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YOREWORD

This report is az exalustics of the micivblological resistence of
various cetton/aylen blends, treated snd non-treated. ‘The study wes
conductied to deteraine the rot-resigtance of the blends and the effec-
tiveness of trestment vith verfcus recogniszed cotton preservatives.

The authors sre indebied to Mr. W. Norbert Berard of *he U. 8.
Depertment of Agriculture for 2is guidance in the treetment of cottom/
nylon blerds by the formic scid 201loid of sethylolmwslamine. ILikevwiae,
Mr. Cuy D. Moulton of Cibe C(hemical and Dye Company 18 to be thasked
for hiz assistence ir the preperation of the blends by the "Arigsal”
process.

The work reported berein wegz accomplished under project npumber
1J062110A031.
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Cotton/aylon blends differing in the propoertlon of cotton to uylon,
the dagree oi !nterfiber intimacy and the geometric distribution of
cotton ¢ nylon were svaluated for rot-resistance in the soll burial
test. Additional scil burial dats were cbtained from the smme dlends
following treatment with elther copper 8-quinolinclate or meinylclmslsmine
resin. All =aterials were sudject to 100 kours of full cycle exposure
in & twin arc vestheromster.

The cottos fibers in the uniresated blends were susceptible to damage
by microorgsnisms which ultimately fupaired the fupctional values cf all
such blends testad. The trested blends, however, wvere effectively pro-
tected by the cc* .on preservatives smployed. The treataant levels em-
ployed, though Jufficient for microbiological protection, provided essan-
tially no protection from the effects of U-V radistion.
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IRTRODUCTIOR

There has been counsiderable military interest in the development
and utiliration of cotton/nmylon blends for textiles (7,3%,10). This
has resulted in the preparation and svalustion of oumerouas fabdbric
blends differing in such parumetere ag the proporticn of cotton to
nylon, the degree of interfiver intimacy and the gecmetric distribu-
tion of cotton and nylon. The mechanical propertiea of thase blenda
have besn well characterized. EHowever, iittle information is avail-
able regarding rot-resistence of the blends cr tha applicability oz
treament vith recognired cotton ypreservatives.

This study is veivation of the mildev-resistarce cf varicus
treated and non-+ . blenés primarily drawc from procurement
stocks. The trea....nts appiled included both a conventionel fuagi-
cide, copper B-quinolinolate {Cu-8) which has beer widely used for
many years as an s8dd-on fungicide for the protection of military
cotton goods, and methylolmelamine resin, a relatively newer rot-
resistant treatment.

The superior weather- and rot-resistance of cotton duck treated
with the formic acid colloid of methylolmelamine was reported by
Kempton ei al. (3). A later report comparad several other competitive
methods for applying tne resin (k).

This report contains cowparative soil burial and wveatheromster
data for cotton/nylon blends “efore and after treatment with copper
8-¢uinolinvlate and wethylolmelamine resin bty two of the processes
previously evaluated. The appriicability of these cotton preaervatives
as weather- and rot-resistant fipishes for cotton/mylon blends is dis-
cussed.

MATERTALS AND METHODS

Tabrics

Jabrics were selected to represent the three possible levels at
which the cotton and nylon can be biended, i.e., intimate intermix at
the fiver level, the plying of cotton yarn with contioucus filament
nylon yarn to achieve a yarn blend, and the weaving of cotton yarma
and nylon yarns into & tabric dblend.

Table 1 lists the fabrice tested Several of the fabrics wvere
furnishe’l as treated blends dravn from procurement stock. The others
vere treated under the supervision nf personnel ipvolved {in the respec-
tive processes., The application of methylolmelamine as & colloid of
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rormic acid was achieved by the ccoventional pad, dry apd cure technique
camnon to resgin finishes. Detailis of the process are described by

Berard et al. (1,2). The "Arigel!" treatment for application of methylol-
melamine is & vet-fixation proceas pateoted Ly Fuperti (6).

The nomipal resinp copcentration aimed for was 6% based on total
fabric weight. Since the fabrics to be treated were 50/50 cotton/nylon
blends and resin treatment is substantive to the cotton, oaly half the
normel 124 add-on for optimm rot-resistance of all-cotton fabrics was
required. However; two of tbhe fabrice twsted vere treated to contain
significantly higher and lower reasin add-on.

Teat Methods

All samplee %o be tested were conditioped at 70 %2°F apd 65 ¥24 RH
for at least 24 hours. 'Therefore. the results of chemical analyses con-
tain 2 small but constant error due 4o mocisture content.

Weatheromever and soll buria. =2sing were -onducted on 1 x 6 inch
revelled warp strips in accordance with methods 5670 and 5762 of Federsl
Specification CCC-T-191b (9).

Breaking strengths were measured oz an Instron tensile tester and
tearing strengths on an Zlmendorf tear test machine according +to methods
5104.1 and 5132, respectively, of Federsl Specification CCC-T-191b.

Bitrogen content of resip and resin-treazted fadbrics was determined
by use of a Thomas-ASTM Microkjeldah)l apparstus. The nitrogen content
of the resin wes used to calculate the resin content of the fabrics.
Corper 8-quinoclinolate was assayed by thc spectrophctometric method orig-
inally described by Rose et al. (5.

EESULTS AND DISCUSSIOR

The rot-resiztance of a textile fabric can generally be determined
from 1ts tansile sirength retsntico following soil burizl. Howeve ,
fiber blends mey present & specisl problem in terms of localized differ-
ences in biodegradability. In cotton/nylon blends there is a marked
difference in the susceptibility of the tv- fibsrs to microbilological
sttack. Cotton fibers degrale readily, “Mut nylon is resistsnt. 8ince
tensile strength data are a msasure of fabric and not fiber strength,
such data will elsc be affected by the physical parameters charscterizing
the blend such as the degree of inter-fiber intimecy and the geometric
distrivution of cotton and nylon. Therefore, although the rot-resist-
ance of a cotton/nylon blend {e¢ solely dependent or the ratio of bio-
degradable cotton fibers to resistant nylon f£ivers, tensile strength
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meagurements refiect the poysical arrangement within ss well as the
compositica of the fabric blend.

Table 1I and Pigure 1 demonsirate the rot-resistance of cotten/
nylon fabrics representative of the various blending modes. These
fabrics were not treated for protection from microbiological degraia-
tion. Tensile estrength retention during soil burial wae relatad co the
manner or degree of cotton/nylon blending. Tensile strength losses
were due to blodegradation of the cotton, and the residual strength to
the unattacked nylon. This is why the 5-0z cotton warp/nylon £ill
fabric lost 87% strength following only 14 days of eoil burial when the
tensile bresks were performed as & warp test. The nylon content calcu-
lated from nitrogen measurements indicated this fabric contsined 78/22
cotton/nylon. Ysru wveighings inlicated the distribution in the warp and
£111 directions was 78 and 22%, respectively. Increased cotton content
alope would not have accounted for the total loss of strength not ob-
served in any of the other test fabrica. These results demonstrate the
effect a high degree of fiber orientatioo can have on the rwsidual ten-
5il~ strength. In contrast, the S5-uz 50/50 cotton/nylon locestate poplin
comparable in weight and initial strength lost only 53% of its strength
following 56 days o soil burial. The S-oz loomstate poplin, which was
prepared by plying cotton yarn with ~ontimuous filament nylon yarn,
represented blending at the yarn level. The better performence of this
fabric was basically due to orientation of aylor in both the werp anpd
£111 directions. Hovever, the fabric admittedly éid contein a signif-
jcantly higher nylon content than the cotton warp/mylon fill fabric.

The 6-oz 50/50 cotton/nylon OG-dyed poplin represented intizate inter-
mix at the fiber level. Although the loomstate popliin was initislly
374 stronger than the dyed peplin, following 28 days of s0il burial the
loomstate poplin wvas actually 7% weaker than the dyed poplin soil buried
for 30 days. The superior performsnce of the invimate blend was prob-
ably due to greater frictional forces resulting from uniform distribution
of nylon fibers throughout all the yarms. The 1k.5-0z 0G-107 50/50
cotton/nylon 0G-dyed duck alsc represented intimate intermix at the
fiber level but in the form of & substantially heavier fabric. The
14.5-0z duck did not lose strength as readily as the 6~0z poplin within
the rirst 60 days of soil burial. However, both fadbrics demonstrated
cowparable tensile strength loss in the 30% range after 120 days.

Degpite measurable differences in tensile strength losses, 8ll
four fabrics had, in effect, been decimated by microbiological attack
and no longer could satisfy functionsl requirements. Two cotton pre-
servatives, ccpper 8-quinolinolate and methylclmelamine resir, were ap-
plied to see 1if tensile Btrength losses resuliting from biodegradation
of the cotton could be reduced.
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Table IIT and Figure 2 contair the 803l burial da’s follovwing resin
ireatmant of the fabric which had been woveu from totton ¥ . plied with
continuocus filament nylon yarn. Comparsble data for ine -.ntrested fabric
are ipcluded for ccamperig-a. The Arigal trested favuric contalned only
3.0% resin calculaied from the nitrogen content, but microbiclogical de-
tarioration of the cutton was nevertheless reduced. The fabric itreated
vith the forwmic acid colloid of methylelmelamine 442 nov perfora es well
a3 expected despite 6.5% resin which was sufsiciect to protect ths cotbon.
It vas therefore not caapletely repressntative of the better "dry-cure”
treatments previously eveluated. 3Beoth resis ¢{reatments caussd a drseiic
tensile strength loss thereby impairing the mechanical properties of the
blend. The 29% loss in strangth caused by the Arigal treatwmsnt wes en-
tirely unexpected since it dose not fypizxlly cause any tepgile strength
loss even &t the 10-12% resin adi-on isevel. However, a 31% tensile
strength loss would be typical ror fatric conteining 10-12% resin after
treatment by the "formic scid cclicid’ process

The rot-resistarce dats deri ed from the rsain-treatvsd 50% nylon/
50% cotton poplin 6-oz 0G-107 iotimste blend ! Wyco") ere corntained in
Teble IV and Pigure 3. Agsin cougparable data Tor the untreated fabric
&re included for comparison. Botk wet and dry-cure resin trestiasnts wvere
highly effective, and there wvaa regligible tensile streagth loss due to
aicroviological degradatior Suring & moaths of acil turial. The base
fabric lost negligible tensile strength as a rasult of ¢ither resin treat-
ment. The Arigsl "wei-curs” treatsent bad n¢ effect on the breaking
strength despite the 9.2% resin content calculated from nitrogen msasurs-
merts, but the "dry-cure” irsatment st the 5.7% level did cause a 6% loss
in streagth,

Tear strepgth dats for the tvlended febrics vhich were resin-trested
are listed in Table V. There was considexadls tear stresgth loss result-
ing from treatment vith 6% cor more resin add-on. Howsver, tue 3data from
the plied yarn blend containing 3.0% Arigal resin indicated that tesr
gtrength lose migh€ be mipiwired st lower add-uz levels.

Table VI axd Pigure Lk contein “pe scil birisl data obtaiped from
the nylon/cottor duck 1%.5-0z 06-107 irtimate dlend ("Fyco”) treated with
copprr 8B-quipol.polata. Io this crse good results were obtained with sn
add-on fungicice. This fadbric contaiped only 0 26% copper-8 based on
total fabric viight when snalyred by Rose's Method for copper B-quinoliin-
olate. Eowever, the affective concentration in the cotion may be signif-
icantly higher because cotton Tibars are mcre ehscrbent than nylon fivers.

S

%

g feneile ntrength data for the untreat=d and trezted blends before
3. and atter 100 hours of weathasumeiar &xposur: are listed ip Teble VII.
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TARLE V

TEAY TEST RBSULTS FROM COTTON/NYLON BLEWNDS
BEPORE AND AFTER TREATMENT WITH METHYLOIMELAMINE RESIN BY TWO PROCESSES

Fabric Descriptics

Cloth, blended st the yarn level,

50% nylon/50% cottor poplin 5-oz
locmstate. untreated

Same, Arigal treatmwent, 3.0% resin
by analysis

Same, formic acid collcid +*reatwment,
65.5% resin by analysis

Cloih, blended at the fiber level,
50% nylon/50% cotton poplip 6-oz
0G-107, untreated

Same, Arigal treatment, 9.2% resin
by analysis

Same, formic acid colloid treatment,
5.7% resin by analysis

Mean tear
gtrength in grams

% tear strength
loss after treatment

2707

12.5
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TABLE VII

TEESILE STRERGTH RESULTS FROM URYREATED AND TRRATED COTTON/ NYLON BLEHDS
BEFORE AND AFTER 100 BOURS (7 WEATHEROMETER RXPOSURE

Yabric Descripiion

Tensile strength

in lbs. before

weath. exposure

Tensile strength
in los. after
weath. exposure

Cloth blended at the yarco
level, 50% nyion/50 % cotton
poplin S5-oz loomstate, untrested

Same, "Arigel" treatment,
3.0% resin by analysis
Same, "formic acid colloid”
treatment, 6.5% resin by
analysis

Cloth blended &t the fibver

level, 50% nylon/50% cotton
poplin 6-oz 0G-107, untreated

Seme, "Arigal" treatment, 9.2%
resin by analysis

Same, "formic acid colloid”
treatment, 5.7% resin dy
anzlysis

Cloth blended at the fiber

level, 50% nylon/50% cotton
duck 1h4.5-0z 0G-107, untreated

Same, 0.26% copper 8-quinolinolate
by analysis
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281

28h

15

63

55

5T

56

116

T4

190

2

4 lcss

61

52

kg

53

(%53

3

29
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Tvo of the bese fahrics were dyed and the .aird was in 'looms:ate”. The
drastic tensile s:rength losses evident in the untres*ed fabrics were
primarily due to U-V degradation of the nyion. The heavy 1lk.5-oz duck
lost only 32% of its strength in contrast to the 53 ead 61% losses occur-
ring in the €- and 5- oz porlin fabrics, respectively. There was evidence
that low treatmert levels offered some protectior from irradiation. The
Arigal treated 6-otr intimate olend popiin which performed excellently
contained 9.2% resin. Although Kleldanl aralysie indicated that the resin
is substantive tc the cot*ton, these dava suggest that higher treatment
levels may afferd the nylon significart protection from U-V breakdown.

COUHCLISIONS

The cotton fivbers ip the untreated blends were susceptible to damage
by microorganisms which ultimately impeired the functional values of all
such blends tested. The tensile strength retertion of the untreated
fabrics during soil burial was found to be related o the mode of cotton/
nylon blending. The treated tlerds, nowever, were effectively protected
by the cotton preservatives employed.

Copper 8-quinolinoclate and methylolmelsmine resin *reatment by either
"wet" or "dry" cure processes were effective mildew-innibitors at approxi-
mately half the add-on normally required for all-cotton fabrics. Bowever,
this lower concentration did rot significantly redvce the damage to the
mechanical properties of the blerd caused oy the resin. Also, at this
concentration there was essentially po protection from the effects of U-V
radiation. There was evidence thcugh thet & higher level of methylol-
melamine resin, approximately 104, might siguificaptly reduce actinic
degradation of the nylon.
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