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A B S T R A C T

~1Tw o samples of cotton/polyes ter core spun duck from a previous trial,
four samples representative of current production for the Australian Army ,
and two experimental samples expec ted to have improved resistance to
weathering were assessed for performance in the tropics~ by exposure at the
Joint Tropical Research Unit , Innisfail , North Queensland.

Two of the samples had much better resistance to weathering than the
others. They had been flame— ,rot— ,and water—proofed and pigmented to give
increases of mass above the mass of the loomstate ducks of about 85% and
657...- The first was loaded with chromic oxide and also contained calcium
carbor~ate in more than sufficient quantity to neutralise any acid formed .
The second contained carbon black in addition to a little chronic oxide and
also sufficient acid acceptors.

Samples rot—proofed with copper 8—quinolinolate without inorganic
copper compounds had better resistance to weathering than those rot—proofed
.~‘ith a basic treatment involving cuprammon i um hydroxide , hut the pigments
present also contributed to the improvement . The modified formulation
used for Australian Army ducks includi n g the addition of 1%, by we igh t , of
titanium dioxide (rutile) has only giv’n sligh t improvement. More rutile
is needed together with pigments such as chromic oxide , carbon black and
calcium carbonate , and the cuprammonium t reatment should he discontinued.
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THE WEATHERING RESISTANCE OF SOME COTTON /POLYESTER

CORESPUN DUCKS EXPOSED AT INNISFAIL, QUEENSLAND

1. INTRODUCTION

This paper is one of a series in which the resistance to weathering of
co tton/polyester corespun ducks is discussed. In each paper the results of
a weathering trial of commercially prepared ducks or yarns are considered.
In the f i r s t paper (1) on the exposure of both cotton and cot ton/pol yester
ducks , rot— and wate r—proofed , or rot— , water— and f lame—proofed , it was
shown that coresp un ducks we re much less resis tant to wea ther ing than the
cot ton ducks they were designed to rep lace . In the second paper (2) i t  was
indicated that the resistance to weathering of cloths made from cotton
polyester corespun ducks was improved by using an eccentric rather  than a
concentr ic  spinning process and by using chromic oxide or titanium dioxide
( rut i l e )  p igments .  A paper on the weathering of unproof ed corespun yarns
(3) showed t ha t  eccent r ic  sp inning produced a reduct ion of about one— tenth
of the loss of s t r eng th  of the convent iona l ly  spun yarn of s imilar  l inear
d e n s i t y .

Eccent r ic—spun yarn  is , however , not yet  available commerc ially and the
a l t e rna t i ve  method of modif y ing the p igmentation to provide be t te r  protect ion
to the pol yes te r  core has s t i l l  to he used . A modified formulation , con-
taining titanium dioxide (rutile) which had previously been shown (4,5) to
increase resistance to weathering had been used in proofing corespun ducks
for the Australian Army . Four samples , P3—P6 , representative of the four
weights of duck used by the Australian Army were obtained having the above
treatment and were exposed* at J.T.R.U., Innisfail , Queensland. At the same
time two of the samples used in the first trial (1) were re—exposed (P1 & P2).
P2 was rot—proofed by the previous standard treatment of the firm that manu-
fac tured the four army samples. (It had been given the same basic rot—
proofing treatment using cuprammoniunt hydrox ide and had somewha t simi lar
pigmentation but without rutile , and P1 was the duck that had the best
resistance to weather ing  in the first trial (a heavily pigmen ted , rot— ,
water— and flame—proofed duck).

* J.T.R.U. Trial No. 106
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Two o the r  s . im p  I es W I - r e  in c l u d e d , h e z t v v  f l am e— p r o o t  ed duck P 7 r e p u t e d
to hav e  ve ry  good r e s i st a n c e  to w e a t h e r i n g  and t h e  ot  h e r  05, ,  a p r ee n—
coloured c lo th , rot— p r~ e f e d  o n l y  w i th  copper  8— q u i n o l  m u ]  a t e  (c op p t  r — 8 )  wh h h
is considered to give pro tection from actinic degradation (5).

Because only commercially prepared samples were used , the scope of thi s
trial was limited hut the object was to determine the resistance to weather-
ing of the standard Army ducks compared to other samp les , and to ascertain
how much improvement can be achieved by varying the rot—proofing and
pigmentation .

The c lo ths  were  ranked in order of resistance to weathering according
to the methods described b y Moroney (6).

2. MATERIALS AND TREATMENTS

The materials selected for trial are listed in Table 1, together with
details of proofing arid construction . Because they were samp les f rom
commercial production , the treatments vary in several respects so that a
precise determination of the effect of a specific treatment is not possible .

3. EXPOSURE

Specimens (0.4 x ().5 m) were exposed to the weather at the Joint
Tropical P- -search Unit , innis h all , hot/we t cleared site on racks facing
north , m d  I nod at l7~2

0 to the horizontal for periods of 2, 4, 6, 9 , 12 , 15 ,
18 and 24 months. ~]eteoro ’Iogica1 data f o r  the exposure period are given
in  T:~hle 

2

F ~ PP P ‘‘‘‘P - .1

nc x )‘~,‘ Il samp les .‘,nd s am p les  w i t h d r a w n  from weathering s’c- rc ’ examined
It ‘P1., Pjrihyrn cnp . A fter 1 - x ; c m i n , , t  ion for vi s ible ovidun ’’,- of micr o—
b i c l o g ~ c c l  gr (cwtI1.~ , s - a t t - r p r c o fne s ~ was de te r m i n e d  by a v d r o s t a t i c  res~-~’,r t -

‘ ‘2 . ‘ bc ’ b reak n p  load s of s t r i ps 5 x 30 cm were determined , and this
mat~ -r jal ~-.-‘cs l a t e r  i~~~d fo r  m l  I- r c ) .sc - ) p t  c - a l  and c h e m i c a l  e x a m i n a t i o n .

P r o o f i n g  m a t e r i a l s  wec ~ - removed ;cs d e s c r i b e d  in the  Ap p e n d i x , and t h e
11 - g r , c d a t  io n of t h e  pol v t - s t  c - c ’  c or es  then estimated by micro scop i cal ex a m i  n i —
t i o n . The mean  molecular weight was o b t a i n e d  from v i s c o s i t y  in n,— , ’ r c - ’-~c l
(7) . The damage to cot t n  was ,i~ s c- ~~~t -d by the Congo Red microscop i ca l
t e s t  ( 8 ) , i ’,d b~’ t he i c - t c - r ” i n a t  ion of coppe r number  ( 0 )  and cupr amm ort i urn
f l u i d i t  — ( 10)  . c - ce ’  of the  cinexpos ed samp les and those w i t h d r a w n  a f t e r

and 24 months  were . i r i c l v s e d  as rece ived  and  w i t h o u t  any p r o o f i n g  removal
us i r ~ p s t  ‘ c n ’ b i r I m u  v t i c a l  cro ’ . ’ c I i r . - and the r e s u l t s  are given in Table  I .
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5. RESULTS AND DISCUSSION

The weathering of corespun ducks can be divided into two parts ,
deterioration of the polyester and deterioration of the cotton .

5.1 Degradation of Polyes ter

Most of the s trength of corespun co t ton/polyester  yarns is provided by
the pol yester  core . The degradation of the polyester  is indicated in the
tests of s t rength , (Table 4), microscopical assessment , and changes in
molecular weight  (Table 5) ,  which provided an impor tan t  clue to the  a b i l i ty
of the d i f f e r e n t  t reatments app lied to the cotton to protect the polyester.
The ranking of the c loths  in Table 6 from the data of Tables 4 and 5 and
from the microscopical assessments of damage not given in de t a i l  because of
the subjective nature of the test shows tha t  c loth P7 had the best res is tance
to weathering , P1 was next , then P8 while P2 , P3 and P4 had the least  i c ~~1st—
ance to weathering.  These la t te r  three were Army ducks .

The ranking according to loss of s t r eng th  was s imi la r  a f t e r  all per iods
of exposure but rankings fror’ the results of the other tests varied, It
was considered that the best estimate of rank for these tests would he
obtained by ranking the totals of the ranks for 9, 12 , 18 and 24 months.
Rankings of P7, P1, P8 and P6 were similar in the three tests while those for
P2 , P3 and P4 varied; but the overall ranking was similar. The results for
mean molecular weight of the polyester component have been given as percentage
decreases on weathering. Cloths P7 and P1 showed decreases of only 7 and
8~ after 24 months of weathering compared with 192’ for P3. The change was
far less than that obtained for loomstate duck in the first trial (1), 657
after 24 months (Table 5). Evidentl y the pigmented cotton protects the
hulk of the polyester hut localised damage in certain parts is except for P1
and P7 sufficient to cause considerable reduction in strength . This pro—

e c t i n g  effect of the rot—proofed cotton was also noted in the microscopical
examination of the polyester , damage being much less than that noted on
loonstate samp les in the earlier trial (1). It was noted that it was very
dif ti cult to obtain samp les of P7 sufficientl y clean for microscopical
examination ; p i gment particles clung tenaciously to the fibres.

From the retained strength shown in Table 4 , the cloths may be graded
by t he c - ’ :; c ’ , c r t  t f l t ’ - - requ’iru’ (l t o  reduce the  s t r e n g t h  to 907 as f o l l o w s

P7 20 months

P1 9 months

P8 , P6 , P5 5 months

P4 , P3 , P2 3 months

( I - t b  P7 had the longest life on exposure , more than twice that of the
i. .:t best. It w -  compare P7 with Ph which has a similar loornst ate mass ,

tt~.- 11 fe cx ; ’ --te d Is tou r time s as great.

The r cs i st , cn c c- c - weathering improved with increase of mass per unit
ar~ u . The c I t  o c t  may h&- see n by comparing P3—h , samp les of similar proofing

3
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in n  p cnc- ’.~ t i t  i c c . I on~- c n i s o ns made f rom L a b  Ic  - “, a t t 1~ ] c v c -  I of 3O~/
cc - t u n e d  sc r ..-ii et : - - , shoc~- ci t the exposures  r . . - qcz i r & d  wer . .- 9 , 12 , 1 5 ,  a n - b  l~
~ c c i L i i s . Tb ..’ I sO  ~ f I — f o l d  v - m m  fo r  samp le P5 ( T a b l e  1) na’’ h,avc- improved
t he ‘I r , , t  oct  ion of the p o l v e s t  ~- r  suc h t ha t  l’’~ had s i m i l a r  w e a t h e r  r e s i s t a n c e
t o  Pb a c l o t h  of g r e a t e r  mass bu t  made f r o m  2— f o l d  warp and s i n g l e — f o l d
w e t  t v i  ru

l o t I ,  I ’S s-as ‘~c m b m m t  t e n  -~~~ an ~l t e r n a t  lye to }‘4. It s-o s  r o t — p r o o f e d
s-i t T ~ c~~: ’ ;c , ’ r — S  , m 1 ~~ac . ~~~‘t  h ma d similar loonistate masses hut the exposures
i ’ m  3 1) r e t n i  ned St r - - , V ’t  P s - t i e

Ph -r c a t er t h ’~,m 24  m o n t h s

P4 12 m on t h s

Th e p r t -s t ’ r1~ - e 01 a l ar g e r ’ q c m a n r i  t o  of c o pp e r —8  and the absence of
cccpr a ivnon i urn c o - c r  i n  I S  V- , I -vpo r t  - n t  f a c t o r s  i n  the  improvement  bu t
l i t  f~-r - -nt p Lc-.. v i  s ( ‘t a b l e  1) in  t b s  r s - i - s am p l e s  and the  p r e s en c e  of a cr~- e n
- m t  dv . in  i ’~ ~a -  hay . .- s ’, m e f f 0 c t .  l i  the  t e s t s  show a l ’ c m ,vc -  dI~~fe~~ . , , c r -
i n  t i , . .  r a n k i n g  of  n I  P~ ( F i h i t -  6 ) .

\ l t h - cigh t h i s  t r i a l  does not  pr v i d ~ a d i re c t  c o mp a r i s o n  h t - t ~-:cen r o t —
p rco t i r i g s- i  t i c c up r am rn -n i om an ’ ] c o p pc  i —  , 1 t should  he noted t h a t  the  samp les

I N  t h e  ‘ t ’St  r e s i s t an c e  to ‘ c,’ O t h e i  i n g  h ive  a l l  been  p r o o f e d  w i t h  c o p p e r — S
and t - r s ~ w i t h  t he -sc r s t  C c ’ s  i s t  i n c . .. con ta i n  l ar g e  a m o u n ts  of copper  f r o m  t h e
c~ p ru:  mon him t rea tn . .- n t

5 .2  - ‘ ‘ i , ,in o~ , ‘ot~i - a,

00 d e p r a d a L i o n  of the co t ton  component  i s  measured by microscop ical
ass..-ss -nent by  t h e  L n n g o  red I t - s t  ( ‘F a b l e  7 ) ,  i’v c o p pe r  n u m b e r  (Table ~

) and c i
by t i p  macmo on i nn: f l u i d  i t ’ ;  ( T I ’  1 °) . Tb.. - r a n k i n g  ot the cloths in Tab I i -  10
s-O S dcme - i s  , l t - s c r i b e d  in  i r I , . 5 . 1 .  Tim e t a b l e  d i sp l ay s  some s i m i l a r i t y
O - t y c o i l  t ’ c r c - n u ,  ts ~~i t he  t i i r . .-e t e st s  T i :  t h a t  P7 sh ow s  t i n -  b e s t  r c ’ s i s t ’ :cn ce
t o  se . t t h e r u i g  of ft.. c ot  t o n , P 1 i s  n ->: t . ~u id  PS t h i r d . C l o t h  P2 has t I -

‘is I mt —i is t a n c~- to w e , c t  he r  I up . Tb ,- e f t  ~- c t  of the  mo di  P h I  f o r m u l a t i on
c ic e d  ‘c’ p r i - f i n g  t l ’~ ’ Ac - m v ducks  P 3—b i n c l u d i n g  l ice i d d i t  i on  of 1% of r u t i l e
is, s l , c - , -;n b’S ’ t b  t o t t c r  r a t i n g  b r  P3 c -mp -ir ed  I c  P2 .  The d i f f e r ’ ,- n t ’ c ’ s  is
n o t  :0-  pc ~m as t h a t  r~~~- o t ~~ 1 - ‘ i v -- j o i i s l - ;  ~2)  or an a d d i t i o n  of T i 1
r o l l  I c ’ ; - i t  I c o m ~~t 3—52’ sh o u l d  ,- u s e d .

As , r N . a - rved in  t t ’ c ’  d . - g r a d a t m - i i  n I  t h e  p o l y e s t e r  cor..- , c l ot h s  h a v t n p ,  t h e
be st  res ‘ t U ’ ic. .  to d O p r a d i l t i c - f l  of the  c ot t o n  had b een pr o - i  I w i t h  coppe r— S
whi  10 t h e — n - show j r ip t i l t  w o r s t  des  i St  an d - had h e t - c i  p r oc  t e d  ma i n i  v w i t h
c i m p r ’ m m n i o c u i ’ m m .  I m p r i c v i n p  I he r e s i s t a n c e  ol the Cat  ton to  w e a t h e r i n g  does
not  aim tomat  ical  ly 1 mproi-~- t h .. r e s i s t a n c e  of t h e  po ives  to  r h u t  t he  I l iv  i n u t  i o n
of t h . . -  ‘rn- i  of c op p e r  such as cu p r ar n m o n i u m  t h a t  a c c e l e r a t e  ac t  i n i c  d e p r ~~i c —
ti ,on ( 9 )  and t l i e  l i w ’  1 t m ~~1 on ot  i -o ppe c— P and p 1 p r - c -  i i  t .s w h i c h  r .. t ar d  d..- p r a d a t i o n
( 5) 1 ~p m o v e s  t h e  rosi stance of b o t h  I

The t c ’O ts fo r  cot  ton d i f f e r  in  t I c ’  i r s i go i t  i e n t ic e  . ( ‘ I i . . -  C o n p ~ r e T
n i c r c s c o p i c a l  t e s t  ( T a b l e  7)  shows t h a t  t he  d~cma c ’ t o  t h e  c o t t o n  win-i cot  i r e l v

i r i c ;  t i c t -r e  w a —  n° d e f i n i t e  ev idence  o f  f u n g a l a t t a c k  or degrad at  l o u  h \
m c i d , nor  was f u n g u s  d e t e c t e d  by v i s u a l  c ’  :~, i r i  I not  i o u :  of  t h e  mm i i t i ;  when t he ’
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were ret urned from J . T . R . U .  Except. for P7, damage to the cotton was from
moderate to fairly s..-vere after 2 months. After 24 months , dami gc - was
quite severe  on a l l  bu t  1..-ss on P1 and P7 than on the others.

Copper number determines the reducing power of the cotton cellulose and
it increases considerably on w..- ; I t T I c ,- 1 I n g  particularl y in the ‘ non—alkali ”
samples which had been prepared without any alkaline treatment. The rank-
ing of the results was somewhat similar to the order for the Congo red test
in that P1 and P7 were the best and P8 the worst. Samples showing ml ..-
i i L ~~ l lc ~St coppe r numbers after 14 months of exposure had been proofed with
cuprammonium.

Cuprammonium fluidity is related to the degree of polymerisation of the
cellulose. As the long chain molecules are broken up during weathering,
fluidity increases. Although fluidity and copper number measure different
properties , the samples -ire ranked in a somewhat similar order in ‘Fable 10
except f o r  PB . The results in ‘b I l e  9 show that after 18 months , fluidities
of all those p r o o f e d  w i t h  cupramm onium were  in the 30—35 range while t ho s e
prooted with coppet ’ —8 1~ ive resril Is in range 22—28.

5 .3  P u O i  r ’ P w u , S t ; n c ’

Table 11 shows t h a t  c l o t h s  P 7 — h  had an initial water resistance of
5— n kiPi and t T ; i t  this was retained or increased  d u r i n g  w e a t h e r i n g .  Cloth
P 1 los t w a t e r  r t - s i s t a r i ,-e s l i g h t ly on w e a t h e r i n g .  The resul t s  for  P7 were
var i a b l e .  The i n i t i a l  value w a ;  hi gh hu t  except  fo r  t h e  low resul t  a f t e r
15 months , w a t e r r e s i s t a n c e  a f t e r  s-. . - a t h e r i n g  was almost equ iva len t  to t h a t
o f P 2 — h .

Cloth P8 differs from t I n -  c ’t i m e r s ; a s i l icone  and a l u m i n i u m  formate
w a r  . . -r p r o o f i n g  t inish had bee n app lied whereas wax emulsion had l i t -e n  used in
all t he  others (Table 1). l e a c h i n g  out of the  w a t e r  so lub le  m a t e r i a l  may
have been responsible for the increase in water resistance during the first
12 m o n t h s  f rom about 5 to 17 kPa hu t  decomposi t ion  of the s i l icone  would be
responsible  f o r  t h e  subsequen t  de c re a s e  to 2 . 2  kPa a f t e r  18 m o n t h s .  N o t e
t he red , t i o t i  in t h e  s i l i c a  c o n t e n t , (Table 3) .

5.’j ;‘ t ’ r ’ of  .-, ‘~~~t : ~~i’ ii-r on h o t — ,: r ; n f : n - y  m O  /‘ l ,‘ : ‘ c - T t: ’

The ..-ffects of weathering f o r  18 and 24 months on the c o n t e n t s  01 rot—
p r oof r ’- and p i g m e n t -  ;m r e  shown in Table 3. All samples retained some
c op p e r , and f u n g a l  o t t  ;ick was neg l igible . Ino rgan i c  copper in sara 1 . s P 2 — h
was sins--is- lost bu t  h a l f  to t w o — t h i r d s  r . . - t r o i i n ed  a f t e r  24 months .  Samp les
P3—h also r e t a i n e d  ; i i o u t  h a l f  of t h e  p e n ta ch l o r o p h eny l  l au rat e  o r i g i n a l l y
p r e s e n t .  Samp le P7 lost v -or . .- p e n t a c h l o r o p he ny l b or a t e  bu t  s u f f i c i e n t
remain c-I to supplement the fungicidal a c t io n  of the small ; ‘ : r o r m n t  of copper .

Tit a n ium and chromium used to i m pr o v e  r e s i s t a n ce  to a c t i n ic  d egr a dat -  i o n
werc not removed by weathe ring, and ant imonv in t h. .  f i n n . . - -- p r o o f e d  samp les s - Os
not lo s t . °he amounts of zinc added as borate for t l a n c e — p r o i ’ f i n g  and
calcium c ; c r ’ , - n m t c ’  s - er . . -  gradually reduced , probably t h r o u g h  c o n v e rs i o n  to the
ch I o r i c t c - s  due to  r e a c - t  ion with hvdrochlori - acid produced by photochemical
decomposition of chlorinat ed compounds. Samp le i’l loaded with 1fl .9~ of
calci um - a r t  - ‘ t i l t  - - lost one N f t h  s-hi Ic P7 lost zinc rather than calc t i n ; .

S
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Sample PS i n i t i a l l y  r a t h e r  ac id , (p H of aqueous  e xt r a c t  5 g/ l OO ml i s  4 . 7 ) ,
lo st  most of its calciunm . When chlorinated compounds were present in
quant ity , time amount of  c a l c i u m  lost on weathering indicated t h a t  2—32’ of
an acid acceptor was required , otherwise 0.2— f). 37 su f f i c e d . Some acid
acceptor is needed because even loomstate cotton tends to develop acidity
during wcathering.

Cloth P7 has a smal ler inorganic loading than P1 but it also contains
carbon b l ack .  Onl y PB conta ins  s i l i c a  as a m a j o r  component ;  s i l i cone  and
aluminium waterproofing were used. There was some loss of silica after
18 m o n t h s  showing decomposition or loss of the  s i l i cone  c o r r es p o n d i n g  w i t h
loss of w a t e r  r e s i s t ance  ( R e f e r  Table 11) . The amounts of silica in other
samples varied with the degree of so i l ing  also shown by an increase in iron
and aluminium contents . Soiling was worst on P1 which gained mean s 22 of
silica. Iron oxide had been added as a pigment in P2—6 and P8 and was not
removed b y w e a t h e r i n g ,  the amounts  p resen t  being f a i r ly cons tan t at  ; mbc .’u t
1.5%.

I ON

The r e su l t s  of t h i s  exposure  t r i a l  have shown t h a t  if  th e  samples  or ,
a r ranged  in  rank according to resistance to weathering, P7 is the  be st  in
al l t e s t s , P1 is nex t  and P8 is t h i r d  in most t e s t s .  C l o t h  P2 t h e  s t a n d a r d
army duck f r o m  the  f i r s t  t r i a l  (1) t h a t  was re—exposed in t h i s  t r i a l  was t h e
s-o rs l  ‘in  all tests ex c € -p t  the  mean molecu la r  s-c i gh t  r e d u c t i o n  of the
pc I - - e st e r , P3 and  4 , arm ’ duc ks p r o o t e d  u s i n g  t h e  m o d i f i e d  f o r m u lat i o n  were
n e x t , wh i l e  P S is h .. t t ’ ...- r t h ou:  i t -  equa l  t o  t he  h e a v i e r  c l o t h  Ph in a l l  t e s t s
..-x.. :..-p t  t h a t  of the  m o l e c u l a r  we i gh t of  the  p o l y e s t e r .

i t  is bel ieved t i u , t i n a d e q u a l . . -  c o v er  o f  t he  p o ly e st e r  core is r ; a i n y
respons ib le  fo r  the  d e t e r i o r a t i o n  on s . . - a t h c r i n g  ( 1 — 3 ) .  in c r e a s i n g  the  mass
p e r  u nj  t area of the  m a t e r i a l  has i n c r o ;m ; - c d  t he  r e s i s t a n c e  to s - e n t h c  r i n g  h u t
t he  i i  p l i t e r  P5 tra de f r o m  3 f o l d  ya rns is o f t e n  equa l  or h c - t t e r  in r e s i s t : i u u c . . -
to t he h c r v  icr  Ph , m ; m d . .  f r i c i - :  7 — f o l d  and s i n g  I . . -  f o l d  y a rns , p r o b a b l y h ec atz i - ic ’
o f the  improved cove r given I-; t h e  1—b I d  Y a r n s .

The heavy f l a m e — p r o o f -i! P7 has ab o u t  I our  t i m e s  ti c . .- I i  t o  of Ph of
sir: i b r  loomst at . .- mass , a r i d  t h e  l i , : l i t  l l a t : i e — p r o o l  . .d  P1 has about  t h r e e  t i ; ’ -i
t h e  l i f e  of P2 of s in :  i l a m  l o c m s t a t  e tuna s  i rs  measured  a t  507 r e t a i n e d  s t r e n g t h
(Table  4) h u t  t h e  l oad ing  of P1 w i  ft c l i r o r r i . .- n x i d . .- and c a l - i u m  c a r b o nat e  and
P7 w i t h  c l u r o m i c ox ide , c a l c i u m  c a r b o nat e  and carbon b l a c k  appears  to hay ..-
h , - . .-n  la rgely r e s p o n s i b l e .  I n  a d d i t i o n , t he t h r e e  c l o t h s  w i t h  b e s t  r e s i s t —
an i- t o s- -e ’it he r  ha y . . -  b e t -u i  r o t — p r o o  f e d  ~c I th  c o p p er — S w i t  l o l l  t us ing
cui pr ammfl on  ium.

The r a n k i n g  of co t  t o n  d e g r a d a t i o n  is  s i m i l a r  t o  t h a t  I or p o l ye s t . . -r
;Ic ’ gr ~-i ]; m t ion . ih e  c - i  i m i n a t i o n  of cup ra mmon i  rim copper and the  use of coppe r—
8 or ‘opp u - r—8 and ion  I c c ;  ‘1 or ’p h . . -n v  1 laurate in larger amounts t oge titer s-i Iii

i t  ii! ] e p i g men ts h~ s d c - c  i- c used t i m e  1..-gradation i t  t he  c o t t o n . l b . . -  c lo t h s
w i t h  t h e -  b e s t  r ..-s i st a n c e  h ad been f i a m ep r o o f e d  w i t h  compounds  of ant  m o llY
and z i n c  and ch ior i  no t . . -d I ; - : 1  r o c ;m r h ’ns h u t  — o f f  ic icn t  c a l . .- i t in c : mr h o n a t  c ’  was
p r c - : ; c - n t  t o  n o u t r ;m l i s o  ans’ ;n ’ i d  f c ’r n , -d d u r i n g  ..- x p o o u m r . . - . I t  h -i s b c - c u ;  shown

—
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that 2—3% of an acid acceptor , generally calcium carbonate is required if
chlorinated compounds are present , otherwise 0.2—0.3% should suffice. The
improved rating for P3 compared with P2 especially for degradation of cotton
shows the effect of the modified formulation used for proofing the army
ducks . Although several changes were made (Table 1), the improvement
imparted by 11 of ru t i l e  is comparativel y small compared wi th that given by
10% in previous work (2). About 3—5% should be used to obtain a worthwhile
improvement.
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‘
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- 
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ANA LYSIS OF F I N I S H E S
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T A B L E  4

PER CENTAGE OF WARP BREAKING STRENGTH RETA INE I )

Period of Exposure P1 P2 P3 P4 P5 P6 P7 [ P8

2 months weather ing 75 57 55 58 62 62 86 67

4 months 64 42 43 47 53 52 81 55

6 months “ 57 30 36 41 48 47 78 47
9 months “ 50 25 30 35 42 41 64 42

12 months 44 20 26 30 38 37 62 38

15 months 42 18 22 27 34 35 55 35

18 months “ 35 13 17 24 30 30 53 31
24 months “ 38 12 16 21 27 28 46 32
_  I __ _ _

T A B L E  5

MEAN MOLECULAR WEIGHT OF POLYESTER BY VISCOSITY IN META CRESOI:

(Percentage reduction on results for unexposed material)

I Loomstate~~~
Period of Expos ure P1 P2 P3 P4 P5 P6 P7 P8 duck fr om I

first tria~~~~

9 months wea the r ing  5 10 18 10 17 8 2 4 —

12 months “ 10 10 13 13 17 17 7 5 —

18 months 9 17 17 15 14 11 8 11 63
24 months 7 16 19 22 16 12 8 16 65

11



T A B L E  6

RANKS OF INCREASING DEGRADATION OF POLYESTER

Reduc tion in mean MicroscopicalRetained Mean
Sample molecular weigh t assessment of actinicstrength Rankof polyes ter degradation

P1 2 2 2 2

P2 8 5 7 7
P3 7 8 6 7

P4 6 7 8 7

P5 4 6 5 5

P6 5 4 4 4

P7 1 1 1 1

P8 3 3 3 3

T A B L E  7

ASSESSMENT OF ACTINIC DAMAGE OF COTTON BY THE CONGO RED TEST

Period of Exposure P1 P2 P3 P4 P5 P6 P7 P8

0, Unexposed Nil Nil Nil Nil Nil Nil Nil Nil

2 months weather ing A3 A3 A4 A3— 4 A3 A4 Al A3 -4

4 months “ A4 A4 A4 A4 A4 A4 A4 A4

6 months “ A4 A5 A4 A4 A4 A4 A3 A4

9 months “ A4 A4 A4 A4 A4 A4 A4 A4

12 months “ A4 A5 A4—5 A5 A4—5 A4— 5 A4— 5 A4

18 months A3— 4 A5 AS A5 A4— 5 A4 A4 A4

24 months A4 A4—5 A4— 5 A5 A5 A5 A4 A4— 5

A3 = 30—50% loss of strength of the cotton

A4 = 50— 75 %

AS = 75—100%

12
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T A B L E  8

COPPER NUMBER OF SEPARATED COTTON NON—AL KALI SAMPLES

Period of Exposure P1 P2 P3 P4 P5 P6 P7 P8

0, Unexp osed 0.2 0.2 0.4 0.5 0.4 0.5 0.6 0.5

6 months weathering 0.8 1.3 1.0 0.7 0.5 0.8 0.8 1.0

9 mon ths “ 1.2 1.8 1.4 1.0 0.7 0.6 0.9 1.0

12 months 0.8 1.7 1.3 0.9 0.9 1.5 0.6 1.0

18 months 1.2 3.7 3.2 2.2 1.8 1.1 1.3 1.6

24 months 0.7 3.2 2 .8  2.1 1.9 1.7 1.0 1.4

T A B L E  9

CUP RPJIMONIUM FLUIDITY

Period of Exposure P1 P2 P3 P4 P5 P6 P7 P8

0, Unexposed 6 10 7 12 10 8 7 11

6 months weather ing  18 29 23 22 21 20 16 21

9 months 19 35 31 27 21 20 17 27

12 =‘onths 25 36 29 30 25 33 19 27

18 months 24 35 32 32 30 31 23 27

24 months 24 34 34 32 33 32 22 28

13
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T A B L E  10

RANK S OF INCREASING DEGRADATION OF COTTON

Sample Congo red test Copper number Fluidity Mean rank

P1 1 2 2 2

P2 8 8 8 8
P3 5 7 7 7
P4 7 5 6 6
P5 6 3 4 4.5

P6 4 4 5 4 .5

P7 2 1 1 1
P8 3 6 3 3

T A B L E  11

WATER RESISTANCE IN KILOPASCAL S

Period of Exposure P1 P2 P3 P4 P5 P6 P7 P8

0 , Unexposed 5.2 5.8 5.9 5.3 5.1 5.9 9 .5  5.1

2 months weather ing 4 .5  5.6 6 .0  6 .7  4 .8  7.1 10.6 8.6

4 months 5.4 7 .4  6.0 7 .3  5.5 9 .2  12.7 9 .3

6 months “ 5.0 6.6 7.5 7.4 5.8 9.1 8.2 9.9

9 months  4 .6  6.0 6.1 6 .6  5 .7  9 .3  7.1 12.2

12 months 4 .7  6 . 2  6.0 7 .3  5 .7  8.8 5.0 17.2

15 mon ths 3.6 6.9 6.6 7.6 5.3 10.1 2.6 10.3

18 months ~
‘ 4 . 3  5.9 7 .0  7 .6 6 .2  9 .3  5.0 2 . 2

24 months 4 .5  6 .9  5.8 7 . 3  5.4 10.7 5 .0  1.8

14 
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APPENDIX

PREPARATION OF CELLULOSIC AND POLYESTER MATERIALS

FOR DETERM INATION OF DAMAGE

Examination by chemical or microscopic methods of deteriorated cotton
textiles to determine the type and degree of degradation requires that the
cotton fibres be as free as possible from finishing and other extraneous
materials. Cotton fibres may also have to be separated from other fibres
such as polyester in intimate mixture with them before examination . This
paper describes the procedures we use to obtain the fibres in suitable
condition.

~~TH0D FOR REMOVAL OF FINISHING MATERIALS FROM COTTON

The method described will remove most wax and most pigments from cotton
as well as phosphorus—based flame—resistant and many other finishes. Many
re-sin finishes will not respond to the treatment.

The treatment is based on information supp lied priva tely some years
ag’ by the Shirley Institute for preparation of material for examination by
the Congo red test; we have modified the treatment to cope with changes in
finishing processes developed over recent years .

An appropriate amount of material unravelled into yarn is extracted in
petroleum ether (40—60°C) or diethyl ether for about 3 h with frequent
agitation. After rinsing in solvent and allowing to dry , the material is
treated successively with 2~ (v/v) acetic acid solution at 40°C for 15 mm ,
17 I)xRlic acid solution at 80°C for 15 mm , and 17 boiling sodium hydroxide
solution for  1 h , r i n s ing  in w a t e r  after each treatment. The material is
f i n a l l y  boiled in water  for  15 mm and dried at a temperature of 90°C, or
less. In order to prevent further degradation of the cotton the tempera-
tures specified mus t not he exceeded but they should be maintained as
nearly as possible. The effect of a treatment of this kind on the results
of tests for degree of degradation have been discussed in an earlier
paper (1). The cotton material is reduced to short lengths either by
disintegrating in a mill or by cutting.

For some tests, f or examp le , determination of alkali soluhility, it is
obvious that an alkaline treatment cannot be used and the alkali boil has
to he omitted . In such a case , or where the normal treatment , that is
including the alkali boil , does not appear to have removed most extraneous
material , we recommend the addition of up to 10 g per I of a surface active
agent In the final water boil. At MEL, Ultravon JU400 (Ciba—Geigy ) has
been used successfully but other agents are also suitable. If a surface
a c t iv e  agent  is used f i n a l  washes in hot wa te r  fol lowed by r inses in e t h a n o l
and acetone are r equ i r ed .

i ’-,
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When examining cotton/polyester materials , some of this “non—alkali”
sample is used for separation of the components.

SEPARATiON OF COTTON COMPONENT

For the de terminat ion of the degree of degradat ion of the co tt on
component it is essen t ial to remove the polyes ter without damaging the
cotton . The following method is used . A sample is treated four successive
times with m— cresol at -- ‘ut 100°C for 10—20 mm each , filtering af ter each
treatment through s i t ~- r d  g l ass (porosi ty 2). It is rinsed with cold
m— cresol followed by e thanol until free from m-cresol then boiled in water
and dried as above . This ‘ non—alkali ” samp le is used for the determination
of copper number , alka ’ solubili ty and carboxylic acid but a portion is
boiled in 1% sodium hydroxide as described above to ob tain a samp le f or
determining cuprammonium f luidi ty,  copper number (alkali treated sample) and
for microscopical examination .

SEPARATION OF POLYESTER COMPONENT

In order to ob tain polyes ter for  the de te rmina t ion of damage , cotton
must be removed wi thou t damaging the polyes ter. Cotton is removed by
treatment with cuprammonium hydroxide. The sample is shaken for at least
3 h in cuprammonium hydroxide solution of similar concentration to that used
for de termining fluidity (2) and the solution filtered through a tared
sintered glass filter (porosity 2). The residue is again shaken in
cuprammonium hydroxide for 0.5 h and filtered again, washed twice with
cuprammon ia, then ammonia, water ,4M hydrochloric acid, water (6 times),
ethanol and ace tone , dried in the oven and weighed.

Clean pol yester remains.

REFERENCES

1. Hindson, W.R . (1949). The use of chemical tests in determining the
type and degree of damage to cotton fibres. MRL Report 177.

2. . (1969). Determination of fluidity of cotton and regenerated
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