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This report contains the results of studies performed to evaluate the
rot and weather-resistance protection provided by copper-zirconium and
Zirchrome as finishes for cotton ti?xtiles . Though the wo”k described in
this report was completed essentially prior to 1970 ar~d portions of it
have been reported out , the information is considered timei’.’ due to a r~-
cent renewal of interest in the copper-zirccnium finish as a possible re-
placement for fungicides regarded as hazardous to the environment. This
report has been written to provide a complete and integrated summation
of efforts carried out.

The authors are indebted to these USDA personnel - Wilson A. Reeves ,
Albert S. Cooper, Jr., C. James Conner and Norbert W. Berard for technical
guidance and coordination of this study wit the United States Department
of Agriculture . Dr. Leonard Teitell, USA Frankford Arsenal , is to be
thanked for exposing samples in Panama Canal Zone . Thanks are also due
to Mr. Thomas D. Mile~ , formerly USA NARADCOM , for supplying some of the
tear strength data. 
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AN EVALUATION OF SOME ZIRCON ITJM-CONTAININC, FINISHES
AS FUN( 1C11)ES FOR THE PRESERVATION OF COTTON FABRIC

INTRODUCTION

An inexpensive funqal-resistant treatment based on the reaction
oroducts of several zirconium compounds has been develoned at Southern
Regional Research Center, USDA , and is fully described by Conner et al.1

Briefly, water soluble zirconium compounds were used to soluhilize a
number of anti-microbial agents. During the cure orocess , the anti-
microbial compounds formed insoluble funqitoxic nroducts with zirconium
that were resistant to leachinq.

Copoer borate , one of the ,anti-microbials investigated , was solu-
bilized with either zirconvl acetate or zirconium arunonium carbonate
and nadded onto cotton duck fabric. The cotton duck treated with cooper
borate—zirconvl anunoniurn carbonate was more rot-resistant than duck
treated with copper 8-guinolinolate at the 0.2% copper level. Th~~ cooper
borate-zirconyl acetate treated fabric, however , was more suscentible
to microbiological deqradation hut good in weathering oronerties. In
short, the weatherina and rot-resistance data indicated that these
funqicides should be further evaluated relative to conner 5-cuinolinolate
for potential use in )\rmv applications.

The standard screening procedure used by this laboratory for the
oreliminary evaluation of potential military fungicides includes the 4
nerforinance of soil burial tests both before and af ter the standard
leaching test and 100 hours of Weather-Oneter exposure. 0.0. sateen
fabrics which had been treated with cooper horate-zirconvl ammoniurn
carbonate and copper borate-zirconvl acetate at comnarable wet nick-up
levels by Southern Peqional T~esearch Center , USDA , were subjected to
these tests. O.D. sateen treated with cooper horate-zirconvi artrionium
carbonate was , in fact, more rot—resistant than the cooriarahie fabric
treated with conoer horate-zirconvl acetate. ~ f ter  120 cia~’s in soil
burial the former fabric retained P3% of its original breakino strength
while the latter fabric retained only 22%. fleither the standard leaching
test or 100 hours of Weather-Cimeter exoosure significantly affected the
rot-resistance of either fabric. T.’eather~0meter exnosure, ner Se , caused
an 8%—9% breaking strength loss in the two fabrics. Since the two treat—
ments on the same 0.0. sateen base fabric performed eauallv well during
Weather_Ometer exoosure , 100 hours was not sufficient to differentiate
between the weatherine pronerties of the two treatments.

Another anti-microbial , tetrarunineconper carbonate ~‘as not as satis-
factory as conner borate in soil burial nerfornance. There was a sicini-
ficant difference between sets of the same well-scoured duck treated with
either compound in combination with zirconyl ammoniuin carbonate. After
84 days in soil burial , fabrics treated with tetrainmineconner carbonate

‘~~~iner , C.J.., A.S. Cooper, Jr., W.A. Reeves , B.A. Tre.sk. Sc~ e Microbial
Resistant Compounds of Zirconium and Their F.ffect on (‘otton. ~‘extile
Res J. 34, 347 (1964).
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retained only 45% and 47% of their initial breaking strength on averag e .
However, fabrics treated with copper borate retbirted 94% , 91i and 92% fol—
lowing soil burial for 120 days - a considerably lonoer exoosure period .
Hence, the fabrics treated with copper borate were more than twice as
rot-resistant when the difference in length of soil burial exoosure was
taken into account, This larce difference in nerformance could not he
accounted for by the analytical data obtained from the fabrics.

Primary interest from a microbiological noint of view came to he
centered on fabrics treated with conper borate and zi rconv l arunonhim
c~~bonate. Fabrics treated with this combination of compounds demonstrated
a hich level of rot-resistance and warranted more extensive evaluation
including outdoor exposure. This report contains a compilation of labor-
atorv and outdoor exposure data obtained from a series of materials
fungus-proofed with the cooper borate-zirconvl aminoniurn carbonate treatment.
?ilso included are results obtained from fabrics prepared by the ‘~irchrome
process which is a mineral dyeing process for oroducina weather-resistant
fabric . The 7.irchrome Drocess evolved as a consequence of previous work
with water-soluble zirconium compounds and anti-microbial agents. Conner
et a].2 found that the inclusion of a hexavalent chromium compound under
controlled conditions resulted in an insoluble mineral dye which improved
the weather-resistance of cotton fabric. - --

MATERIALS AND METHODS

Fabrics

The fabrics evaluated in this study are listed in Table 1. Fabric 1,
a areice duck , which contained 1.03% copper 8-guinolinolate (Cu-R ) by
analysis was included in this re~~ rt as a basis for comnarine the ner-
forinance of fabrics treated with copper borate-zircon’.’l asunonium carbonate
(Cu-Zr). Fabric 1 had been treated by the Lowell University Research
Foundation with Cunilate 2l7~ (a 10% active commercial preparation of
Ventron Corporation, Beverly , MA ) extended in Esso Varsol 1. Fabric 18
was a cottoo osnaburq treated with cuprarnmonium salts in accordance with
MIL_M..46032.3 It was included as a basis for evaluatino the performance
of fabrics treated by the Zirchrome process because the Zirchroine treat-
ment was originally regarded as a possible replacement for the cuprammonium
treatment. Fabric 18 was furnished as disassembled sandbaas by the U.S.
Army Mobility Equinment R&D Center, Fort Belvoir , Virginia. Hence, the
date and nlace of treatment were unknown .

All fabrics treated either with conner borate-zirconvl aminonium
carbonate or by the Zirchrome Process were prepared by the Southern Regional
research Center of the U.S. Denartment of Aariculture. The conner borate-

200nner , C.J., G.S. Danna, A.S. Cooper Jr., W .A. Reeves. Novel
Mineral Dyeing Process for Imoroved Weather resistance of Cotton.
Textile Research 3. 37,94 (1967).

3u.s.  Federal Supply Service, “Mildew-Resistant Treatment (For Fabrics)
Conner Processes ’, Military Specification MIT-Y1-46032, Washington ,
D.C., U.S. Government Printina Office, 1959.
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zirconyl aminonium carbonate treatment was applied to all the base fabrics
listed in Table 1 except cotton osnaburq. The Zirchrome treatment, on
the other hand, was applied only to cotton osnaburg because of specific
interest in this treatment as a sandbag preservative. All except fabric 6
and fabric 19 were small—scale preparations. Fabric 6, a greige duck,
was a 119-metre test run which was scoured prior to treatment. Osnaburg
fabric 19, also a large test run, was scoured too. Fabrics 8 to 10 were
prepared in an attempt to relate treatment performance during actinic
exposure with treatm ent composition. The base fabric used for this test
series was a 334-g/m2—type III duck, CCC-C-419a.5 It was boiled off in
a 4% caustic soda solution and bleached in a 2% hydrogen peroxide solution
immediately after the fabric had been woven. Greige osnaburg fabric 12
and scoured osnaburg fabric 15 were dried four minutes at l2O0C and then
cured two minutes at 140°C on tenter frames. Greige osnaburg fabric 13
and scoured osnaburg fabric 16 were dried two minutes and then cured two
minutes at a gage pressure of 210 kPa. The estimates of treatment level
and analytical data contained in Table 1 for fabrics treated either with
copper borate—zirconyl amnmonium carbonate or by the Zirchrome Process were
supplied by the Southern Regional Research Center.

Different specimens of each treated material were subjected to the
severe leaching test; i.e. 24 hours at 270to 29°C and to 100 hours of
full cycle exposure in a twin arc Weather—~ neter. These tests were pre-
ceded and followed by soil burial testing to measure initial rot-resistance
and any loss due to either leaching or Weather-Ometer exposure.

In addition to the above laboratory tests, specimens of fabric 6, a
greige duck, were exposed to three different outdoor environments for
12 months. Specimens of osnaburg fabric 19 were exposed at one of the
sites for 10 months. At bimonthly intervals specimens of greige fabric
6 were evaluated for changes in copper content, breaking strength,
cupranunonium f lu idi ty  and rot-resistance. C)snaburg fabric 19 was evaluated
only for changes in breaking strength.

The treatments all imparted a characteristic color to the base fabric.
Copper 8-quinolinolate imparted a greenish-yellow color, copper borate-
zirconyl amninoniumn carbonate a pale blue tint, Zirchrome a pearl—gray
finish , and cuprainmonium salts a light brown with a reddish tinge.

Copper content was assayed by the rubeanic acid method described by
Kempton et al.6 Analysis for copper 8—quinolinolate was performed at7
the Lowell University Research Foundation by the method of Pose et al.

5U.S. Federal Supply Service, “Cloth , Duck, Cotton , Unbleached ,
Plied-Yarns, Army and Numbered ,” Federal Specification CCC-C-419a,
Washington, D.C., U.S. Government Printing Office, 1961.

6Kempton, A.G., P1. Greenberger, A.L ~siñar A. ~~1tical Co~parison
of Available Methods for the Spectrophotometric Determination of
Micro Amounts of Copper in Textiles. Textile Res 3. 32, 128 (1962).

7Rose, A., A.W. Hutchison, J.R. Hayes, I.R. Sharkey. The Estimation
of Copper 8—Quinolinolate in Mildewproofed Fabrics. Am. Dyestuff
Reptr. 45, 362 (1956).— 9
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~reakinq strenaths were measured on an Instron Tensiie Tester ~~del
TT-Cl according to Method 5104.1 of Federal Snecification CCC-T-lOlb
Tearing strengths were measured on an Flmendorf “ear “e~t Machine accord-
inc to Method 5132 of Federal Specification CCC-”-191h .°

Fluidity measurements were nerform ed as described by Clibbens and— Little.9

Durability Tests

Outdoor weatherinq tests were performed at the NABADCOM erposure site
in Sudburv , Massachusetts and at two Fort Sherman exnosure sites in the
panama Canal Zone. The NAPM~COM site and one of the Panama sites were un-
shaded , onen field sites. The other panama site was in a shaded rain fores-
location. Large swatches of cloth were secured to open-hacked racks at the
three sites. The racks at Sudburv are of aluminum construction , and samnles
were tacked to wooden frames that face south at an angle of 0.79 rad from
the vertical.....- the fabrics heina a minimum distance of 75 cm from the around .

~‘ahric samples were attached directly to the aluminum racks at Fort Sherman
h” either wire and eyelets or slotted anale aluminum . The Fort ~berr~an
frames face south at an ancle of 1.05 rad from the vertical.

Weather-C~neter , leaching and soil burial testing were conducted on
25 x 150 mm warn strins in accordance with ~‘ethods 5F~70 , 5P30 and 57~ 2 ,
resr ectively, of Federal Sr ’ecification C ~~ -l°1h (reference P). T’avel le~
s’lecimens were used whenever possible. .

‘FSULTS 7~UD D I U ~~ST”~’

~re1imtharv nhvsical “easurements

Table 2 demonstrates the e f fect o~ treatment on the “am br e ak i nc
and warp tearinc strenc’th 0e fabrics included in this rerort. Prea’:ino
and teariric strenatb measurements were nerfor’ned on all treated ~a~ rics
for which an untreated control was available. Cunrammr’iiur’ treated
fabric 15 was also included althouch no suitable control ‘gas available
for it. The data indicate that none of the treatments seriously affected
the breaking strength of any of the test fabrics. T’owever, the tearing
strenath data from the Zirchrorne treated fabrics were cause for concern
because the tearinq strenaths of the three untreated osnahurq fabrics
ranced from 52 to 57 newtons with an average value of 55 newtons for the
aroun while the tearinc strengths of the five ~ irchrome trea ted fa brics
ranged from 18 to 23 newtons with an average value of 21 newtons. If
the losses are calculated as % retention based on the untreated fabric ,

~~~~~ ?edera.l Supnlv Service, “~ extile Test Methods” , Federal S~ecification
ccC-T-191h , ~“ashincton , D.C., U.S. Government 

nrin tin q Office, 1951.

9Clthhens, D.A., A.R. Little. Shirley Institute Memoirs 15 , 25 (1~ 3~).

10
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_ _

Effect of treatment on breaking and tearing strength of fabrics

Fabric Fabric Breaking strength Tearing trenqth
no. description N %Ret. N %Ret.

1 Cu—8 treated greige duck 592 99 32 100

2 Untreated greige duck 596 —- 32 --
(control for fabric 1)

6 Cu—Zr treated greige duck 659 101 25 78

7 Untreated greiqe duck 650 -- 32 --
(control for fabric 6)

8 Cu-Zr treated bleached duck 481 108 12 92

9 Cu—Zr treated bleached duck 490 110 12 92

10 Cu—Zr treated bleached duck 498 112 12 92

11 Untreated bleached duck 445 -- 13 --
(control for fabrics 8, 9, 10)

12 Zirchroine treated greige osnaburq 383 94 23 40

13 Zirchrome treated greige osnaburg 476 116 20’ 35

14 Untreated qreige osnabura 409 -- 57* --

(control for fabrics 12, 13)

15 Zirchrome treated scoured osnaburq 338 97 22’ 39

16 Zirchrome treated scoured osnaburq 405 117 18 32

17 Untreated scoured osnaburq 347 -- 56’ --
(control for fabrics 15, 16)

18 Cuprammoniums treated osnaburg 392 -- 27 --

19 Zirchroine treated scoured osnaburq 343 101 21 40

20 Untreated scoured osnaburg 338 -- 52 --
(control for fabric 19)

*Data supplied by T. Miles, U. S. Army Natick Research & Development Command.
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the fabrics retained only 32% to 1~ % of their initial tearing strength
after treatment by the Zirchrome Process. It appears likely that
cuprantsonium treated fabric 18 with a tearing strength of only 27
newtons also suffered a reduction in tearing strength as a result of
treatment. However, no suitable control was available for estimating
the % change. Fabrics treated with copper borate—zirconyl ainrnonium
carbonate lost little tearing strength relative to fabrics treated by
the Zirchrorte Process. The maximum loss occurred in treated fabric 6
which retained 78% of its initial tearing strength after treatment.
Copper 8—quinolinolate treated fabric 1 was unique in that it apparently
was the only treated fabric not to lose some tearing strength as a result
of treatment.

Copper Borate-Zirconyl P~xnmoniurn Carbonate

Rot-Resistance

Table 3 contains the results obtained from laboratory tests
performed on the fabrics treated with copper borate-zirconyl aismonium
carbonate. Comparable data from greige duck fabric 1 which contained
1.03% copper 8—quinolinolate are included. Fabric 1 lost 17% of its
breaking strength following 63 days of soil burial. This performance was
not satisfactory in relation to data previously reported in the literature
or as experienced ~n our laboratory. Past work performed in this laboratory
by Kempton et al) has shown that 0.50% solubilized copper 8-quinolinolate
by analysis protected a 417 g/m2 cotton duck for approximately 50 days in
soil burial. Similarly Kiens and Stewart1-’ have shown that 0.77% solubilized
copper 8—quinolinolate (0.14% copper by analysis) protected a 305 g/n2
duck for 8 weeks before any loss of fungicidal action was evident. Con-
sequently cotton fabric containing as much as 1.03% copper 8-quinolinolate
should last 2 to 3 months in soil burial before losing any breaking strength.
It is possible that fabric 1 was not adequately prepared. Changes in rot-
resistance after leaching were not measured in this fabric. However, past
experience with copper 8-autholinolate indicates only a negligible loss of
fungicide will result during severe leaching exposure.

The test results indicated that the copper borate-zirconyl
axrsnoniumn carbonate treatment did , in fact, provide good rot—resistance
relative to copper 8—quinolinolate. Greige duck, fabric 3 lost signif-
icant biocidal action after 60 days of exposure in soil burial. However,
the microbiological resistance of the other fabrics was clearly superior
to that of fabric 3. Fabrics 8, 9 and 10, whi ch were all prepared from
the same Type III duck CCC—C4l9a , lost little rot—resistance during 120
days of soil burial and were regarded excellent in straight soil burial
performance.

‘~iCempton , A.G., R. Maisel, A .M. Kaplan. A Study of the Deterioration
of Fungicide—Treated Fabrics in Soil Burial. Textile Pes. 3. 33, 87 (1963).

1
~ Klens, P.r., V.3. Stewart. New Developments in Textile Preservation.

Am . Dyestuff Reptr. 46 , 346 (1957).
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In general, the microbiological resistance of fabrics treated
with copper borate-zirconyl anunorlium c~irbonate was not significantly
affected by either leaching or Weather-Coneter exposure. However, the
strength data for vinyl coated faoric 5 indicated that the fungal—
resistance of this material wa~. markedly reduced following subjection
to either of these tests. Loss of rot—resistance after leaching suggests
the treatment was not adequately insolubilized in the material. Further-
more, since the loss of microbiological resistance following Weather-
~neter exposure paralleled the loss of resistance after leaching , both
failures could be related in cause. The Clark flexibility data for
fabric 5 indicated negligible change during soil burial either prior to
or following leaching and Weather—Ometer exposure . The data for greiqe
duck fabric 6, a 119-metre test run, also demonstrated a considerable
loss of rot-resistance due to Weather-Orneter exposure. The soil burial
performance of fabrics 5 and 6 following Weather-Cmeter exposure could
not be readily related to either the treatment level or fabric preparation.
Both fabrics were judged to be acceptably prepared by the processor. The
rapid loss of fungal protection following leachins or Weather-c~neter
exposure is an important consideration since it indicated a potential
weakness of the treatment to environm ental stress under use conditions.

Weather-Coseter Exposure

The data in Table 3 indicated that greige duck fabric 3, woven
awning duck fabric 4, and vinyl coated fabric 5, lost little breaking
strength as a result of Weather-cineter exposure. However, greiqe duck
fabric 6, the 119—metre test run , retained only 70% of its breaking
strength following Weather-Ometer exposure as compared to 98% for copper
8—quinolinolate treated fabric 1 which was prepared from the same base
fabric. Since fabric 7, the untreated control, retained 79% of the
original breaking strength, the treatment in fabric 6 was not conferrinq
the protection afforded by copper 8-quinolinolate but was possibly cat-
alyzing degradation of the base fabric during Weather-Coneter exposure.

Several fabrics were prepared in an attempt to relate accelerated
degradation of fabric and loss of biocidal action during Weather-Ometer
exposure with treatment composition. Three different padding solutions
of copper borate solubilized in zirconyl anunoniumn carbonate with varyinq 2concentrations of copper and zirconium were prepared and applied to 334 q/m
duck, Type III CCC-C-4l9a. Table 4 demonstrates the effect of Weather-
cineter exposure on the breaking strength of untreated fabric 11 and treated
fabrics 8, 9 and 10. Since the treated fabrics had greater breaking
strength than the untreated control, the calculation of breaking strength
loss following Weather—Coneter exposure in this case was based on the
untreated fabric rather than the original treated fabric to avoid possible
exaggeration of the actual Weather—cineter loss. The treatment in fabric 9
appeared to enhance Weather-Ometer degradation of the base fabric. Since
the other two treatments did not show effects significantly different from
the untreated control during Weather—cineter exposure , none of these three
treated fabrics demonstrated any evidence of protection during exposure.
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The data in TabJ..e 3 indicated that fabrics 6 and 10 performed equally well
during soil burial following Weather~Conete exposure, but fabric 9 was not
quite as rot-resistant. Following four riv-inths of soil burial, Weather-
cineter—exposed fabric 9 suffered a breaking strength loss of 24% as compared
to a loss of 14% and 12% by fabrics 8 and 10, respectively. The enhanced
degradation of base fabric and the loss of biocidal action could be r’~1ated
to the significantly higher copper content, 0.755%, of fabric 9 relat ve
to fabrics 8 and 10 containing 0.485% and 0.520% copper, respectively.
In summarizing the work of previous investigators, Bayley et al.12 make
mention of the very point that inorganic copper compounds tend to accelerate
actinic degradation of cotton fabric. However, this alone does not explain
the Weather—Ometer deterioration and biocida). action loss of greige fabric
6 (Table 3) which contained 0.522% copper by analysis. Mditional studies
are required to clarify this point.

Outdoor Exposure at Three Sites

Differentiation between Actinic and Microbiological
Degradation

One hundred nineteen metres of 334 g/m2 greiqe duck from
the Army supply system had been prepared with copper borate-zirconyl
aminonium carbonate for full field evaluation in both tronical and temperate
climates at two Panama Canal Zone sites and the local Sudburv , Massachu-
setts site, respectively. Following treatment, greiqe fabric 6 contained
approximately 0.51% copper, 3.07% zirconyl and 0.08% boron on the basis
of wet pickup. Subsequent analysis of the fabric, which indicated the
copper content to be 0.522%, verified the add-on estimate. Since greige
fabric 6 had demonstrated accelerated degradation and loss of biocidal
action during Weather—Cineter exposure, this fabr ic  offered the opportunity
for comparison of Weather-Coneter findings with • outdoor field data.

Differentiation between actinic and microbiological degrad-
ation can be made on the basis of the relationship of the cuprainrnoniuxn
f lu idi ty  values to the breaking strength loss. Sunlight and airborne
acids will increase both the breaking strength loss and the cuprammoniuxn
fluidity, but microbial attack affects only the breakina strength of the
fabric. However, the deqradative contribution of airborne acids is secondary
to the photocheinical damage caused by actinic rays. Furthermore , since
the three exposure sites are not located in industrial or heavily nopulated
areas where traces of acidic—type substances are found , an increase in
both the fluidity and the breaking strength loss can be considered primari ly
due to actinic radiation.

‘2Bayley , C.H., 
~~~~~ Rose , J.B. Clifford, J.D. Cooney. The

Effect of Noncellulosic Material on the Actinic Degradation of
Cotton Fabric. Part I: Some Copper—Containing Fungicides.
Textile Res J. 33 , 849 (1963).
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The mode of deter- oration predominant at each of the three
outaoor exposure sites is defineu by the d~.ta obtained from fabric 7, the
untreated control. These data are 1i~ted in ‘~ab1e 5 anu plotted in
Figure 1. The cupraimnonium fluidity and breaking strength data indicate
actinic activity to be the major cause of deterioration at the two open
sites. However, samples returned from the Panama open site did exhibit
evidence of some staining which was attributed to microorganisms since
stains were not observed in fabric 6, the treated cJoth , under comparable
conditions. None of the untreated samples exposed at the Sudbury , Mass-
achusetts open site exhibited comparable staining. The microbiological
attack on the control sample at the Panama open site, however , was not
judged to have significantly affected fabric strength. The good agree-
ment of the fluidity vs. breaking strength data between open sites
indicates that the untreated control was degraded primarily by actinic
energy at the Pan ama open site. If microorganisms had siqn~i.ficant1y
damaged the control fabric, the data from this site would have assumed —

a graphical position somewhere between the data for the Sudbury site ,
which described solar degradation , and the data for the rain forest des-
cribing microbiological deterioration. The lack of increase in the
fluidity of the untreated fabric exposed in the rain forest despite
significant losses in breaking strength is proof that the node of det”r-
ioration at this site is primarily microbiological. The data from the
two Panama sites are in agreement with the breaking strength and fluidity
data of Howard and McCord~

3 who reached similar conclusions regarding
their open and shaded sites in Panama.

It was found that typical organic solvents would not extract
the highly inso].ubilized reaction product of copper borate and zircony l
axnrnoniuxn carbonate from fabric 6. Solvents listed in ASTM D539—5314 for
sample clean-up prior to fluidity tests were tried without success. P~ather
than analyze all weathered samples on an individual basis, for extraneous
non-cellulosic matter, fluidity measurements were performed on the weathere~i
samples without correcting for the weight of cellulose used in the fluidity
test. These data were plotted in Figure 2 against breaking strength losses
for samples weathered at both open sites and tested for correlation with
the data from Figure 1 describing the actinic degradation of untreated
cotton. It was anticipated that any significant shortaqe of cellulose
in the sample weight would result in an increased fluidity value. Hence,
the observed fluidity value obtained from treated samples could be some-
what higher than values obtained from untreated samples of comparable
breaking strength loss. It was evident from the olot that the fluidity
data describing the weathering of the treated fabric were generally
comparable to the data derived from the untreated control. At comparable
breaking strength loss levels, the difference in one per pascal seconds
(1/Pa-a) between data for treated and untreated specimens was not

13Howard, J.W., F.A. McCord. Cotton Quality Study IV: Resistance
to Weathering. Textile Res J. 30, 75 (1960).

14Aznerican Society for Testing and Materials , “Annual Book of ASTM
Standards” , ASTM Standard D539—53 , Philadelphia, Pa., American
Society for Testing and Materials, 1966.
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400

200 0 Rain forest , Ft. Sherman, Pan.

2 /A  0 Open si t s , Ft. Sherman , Pan.
z /

/
V A Open si t . , Sudbury , MA

o o ,/

I I
20 40 60 80 100

BREAKIN G STRENGTH LOSS (%)

Figure 1 The relationship of cuprammonium fluidity to breaking strength loss
for fabric 7 (untreated greige duck) exposed at three outdoor sites
for a 12 month exposure period .

400- A

300-

.
3

200- 0 Fab ric 7 - open s i te, Ft. Sherman , Pan.
• 

A 
A A Fabric 7 - op en site , Sudbury , MA

• Fa bric 6 - open S i te , Ft Sherman , Pan.

ioo- A A Fabric 6 - open site , Sudbury, MA

a.
U - s

1 I I

20 40 60 80 100

BREAKING STRENGTH LOSS (%)

Figure 2 The relationship of cuprammonium fluid ity to breaking strength loss
for fabric 6 (Cu-Zr treated greige duck) and fabric 7 (untreated
greige duck) exposed at two outdoor sites for a 12 month expos ;re
period .
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significantly different fror the s atter of the values as a group. The
largest discrepancy was the difference of 114 1/Pa S at 0 breaking
strength loss which resuitv’-~ from applieat~on ‘Df the treatment. Prior
to treatment the fluidity ot the base fabric w .~ 37 1/Pa a Following
treatment the observed value was 151 1/Pa.a If the 114 ltPa s fluidity
increase was due to chemical deqradati~ n caused by the treatment, asubstantial, easily measurable breaking strength loss would have occurred.
Since fabric 6 had not lost any breakin g strength as a result of treatment,
the 114 1/Pate increase was primarily due to lack of sam ple weight
correction rather than degradation of the base fabric by the treatment.
The lack of such a large discrepancy at other breaking strength loss
levels is at least partially due to removal of the add-on during weathering .
In fact, the best agreement between both sets of data occurs graphically
at the higher breaking strength loss levels. Hence, observed fluidity
measurements corresponding to breaking strenath losses in excess of
approximately 30% are likely to be more accurate than observed fluidity
measurements corresponding to smaller breaking strength losses.

In Table 6 the breaking strength and cuprammonium fluidity
data from treated fabric 6 are related to months of outdoor exposure at
the three sites. Exposure of the fabric to the rain forest environment
had little effect on the breaking strength of the test specimens as was
anticipated from the laboratory soil burial experiment, and there was no
evidence of surface growth. Likewise there was no significant change in
the fluidity values of samples exposed at this site. 1t the Sudbury open
site the fluidity and breaking strength values were relatively stable
during the first six months, which included the winter season , and
relatively volatile during the latter six months that in~ luded summer.
Degradation at the Pan ama open site proceeded more regularly between
bimonthly harvests.

Influence of Treatment on T,leather_Resistance of Base Fabric

Table 7 contains data describing the effect of open site
exrosure on the breaking strength and cupram nonium fluidity of fabrics
1, 2, 6 and 7. The breaking strength data indicated that noymer bnr~t~~.
zirconyl aznmonium carbonate treated fabric 6 had been degraded more
severely than its control during the first two months of exnosure at
Panama. Their respective breaking strength retentions after two months
of exposure were 71 and 86%. The immediate deterioration of treated
fabric 6, at the maximum treatment level, was confirmed by the increase
in cuprammoniuin fluidity. The 79 1/Pa.. increase from 151 to 230 1/Pa.a
following two months of exposure at Pan ama would be a minimum rather
than a close estimate of the increase in cuprammoniuxn fluidity. If no
treatment Vas removed during weathering, the observed 79 l/Pa s increase

could be compared directly with the 101 1/Pa.s increase measured in the
control. However ,, 37%, a substantial portion of the treatment , was re moved
during two months of weathering (T-~ble 8). lhs~refore , there .~~~~~ a

larger cotton fraction in the sample ws~iqht of weathered fabric 6 than
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in nonweai ;hered fabric ~~~ . The nr ’t e f f e c t  ~‘~~~1d be t ~~~~~ the f lu id i ty
o~ th. - ‘~~~

- ~i~ h~ red fabri.; r.~ - — v- ’  -
~~ t t s e  n cn .~r~athered ~~br ic  and thus tc~

reduce ttte extent of flu Idit-~ ~nc~ ease. .,..~ce treatnd fabric  £ had
apparently not beC r. de~~~~ded •~ n i iicati,~~ o~i the treacm~ nt , it can be
reasoned that its true fl~.ith~ty in the absence of all treatment should
be approximately 37 1/Pa - I 

~ rluidity of the base fabric. Therefore ,
if treated fabric 6 had inmediately lost all treatment or. weathering ,
its fluidity could be cal ulated directi” by basing ths-~ iata fcom treated
weathered saxnp l~s on the untreated nonweathered control. But since the
simple actually retained 63% of its coi~ er content after 2 montAs of P&n~~a
open site exposure , 230 m.~.nus 37 or 193 1/Pa-s must be a maxi~~~ estimate of
the fluidity increase. The best estirtate , of course, lies between the
extreme values of 79 and 193 ]./Pa s corresponding to 100 and 0% treatment
retention , respectiv&y, of treated fabric 6 af ter two months of Pan ama
open site exposure. When the Panama exposure was terminated at 12 months ,
there was only 2% of the original copper content remainir~g in the fabric.
Therefore, if the 12 months weathered simple and its control can both be
based as a reasonable approximation on the Untr3ated nonweathered control,
the treated fabric had been me-re severely degraded than its control because
the terminal values were 352 and 290 l/Pa’s resp~ctive1y. The breaking
strength data also indicated m ore degradation in the treated fabric since
the treated fabric retaine~ only 28% of its strength relative to the 44%
-a tention measured in the (-rr)trol. The Panama exposure data, in effect ,
substantiated the accelerated Weather—Ometer dearadation of the treated
fabric previously di s c us” ed .

Table 7 also contains th~ data obtained from exposure at
the Sudbury site. The breaking strength and fluidity data indicated
that the copper borate-zirconyl axnmonium carbonate treatment had pro-
tected the base fabric frc~n actinic degradation. There was less breaking
strength loss in the treated fabric than in the control throughout the
12 months exposure. The cuprarrimoniurn fluidity data supported the breakino
strength data , in general. Lack of si qnificant change in the fluidity
data of the treated fabric for the first six months of exposure was
probably due to some degree of protection afforded by the treatment
coupled with reduced seasonal radiation at Sudburv (Appendix). Apparently
two opposing effects were in approximate balance; i.e., fluidity decrease
due to removal of the treatment and fluidity increase due to actinic
degradation. After six mont-hs the copper content of the treated fabric
was reduced from 0.522% to 0.031%. As the loss of treatment stabilized
and the seasonal radiation increased , the fluidity values began to increase.
When the exposure was terminated at 12 months , the treated fabric was
less degraded than the control. Consequently , there was no evidence in
the Sudbury exposure data to confirm the accelerated rate of deterioration
experienced by the base fabric during Weather-Ometer exposure or during
Panama open site exposure. The results fran copper 8-quinolinolate treated
fabric 1 indicated that it lost less breaking strength, in general, than
its control during exposure at the Sudhury site. Hence , the breaking
strength data were in arireement with Weather-fret~-r findings which also
indicated less breaking strength J.oss in t h e  copper 8-quinolinolate treated
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fabric than in the untreated control.

Although the coprer borate-zirconyl -~m~rIoniL~m carbonate
treatment in fabric 6 imparted protection during the out~oor exposure at
Sudbury , the Panama open site exposure was the more valid test of the
oerformance of this treatment during severe actinic irradiation. The
copper content of treated fabric 6 was reduced from 0.522% to fl.031~
between October 1964 and April 1965 at Sudbury (Table B). Consequently,
the treatment was essentially removed prior to the more rigorous test
of spring and suimner conditions. The climatological data for Sudbury , MA ,
which are tabulated in the Appendb’, indicate spring and suns~e~.. to be the
seasons of the greatest total solar radIation since the months from April
to August were the only months to supply monthly total radiation in the
5 x io8 to 7 x io8 joules per metre2 range. Sprinq and surrter are also
the seasons of severe actinic degradation. The data from the fabrics
exposed at the Sudbury site indicate they were more sever~ely degraded
during these seasons. Unfortunately there were no Paraxna open site data
available for copper 8-quinolinolate treated fabric 1. However, chemical
data obtained from fabric 1 following weathering at Sudbury indicated
that 80% of the fungicide content was present at the beginning of the
four month interval from May to August 1965. Hence, fabric 1 did not
lose much of its copper 8—quinolinolate content until the months of
increased seasonal radiation.

Durability of Treatment and Stability of Biological Activity

Table 8 depicts the effect of weathering on the copper and
copper 8—quinolinolate content of fabrics 6 and 1, treated with copper
borate—zirconyl aimnonium carbonate and copper 8-quinolinolate , respectively.
The persistence of copper 8-quinolinolate during weathering was determined
by a chemical method which assayed the entire molecule (reference 7), and
the persistence of treatment in fabric 6 was gauged from the copper
content of the fabric (reference 6). The presence of copper borate-zir—
conyl annnoniuxn carbonate treatment could also be verified visually by
the bluish tint of the treated fabric. The tint was easily discernible
at levels greater than 0.1% copper. The slow loss of this treatment
during exposure at the rain forest location supported the data in Table 3
which had been obtained from soil burial of the leached specimens.
These data had indicated the leached specimens to be nearly as rot-resistant
as the nonleached specimens. However, exposure at either oüen site
accelerated the rate of copper loss from fabric 6 which had been treated
with copper borate—zirconyl aminonium carbonate. Furthermore, it appears
that the less severe climatological conditions at Sudbury during the fall
and winter seasons were also sufficient to cause a severe loss of treatment.

Although the outdoor exposure of fabrics 1 and 6 which
were begun January 1965 and October 1964, respectively, were parts of
separate studies, it was of interest to compare the persistence of the
two treatments in relation to the differences in climatological conditions.
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During the first four months of weathering , the loss of copper 8—quinolin-
olate from fabric 1 was gradual ; the -everest loss occurred durina the
next four months interv-i . which included the m~nths from May to August
1965. The severest loss of copper from fabric 6, which had been treated
with copper borate-zirconyl ammtmon ium carbonate, occurred during the six
month interval from October 1964 to March 1965. It is evident from the
data contained in Table 8 that a larger percentage of the copper 8—quin-
olinolate treatment persisted during 8 months of outdoor exposure at
Sudbury .

Table 9 lists the precipitation and total solar radiation
received by fabrics 1 and 6 during eight months of outdoor exposure at
Sudbury. The total precipitation received by the two fabrics was
relatively comparable. However , fabric 1 received the greater total
radiation 39% more joules per metre2 than fabric 6. It was also noted
that fabric 6 lost most of its copper content during the months of lesser
total radiation from October to March. In contrast, fabric 1 did not
lose much copper 8—quinolinolate until the months of severe total rad-
iation from May to August, which are also months of severe actinic
degradation. Although there was no facility available for direct measure-
ment of the actinic portion of the total radiation , the months both
fabrics were exposed outdoors can be compared. Months coulnon to both
fabrics included the interval from January 1965 to May 1965. In addition,
fabric 1 was exposed June, July , and August 1965. By contrast, fabric £
was exposed October, November , and Dec~~ber 19614. Hence , it is likely
that fabric 1 was also exsosed to a larger dosage of actinic radiation.
In surrinary, the available data indicate that not only was copper 8—quino—
linolate more durable than the copper borate-zirconyl aminonium carbonate
treatment to weathering but more durable despite exposure of the copper
8—quinolinolate treated fabric to a larger dose of total and quite likely
actinic radiation as well.

Table 10 contains data describing the rot-resistance of
fabrics 1 and 6 before and after exposure at the two open sites. Soil
burial data from Table 3 were included to demonstrate the rot-resistance
prior to weathering. Fabric 1, which oriqinally contained 1.03% copper 8-
quinolinolate, did not become susceptible to mnicroorgan.Lsmns until it
was reduced to 0.02% after eight months of weathering. In contrast,
fabric 6 retained little microbiological resistance after four months of
weathering at Sudbury , although the copper content of the fabric had only
been reduced from 0.522% to 0.235%. The rapid loss of biocidal action
and copper content during open site exposure but not rain forest exposure
indicated that the treatment in fabric 6 was presumably unstable to
actinic irradiation. However, the rot-resistance of fabric 6 after
Panama open site exposure was significantly better than the microbiological
resistance remaining after Sudbury exposure. In fact, fabric 6 contained
only 0.048% to 0.012% copper when it became susceptible to microorganisms
after eight to ten months of exposure at this site. But the better soil
burial performance following exposure at this site night not have been
strictly due to the treatment’ because the trea~~ent rapidly lost biocida,i
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action following milder conc~i tion~ at Sudb iry. The difference in micro-
biological resistance following e~pcsure a! the two ites cannot be
resolved on the basis of the avaiJ&ile •iat~ . C or r p l c c  interactions hetw~en
treatment, fabric and environment are rrobably responsible for this
difference between sites. Clearly , an analytical method s’iec’fic for
the entire molecule would have provided more information reqarding the
stability of the treatment than the chemical test employed. Hence , in
the absence of a specific chemical test, the biological test provided
essential data not obtainable by chemical means.

Zirchrome

Rot—Resistance

Table 11 contains the results obtained from laboratory tests
nerforuted on osnaburg fabrics treated by the Zirchrome Process.
Cuprasunonium treated osnaburg fabric 18 is included as a basis for eval-
uating the data obtained from the Zirchrome treated fabrics. At the
time when these tests were performed, the cuprammoniurn salts treatment
was extensively used for the protection of cotton osnaburq sandbags.
The data for cupranunonium treated fabric 18 and Zirchrorne treated fabric
19 each represent the average of two sets of independent data obtained
under comparable conditions. The other four fabrics are a separate group
previously tested and only one set of results was obtained from each of
these fabrics. The soil burial data from the cuprauanoniuln treated fabric
indicated that it lost 11% breaking strength after three weeks of soil
burial. In contrast , copper 8-quinolinolate treated fabric 1 (Table 3)
did not lose any strength during the first 30 days of soil burial. As
the cuprajmnonium treated fabric rotted, discolored areas retaining little
to no strength developed. This was evident after only three weeks of
soil burial. All other treated fabrics discussed in this report were
more uniform in this respect. The visual appearance of the fabric after
soil burial and the initial breaking strength loss of 11% toqether
suggested that the treatment on the fabric was snotty or uneven. After
three months of soil burial, the breaking strength losses in copper 8-
quinolinolate treated fabric 1 and cuprasunoniurn treatea fabric 18 were
the same.

Greiqe fabric 12 and scoured fabric 15 were prepared by one
set of experimental conditions and greige fabric 13 and scoured fabric
16 by another. The results indicate that the scoured fabric for each
set of experimental conditions was more rot-resistant than its Ire ice
counterpart. This was anticipated. Following soil burial , the breaking
strength losses of scoured fabrics 15 and 16 were comparable to the losses
measured in the cupraminonium treated fabric. Scoured fabric 19, which
was evaluated in the same study as the cupraimnonium treated fabric , did
not perform as well. However, the cupramr~oniuin treated fabric was really
no better, functionally speaking , because the discolored , rotted-out
areas could prematurely leak sandbag filling material.

10
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Fabrics treated by the Zirchrome Process we~-e not a~ -o t-

resistant as the copper borate—zirc~~Yl amm~niun’ 
carbonate treated fabrics

previously discussed. In add~tion , the 7irchrüne 
treated fabrics generali v

lost some microbiological resist ance after ‘l.each..nq unlike the copper

borate—zirconyl annnonium carbonate trea~~d fabrics. 
Fabric scouring

apparently did not reduce the loss of microbiological resistance 
due to

leaching because scoured f~hrics 15 and 16 were 
flat consistently better

than greige counterparts 12 and 13. In qenera~ , 
Weather-flifieter exposure

caused a smaller loss of rot-resistance than did leaching. Acai n, there

was no substantial difference between scoured and flreiqe fabrics. 
Cupraxninoriium

treated fabric 18 also lost some microbiological resistance 
as i result of

leaching and Weather-Ometer exposure.

Weather-Outeter Exposure

Table 12 demonstrates the effect of Weather-Ometer 
exposure on

the breaking strength of fabrics treated b~’ the 
7irchrofne Process.

cupraznmoniufl) treated fabric 18 was also included although there 
was no

control available for it. It lost only 8% breakinq strength as a result

of 100 hours of Weather-Ofleter exposure. The ~irchrori~ Lreated fabrics

unlike the copper borate-ZirCOflYl asunonium carbonate 
treated fabrics

listed in Table 4 did not consistently have a greater 
breaking strength

than their respective controls. Hence, all calculations of breaking

strength loss were based on the original treated 
fabric rather than on

the untreated fabrics. The percentages as calculated indicated that the

breaking strength losses following 100 hours of 
Weather-Or)eter exposure

were approximatelY the same for the qreiae fabrics whether 7.irchrome

treated or not. However , Zirchrome treated scoured fabrics 15 and 16

lost less breaking strength due to Weather- (~~
eter exposure than scoured

control 17. The same was true for irchro me treated scoured fabric 19

relative to scoured control 20.

Hence , the results from the scoured “abrics supported the con-

tention that the Zirchror’te finish improved the 
weather-resistance of

cotton fabric. In no in..tance was there any evidence of accelerated

weather—Ometer degradation of the base fabric in the 
presence of the

~irchrome treatment.

outdoor Expos ure

Table 13 contains the results obtained from fabrics 
weathered

at the Sudbury open site. This is the only case in which data from

cupraznlfloflitut’ treated fabric 18 and ~irchrome treated 
fabric 19 plus its

control represent one set of results rather 
than two averaged together.

These results indicated that cupraxnxnonium 
treated fabric 18 and 7irchrOrIe

treated fabric 19 retained 41% and 58% of their breaking strength, 
respec-

tively , following 10 months of outdoor exposure. After the same exposure

conditions the control for Zirchrome treated fabric 
19 retained only 16%

of its breaking strenqth . Hence , the outdoor exposure data ind icated

12
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that the Zirchrorne finish protected the base fabric from actinic degrad-
ation and thus supported comparable Weather—Ometer findings obtained
from scoured osnaburq. However , the results obtained from copper borate-
zir-conyl ammortium carbonate treated fabric 6 previously discussed demon-
strated that tropical exposure should he the ultimate test for a treatment
destined to be used in that environment. Hence, a final judqement on
the merits of the Zirchrome finish would have to depend on the outcome
of such tests although there were no indications from the available data
that the treatment would perform other than satisfactorily in a tropical
environment.

CONCLUSIONS

The copper borate—zirconyl. ammoniwn carbonate treatment provides
good rot—resistance relative to copper 8—quinolinolate. In the fabrics
tested the microbiological protection was at least equal to but generally
superior to the protection afforded by the copper 8—quinolinolate treated
reference fabric. In general, the microbiological resistance of fabrics
treated with copper borate—zirconyl axnxnonium carbonate was not significantly
affected by either leaching or Weather-Ometer exposure. However, several
exceptions existed, and an attempt to reconcile the accelerated degradation
of fabric and loss of biocidal action during Weather-Ometer exposure with
treatment composition was not successful.

One of the erratic fabrics was the 119—metre test run prepared for
full field evaluation in both tropical and temperate climates. The
tropical exposure data substantiated the accelerated fabric degradation
which had occurred during Weather—Ometer exposure, but the temperate
exposure data did not. Nevertheless, the fabric specimens exposed in the
temperate environment did lose substantial biological activity in support
of similar findings following Weather-Oneter exposure, although the
results of chemical analysis indicated that a considerable portion of
the copper content had not been removed. In contrast , the available
data indicated that copper 8—quinolinolate was more durable to outdoor
exposure at this site and provided microbiological protection until the
treatment was essentially removed. Inexplicably the copper borate-
zirconyl aminoniuxn carbonate treated fabric retained better biolgical
activity following exposure to the harsher tropical environment.

The microbiological protection afforded by the Zirchrorne Process
was inferior to the protection provided by the copper borate-zirconyl
anononiwn carbonate treatment. Also the protection was not as durable to
the effects of Weather—Orneter exposure and particularly leaching.
Weather—Ometer and outdoor exposure data from the temperate site indicated
that the Zirchrame finish improved the weather-resistance of scoured
osnaburg, and there was no evidence of accelerated degradation in the
presence of the finish. However, Zirchroine treated greige fabrics did
not perform as well as Zirchrome treated scoured fabrics either in soil
burial or Weather-Ometer tests.

j



With one .xception , the ZirchrG*e treatment rendered scoured oanaburg

as rot-r.ststa nt as the fabric treated with cuprama~ ntwn salts. ~Iowever ,

the protect ion pr ovided by the cupr a~~~ nit~~ trea tment was also not
durable to th. effects of WeatheL-Ometer exposure and leaching . The

cupra~~~nil treatment was j udged sore uneven that the othe r treat ments
in th. fabr ics tested because of the earl y breakin g strength loss during

soil burial and rotte d-out , discolored area s which could pre maturel y
leak filling materia l. On the other han d , the Zirchrc1ne trea tment could
not be considered a suitable substitute because of the large tearinq
stren gth loss resul ting from treatment.

In view of the above deficiencies and/or inconsistencies in behavior

to environmental stress, neither zirconium-containing finish can be

presently recomeended as preferable to military fungicides in current use

for- the preaervatlon of cotton fabric.
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