR Y PRI SRy

11. Verona Dyestuffs No. 1 (Mr. Joseph C. King)

-

a. Pad - Thermosol Method

! Ounces per Gallon:
0.28 Resolin Brilliant Yellow C-6GL 50% Paste
0.18 Resolin Brilliant Pink GBLS Paste

0.13 Eastman Polyester Blue GLF

- ¥
e i ot bt b

1.55 Veranthrene Brown G Double Paste

0.22 Sandothrene Olive N2R Double Paste

b. Resin Bonded Pigment Method
Ounces per Gallon:

2.50 P/C Pink

mne o e e b

0.66 P/C Blue

1.60 P/C Yellow

12. U, S. Army Natick Laboratories

Pad - Thermosol - Chemical Pad - Steam Method
Ounces per Gallon:

2.80 Polyestren Brown C-GR
0.0 Polyestren Green C-5G

T 4 e o
- e s . by 7 R
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Formulation

teactant (Permafresh 113B)

Scil Release Agent (FG-218)
Wetting Agent {Triton X-155)

Softener (tiykon SF)

Resctant (Permafresh 113B)
Catalyst (Zinc Nitrate)
Soil Release Agent (FC-218)
Wetting Agent (Triton ¥-155)

Softener (Valsoft FR-l)

Reectant (Permafresh 113B)

Catalyst (2inc Nitraste)

Soil Release Agent (FC-218)

Wetting Agent (Triton X-155)

Softener (Silkand LO)

Hand Builder (Rhoplex HA-8,
acrylic resin)

Reactant {Permafresh 113B)

Catalyst (2inc I ._crate)

Scil ielease Agent (¥C-218)

Wetting Agent (Triton X-155)

Scftener (Mykon SF)

Hand Builder (Rhoplex HA-8,

acrylic resin)

30
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Formulaticn Percent

*¥7, Reactant (Permafresh 113B) 30
\ ' Catalyst (Zinc Nitrate) 6
: Soil Release Agent (FC-218) b
Wetting Agent (Triton X-15%) .05
Softener (Valsoft FR-L) 4
E Hand Builder (Rhoplex HA-8, L
: acrylic resin)
E 8. Reactant (Permafresh 113B) 30
; » Catalyst (Zinc Nitrate) 6
| ®0il Release Agent (FC-218) L
;’% Wetting Agent (Triton X-155) .05
|: Softener {Solupon T) | h
j‘ Hand Builder (Rhoplex HA-B, b
#; acrylic resin)
:
3 9. Reactant (Permafresh 113B) 30
i Catalyst (Zinc Nitrate) 6
: , Soil Release Agent (FC-218) kL
E Wetting Agent (Triton X-155) .05
Softener P&G Finish # i

#Thnis formulatian selected for use on candidate fabric.
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