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B ü M M A R Y

The e^ufeots on dyed w o o lle n  m exterlal o f  perm anen t 

p l e a t i n g  p ro c e s s e s  su ch  a s  th e  sodium  b i s u l p h i t e  (Im m acu la ), 

th e  ammonium t h i o g l y c o l l a t e  ( S i r o s e t )  and th e  u r e a -  

b i s u l p h i t e  have b ee n  in v e s t ig a te d *  By e x p o s in g  th e  m a te r i a l  

to  v a r io u s  c o n d i t io n s  e*g* d u r in g  a s e a  v o y ag e> h a s  been  

a s s e s s e d  and some d y es  have b e e n  fo u n d  to  be s e n s i t i v e  to  

th e  p re s e n c e  of r e d u c in g  ag e n ts*  I n  l i g h t - f a s t n e s s  t e s t s  

an e v e r  w id e r  ra n g e  o f  d y e s  h a s  been  found  to  be s e n s i t iv e *

A c o m p ara tiv e  s tu d y  o f  some m ech a n ic a l p r o p e r t i e s  

o f  th e  w o o lle n  m a t e r i a l s  t r e a t e d  w ith  re d u c in g  a g e n ts  and 

steam ed  f o r  v a r io u s  i n t e r v a l s  o f  t im e , ra n g in g  from  20 

to  120 se c o n d s , h a s  b e e n  made and a r e l a t i o n s h i p  h a s  b een  

fo u n d  betw een  th e  p e r c e n ta g e  s w e l l in g  and th e  t e n s i l e  

s t r e n g th  o f  th e  t r e a t e d  m a te r ia l*  A c o n s id e r a b le  l o s s  

i n  th e  t e n s i l e  s t r e n g th  h a s  b ee n  found  i n  th e  o a se  o f  

y a rn  g iv e n  th e  u r e a - b i s u l p h i t e  tre a tm e n t*  The c r e a s e -  

r e t e n t i o n  o f  th e  m a te r i a l  s to r e d  u n d e r v a r io u s  h u m id ity  

c o n d i t io n s  h a s  b een  s t u d i e d  and found  to  v a ry  v e ry  l i t t l e *  

O p t ic a l  and e l e c t r o n  m ic ro sco p e  i n v e s t i g a t i o n s  have 

b een  made on th e  wool w hich h a s  been  g iv e n  th e  above 

t r e a tm e n ts  and th e  i n v e s t i g a t i o n s  have b een  f u r t h e r



e x te n d e d  to  th e  f i b r e s  t r e a t e d  w ith  u r e a - r e d u c e r  s o l u t io n s  

u n d e r v a r io u s  c o n d i t io n s  o f  c o n c e n t r a t io n ,  pH, tim e  and 

te m p e ra tu re *  D i f f e r e n t  s t a in in g  m ethods have been  

em ployed t o  d i f f e r e n t i a t e  be tw een  th e  o r th o -  and th e  p a r a 

c o r te x  o f  th e  f ib r e s *  The r e s u l t s  a re  d is c u s s e d  i n  

r e l a t i o n  t o  th e  h i s t o l o g i c a l  l o c a t i o n  i n  th e  f i b r e  o f  th e  

a c t io n  o f th e s e  re a g e n ts *  T h ere  i s  an ev id en c e  t h a t  

in  m erin o  wool f i b r e s  h a v in g  a b i l a t e r a l  c o r t i c a l  

s t r u c t u r e ,  u n d e r th e  c o n d i t io n  o f  neu tra l pH, th e  u r e a -

re d u c e r  s o lu t io n  a t t a c k s  th e  c u t i c l e  around  th e  o r th o -  
first dissolving

c o r te x ,  bcginn^iH'g th e  o u te r  l a y e r  o f t h e  e x o c u t ic le  

and, w i th in  th e  f i b r e ,  d i s s o lv e s  m a te r i a l  o n ly  f ro m  th e  

o r th o -  c o r te x *
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A B B T B A G

The e f f e c t s  on clyecl w o o lle n  m a te r i a l  o f  p erm an en t 

p l e a t i n g  p ro ceeseB  such a s  th e  sodium  b i s u l p h i t e  (im m ao iila ), 

th e  ajimioniiim t h i o g l y c o l l a t e  ( B l r o e e t )  and th e  a r e a -b lB U lp h i te  

have b een  in v e a t ig a te d o  By e x p o s in g  th e  m a t e r i a l  t o  v a r io u s  

c o n d i t io n s  o f  h u m id ity  and tem pez‘*ature^ th e  e f f e c t  o f  s to r a g e  

c o n d i t io n s  o*g« d u r in g  a s e a  v o y a g e , h a s  b een  a s s e s s e d  and 

some d y es  have b een  fo u n d  t o  be s e n s i t i v e  t o  th e  p re se n c e  

o f  r e d u c in g  ag e n ts*  I n  1 1 g h t - f a s tn e a s  t e s t s  an  even  w id e r  

ra n g e  o f  d y es  h a s  b e e n  fo u n d  to  be s e n s i t iv e *

A c o m p a ra tiv e  s tu d y  o f  some m e c h a n ic a l p r o p e r t i e s  o f  

t h e  w o o lle n  m a t e r i a l s  t r e a t e d  w ith  r e d u c in g  a g e n ts  and  

steam ed  f o r  V a r io u s  i n t e r v a l s  o f  t im e , r a n g in g  from  20 to  

120 secondsp  h a s  b e e n  marie and a  r e l a t i o n s h i p  h a s  b een  fo u n d  

betw een  th e  p e r c e n ta g e  s w e l l in g  and  th e  t e n s i l e  s tx ’*ength o f  

th e  t r e a t e d  m a te r ia l*  A c o n s id e r a b le  l o s e  i n  th e  t e n s i l e  

s t r e n g t h  h a s  b ee n  fo u n d  i n  th e  c a se  o f  y a rn  g iv e n  th e  u r e a -  

b i s u l p h i t e  t r e a tm e n t*  The c r e a s e - r e t e n t l o n  o f  th e  m a t e r i a l  

s t o r e d  u n d e r  v a r io u s  h u m id ity  c o n d i t io n s  h a s  b e e n  s tu d ie d  

£ind fo u n d  t o  v a ry  v e ry  l i t t l e ^

Opticgal and e le c tre o n  m ic ro sco p e  i n v e s t i g a t i o n s  h av e  

b een  made on th e  wool w hich  h a s  b ee n  g iv e n  th e  above 

t r e a tm e n ts  and th e  i n v e s t i g a t i o n s  have  b een  f u r t h e r  e x te n d e d  

t o  th e  f i b r e s  t r e a t e d  w i th  u r e a - r e d u c e r  s o l u t io n s  u n d e r



v a r io u s  c o n d i t io n s  o f  c o n c e n t r a t io n ,  pH, tim e  and 

te m p e ra tu re *  D if f e r e n t ,  s t a i n i n g  m ethods have b e e n  

em ployed t o  d i f f e r e n t i a t e  b e tw een  th e  ortho-^ and th e  

p a ra -G o r te x  o f  th e  f i b r e a * The r e s u l t s  a r e  d ieo u B sed  

i n  r e l a t i o n  t o  th e  î i i s t o l o g i c a l  l o c a t i o n  i n  t h e  f i b r e  o f  

th e  a c t i o n  o f  th e s e  r e  a g e n ts .  T h ere  l a  an  é v id e n c e  t h a t  

i n  m erin o  wool f i b r e s  h a v in g  a b i l a t e r a l  c o r t i c a l  s t r u c t u r e ,  

u n d e r th e  c o n d i t io n  o f  n e u t r a l  pH,  ̂ th e  u r e a - r e d u c e r  

s o l u t i o n  a t t a c k s  th e  c u t i c l e  a ro u n d  t l i e  o r th o - c o r te x ^  f i r s t

t  th e  o u t e r  l a y e r  o f  th e  e x o c i^ t ic le  and, w i th in
\th e  f i b r e ,  d i s s o lv e  s m at ex 'ia .lm ^ i'n ly f rota th e  ? o r th o - c o r t e x  *

' \ \  ■ • .

\ \
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CHAPTI3R I

I N T R O D U C T I O N



The I n t r o d u c t io n  o f  s y n th e t i c  f i b r e s  such  a s  ^'Terylene**, 

**A crilan’% **Trioel^^, G o u r t e l l e " , d u r in g  th e  p a s t  decade  h as  

c r e a te d  a grc-grtr r i v a l s  t o  th e  wool t e x t i l e  i n d u s t r y  and r e c e n t  

su rv e y s  c o n d u c te d  i n  U*B#A* show a  d e c l in e  i n  t h e  amount o f  

wool u se d  f o r  c lo th in g ,  p re su m a b ly  due t o  th e  im pact o f th e  

a c r y l i c  f i b r e s .

B e fo re  th e  ad v e n t o f  th e  s y n th e t i c  f i b r e s  th e  u s e r ’ s 

c h o ic e  was r e s t r i c t e d  t o  f a b r i c s  t h a t  w ere made from  th e  

c e l l u l o s i c  and n a t u r a l  p r o t e i n  f i b r e s .  Wool was c o n s id e re d  

t o  have  v a lu a b le  p l e a t i n g  p r o p e r t i e s .  The p l e a t s  o b ta in e d  In  

wool f a b r i c s  by s te a m in g  and  d ry in g  a re  o f te m p o ra ry  n a tu r e  a s  

th e y  a r e  d e s tro y e d  I f  th e  f a b r i c  i s  m o is te n e d .

The modern s y n th e t i c  f i b r e s  p o s s e s s  e x c e p t io n a l ly  good 

p l e a t i n g  p r o p e r t i e s  due to  t h e i r  t h e r m o - p l a s t i c i t y  end a re  

am enable t o  p erm an en t d i s t o r t i o n  i f  t r e a t e d  im d er s u i t a b l e  

c o n d i t io n s  o f  te m p e ra tu re  and p r e s s u r e .  F a b r i c s  made from  

y a rn s  p re p a re d  by b le n d in g  T e ry le n e  s t a p l e  f i b r e  and  ?/ool 

(a p p ro x . 50- 5 0 ) can  v e ry  e a s i l y  be g iv e n  perm anen t c r e a s e s  and 

p l e a t s  by e x p o s in g  t o  s u p e r - h e a te d  s team  f o r  a s h o r t  p e r io d  and 

th e s e  have  a h ig h  r e s i s t a n c e  t o  w ash ing  and l a u n d e r in g .

The re m a rk a b le  com m ercia l s u c c e s s  o f  d u ra b ly  p l e a t e d  or 

c r e a s e d  g a rm en ts  made from s y n th e t i c  f i b r e s  h a s  h ad  a s e r i o u s  

im pact on wool commerce. I t  was b ecau se  o f t h i s  s u c c e s s  t h a t



r e s e a r c h  i n t o  th e  f i n i s h i n g  o f  wool f a b r i c s  was s t a r t e d  and 

i n  r e c a n t  y e a r s  t h i e  n ao o a rch -w o rk  h a s  met w ith  some succeee*  

T h ere  a r e  now E iv a ila b le  two perm anen t p l e a t i n g  o r  c r e a s in g  

p ro c e s s e s  f o r  wool f a b r i c s :  an  A u s t r a l i a n  p r o c e s s  known a s
A

B i-B o-8© t w hich  i s  b a se d  on u se  o f  ammonium t h i o g l y c o l l a t e
2and a  B r i t i s h  p r o c e s s  c a l l e d  Im m aculé w hich  m akes u se  o f  

sodiutB b i s u lp h i t e #  Very r e c e n t l y  th e s e  p erm an en t p l e a t i n g  

p r o c e s se s  have b e e n  s u c c e s s f u l l y  com bined w ith  th e  s h r in k -

p r o o f in g  t r e a tm e n t  t o  im p a r t  t o  w o o lle n  m a t e r i a l s  a  n o n -
%

i r o n  p r o p e r ty  /  e . g .  th e  ” S iro n ig ;e d ’̂ f i n i s h  f o r  **Easy*care** 

p r o p e r t i e s ' d e v e lo p e d  by  th e  0 . 8 . 1 * R ,0 . o f  A u stra lia^^#

R e c e n tly  th e  r e a c t i o n s  i n  permanent p l e a t i n g  p r o c e s se s  have 

b een  d ev e lo p e d  t o  g iv e  a  h ig h  perm anen t l u s t r e  t o  a l l -w o o l  

f a b r i c s .  A new o rg a n ic  ch e m ic a l c a l l e d  M easac, m a n u fa c tu re d  

and s o ld  by  th e  A s s o c ia te d  C hem ical G om paniee, h a s  been  

e a p e e i a l l y  d e v e lo p e d  i n  c o - o p e r a t io n  w ith  th e  I n t e r n a t i o n a l  

Wool S e c r e t a r i a t  t o  p ro v id e  a s im p le , e f f e c t i v e  and v e ry  

econom ic m ethod o f  p r o c e s s in g  w o o llen  and w o rs te d  f a b r i c s  

t o  o b ta in  a f l a t  f i n i s h ,  d u ra b le  c r e a s in g  and c r e a se -sh e d d in g  

p r o p e r t ie s *  I n v e s t i g a t i o n s  have  f u r t h e r  shown t h a t  w ith  a  

Meaaac t r e a tm e n t  a  l u s t r o u s  f i n i s h  s t a t e d  t o  be  perm anen t to  

Hoffman p r e s s i n g ,  can  be o b ta in e d  on p i l e  and w o rs te d  fa b r ic s *  

I t  i s  l o g i c a l  t o  th in k  t h a t ,  th e  more p r o c e s s in g  

w ool& ##P m ateria l r e c e i v e s ,  th e  fu r th e r  w i l l  i t s  p r o p e r t i e s  

such  § s  s t r e n g t h ,  q u a l i t y ,  h a n d le ,  d e p a r t  from  th o s e  o f  th e



o r i g i n a l  and. t h a t  i n  th e  oaso  o f  dyed g o o d s , f i n i s h i n g  

p ro c e s s e s  may a l t e r  such  t h i n g s  a s  s h a d e , l i g h t f a s t n e s e ,  

w a sh fa s tn e sa #  The fo l lo w in g  in t r o d u c t i o n  s e rv e s  a s  g e n e ra l  

su rv e y  o f  th e  m echanism  and  a p p l i c a t i o n  o f  d u ra b le  p l e a t i n g  

p ro c e s s e s  and t h e i r  e f f e c t s  on p r o t e i n  f ib r e s *

THE MORPHOLOGY AND HISTOLOGY OF WOOL FIBRES

As r e v e a le d  by o p t i c a l  m ic ro sc o p y , th e  f  i n e r  wool 

f i b r e s  a r e  c e l l u l a r  s t r u c t u r e s  c o n s i s t i n g  o f  two d i s t i n c t  

r e g io n s ;  th e  c u t i c l e  o r  s c a l e s  and th e  c o r t e x ,  e a c h  made 

o f  d i f f e r e n t  k in d s  o f  c e l l*  Many f i b r e s ,  i n  p a r t i c u l a r  

th e  c o e r s e r  o n e s , h av e  a  m e d u lla  a lso *

C u t i c l e

The c u t i c l e  c e l l s  have  two m ain com ponen ts , th e  

e x o o u t ie le  and th e  en d o o u tio l©  ( f ig *  1 ) and on th e  o u ts id e  

o f  th e  e x o c u t i c l e  t h e r e  i s  a  c h e m ic a lly  r e s i s t a n t  M alfn rm | 

o u te r  m em brane, ab o u t 100 A t h i c k ,  c a l l e d  th e  e p i c u t i c l e *

The e x o o u t ic le  i s  enzym e-re  s i  a t  a n t  b u t e a s i l y  a t t a c k e d  by 

k e r a t i n o l y t i c  a g e n ts ,  w h ile  th e  e n d o e u t ic le  i e  s u s c e p t ib l e

to  enzyme a t t a c k  b u t  r e s i s t a n t  to  k c r a t t i c t r e e g e u t g .

R e c e n tly  a d i f f e r e n t i a t i o n  o f  th e  o u te r  l a y e r  o f  th e

e x o c u t i c l e  h a s  b een  i n d i c a t e d * T h e  p re s e n c e

o f  two s h e a th  l i k e  l a y e r s  e n v e lo p in g  th e  c o r te x  o r  i n

o th e r  vmrdc a second  l a y e r  u n d e rn e a th  t h e  c u t i c l e  p r o p e r ,
oft

c a l l e d  th e  ^'subeutia*^ was su g g e s te d  by  R em iuth  and o th e r  

w o r k e r g , 2 7 , 3 7  v a r io u s  o th e r  w o rk e rs  have  r e j e c t e d

t h i s
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G o r tm

The c o r t i c a l  c e l l s  co m p rise  more th a n  90 p e r  c e n t

o f  th e  t o t a l  f i b r e  m ass o f  m oat wool f i b r e s #  I n  1 9 5 3 ,
I kH o rio  and Kondo,  ̂ by  t h e i r  d i f f e r e n t i a l  clyeing t e c h n iq u e ,

d e m o n s tra te d  th e  e x i s t e n c e  o f  a  b i l a t e r a l  c o r t i c a l  s t r u c t u r e

i n  f i n e  m erin o  wool and s in c e  th e n  th e  p re s e n c e  o f  two

d i f f e r e n t  k in d s  o f  c e l l  i n  th e  c o r te x  o f  f i n e  wool h a s  b een

c o n firm e d  by  many r e s e a r c h  w o rk e rs  em ploy ing  V a rio u s

The two r e g io n s  o f  th e  c o r te x  a r e

g e n e r a l ly  r e f e r r e d  t o  a s  o r t h o -  and  p a r a -  c o r te x  and  th e

o c c u rre n c e  o f  m ixed ty p e s  o f  c e l l  c a l l e d  h e t e r o ty p e s ,  w hich

l i e  i n  be tw een  th e  o r t h o -  and  p a r a -  ty p e s  o f  c e l l ,  h a s  b een

i n d i c a t e d # I n  th e  c o a r s e r  ty p e s  o f  wool su ch  a s  L in c o ln ,

a  r a d i a l l y  sy m m e tr ic a l d i s t r i b u t i o n  o f  c o r t i c a l  segm en ts h a s
21been  shown; th e  o r th o c o r te x  su rro u n d s  th e  p a ra c o r te x #

A g r e a t  d e a l  o f  c o n t r o v e r s y  e x i s t e  r e g a r d in g  th e  

p a c k in g  o f  m i c r o f i b r i l s  o f  th e  two segm en ts  o f  th e  b i l a t e r a l  

c o r te x #  I t  h a s  b ee n  s u g g e s te d  t h a t  th e  m i c r o f i b r i l s  a re  

a r ra n g e d  i n  w h o rls  i n  th e  ox’th o e o r t e x j  w h ereas  t h e r e  i s
pQ

n e a r ly  p e r f e c t  h e x a g o n a l p a c k in g  i n  th e  p a ra c o r te x #  ‘ T hese  

l a t e r a l  a g g r e g a te s  o f  m i e r o f i b r i l s  may fo rm  m a c r o f i b r i l s  

w h ic h , i n  a  f i n e  w ool h a v in g  a  b i l a t e r a l  c o r t e x ,  a r e  c l e a r l y  

d e f in e d  i n  th e  o r th o c o r te x  b u t  a re  i n d i s t i n c t  i n  th e  p a r a 

c o r te x #  ÏB i t  s u g g e s te d  t h a t  th e  m io ï* o f lb r ilB j ab o u t 6o-^70 A 

i n  d ia rs ie te r  a r e  made up o f  s u b u n i t s  c a l l e d  " p r o t o f i b r i l s "  and



e a c h  " p r o t o f i b r i l "  l e  made up o f  t h r e e  p r o t e i n  c h a in s  i n  

th e  form  o f  m o d if ie d  h e l i c e s *

OHEMIOAL STRUCTURE AND PROPERTIES OF PROTEIN FIBRES

A ll  p r o t e i n s  a r e  p o ly m ers  form ed by  th e  l i n e a r  

c o n d e n s a tio n  o f  pc -  amino a c id s  th ro u g h  th e  p e p t id e  l in k a g e  

ae  shown i n  f ig #  2# The s t r u c t u r a l  fo rm u la  o f  an  -  amino 

a c id  i s
m  —  OH —  OOOH

I
E

R v a r i e s  i n  th e  d i f f e r e n t  am ino a c id s  from  th e  s im p le s t  c a s e ,  

w here R % hydrogen  i n  g ly c in e ,  to  th e  m ost o o m p liG a ted , 

w here R :% m e th y len e  in d o le  i n  try p to p h a n e #  I t  w i l l  be 

see n  t h a t  th e s e  R g ro u p s  fo rm  s id e  c h a in s  such  a s  n o n - 

neucttrlale^ b a s i c ,  a c i d i c  and c r o s s - l in k in g #

W ool, h a i r ,  and  f u r  f i b r e s  a re  com posed o f  a  s p e c i f i c  

g ro u p  o f  p r o t e i n s  c a l l e d  th e  k e r a t in s #  The k e r a t i n s  d i f f e r  

somewhat among th e m se lv e s  i n  ch em ica l c o m p o s itio n s  b u t  th e y  

a re  a l l  o h a ra o te r is s e d  by  a h ig h  c o n te n t  o f  c y s t in e  r e s i d u e s ,  

w hich  r e n d e r  them  in s o lu b le  in  many re a g e n ts#  The n e u t r a l  

s id e  g ro u p s  have l i t t l e  e f f e c t  on th e  d y e in g  and f i n i s h i n g  

o f  w ool b u t  tiiQ a c id ic  and b a s ic  g ro u p s in f lu e n c e  many o f  

th e  c h e m ic a l and p h y s ic a l  p r o p e r t ie s #

G ro ss  lin k a g e B

The s id e  c h a in s ,  n e u t r a l ,  a c id ,  b a s i c  and s u lp h u r  

c o n ta in in g ,  may be l i n k e d  i n  v a r io u s  p o s s ib le  ways be tw een
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d i f f e r e n t  p a r t s  o f  th e  m a la  c h a in s  and b e tw een  s e p a r a te  c h a in s*  

The f o l lo w in g  f o u r  im p o r ta n t  ty p e s  o f  liiu lcages a r e  known;

(1 ) van  d e r  V/aale f o r c e s :  g e n e r a l i s e d  i n t e r - c h a i n  f o r c e s ,

(2 )  h y d ro g en  b o n d in g , i n  w hich  a p r o to n  fo rm e th e  l in lc  

be tw een  two e l e c t r o - n e g a t i v e  atom s (a n  exam ple o f  

t h i s  ty p e  1 s 'h y d ro g e n  tônJii^gr be tw een  CO and #1 g ro u p s 

i n  p a r a l l e l  f o l d s  o r  h e l i c e s  i n  th e  same c h a in

( f ig *  3)é  T hese  bonds a re  b e l i e v e d  to  h o ld  

a d ja c e n t  c h a in s  t o g e th e r  i n  th e  c r y s t a l l i t e s *

(3 )  s a l t  l in ic e g e s  fo rm ed  by  a  b a s i c  r a d i c a l  ( e . g .  l y s i n e ,  

a r g in in e )  a s s o c i a t i f  w ith  an  a c id i c  r a d i c a l  (e«g* 

g lu tsm iic  a c id ,  a s p a r t i c  a c i d ) ,  see  f ig *  4*

(4 )  d l  s u lp h id e  l i n k a g e s ,  i n  v/hlch a  c y s t in e  r e s id u e  l i n k s  

two a d j a c e n t ,  more o r  l e s s  p a r a l l e l  c h a in s  o r  two 

p a r t s  o f  one ch a in *  The d i s u lp h id e  bond i s  a 

r e l a t i v e l y  s h o r t  one b u t  i s  more s t a b l e  th a n  th e  s a l t  

l i n k a g e s  w hich  a r e  g e n e r a l l y  morfe, i^.eacttve ( f i g *  4 ) *

One sc h o o l b e l i e v e s  t h a t  some o f  th e  d i s u lp h id e  bonds 

i n  th e  k e r a t i n  a r e  in tra « * c h a in  a s  i n  in s u l in "  b u t

so f a r  th e  p r e c i s e  n a tu r e  and  d i s t r i b u t i o n  o f  th e  

c o v a le n t  d i  s u lp h id e  H ïH cagcs a r e  n o t  known and i n  

p a r t i c u l a r  t h e r e  i s  some d i s p u te  ae  to  w h e th e r  th e y  

o c c u r  i n  th e  c r y s t a l l i n e  re g io n s*  U n d o u b ted ly  

how ever th e  d i s u lp h id e  bonds a re  r e s p o a s ib le  t o  a



c o n s id e r a b le  e x te n t  f o r  th e  g r e a t  c h e m ic a l and p h y s ic a l  

s t a b i l i t y  o f  k e r a t i n  f ib r e s *

The p o ly p e p t id e  c h a in s  a r e  b e l i e v e d  t o  e x i s t  i n  d i f f e r e n t  

o o n fo rm a tio n s  i n  d i f f e r e n t  p r o te in s *  Exam ples a r e ;

( a )  in  fib ro in ,*"^  th e  s i l k  p r o t e i n ,  c h a in s  a r e  i n  th e  

f u l l y  e x te n d e d  fo rm  and a r e  a r ra n g e d  f a i r l y  p a r a l l e l  

t o  th e  f i b r e  a x i s ,

(b )  i n  k e r a t i n  and o o lla g e n ,^ ^  c h a in s  a r e  i n  th e  form  

o f  t w i s t s  o r  f o l d s ,

( c )  i n  g lo b u la r  p r o t e i n s t h e  p o ly p e p t id e  c h a in s  

a r e  s u p e r - f o ld e d  a s  w e ll  a s  fo ld e d *

The c h a in  m o le c u le s  i n  wool n o rm a lly  e x i s t  i n  th e  f o ld e d  

fo rm  ( - k e r a t i n )  and s t r e t c h i n g  o f  th e  f i b r e  i n  w a te r  r é s u l t é  

i n  an  u n f o ld in g  o f  th e  m o3.eeules - k e r a t i n )  a s  i n  f ib r o in #  

U n le s s  th e  c h a in s  a r e  s e t  i n  t h e i r  e x te n d e d  e o n f ig u r a t io n  by  

fo rm a tio n  o f  new bonds th e y  r e t u r n  t o  t h e i r  o r i g i n a l  fo rm  upon 

r e l e a s e  i n  w ater#

V a r io u s  ch e m ica l and p h y s ic a l  i n v e s t i g a t i o n s  have  b ee n  

made r e g a r d in g  th e  m o le c u la r  c h a in  c o n fo rm a tio n  in  th e  un 

s t r e t c h e d  p r o t e i n  f i b r e #  The e a r l y  s u g g e s t io n s  w ere o f  f l a t  

f o l d s  b u t r e c e n t  w ork s t r o n g ly  fa v o u r s  th e  th e o r y  p u t fo rw a rd  

by  P a u l in g  and G orey t h a t  t h e r e  l a  a h e l i c a l  a rran g em en t

o f  th e  i n d iv id u a l  c h a in s  i n  ^  - k e r a t i n *  I t  i s  s u g g e s te d  t h a t  

th e  h e l i c a l  c h a in  I t s e l f  may b e  c o i l e d  a ro u n d  a o ln g lp  o im plo



B

4 i o X i x l i n e a r  a x i s  and th u s  fo rm in g  a ^ c o i le d  coil®  

s t r u c tu r e *

The po lym er c h a in  m o le c u le  i n  p r o t e i n  f i b r e s  a p p e a r  t o  

l i e  w ith  t h e i r  l e n g th  ro u g h ly  a lo n g  th e  f i b r e  a x i s  and t o  b e  

a r ra n g e d  in  an o r i e n t e d  m aim er i n  c e r ta in  p a r t e  and In  a  more 

random  m anner i n  o th e r s  to  fo rm  th e  s o - c a l le d  c r y s t a l l i n e  and 

am orphous p o r t i o n s  o f  th e  f i b r e #  I t  h a s  b een  su g g e s te d  by  

H ailw ood and Horrobin,""^' from  an a n a ly s i s  o f  th e  w a te r  

a d s o r p t io n  is o th e rm , t h a t  th e  f r a c t i o n  o f  wool a c c e s s ib l e  t o  

w a te r ,  i . e .  th e  "amorphous" p h a s e ,  i s  a  l i t t l e  more than, h a l f  

( 56/^) o f  th e  w hole b u t X -ra y  r e  s u i t  i n d i c a t e  h ig h e r  v a lu e

o f  70 -80  fo.

m M o n _ p f_ re d m im i_m gG nte_pn

The d i  s u lp h id e  bonds a r e  b e s t  b ro k e n  by a p p l i c a t i o n  o f  

an a c id  o r  a l k a l i ,  o r  a  re d u c in g  o r  o x i d l 2;ing  a g e n t ,  w h ile  th e  

s a l t  l i n k a g e s  a r e  b e s t  b ro k e n  by  f a i r l y  s t r o n g  a c id  t r e a tm e n t  

o r  by  a t  earning* I f  e i t h e r  ty p e  o f  bond i s  b ro k e n  u n d e r 

r e a s o n a b ly  m ild  c o n d i t io n s  so  t h a t  s u b e t a n t i a l  f u r th e i ' c h e m ic a l 

d e c o m p o e itlo n  o f th e  wool i s  av o id ed  th e n ,o n  rem oval o f th e  bond 

b rea lc in g  c o n d i t io n s ,  t h e r e  l a  o p p o r tu n i ty  f o r  th e  bonds t o  b e  

re - fo rm e d  o r  new ty p e s  o f  b onds t o  be fo rm ed  i n  t h e i r  p la c e *  

A lth o u g h  a c id s  and a l k a l i s  a re  k n o m to  b re a k  th e  d i  s u lp h id e  

b o n d s , th e y  a r e  n o t  s u i t a b l e  f o r  f i n i s h i n g  p ro c e e s e e  a s  th e y  

re m a in  \ f l t h i n  th e  f i b r e  d u r in g  l in k a g e  r e b u i ld in g  and a r e



g

c a p a b le  o f  b re a lc in g  th e  p o ly p e p t id e  c h a in s .  T h e re fo re , i t  i t  

n e c e s s a ry  t o  u se  a v o l a t i l e  o r  th e r m a l ly  u n s ta b le  a g e n t .

I n  th e  l i g h t  o f  t h i s  cbnB idex^a tion , ammonium t h i o g l y c o l l a t e  

and sodium  b i s u l p h i t e  a r e  u s e d  i n  perm anen t p l e a t i n g  p ro c e s s e s ,

The r e a c t i o n  w ith  t h l o g l y c o l l l c  a c id  was o r i g i n a l l y
h is tu d ie d  by  G oddard and  M io h a e l i© ^  who showed t h a t  th e  

d i s u lp h id e  bond i s  r a p i d l y  c o n v e r te d  t o  t h i o l  g ro u p s  i n  

a l k a l i n e  s o l u t i o n .  H a rr is ^ '^  and  h i s  c o l l a b o r a to r s  showed 

t h a t  th e  r e a c t i o n  w i th  t h i o l s  i n  n e u t r a l  s o l u t i o n  i s  c o n f in e d  

to  th e  r e d u c t io n  o f  th e  d l s u lp h id e  bond . The t h i o l  g ro u p s  

p ro d u c ed  by  r e d u c t io n  a r e  v e ry  l a b i l e  and  can  be r e - o x i d i z e d ,  

e i t h e r  by  p ro lo n g e d  e x p o su re  t o  th e  a tm o sp h ere  o r  by  t r e a t 

m ent w ith  m ild  o x id iz in g  a g e n ts  e . g .  h y d ro g en  p e ro x id e  o r  

p o ta s s iu m  b ro m ate  and  t h i s  r e v e r s i b l e  p ro c e s s  fo rm s  th e  b a s i s  

o f  a l l  th e  ^horne p e rm an en t w av es^ .

The r e a c t i o n  o f  w ool w ith  b i s u l p h i t e  i s  o f  c o n s id e r a b le  

i n d u s t r i a l  i n t e r e s t  a s  b i s u l p h i t e  i s  u se d  f o r  b le a c h in g  w o o l, 

a s  'a n t i - e h lo r ' '  i n  some a n t i  s h r in k  p r o c e s s e s  and f o r  perm an en t 

p l e a t i n g  o f  wool f i b r e s .  The d i s u lp h id e  bond i s  n o t

s i g n i f i c a n t l y  a t t a c k e d  b y  c o ld  d i l u t e  s o l u t io n s  o f  b i s u l p h i t e

b u t  u n d e r  mox^e s e v e re  c o n d i t i o n s ,  G lsw o rth  and  P h i l l i p s  ' ^

showed t h a t  50 p e r  c e n t  o f  th e  t o t a l  c y s t i n e  ca n  be re d u c e d

b y  t h i s  r e a g e n t  a c c o rd in g  a s  th e  e q u a t io n
CH-CH -3  -OHgmOH f  NaHSO^

CH-GHgSH t  îîaOSOg-a-CBg-CH

4 3
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I t  can  be o b se rv e d  t h a t  h a l f  th e  s u lp h u r  fo rm s a o j i to n  c y s t e in e  

s u lp h o n a te  and o n ly  one h a l f  i s  c o n v e r te d  to  t h i o l  g roups#

I t  seem s t h a t  o f  th e  c y s t e in e  gx^oups p ro d u c ed  i n  th e  w ool t h i s  

w ay, h a l f  a r e  more l a b i l e  th a n  th e  re m a in d e r  and r e v e r t  t o  

c y s t i n e  on r i n s i n g  w ith  c o ld  w a te r#  Wool f i b r e s  b o i l e d  i n  

5 p e r  c e n t  sodium  b i s u l p h i t e  o u p e r c o n t r a c t  and t h i s  i s  ta k e n
hR

a s  e v id e n c e  o f  th e  r e d u c t io n  o f  c y s t i n e  c r o s s l i n k s I f  wool 

l a  k e p t  s t r e t c h e d  w h ile  b o i l e d  i n  d i l u t e  b i s u l p h i t e  and  

s u b s e q u e n t ly  w ashed i n  w a te r ,  i t  re m a in s  p e rm a n e n tly  e lo n g a te d ,  

th e  d i  s u lp h id e  l i n k s  h a v in g  b ee n  re fo rm e d  i n  new p o s i t io n s #  

Ammonium t h i o g l y c o l l a t e  h a s  a  s i m i l a r  a c t i o n  on wool 

to  b i s u l p h i t e  s o lu t io n # ^ ^ ’̂

GH-ÔHg-8-B-OH 4 le-GHg-GOOmî^^

GH-OHg-BH OH-GH^-3-B-OHpGOONH^

DKVEL'OPME# OF'WÛABLk ï=£.ÏSA.TîNÔ"PR00I5SSÉ&-‘̂ ^®

DlïirSaOPMMÏ OP DURABLE PLEATII# PR00I5SSES

The c r e a s in g  o f  t e x t i l e  m a t e r i a l  i s  a com plex e f f e c t  

in v o lv in g  t e n s i l e ,  f l e x i n g ,  co m p re ss iv e  and t o r s i o n a l  s t r e s s e s #  

The b e n d in g  e l a s t i c i t y  seem s to  be o f  th e  g r e a t e s t  im p o rtan ce?  

c r e a s e s  a p p e a r  when th e  m atex^ial i s  d i s t o r t e d  I n  such  a  mànner 

t h a t  p a r t  o f  i t  I s  s t r e t c h e d  beyond  i t s  sm a ll l i m i t  o f  e l a s t i c  

/ r e c o v e ry .  The b e n d in g  o f  th e  f i b r e s  w hich  t a k e s  p la c e  d u rin g  

c r e a s in g  l e a d s  t o  an  e x te n s io n  o f  th e  u p p e r  s u r f a c e  and a
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4 6eo m p rees io n  o f  th e  u n d e r  s u r f a c e  and any d u ra b le  p l e a t i n g  

p r o c e s s  m ust " s e t "  t h i s  d e fo rm a tio n *

 ̂ The a b i l i t y  o f  wool f i b r e s  t o  ta k e  a p e rm an en t s e t  was 

i n v e s t i.§-a,teâvby m&ny G&rly w o r k e r ^ ' - ^  ^^^Though i t  was shown, 

some tw e n ty  y e a r s  ago t h a t  th e  s e t t i n g  o f  s t r a i n e d  f i b r e s  i n  

s team  o r  aqueous m ed ia  i s  a s s i s t e d  by a l k a l i s ,  s u l p h i t e s ,  

b i o u l p h l t e s , ^ ^ n o  s y s te m a t ic  a t te m p t was made t o  f i n d  

o u t w hich  o f  th e  many p o s s i b l e  r e a g e n ts  w ould  be th e  m ost 

s u i t a b l e  f o r  o b ta in in g  p e rm an en t p l e a t s  i n  a l l  wool f a b r i c s ,  

n o r  t o  d e te rm in e  th e  c o n d i t io n s  o f i t s  u se  t o  g iv e  maximum s e t  

w ith  minimum damage to  th e  w o o lle n  f a b r i c *

In  o rd e r  t o  u n d e r s ta n d  th e  new p l e a t i n g  p r o c e s s e s  i t  i s  

im p o r ta n t  t h a t  th e  ch e m ic a l m echanism  o f th e  p r o c e s s  i . e *  th e  

m anner i n  w hich  th e  m o le c u la r  bonds a r e  b ro k e n  and re - fo rm e d  

sh o u ld  be known* H ow ever, i t  i s  u n f o r tu n a te  t h a t  th e  ch e m ic a l 

a s p e c t  o f  th e  p r o c e s s  i s  n o t  v e ry  c le a r*

Steam  s e t t i n g

The s tu d y  made by  Bpeakmen r e g a rd in g  th e  m echanism  o f  

perm anen t s e t  was th e  b a s i s  f o r  d e f in in g  optimum c o n d i t io n s
Xj.Q

f o r  s e t t i n g  wool f a b r i c s  w ith  w a te r  and b u f f e r  s o lu t io n s

i '.e *  th e  no rm al B te a m -p re a s in g  p ro c e ss*  T h is  work a l s o  l e d

to  th e  p ro c e d u re s  f o r  perm anen t p l e a t i n g  and s e t t i n g  o f  crepeso^*^

 ̂ The d e g re e  o f  perm anence o f  th e  s e t  depends on th e  pH
an

o f th e  f a b r i c ,  te m p e r a tu r e , ' t im e  and th e  p re s e n c e  o f^ a d e q u a te



amoimt o f m o is tu re *  The © ucoese o f  th e  s e t t i n g  p ro c e s s  

depends m a in ly  on th e  r e a c t i o n  o f  th e  s o lu t io n :  l i t t l e  o r  no

Bet can  be o b ta in e d  i n  a c id  m ed ia , w h ile  a h ig h  d e g re e  o f s e t  

i s  a c h ie v e d  in  a l k a l i n e  s o lu t io n s #  How ever, b e c a u se  o f th e  

p o s s i b i l i t y  o f  damage a t  h ig h  pH v a lu e s ,  th e  p ro c e s s  i s  c a r r i e d  

o u t a t  pH l e e s  th a n  9*

Borne y e a r s  ago Speakman^^ and h i s  co -v /o rk e rs  v e ry  

c a r e f u l l y  i n v e s t i g a t e d  th e  maimer i n  w h ich  a wool f i b r e  c o u ld  be 

s t r e t c h e d  i n  s team  to  b r in g  ab o u t i t s  perm anen t e lo n g a t io n  and 

advanced  a th e o r y  o f  th e  ch e m ic a l m echanism  o f  perm anen t s e t*  

A cco rd in g  t o  t h i s  th e o r y  s e t  i s  due t o  two c o n s e c u t iv e  

in t e r - m o le c u la r  r e a c t i o n s ,  v iz #  r u p tu r e  o f  th e  d i s u lp h id e  bonde 

and r e fo rm a t io n  o f new bonds by  r e a c t i o n  o f  th e  te rm in a l  

su lp h o n ic  a c id  g ro u p s  w ith  f r e e  amino g roupe  made a v a i l a b l e  f o r  

t h i s  p u rp o se  by a  s im u lta n e o u s  r u p tu r in g  o f  some o f  th e  s a l t  

lin lc ag ess

W-OHo-3-a-GH^-W W-0E _ -8E 4- 80H-0H^-Wd. d — ^  d d
B U lphenic a c id

W-GHg-SOH f  Mig-W'  ------>- • W-OMg-3-MI-W'

I t  i s  a l s o  s u g g e s te d  by Spoakman t h a t  i n  t h e  p re s e n c e  o f  a l k a l i  

t h e  B U lphenio a c id  g roup  m igh t r e a c t

W-OHg-SOH  ---------^  W-CHO -5> HgS

W-GHO + HoN*W' -----------W--OH=:N-W'
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The new  h o n to  a r l e e  fro m  r e a c t i o n  betw een  ru p tu r e d  d lB U lph lde  

bonde and eaX t l in k a g e s *

However, more r e c e n t l y  th e  perm anen t s e t t i n g  o f  wool

f i b r e s  h a s  b een  v e ry  c a r e f u l l y  s tu d ie d  by  many w o rk e rs^ ^ *5,:^#53

and th e y  c o n s id e r  t h a t  th e  s e t t i n g  depends on a  breakdow n o f
steam

b oth  hy d ro g en  and c o v a le n t  bonds by  th e  'h o t m o is tu re  and a 

subsecLuent r e fo r m a t io n  o f  h y d ro g en  bonds betw een  a d ja c e n t  

m o le c u la r  c h a in s  i n  t h e i r  e n fo rc e d  c o n f ig u ra t lo n *  Hew '^^salt"* 

l ln lm g e s  may be fo rm ed  but no s t r o n g e r  bonds r e s u l t in g  from  

re fo rm ed  d is u lp h id e  o r  m o d if ie d  d is u lp h id e  bonds# The 

e x i s t e n c e  o f  two d i f f e r e n t  m echanism s o f  s e t t i n g  nam ely  

c o - o p e r a t iv e  c h a in  u n fo ld in g  and  m o le c u la r  s l i p  h a s  b een  

su g g es ted *

I n  o r d e r  to  o b ta in  a  d u ra b le  p l e a t  i n  e wool f a b r i c ^  th e  

f i b r e  must f i r s t  be c o n v e r te d  i n t o  a  p l a s t i c  s t a t e ;  th e  p l a s t i c  

f i b r e  i s  th a n  g iv e n  th e  d e s ir e d  c o n fo rm a tio n #  R educing  a g e n ts  

such  a s aim onium  t h i o g l y c o l l a t e ,  sod ium  b i s u l p h i t e ^  e th a n o la m in e  

s u l p h i t e  g w hich  are cap ab le  o f  b re a k in g  d i  s u lp h id e  bonds g are  

u sed  i n  o r d e r  to  b r i n g  ab o u t p l a e t lo lB a t io n #  T hese r e d u c in g  

a g e n ts  a r e  cheap# r e a d i l y  a v a i l a b l e  and cau se  l i t t l e  damage to  

wool* The s te a m in g  w hich u s u a l l y  fo rm s p a r t  o f  th e  p ro c e s s  

a ls o  r u p tu r e s  th e  s o - c a l l e d  s a l t - l l n k a g e s #  In  th e  fo l lo w in g  

a c c o u n t th e  v a r io u s  p o s s ib l e  com m ercial p r o c e s se s  a re  d e sc r ib e d
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s e p a r a t e ly ,  a l th o u g h  th e  f i n d in g s  on one p r o c e s s  a re  o f t e n  

r e l e v a n t  t o  th e  o th e r s *

8 1 - r o - s e t  p ro c e s s

'\ iin K7
The a i '-B o -se t"^ '"   ̂ ^  p ro c e s s  f o r  perm an en t

p l e a t i n g  o f  wool f a b r i c  was d ev e lo p e d  by  th e  Qonimonwealth 

S c i e n t i f i c  and  I n d u s t r i a l  R e se a rc h  O rg a n is a t io n  i n  A u s t r a l ia *
Kg

I t  h a s  been  shown by  F a rn w o rth  t h a t  a v e ry  r a p id  and 

h ig h  d e g re e  o f  perm an en t s o t  can  be im p a r te d  t o  th e  wool 

f ib x ’e s  i n  b o i l i n g  s o l u t io n s  o f  re d u c in g  ag e n ts*  The B iRoSet 

p ro c e s s  w hich  I s  b a s e d  on th e  u se  o f  a d i l u t e  s o l u t io n  o f  

awaonium t h i o g l y c o l l a t e  a t  pli 7 and s team  p r e s s in g  t r e a tm e n t ,  

fo l lo w e d  d i r e c t l y  from  t h i s  work* The n a tu r e  o f  th e  

r e a c t i o n  h a s  been  d i s c u s s e d  on p * io  *

I n  a c t u a l l y  c a r r y in g  o u t th e  S lR oS et p r o c e s s , th e  wool

f a b r i c  i s  t r e a t e d  mrith a  d i l u t e  s o lu t io n  o f  em ioni'im  t h i o -

g ly c o X la te  a t  pH 7 and  a d u ra b le  c r e a s e  o r  p l e a t  i s  th e n

fo rm ed  by  s team in g  f o r  a  s h o r t  tim e  u n d e r  s u i t a b l e  c o n d i t io n s

o f  te m p e ra tu re  and p re s s u re *  XJsua3.1y th é ' s team in g  i s

c a r r i e d  o u t i n  th e  Hoffm an P r e s s ,  f i r s t  f o r  20 sec o n d s  a t  a

s team  p ressm ^e o f  57 p s i ,  th e n  f o r  20 seco n d s  w ith o u t  steam
5econ<3s

a n d , f i n a l l y ,  f o r  20^u n d e r  v a c u u m * P l e a t s  may a ls o  be s e t  

i n  th e  a u to c la v e ,  i n  w hich e a se  th e y  r e q u i r e  3^5 m in u te s  a t  

20 -2h  p s i  o r  20 m in u te s  a t  a tm o sp h e r ic  p re s s u re *
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F o r  g a rm e n ts , such  a s  men^s t r o u s e r s  and la d ie s ^  c lre s se a

mid s k i r t s ,  th e  ammonium, t h i o g l y c o l l a t e  i s  a p p l ie d  by a s p ra y

gu n , e s p e c i a l l y  made from  a lum in ium , g l a s s  o r  p l a s t i c *  The

s o lu t io n  sh o u ld  be sp ra y e d  i n  such  an amount t h a t  th e  a r e a  o f

th e  wool sp ra y e d  g a in s  ab o u t hOjS i n  w e ig h t ( t h i s  amount i s

c a lc u la t e d  on th e  a r e a  o f  wool s p r a y e d ) * I t  h a s  been  s u g g e s te d

t h a t  th e  s p ra y in g  sh o u ld  n o t be c o n f in e d  to o  c l o s e ly  t o  th e

d e s i r e d  c r e a s e  s in c e  c o c k lin g  may d e v e lo p  due t o  a d i f f e r e n c e

o f  t e x t u r e  b e in g  e s t a b l i s h e d  betw een  sp ra y e d  and v insprayed  p a r t
60o f th e  f a b r i c .  As th e  p r o p o r t io n  o f  w a te r  p r e s e n t  i n  th e

wool d u r in g  s te a m in g  p la y s  an im p o r ta n t p a r t ,  th e  t r e a t e d

m a te r i a l  sh o u ld  n o t  foe a llo w e d  to  d ry  o u t and a l s o  t o  p re v e n t

any d e c o m p o s itio n  o f  amiuonium t h i o g l y c o l l a t e ,  w hich  may o c c u r

d u r in g  s to r a g e ,  th e  i n t e r v a l  o f  15 t o  30 m in u te s  be tw een

t r e a tm e n t  and  s team  p r e s s in g  i s  g e n e r a l ly  recom m ended.

The ammonium t h i o g l y c o l l a t e  s o lu t io n  u se d  i n  th e  S iR oB et

p ro c e s s  i s  n o t u l t i m a t e l y  w ashed out* Hence i t  i s  i n t e r e s t i n g

to  Icnow what h ap p en s  t o  t h e  r e s i d u a l  ch em ica l i n  th e  f i n i s h e d
Siwool m a t e r i a l ,  B p r in g e l l  c a r r i e d  b u t some Ih v e B t ig a t lo n a  

by u s in g  r a d io a c t iv e  form  o f  t h i o g l y c o l l a t e  i n  w hich  th e  s u lp h u r  

atom s w ere an  i s o t o p i c  form  o f  s u lp h u r  B35*

I t  was shown t h a t  th e  s te a m - iro n in g  i s  n o t  a s s o c i a te d  

w ith  l o s s  o f  835  l a b e l l e d  t h i o g l y c o l l a t e ,  whex^eas w ash ing  w ith  

v m te r r e s u l t s  i n  x^apid l o s s  o f  r a d i o a c t i v i t y ,  fo l lo w e d  by  a



26

much s lo w e r d e c re a se #  A lm ost co m p le te  l o s s  o f  r a d io 

a c t i v i t y  can  be b ro u g h t ab o u t by  t r e a tm e n t  w ith  su lp h id e #  

s u l p h i t e ,  o r  a l k a l i n e  c y a n id e  w h ereas  l i t h i u m  brom ide o r  

u r e a  h a s  l i t t l e  e f f e c t#  I t  was co n c lu d e d  t h a t  o f  th e  

t o  9 mg# o f  t h i o g l y c o l l a t e  I n i t i a l l y  a p p l ie d  p e r  gram o f  

w o o l, 3 t o  5 mg# a r e  i n  a  l a b i l e  b u t  n o A iv o la tile  s t a t e ,  

w h ereas  th e  re m a in in g  1 t o  mg# a r e  p ro b a b ly  w i th  th e  

c y s t i n e  r e s id u e ,  i n  w o o l, i n  a  m ixed d is u lp h id e  form# 

A cc o rd in g  t o  B p r in g o l l  th e  l a b i l e  p a r t  c o n s i s t b o f  

un.changed t h i o g l y o o l l a t e  o r  p o s s ib ly  some d i t h i o g l y o o l l a t e ,

SH S------ —  8 ^

G H g ^  GHg OHg
GOOH ''OOOH HOOO

t h i o g l y o o l l i c  a c id  d i t h i o g l y c o l l i e  a c id

w h ile  th e  l e s s  e a s i l y  rem ovab le  p a r t  may c o n s ie t  o f  m ixed 
62d ls u lp h id e  o f  fo rm u la

T/-CH „-S-S-OH o-OOOHiZ eZ

c y s t in e  t h i o g l y o o l l i c  a c id

r e s id u e  r e s id u e

(fro m  wool m o le c u le )  (fro m  ammonium t h i o g l y c o l l a t e )

The fo rm a tio n  o f  su ch  a  m ixed  d isu 3 .p h id e  can  be e x p la in e d  

by th e  f o l lo w in g  r e a c t io n s )
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W-CHg^S-S-Gîîg _ ^  W-Oîîg-BH 4 HOB'-CH^-W

?/-0Hg-30H f  HS-OHg’̂ OOH'^W-GH^-B-B-GHg-^OOÔH

wool t h l o g l y c o l l i e  a  m ixed  â le u lp M d e

BUlpheBlo a o ld  a o ld
S iS p r ln g e l l  c o n B ld e re d  t h a t  l e e a  th a n  8fo o f  th e  # s u lp h id e

bonds p r e s e n t  i n  th e  wool m ole o u i e e n t e r  I n to  su ch  a

r e a c t io n *  F u r th e r#  he th o u g h t t h a t  th e  p re s e n c e  o f  r e s i d u a l

t h i o g l y c o l l a t e  i n  th e  w ool f a b r i c  p la y s  no p a r t  i n  th e

r e t e n t i o n  o f  c re a se #  He s u p p o r te d  th e  theox^y e x p la in in g
38th e  mechanism) o f  perm anen t s a t  p u t fo rw a rd  by F arnw orth* '^

63 6hd e r th s e n  and  Sahn "  ® i n v e s t i g a t e d  th e  p ro b lem  o :j

f i n d in g  r e l i a b l e  m ethods f o r  d e t e c t i o n  o f  m ixed d is u lp h id e
6 lbonds a s  assum ed by  S p r in g e l l  ' w hich  i n  f a c t  ca n  s e rv e  a s

m ethods f o r  d e t e c t i o n  o f  S iE oB ot t r e a tm e n t  I n  wool f a b r ic #

They co n c lu d e d  t h a t  i t  i s  p o s s ib l e  to  d e t e c t  th e  m ixed

d i  s u lp h id e  a s  w e ll  a s  th e  t h i o g i y c o l l i c  a c id  i n  t r e a t e d

f a b r i c  by u s in g  th e  c o n v e n tio n a l  m ethods o f  ch e m ic a l a n a ly s i s

o f  wool# Kondo and h i s  c o -w o rk e rs  i n v e s t i g a t e d  th e

in f lu e n c e  o f  f r e e  t h i o g l y e o l l i c  a c id  a d so rb e d  i n  w ool on
66s e t t i n g  a b i l i t y #

T h is  new d u ra b le  c r e a s e  f i n i s h  f o r  w ool was in t ro d u c e d  

by  P ro b an  h td # ^  The m a n u fa c tu re r  t r e a t s  th e  f a b r i c  w ith  a 

2?S s o l u t io n  o f  sodium  b i s u l p h i t e  f o r  15  m in u te s  a t  room
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te m p e ra tu re *  A t t h e  end o f  t h i s  t im e ,  e x c e s s  b i s u l p h i t e  

i s  rem oved by  r i n s i n g  and  th e  f a b r i c  i e  th e n  d r i e d  a t  a  low  

te m p e ra tu re *  To o b ta in  p e rm an en t c r e a s e s  w ith  th e  t r e a t e d  

f a b r i c  th e  t a i l o r  h a s  m e re ly  t o  s team  I n  th e  H offm an P r e s s  

w ith  t h e  f a b r i c  b e tw een  damp c lo th s *

A cc o rd in g  to  S p e a to a n  when wool i s  t r e a t e d  w ith  

sodium  b i s u l p h i t e  s o l u t i o n ,  th e  fo l lo w in g  r e a c t i o n  ta k e s  

p la c e ;

R -B -8 -R 4 HaHSOj ---------------------------------- ^ H-SH

When th e  m a t e r i a l  I s  r i n s e d ,  t h e r e  i s  some r e v e r s a l  o f  th e  

r e a c t i o n  b u t  much o f  th e  b i s u l p h i t e  re m a in s  i n  c o m b in a tio n  

w ith  b ro k e n  d is u lp h id e  bonds# D u rin g  s te a m in g  o f  th e  f a b r i c ,  

d i s u lp h id e  bonds a r e  r e - fo rm e d , and th e  l i b e r a t e d  s u lp h u r  

d io x id e  i s  f r e e  t o  b re a k  o th e r  d i s u lp h id e  bonds e ls e w h e re  In  

t h e  s t r u c tu r e *  The p ro s e n e e  o f  w a te r  p ro m o te s  m ig r a t io n  o f

sodium  b i s u l p h i t e  and  s u lp h u r  d io x id e  th ro u g h  th e  s t r u c tu r e #
65D av idson  an d  E o w itt  a t te m p te d  t o  s tu d y  th e  

m echanism  o f  s e t t i n g  r e a c t i o n s  by  th e  d e te r m in a t io n  o f  th e  

c h em ica l ch an g es  t h a t  o c c u r  i n  wool k e r a t i n  d u r in g  th e  a c tu a l  

s e t t i n g  p ro c e s s#  They f i r s t  i n v e s t i g a t e d  th e  a c t i o n  o f  

b i s u l p h i t e  on th e  m odel s u b s ta n c e  c y s t i n e ,  and th e n  a p p l ie d  

t h e  same p ro c e d u re  t o  b i s u l p h i t e - t r e a t e d  w ool f a b r i c s #  They 

w ere n o t  s u c c e s s f u l  i n  o b ta in in g  s a t i s f a c t o r y  r e s u l t s #
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Parnworth^^ in v e s t ig a te c l  th e  u se  o f  u r e a , which i s  

v e ry  e f f e c t i v e  in  b re a k in g  h y d ro g en  bonde and s a l t - l in k a g e s ,  

t o g e th e r  w ith  r e d u c in g  a g e n ts  such a s  aimnonium t h i o 

g l y c o l l a t e  and sodium  bl8u3>phlte# He fo u n d , f o r  i n s t a n c e ,  

t h a t  a  good perm anen t s e t t i n g  o f  a  c r e a s e  can  be o b ta in e d  

by t r e a tm e n t  w i th  a  l i q u o r  c o n ta in in g  l # 6ÿ% o f  sodium  m e ta -  

b i s u l p h i t e  and hO to  50% o f  u r e a ,  a t

BTBUOTURAD W EC TS 0? BBDHOIHG AGBHTS

Y a r io u s  r e d u c in g  a g e n ts ,  a lo n e  o r  a lo n g  w i th  

su b sta n c es  such  a s  u re a #  u n d e r  d i f f e r e n t  pH c o n d i t i o n s ,  have  

b een  em ployed by  s e v e r a l  v m r k e r s ^ ^ ' ^ ' i n  a t te m p ts  to

render wool s o lu b le #  F o llm ^ in g  th e  o b s e r v a t io n  t h a t  u r e a -

me 
7k

75re d u c e r  s o lu t io n s  c o u ld  d i s s o lv e  o n ly  p a rt o f  w ool ■ some

h is to c h e in lc a l  i n v e s t i g a t i o n s  w ere c a r r i e d  out#  M erc e r,

whose w ork fo l lo w e d  th e  d ls q o v e ry  o f  b i la t e r a l  s t r u c t u r e  in

m erino  wool f ib r e  fo u n d  t h a t  t h e  f r a c t i o n  e x t r a c t e d  w ith

u r e a - r e d u o o r  s o l u t io n  from  wool f i b r e  h ad  a d e f i n i t e

h i s t o l o g i c a l  l o c a t i o n  v l^#  I t  came from  o r th o c o r te x o

H is to c h e ra ie a l  s tu d y  o f  wool t r e a t e d  w ith  th lo g ly o o lX ie  a c id
78h a s  r e c e n t l y  b e e n r re p o r ta d #

The t r e a tm e n t  o f  wool f i b r e s  w ith  re d u c in g  a g e n ts  

su ch  a s  th io g ly e o lX lc  a c id  u n d e r c e r t a i n  pH v a lu e ,  p r i o r  t o



so

t a i n i n g  w ith  h eav y  auch a s  l e a d ,

oamiUm, s i l v e r ,  h a s  b een  w id e ly  em ployed l a  o r d e r  to  

a c h ie v e  im proved c o n tr a s t  u n d e r  th e  e le c t r o n  m icroscope#

The account o f  th e  %*ray s tu d y  o f  the  s t r u c t u r a l  changes 

i n  th e  wool f i b r e s  by  above t r e a tm e n t  h a s  been g iv e n  by 

S lk o ra k i  and  W o o d s I t  h a s  b een  su g g e s te d  t h a t  In  f u l l y  

k e r a t i n i z e d  wool f i b r e , w hich  h a s  v e ry  few  s u l f h y d r y l  

g ro u p s , th e  ch em ica l t r e a tm e n t  g r e a t l y  I n c r e a s e s  th e  number 

o f  th e s e  g ro u p s  b y  r e d u c t io n  o f  th e  d ls u lp h id e  b onds In  

su lp h u r -r le h  cem en tin g  m a te r ia l .  I n  th e  c o r te x #  known as  

" m atrix" , r e s u l t i n g  In  d en se  s t a i n i n g  o f  t h i s  r e g io n  w dth 

heavy  m etals#

MBCamiOAL EFFEOTB OF REDUOim AGENTS

Very l i t t l e  w ork seem s t o  have  b een  dona r e g a rd in g

th e  m easurem ent o f  m e c h a n ic a l p r o p e r t ie s #  u n d e r  th e  n o m a l

c o n d i t io n s  o f  h u m id ity  and te m p e ra tu re #  o f  th e  wool f i b r e s

t r e a t e d  w ith  re d u c in g  ag e n ts#  V ery  r e c e n t l y  s t u d i e s  o f

th e  m e c h a n ic a l p r o p e r t i e s  o f  e y a t ln o - r e d u c e d  wool f i b r e s

a t  V a rio u s  r e l a t i v e  h u m id i t ie s  have  b ee n  r e p o r te d  by 
A*1

Feughelm an# , He o b se rv e d  t h a t  th e  r e d u c t io n  o f  

d i s u lp h id e  c o n te n t  o f  a  wool f i b r e  p ro d u c e s  p r o g r e s s iv e  

m o d i f ic a t io n  o f  m eo h an lo a l p r o p e r t i e s  o f  th e  f i b r e  a t  a l l  

h u m id it ie s o



1 2 5 ,  I 3 9 - Ü 4 2
M ost o f  th e  w ork on  th e  m e c h a n ic a l

p r o p e r t i e s  o f  w ool f i b r e s  t r e a t e d  w ith  re d u c in g  a g e n ts ,  su ch  

as sodium  b i s u l p h i t e  and anitnonium t h i o g l y c o l l a t e ,  a p p e a rs  to  

have  c o n s i s t e d  o f  m easu rem en ts  on  s in g l e  f i b r e s  im m eresed in  

e i t h e r  w a te r  o r  th e  s o l u t io n s  o f  r e a g e n t s .  The p u rp o se  o f  

th e s e  i n v e s t i g a t i o n s  h a s  b een  to  d i s c o v e r  th e  e f f e c t s  o f  

d i s u lp h id e  lin lc a g e s  on  th e  m e c h a n ic a l p r o p e r t i e s  and to  

i n t e r p r e t  them  i n  te rm s  o f  th e  che iriioa l s t r u c t u r e  o f  th e  

f i b r e s .  As a r e s u l t  th e y  a re  n o t  p a r t i c u l a r l y  r e l e v a n t  to  

th e  p r e s e n t  work w hich  c o n c e rn s  y a rn s  and f a b r i c s  u se d  u n d e r  

no rm al "d ry "  c o n d i t io n s *



GHAPTEE II

BPPEOTS OP KBDUOÏNG AGBOTS ON DYESTUPPS 
AND THEIR LIGHÏFASTNESS
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INTRODUCTION
Ab th e  s e t t i n g  p r o c e s s e s  m ust be  c a r r i e d  o u t n e a r  th e  

end  o f th e  f i n i s h i n g  r o u t in e  one m ust t a k e  i n t o  c o n s id e r a t io n  

t h e i r  e f f e c t  on d y e s tu lT s*  I t  i s  c l e a r  from  th e  l i t e r a t u r e  

t h a t  th e  u se  o f  afmnoniwa t h i o g l y c o l l a t e  and sodium  b i s u l p h i t e  

a s  re d u c in g  a g e n ts  in  p l e a t i n g  p ro c e s s e s  c a u s e s  a m arked change 

i n  th e  shade  o f  some o f  th e  d y es  u se d  f o r  w o o lle n  m a t e r i a l s .

27 many a c id  d y es  t h e r e  i s  a  p o s s i b i l i t y  o f

b le e d in g  u n d er th e  in f lu e n c e  o f th e  S i r o s e t  p ro c e s s  and a l s o  

th e  ammonium t h i o g l y c o l l a t e  i s  capEible o f r e a c t i n g  w ith  th e  

m e ta ls  such  a s  i r o n  to  fo rm  c o lo u re d  com plexes and t h i s  may 

c r e a t e  a l t e r a t i o n  in  s h a d e ,
5 9 o82«S e v e ra l  dye m a n u fa c tu re r s  h av e  p u b l is h e d  r e p o r t s '   ̂ ^

8 3 , 81». 3 ;̂jioxi7in g  th e  f a s t n e s s  o f  t h e i r  e n t i r e  ra n g e  o f  wool d y es  

t o  th e  B i r o s e t  and th e  Im m aeula p r o c e s s e s .  They hav e  ta k e n  

in t o  ac c o u n t v a r io u s  f a c t o r s  such  a s  ( 1 ) n e u t r a l i z a t i o n  o f  th e  

dyed m a te r i a l  b e f o r e  s u b je c t in g  to  th e  S i r o s e t  p r o c e s s  

( 2 ) e f f e c t s  o f  r e d u c in g  a g e n ts  ( 3 ) e f f e c t s  o f  steam  p re s s in g *

I t  a p p e a rs  t h a t  th e  s u i t a b i l i t y  o f a g iv e n  d y e s tu f f  f o r  

su b seq u en t B i r o s e t  o r  Im m aeula p ro c e s s in g  i s  d ep en d en t on th e  

p a r t i c u l a r  f i n i s h i n g  p ro c e s s  and th e  t r a d e  f o r  w hich th e  

p a r t i c u l a r  a r t i c l e  i s  in te n d e d .  A lso  th e  d e g re e  o f  

s u s c e p t i b i l i t y  o f  each  dye depends on th e  d e p th  o f  th e  sh ad e  

em ployed. I t  i s  th u s  d i f f i c u l t  to  a r r i v e  a t  any g e n e ra l



o o n a lu s lo n  from  th e  r e s u l t s  g iv e n . The e f f e c t  on th e  dy es

Boeme t o  be s p e a i f i o  f o r  I n d iv id u a l  d y es and n o t

o h a r a o t e r i s t i o  o f  a  c l a s s  o r  r a n g e .  Few o f  th e  chrome

ra n g e  w hich  c o m p rise s  m e ta l - c o n ta in in g  d y es  a r e  c o m p le te ly

u n a f fe c te d #  many a r e  s a t i s f a c to r y #  o n ly  a few  a re  v e ry  p o o r .

A lso  g ro u p s  o f  d y es  e , g ,  o ra n g e s  and# p a r t i c u l a r l y #  y e llo w s

a r e  more a f f e c t e d  th a n  o th e r s  by t h e  above p l e a t i n g

p ro c e s s e s *  The ch a n g es  i n  shade  b ro u g h t by  perm an en t

p l e a t i n g  p r o c e s s e s  i n  wool d y e s  a r e  i r r e v e r s i b l e  e x c e p t in

th e  c a se  o f U l t r a l a n  ty p e s  w here th e  o r i g i n a l  c o lo u r  can  be

r e s t o r e d  by a  m ild  o x id a t io n  t r e a tm e n t  o f  2- v o l ,  h y d ro g en  
85p e r o x id e .

I n  th e  r e c e n t  1 0 p u b l ic a t io n #  a c c o u n t h a s  been  g iv e n  

o f  th e  work done on t h e  f a s t n e s s  o f  wool d y e s tu f f s  t o  th e  

l a t e s t  f i n i s h  f o r  wool c a l l e d  th e  " B iro n iz e d "  -  "E asy  c a re "  

f i n i s h .  I n  th e  p r e s e n t a t i o n  o f  r e s u l t s #  th e  e f f e c t  o f  a 

com bined s h r ln k - p r o o e a s  and s e t t i n g  tre a tm e n t#  w hich  

c o r re s p o n d s  t o  th e  f u l l  S i r o n lz e d  p ro c e s s  a f t e r  dyeing#  and 

a l s o  th e  e f f e c t  o f  s e t t i n g  on p r e - s h r in k p r o o f e d  dyed woolp  

w hich c o r re s p o n d s  t o  th e  p r o c e s s in g  seq u en ce  s h r in k p r o o f ln g -  

d y e in g - s e t t in g #  a r e  d i s c u s s e d .

I t  i s  known from  th e  l i t e r a t u r e  su rv e y  t h a t  so f a r  

no a tte m p t h a s  b e e n  made t o  i n v e s t i g a t e  th e  e f f e c t s  o f th e s e  

p ro c e e s e s  on th e  l i g h t  f a s t n e s s  and w ash in g  f a s t n e s s  o f  th e
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m a te r ia l#  O nly some s u g g e s t io n s  have b ee n  made t h a t  

t r e a tm e n t  o f  dyed, f a b r i c  w ith  t h i o g l y c o l l a t e  may a f f e c t  

th e  p h o t o - s e n s i t i v i t y  o f th e

M oreover# i t  i s  u n d e rs to o d  t h a t  i f  th e  dyed and p e rm a n e n tly  

p l e a t e d  m a te r i a l  i s  e x p o r te d  t o  o v e rs e a s  c o u n tr ie s #  a 

change i n  shade i s  o b se rv e d . The m a te r ia l#  a s  u s u a l l y  s e n t  

by  sh ip #  may ta k e  b e tw een  two and e ig h t  w*eekB b e f o re  i t  

r e a c h e s  th e  d e s t i n a t i o n  and d u r in g  t h i s  p e r io d  i t  i s  p o s s ib l e  

t h a t  th e  m a te r i a l  i s  s t o r e d  u n d e r  th e  c o n d i t io n  o f  h ig h  

h u m id ity  and  som etim es h ig h  te m p e ra tu re #

I n  th e  p r e s e n t  w ork a t te m p ts  have b een  made t o  s tu d y  

th e  e f f e c t s  o f  s to r a g e  c o n d i t io n s  by e x p o s in g  th e  sam ples# 

dyed w ith  d i f f e r e n t  d y e s  and t r e a t e d  v a r io u s ly #  t o  d i f f e r e n t  

r e l a t i v e  h u m id ity  and  te m p e ra tu re  f o r  a p e r io d  o f two weeks* 

A lso# a t te m p ts  hav e  b ee n  made t o  com pare th e  l i g h t f a s t n e s s  

o f  th e  dyed# t r e a t e d  and u n t r e a te d  m a te r ia l#

The m ethods f o r  th e  e v a lu a t io n  o f  th e  ch an g es  i n  

c o lo u r  o f  th e  dyed and  t r e a t e d  sam ples ca n  b e  d iv id e d  i n t o  

th e  fo l lo w in g  two c la s s e s #

(1 )  V is u a l  m ethods

(2 )  I n s t r u m e n ta l  m ethods

V is u a l  m ethods

They a re  b a se d  on th e  u se  o f  th e  S o c ie ty  o f  D yers and
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G o lo u r l a t s ’ 1 -5  gr©ÿ seala®  The sam ple a a r e  g ra d e d  from  

5 t o  1 1 5 in c l io a ta s  no change i n  shade * The u s e  o f  th e

d e s ig n a t io n s  euoh a s  B b lu e r#  B r b r ig h te r #  D d u l le r #

G g re e n e r#  R re d d e r#  W w eaker# Y yello w er#  i s  a l s o  mad© 

a lon g  w ith  th e  g ra d in g  num ber. S e v e ra l  dye m anufaetu r e r s  

have a s s e s s e d  th e  ch an g es i n  th e  c o lo u r  due t o  perm anen t 

p le a t in g  p r o c e s se s  by  em ploying t h i s  m ethod.

I n s t r u m e n ta l  m ethods

The q u a n t i t a t i v e  a ssessB ien t o f  any ohanga i n  shade 

o f  a  c o lo u re d  f a b r i c  sam ple in v o lv e s  a2, l  th e  t h r e e  

o h a r a c t e r i s t i c a  o f  c o lo u r  v i z ,  p u r i ty #  b r i g h tn e s s  and  th e  

hue  o r  dom inant w a v e - le n g th  and f o r  t h i s  p u rp o se  a  

r e f l e c t a n c e  p h o to m e te r  may be em ployed . I n  some 

in s t ru m e n ts  a  c o lo u re d  p a t t e r n  i s  i l lu m in a te d  by  mono- 

c h ro m a tic  l i g h t  from  a  s p e c tro m e te r  o r  f i l t e r  and  th e  

i n t e n s i t y  o f  t h e  r e f l e c t e d  l i g h t  a t  a  s e r i e s  o f  w a v e - le n g th  

i s  com pared w ith  t h a t  r e f l e c t e d  by  a w h ite  s u r f a c e .  I n  

o th e r  in s t ru m e n ts  f i l t e r s  s im u la t in g  red#  g reen #  and b lu e  

o r  and % ( 0 , 1 , 1 , )  s ta n d a r d s  a r e  u s e d . T hus e i t h e r  

i n d i r e c t l y  o r  d i r e c t l y  th e  o h a r a c to r i s t io B  o f  th e  p a t t e r n  

may be fo u n d  and  th e  hue p l o t t e d  on th e  0 X1  o h r o m a t ic i ty  

c h a r t , ^^8
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M a te r ia ls

Wool

A ll  t r e a tm e n t s  d e s c r ib e d  i n  t h i s  and th e  fo l lo w in g  

c h a p te r 8 w ere made on a l l - w o o l  f l a n n e l  o f p l a i n  weave w hich  

h ad  b een  p r e v io u s ly  scoured#  c a rb o n iz e d #  n e u t r a l i s e d #  soap  

m i l l e d  and w ashed o f f  w ith  G algon  to  remove r e s i d u a l  lim e  

and soaps*

0 M m ic^ ,8

2 p e r  c e n t  ammonium t h i o g l y c o l l a t e  s o l u t io n  was 

p r e p a re d  by  ad d in g  (b y  volum e)

T M o g ly eo lX io  a c id  (9fîpS) 20 p a r t s /1 0 0 0

Ammonia (sp o g r*  0*880) ««, , 2 0  p a r t s /1 0 0 0
approx*

L ie s a p o l  M * * * * * * * * * 2 p a r t s / 1 000

t o  i r o n - f r e e  w a te r  and  th e  pH v a lu e  o f  t h e  s o lu t io n  was 

a d ju s te d  t o  6*75o F re e h  s o lu t io n s  w ere u se d  s in c e  

d e c o m p o s itio n  o f  th e  s o l u t io n  may o c c u r  on s to ra g e *

2 p e r  c e n t sodium  m e ta - b i s u lp h i t e  s o lu t io n  was 

p re p a re d  by d lB B o lv in g  20 gms* o f  sodium  m e ta - b i s u lp h i t e  

i n  1000 coo o f  d i s t i l l e d  w a te r*  F re s h  s o l u t io n s  w ere u se d  

s in c e  d ec o m p o sitio n #  w ith  th e  e v o lu t io n  o f  s u lp h u r  d io x id e #  

t a k e s  p la c e  i n  o ld  s o l u t i o n s .



üx’e a - b i s u l p h l t e  s a l u t  io n  was p re p a re d  by  d ia s o lv in g  

i  gnu o f  sodium  m e ta - b i s u lp h i t e  and 30 gms* o f  u r e a  ( l a b o r a t o r y  

r e a g e n t )  i n  100 cc* o f  d i s t i l l e d  w ater*  The pH o f  th e  

s o l u t io n  was 6 *

The fo l lo w in g  d y es  u s e d  i n  th e s e  e x p e r im e n ts  were 

ooinm ercial sam p les  o b ta in e d  from  th e  IC I *

o r

o r

(X) N aphthalene G reen  08

(2 ) Solw ay B lu e  HNS

(3 )  L ie sa m in e  Red 7BPS 

(1|.) N a p h th a le n e  B la c k  12 B o r

A f te r  chrome dye

S o loch ro rna te  F a s t  Rod 3 08 o r

A eid  m i l l l n g d y e

Solw ay G reen 0 (1 5 0 )

01 ACID GREEN 3 

01 AOID BLUE 1+7 

01 AOID VIOLET 3 
01 AOID BLACK 12 B

01 MORDANT RED 19

or 01 AOID GREEN 25

EXPERIMENTAL METHODS

i r a t io n  o f ,---- ,ee

The depth  o f  shade o f each  dye u se d  f o r  d y e in g  w o o lle n  

m a te r ia l  i s  shown i n  TABLE I .
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TABLE I
. .1 !■ 11 iw m rtn. *■

Bye' D epth o f  Shade %

N a p h th a le n e  G reen  GS 

Solw ay B lue  HHB 

L:Ibbam ine Red 7BP8 

N ap h th a le n e  B la c k  1S B 

S o lo c h r  ornate F a s t  Red 3G8 

P ro p e la n  Y ellow  3GX 

Solw ay G reen G-

2 ,5 0

0 ,7 5

0 ,7 0

1 0 ,0 0

1 ,3 0

1*50

1 ,7 0

D yeing M ethods

D yeing  was c a r r i e d  o u t by  s ta n d a rd  p ro c e d u re s#  d e s c r ib e d  

b r i e f l y  below# on th e  w o o lle n  f a b r i c  sam p les w e ig h in g  

a p p ro x im a te ly  30 gms. The m a te r i a l  t o  l i q u o r  r a t i o  was Icept 

a s  1 s 50 * I n  t h e  fo l lo w in g  r e c ip e s  p e r c e n ta g e s  a r e  c a l c u l a t e d  

on th e  w e ig h t o f  t h e  m a te r i a l  b e in g  dyed .

L e v e l l i n g ,a c id  d y e s

The sam ple was dyed  i n  a dye s o l u t io n  c o n ta in in g  10% o f 

G la u b e r’ s  s a l t  and 3% o f  s u lp h u r ic  a c id  (Gone© ). I t  was 

im m ersed i n  th e  warm d y e b a th  ( 60^0 ) # w hich was r a i s e d  t o  th e  

b o i l  i n  20 m in u te s  and c o n t in u e d  b o i l i n g  f o r  1 h o u r  and was
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th e n  r l n e e d  and ciried*

The eampl© was immersed i n  a  c o ld  s o l u t io n  c o n ta in in g  

10% o f  G la u b e r ’ s  s a l t #  1% o f  a a e t io  a c id  and 1% o f  fo rm ic  

a c id  ( 85%) w hich  was th e n  r a i s e d  t o  b o l l  i n  20 m in u te s  and 

b o i l e d  f o r  k3  m in u te s*  A f te r -c h ro m in g  was done by l i f t i n g  

th e  sam ple from th e  b a th  and a d d in g  50 ec* o f  c o ld  w a te r  and  

1% p otassiu m  d lc h ro m a te  th e n  r e p la c in g  th e  sam ple and b o i l i n g  

f o r  30 m in u tes*  The s M p le  was r i n s e d  and d r ie d *

. l l i t m  clTCB

The sam ple was inm iersad I n to  a c o ld  dye s o lu t io n  

c o n ta in in g  10% G lauber^  a s a l t  and  1% a c e t i c  a e id  w hich  was 

r a i s e d  to  b o i l  in  20 m in u te s  and b o i l e d  f o r  1 h o u r ;  a f t e r  

b o i l i n g  f o r  45  m in u te s  1% a c e t i c  ac id #  p r e v io u s ly  d i l u t e d  

w ith  w ate r#  was added*

M ethods end c o n d i t io n s  o f  t r e a tm e n t

The dyed  sam p les  w ere o u t i n t o  3" % 4" p i e c e s  (a p p ro x * ) 

and  e q u a l  num bers o f  th e s e  p i e c e s  ( u s u a l l y  f o u r )  w ere g iv e n  

ea ch  o f  th e  fo l lo w in g  t r e a tm e n ts *

( a )  B i r o s e t  t r e a tm e n t
H f  *  ' gpui ii,% i„ i t s i*i‘, yrw.Tf.#

The dyed sam p les  were th o ro u g h ly  w etted  w ith  2% 

ajmnonium t h i o g ly e o i la t e  s o lu t io n  a t  room tem perature and 

w are sq u eezed  i n  a  p a d d in g  m angle so a s  t o  o b ta in  50% 

m o is tu re  c o n te n t  (d e te rm in e d  by  w e ig h in g )*
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(b )  ïrnmaoula. t r e a tm e n t^ f  w# im ni ’wçji witL> wiiim ■ i

The dyed sam p les  w ere t r e a t e d  w ith  2% s o l u t io n  o f  

sodium  b i s u l p h i t e  f o r  15 m in u te s  a t  room te m p e ra tu re  and w ere 

th e n  r i n s e d  w ith  w a te r#  sq u ee zed  and a i r  d r ie d *

( c) U r e a - b i s u lp h i te  t r e a tm e n t

The dyed sam p les  w ere t r e a t e d  w ith  u r e a - b i s u l p h i t e  

s o lu t io n  f o r  15 m in u te b a t  room te m p e ra tu re  and th e n  sq u eezed  

a s  i n  (a )*

( d) 7i/atex'* trea tm en t* f toSr,tê‘.«vû*«<i*ùĴxit5j.‘5̂xd.:vixxr'.2TsrttauLUA'Wlvr2er.'--i

The dyed sam p les  w ere t r e a t e d  w ith  d i s t i l l e d  w a te r  and 

sq u ee zed  t o  50% (a p p ro x * ) m o is tu re  c o n te n t*

The saroples a# e# d# w ere sandw iched  b e tw een  "d ry "  wool 

o r  c o t to n  and th e  sam p les k betw een  c o t to n  c o n ta in in g  50%
■ftia

m o is tu re  and th e n  w ere s team ed  in jH o ffm an  P r e s s  a t  65 I b s . / s q ,  

in c h  gauge px^essure f o r  20 seconds*  The t y p i c a l  seq u en ce  o f  

o p e r a t io n  o f  s te am in g  b e in g  a s  fo l lo w s :

( 1 ) s te a m in g  f o r  20 seconds#

( 2 ) f u r t h e r  s te a m in g  f o r  20 seco n d s  w ith  th e  su p p ly  o f  

steam  c u t  o f f#

( 3 ) vacuum t r e a tm e n t  f o r  20 seconds*
* \\
Im a a c u la - I  means t h a t  th e  sam ple was f i r s t  t r e a t e d  w ith  

b i s u l p h i t e  s o l u t io n  and th e n  s team  p re sse d *
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ï in m a c u la - ï î  m eans th e  sam ple was t r e a t e d  w ith  sodium  b i s u l p h i t e  

s o lu t io n  and d r i e d  w ith o u t  steam ing*,

A l l  th e  above sam p les  w ere a llo w e d  t o  c o n d i t io n  f o r  a t  

l e a s t  24 h o u rs  and th e n  w ere s u b je c te d  to  c o lo u r  a s se ssm e n t a s  

d e s c r ib e d  l a t e r  i n  t h i s  chapter©

C o n d it io n s  o f  th e  exp o su re

A c lo s e d  p l a s t i c  c a b in e t#  i n  w hich th e  a tm o sp h e re  ?/as 

m a in ta in e d  a t  c o n s ta n t  te m p e ra tu r e  ( 1 1°G ) and  huiT iidity  

( i  2% ) u s in g  d i f f e r e n t  s a t u r a t e d  s a l t  s o l u t io n s  (TABLE 11)#  

was u se d  f o r  e x p o s in g  sam p les  i n  s e r i e s  o f  e x p e r im e n ts .  I n  

ea ch  s e r ie s #  a  s e t  o f  t r e a t e d  sam p les  a lo n g  w ith  a c o n t r o l  

sam ple was exposed  t o  a  p a r t i c u l a r  h u m id ity  and te m p e ra tu re  

f o r  tv/o weeks©

TABLE I Icaï*".js*ttLeie63w>i*Pf̂jai!eDû*|ia»

Ï0inpe3paturo C s a l t

20 sodium  c h lo r a t e 75

ammonium d i  hydrogen  
p h o sp h a te

93

25 ' m agnesium  c h lo r id e 32

sodium  c h lo r id e 75

ammonium d ih y d ro g e n  
p h o sp h a te

93

30 sodium  c h lo r id e 75

p o t^ a s lu iîî  n i t r a t e 93
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à  d i f f i c u l t y  v/ae o b ao rv ed  d u r in g  th e  h ig h  h im v lû tt^

BMÛ tem perat>)ira e x p o s u re  (3 0 %  a  93% Ml) a© t h e r e  was 

o o n d o a o a tio n  o f  watos** i n a ld e  th o  o ab in o to  T h is  im a  a v a l  do# 

by  l a g g in g  th e  o u ta id e  o f  t h e  o a b ia e t  w ith  t h i c k  l a y e r  o f  

w ool and  c o t to n  fa b rlo B #

At tiAo end  o f  oxpopuro  tlrao# th e  eamplo© ivere rem oved 

from  th e  c a b in e t  and  wore a l lo w e d  t o  o o n d i t io a  f o r  a t  l o a o t  

48  hour© a t  20%  and  65% Ml p r i o r  t o  any c o lo u r  ©©coeomoat,

»?emeat o f .. o o l o u r

A l l  th e  c o lo u r  m easur^m oate  w ore p e rfo rm e d  on th o  

’E M / r e f l e c t a u e e  o p o c tro -p h o to e io te r  u e in g  a  t h r e e  f i l t e r  

"w h ee l" 0 w hich g iv e s  th e  X ^ Y # ^ tris tim u lu ©  value©  d i r e c t l y *

A b r i e f  d o a c r ir> tio u  o f  th o  iaot%*umeat and it©  w o rk in g  i s  a s  

fo llo w s#

Tho l i g h t  s o u rc e  i a  a  tu n g s te n  laiBp o p e r a t in g  a t  a  

c o lo u r  te m p e ra tu r e  2 % 8%  (B ouroo  A -  G#I*B# a r t i f i c i a l  

l i g h t  s ta n d a rd )  an d  h a s  c o e f f i c i e n t s  o f  x  s* D#41i8 # Y » o«4 o7 p 

E 0«14S« The in c id e n t  l i g h t  from  th o  e o u re o  f a l l©  on th o  

sam ple a t  4-5 ^̂ $ i s  r e f l e c t e d  on to  th o  p h o to e o l l  p la c e d  

n o rm a lly  w ith  ro a p o c t  t o  th e  ©ample and th e  c u r r e n t  g o n o ro to d  

i© p a s s e d  t o  t h e  goX vanom etor u n i t*

The in s t ru m o a t  s e n s i t i v i t y  on th o  s ta n d a r d  w h ite  

(lAagnoBium c a rb o n a te  b lo c k )  :la a d ju s te d  i n  su ch  a  way t h a t  

th e  g a lv a n o m e te r  r e a d s

0
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100 f o r  X f i l t e r  

90*8 f o r  Y f i l t e r  

32*4 f o r  Z f i l t e r  

R ead in g s  on th e  sarnplee a r e  ta k e n  d i r e c t l y  by u s in g  f i l t e r s  

X# Y and E# from  w hioh th e  c o e f f l o i e n t s  a r e  c a l c u l a t e d  a s  

fo l lo w s :

*  = _ J L _  ■ = _ I _
X^Y^E X:Y4.%

I n  t h i s  w ork 5 r e a d in g s  w ere ta k e n  on ea ch  s id e  o f  each  

o f  th e  4  sam p les from  any one t r e a tm e n t ;  ea ch  o f  t h e  5 

r e a d in g s  b e in g  ta k e n  i n  5 d i f f e r e n t  r e g io n s  o f each  sam p le .

Hue

The X and y  c o e f f i c i e n t s  o f  a  sam ple w ere p l o t t e d  

on th e  o h ro m a t ic i ty  c h a r t*  The l i n e  d raw n th ro u g h  th e  

r e s u l t i n g  p o in t  from  th e  r e f e r e n c e  p o in t  o f  th e  l i g h t  

so u rc e  was c o n tin u e d  t o  o u t th e  c o lo u r  lo c u s  and th e  

r e s u l t i n g  p o in t  o f  i n t e r s e c t i o n  was ta k e n  a s  th e  ’ dom inant 

w a v e le n g th ’ o f  th e  sample® I t  was fo u n d  t h a t  th e  

r e f l e c t a n c e  spec t3?opho tom eter was n o t  c a p a b le  o f  i n d i c a t i n g  

th e  p ro p e r  hue  (d o m in an t w av e len g th ) o f  a sam ples r e a d in g s  

te n d e d  to  r e d - b lu e  end  o f  th e  c h r o m a t ie l ty  d iag ra m .

H ow ever, i n  th e  p r e s e n t  work# th e  in s tru m e n t  was u se d  f o r  

r e l a t i v e  m easurem ents*
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M sksM m sM

The b r ig h tn e s s  o f  th e  sample waa o b ta in e d  by

m u l t ip ly in g  th e  ¥  r e f l e c t a n c e  r e a d in g  o f  th e  sam ple by
100
■ iini'ii'Lmuiw

9 0 ,8

An O a ira  lamp o f  400  w® r-p o u i.e ra  w hich  r a n  d i r e c t l y  

from  th e  main supp ly#  was u s e d ,  A c y l in d e r  o f  s h e e t  

alum in lm u 17 In c h e s  I n  d ia m e te r  and 15 in c h e s  h igh#  c e n t r e d  

on th e  lamp w ith  an  i n t e r n a l  c ir c u la r  s h e l f  f o r  th e  sam p les  

was u s e d , The lam p had  a weak c o n tin u o u s  sp ec tru m  a s  

b ack g ro u n d  w ith  a number o f  su p erim p o sed  s t r o n g  mono-
07chromâtlo  b&mds a t  3700 A# 4000  A# 5^00 A# and 5800 A,

The n a tu r e  o f th e  l i g h t  e m it te d  from  th e  m ercu ry  

lam p u se d  i n  t h i s  e x p e rim e n t i s  q u i t e  d i f f e r e n t  from  day

l i g h t #  bu t#  s in c e  th e  aim o f  th e  p r e s e n t  w ork was a  

c o m p a ra tiv e  s tu d y  o f  th e  e f f e c t s  o f  re d u c in g  a g e n ts  on 

l i g h t  f a s t n e s s  o f  d i f f e r e n t  d y es  and  n o t th e  a b s o lu te  

d e te rm in a tio n #  i t  was th o u g h t r e a s o n a b le  t o  u se  th e  m ercu ry  

v ap o u r lam p a s  so u rc e  o f l i g h t  i n  p la c e  o f  su n lig h t®  As 

r e g a r d s  th e  r e l i a b i l i t y  o f  th e  t e s t # i t  i s  o b se rv e d  t h a t  

th e  d i f f e r e n c e  betw een  th e  f a s t n e s s  r a t i n g s  o f  th e  s a m p le s , 

a t  s ta n d a r d  d ep th#  ex p o sed  t o  th e  l i g h t  from  m ercu ry  lam p



and  s u n l ig h t  ( r a t l n g e  o b ta in e d  from  th e  C o lo u r In d e x )  

f o r  e q u iv a le n t  dyes i e  i  1 g r a d in g ,  aee TABLE I I I  .

Dye

N ap h th a le n e

G rad in g  num ber

A f te r  ex p o su re  
t o  m ercu ry  
v ap o u r lam p

A f te r  e x p o su re  
to  s u n l ig h t  ©

j G reen a s
(

3 2

1 Solw ay G reen G 7 6

1 Solw ay B lu e  RNS! 5“ 6 5

Î S o lo c h r  ornate 
i F a s t  Res 3G8 7 6

, L issa îriin e  Bed , 
I TBPS ; 5 l+««5
1  ̂

Propolam
Y ellow  3QK . ; 6

Grading© o b ta in e d  from  th e  C o lo u r Index®

M ethods and  c o n d i t io n s  o f  „       —      -—

A a t r i p  o f  1 cm x 6 om was c u t  from  each  sam p le ,

t r e a te d #  u n tr e a te d #  and  s ta n d a r d .  The © trip©  w ere m ounted
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Qïi c a rd b o a rd  and  one q u a r t e r  o f th e  t o t a l  l e n g th  o f  each  

sam ple was c o v e re d  w ith  c a rd b o a rd ^ ^  and th e y  w ere th e n  

ex p o sed  t o  th e  d i r e c t  l i g h t  o f  a  m ercu ry  v ap o u r lamp®

The e f f e c t  o f  l i g h t  was fo llo w e d  by  l i f t i n g  th e  

c a rd b o a rd  co v e r p e r i o d i c a l l y  and  in s p e c t in g  th e  s ta n d a rd s *  

When a  change i n  s ta n d a r d  3 was j u s t  p e r c e iv e d ,  th e  

spec im ens w ere in s p e c te d  and t h e i r  l i g h t  f a s t n e s s  w ere 

r a t e d  by  com paring  th e  ch an g es t h a t  had  o c c u r re d  w ith  th e  

ch an g es  i n  s ta n d a r d s  1 #2 # and  3 *

The c o v e r  was r e p la c e d  in  th e  same p o s i t i o n  and th e  

e x p o su re  was c o n t in u e d  u n t i l  a change In  s ta n d a r d  4  was 

j u s t  p e r c e iv e d ;  a t  t h i s  p o in t  an  a d d i t i o n a l  c a rd  w hich 

c o v e re d  h a l f  th e  t o t a l  l e n g t h  o f  th e  sa m p le s , o v e r la p p in g  

th e  f i r s t  c o v e r ,  was fixed®  The e x p o su re  was c o n tin u e d  

u n t i l  a change i n  s ta n d a r d  6 was j u s t  p e r c e iv e d ,  th e n  th e  

f i n a l  c a rd  c o v e r in g  t h r e e  q u a r t e r  o f th e  t o t a l  l e n g th  o f  

th e  sam ples was f ix e d #  k e e p in g  th e  o th e r  two c a rd s  i n  th e  

same p o s i t io n *  The e x p o su re  was f u r t h e r  c o n tin u e d  u n t i l  

a  c o n t r a s t  was p ro d u c e d  on s ta n d a r d  7 e q u a l t o  th e  c o n t r a s t  

i l l u s t r a t e d  by  g ra d e  4  o f  th e  S o c ie ty  o f  D yers and 

C o lo u r1 s t  g re y  s c a le *

A l l  th e  t h r e e  c o v e rs  wore rem oved and  th e  changes i n  

th e  spec im ens w ere com pared w ith  th o s e  i n  th e  s ta n d a rd s *
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The  l i g h t - f a e t n e s s  g ra d in g  of* t h e  epeclm en was th e  number 

o f  th e  s ta n d a r d  v /h ich  showed a  s i m i l a r  change i n  c o lo u r  

( v i s u a l  c o n t r a s t  b e tw een  e x p o se d  and u n ex p o sed  p a r t s  o f  

th e  sp e c im e n ), H ence 1 m eans v e ry  p o o r  and 7 m eans v e ry  

good l i g h t - f a s t n e SB,

^ x p m a u m m .  k h b u ltb

Eue

The g e n e ra l  ra n g e  o f  r e s u l t s  i s  shown on th e  f u l l  

ch ro m âti c i t y  c h a r t  i n  f ig #  5 and th e  d e t a i l e d  r e s u l t s  a r e  

shown on th e  e n la r g e d  p o r t i o n s  o f  th e  c h a r t*  Only 

n a p h th a le n e  G reen showed a s i g n i f i c a n t  d i f f e r e n c e  and f o r  

t h i s  t h e  d e t a i l e d  r e s u l t s  a r e  shown on e n la r g e d  p o r t i o n s  

o f  t h e  ch ro m â ti c i t y  c h a r t  i n  f ig s *  6 , 7 f 8 *

B rig h tn eB S

T a b le  IV shows th e  d i f f e r e n c e  betw een  th e  p e r c e n ta g e  

b r i g h tn e s s  o f  th e  t r e a t e d  an d  th e  c o n t r o l  sam p les  ex p o sed  

t o  s i m i l a r  c o n d i t io n s  o f  te m p e ra tu r e  and r e l a t i v e  h u m id ity ,  

f o r  th e  dye N a p h th a le n e  Green*
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Temperature in  % 20 : ■ 25 30

% a*H* 75 93 1 32 75 93 75 93

Siroset 7 .1 5 .4  ; 9 .1i 6.0 1 .1 5.6 2,1

înimaeula^X 32,0 6.6  ! 7 ,21 17.4 1.0 1.3 1.5

Imrnaciila«̂ l̂X 9.3 6.0  1 12.8 13.1 2.3

Mater 0 .3 0 .3 I 0.7 0.1
I  °  ^

0 0.3

Naphthalene Green GS, d ifference WWeen % brightness of tre a te d  

and contro l samp3̂ s*

trea te d  samples with steam pressing* 

treated samples without steam pressing .
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DISCUSSION OF RBBÜLT8

I t  l e  o b se rv e d  t h a t  th e  saimplea dyed  w ith  dy es suoh 

a s  Solw ay B lue RNBj, Solw ay G reen I iie sa m in e  Red 7BPBj> 

S o loohro rnate  P a s t  Red 308 , and  P ro p o la n  Y ellow  30X, show 

v e ry  l i t t l e  change i n  dom inan t w av e len g th  o r  b r ig h tn e s s  

( i  1%) when th e y  a r e  ex p o sed  t o  v a r io u s  r e l a t i v e  h u m id i t ie s  

and  te m p e ra tu re  a f t e r  b e in g  g iv e n  S i r o s e t  o r Im m acula 

t r e a tm e n t ,  f i g .  5® T h is  -is  e x p e c te d  b e c a u se  th e  dyed 

samx^les when s u b je c te d  to  e i t h e r  o f th e  t r e a tm e n ts  shov; 

v e ry  l i t t l e  change i n  hue o r  b r ig h tn e s s , .  H ow ever, 

N ap h th a le n e  G reen  08 shows c o n s id e r a b le  ch an g es  i n  dom inan t 

w a v e le n g th , f ig *  6 , 7 , 8 , and b r ig h tn e s s  (up  t o  Mfo) a f t e r  

b e in g  t r e a t e d  and e x p o se d .

I t  a p p e a rs  t h a t  i n  th e  c a se  o f N a p h th a le n e  G reen G8 , 

th e  dom inant w a v e le n g th  o f  th e  S i r o s e t  t r e a t e d  sam ples 

te n d s  to  r e v e r t  t o  t h a t  o f  th e  c o n t r o l  ( u n t r e a te d )  when 

th e y  a re  ex p o sed  t o  h ig h  h u m id ity  end te m p e ra tu re #  The 

d i f f e r e n c e  be tw een  th e  dom inan t w av e len g th  o f th e  c o n t r o l  

and t r e a t e d  sam ple w h ich  i s  ex posed  to  RH a t  25^0 i s  

g r e a t e r  th a n  th e  d i f f e r e n c e  f o r  a  sam ple ex p o sed  t o  93% RH 

a t  th e  same te m p e ra tu r e ,  f i g .  6 # The d i f f e r e n c e  betw een  

th e  p e r c e n ta g e  b r ig h tn e s s  o f  th e  t r e a t e d  and  c o n t r o l  

sam p les  d e c r e a s e s  w ith  th e  in c r e a s e  i n  % HH a t  c o n s ta n t



do

te m p e ra tu r e  and w i th  in c r e a s e  i n  te m p e ra tu re  a t  th e  

c o r re s p o n d in g  h u in id i ty ,  T a b le  IV 4

I n  th e  c a se  o f  th e  o th e r  two t r e a tm e n t s , Immacula-X 

and Im m a o u la -I I , t h e  ss^inplea dyed  w ith  th e  N ap h th a le n e  

G reen 03 show a a i m i l a r  r e v e r s a l  i n  hue and b r ig h tn e s s  a s  

o b se rv e d  i n  th e  B i r o s e t  t r e a tm e n t ,  a f t e r  e x p o su re  t o  

s i m i l a r  c o n d i t i o n s ,  f ig o  7 >B#

I n  o rd e r  t o  e x p la in  th e  c o n s id e r a b le  change i n  hue 

and  b r i g h t n e s s , i n  th e  c a se  o f  th e  sam ples dyed w ith  

N a p h th a le n e  G reen GS, i t  i s  f i r s t  n e c e s s a ry  t o  u n d e r s ta n d  

why th e  t r e a tm e n ts  c a u se  th e  ch a n g es  i n  th e  sam ples#  

U n f o r tu n a te ly ,  a  g r e a t  d e a l  o f  c o n tro v e r s y  e x i s t s  r e g a rd in g  

th e  m echanism  o f  th e  ch an g es  i n  hue and b r ig h tn e s s  b ro u g h t 

ab o u t by  th o s e  t r e a tm e n t b# H ow ever, i t  may be s u g g e s te d  

t h a t  th e  change i n  shad e  o f  a dyed  sam ple when g iv e n  th e  

B i r o s e t  ti^ea tm en t i s  e i t h e r  b e c a u se  o f th e  s e n s i t i v i t y  o f  

th e  B ir o s e t  s o l u t i o n  to  th e  m e ta ls  w hich  may be p r e s e n t  i n  

th e  dye o r  th e  r e d u c t io n  o f  th e  dye i t s e l f »

The f i r s t  s u g g e s t io n  ca n n o t be s u p p o r te d  by th e  

p r e s e n t  r e s u l t s  f i r s t l y ,  a e  i t  was o b se rv e d  t h a t  th e  chrome 

dyed sam ple d id  n o t  show any change i n  shade^ S e c o n d ly , 

th e  r e v e r s a l  o f  hue and  b r ig h tn e s s  o f  th e  dyed and t r e a t e d  

sam ple c«n ex p o su re  t o  h ig h  h u m id ity  and te m p e ra tu re  c a n n o t



b e  p o s s ib l e  i f  th e  change I n  shade  i s  due t o  th e  fo rm a tio n  

o f  c o lo u r  com plexes by  th e  S i r o s e t  s o lu t io n #  T h i r d ly ,  

th e  sodium  b i s u l p h i t e  s o l u t i o n  w hich i s  u se d  i n  Im m acula 

p r o c e s s ,  i n  s p i t e  o f  b e in g  i n s e n s i t i v e  t o  m e ta l s ,  p ro d u c e d  

s i m i l a r  ch an g es  i n  th e  shade  o f  dyed m a te r i a l  t o  th o s e  

c a u se d  by  s i r o s e t  s o lu t io n #

The seco n d  s u g g e s t io n  t h a t  th e  dye may u n d erg o  

r e d u c t io n  on th e  t r e a tm e n t  m eans t h a t  th e r e  may be some 

ch an g es  i n  th e  c h e m ic a l c o n s t i t u t i o n  o f  th e  d y e , fo r  

exam ple r e d u c t io n  o f  c e r t a i n  g ro u p s  i n  th e  dye m o lecu le#  

U n fo r tu n a te ly  i t  i s  n o t  y e t  c l e a r  w hich  g ro u p s  may be 

r e s p o n s ib le  f o r  t h i s #  H ow ever, i f  such  r e d u c t io n  i s  

p o s s i b l e ,  th e n  th e  ra v e i’s a l  o f  hue and b r i g h t n e s s  may be 

b ecau se  o f  th e  slow  o x id a t io n  o f  th e  re d u c e d  dye under th e  

c o n d i t io n s  o f  h ig h  h u m id ity  and  te m p e ra tu re #

I t  i s  a p p a re n t  from  above th a t  i t  i s  v e ry  d i f f i c u l t ,  

t o  d e r iv e  any  c o n c lu s io n  r e g a r d in g  th e  r e v e r s a l  o f  hue and  

b r ig h tn e s s  a f t e r  th e  e x p o s u re , u n le s s  a  d e f i n i t e  r e a s o n  a s  

t o  why th e  dye undergoes change on t r e a tm e n t  w i th  e i t h e r  

o f  th e  p r o c e s s e s  i e  Bought# H ow ever, p r e s e n t  r e s u l t s  

d e f i n i t e l y  i n d i c a t e  th a t  th o se  dyes w hich  a r e  s a n a i t i v e  t o  

perm anen t p l e a t i n g  p r o c e s s e s ,  show r e v e r s a l  i n  hue and 

b r ig h tn e s s  when th e  dyed  sam ples a f t e r  b e in g  t r e a t e d ,  a r e  

ex p o sed  t o  th e  h ig h  h iiiB id ity  and te m p e ra tu re #  T h is  i s
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Q U ffle io n t to  j u s t i f y  our assum ption  th a t  th e  change in  

shade o f th e  m a te r ia l ,  dyed w ith  such d yes and g iv en  

permanent p le a t in g  trea tm en t b e fo r e  e x p o r ta t io n  may be 

b ecau se  o f th e  s to r a g e  c o n d it io n s  on th e  journey#

The d y ed , S i r o s e t  t r e a t e d  sam p les  a p p e a r  to  have

lo w er l i g h t  f a s t n e s s  com pared t o  c o n t r o l  ( u n t r e a te d )

sm ip les#  The d e c re a s e  i n  f a s t n e s s  may be due to  th e

e f f e c t  o f  e i t h e r  s te a m in g  o r  ammonium th io g X y e o l la te

s o lu t io n #  The p o s s i b i l i t y  o f  th e  fo rm e r e f f e c t  can  be

e x c lu d e d  a s  i t  a p p e a rs  t h a t  m ere steaiii p r e s s in g  d o es  n o t

a l t e r  th e  l i g h t  f a s t n e s s  and  h en ce  i t  I s  s u g g e s te d  t h a t

th e  d e c re a s e  i s  b e c a u se  o f  th e  a c t io n  o f  amiionium

t h i o g l y o o l l a t e  s o lu t io n #
86S c h ie c k e  s u g g e s te d  t h a t  i f  th e  dye i s  f a s t  t o  

th e  S i r o s e t  ( ammonium th io g X y e o l la te )  t r e a tm e n t ,  th e n  i t s  

l i g h t  f a s t n e s s  w ould  a l t e r  n e g l i g i b l y  on th e  S i r o s e t  

t r e a tm e n t  o f  a  sam ple w ith  th e  same dye# B ut i t  a p p e a rs  

t h a t  a l l  th e  dy es i n v e s t i g a t e d  i n  th e  p r e s e n t  w ork , w hich  

have f a i r l y  good f a s t n e s s  t o  th e  S i r o s e t  t r e a tm e n t ,  show 

a d e c re a s e  i n  th e  l i g h t f a s t n e s s  when ex p o sed  t o  th e  l i g h t  

from  th e  m ercu ry  lam p; th e  d e c re a s e  i s  m ost p ro n o u n ced  

in  th e  c a se  o f  L is s a m in e  Red 7BFS# N ap h th a le n e  G reen  GB 

w hich h a s  v e ry  low  f a s t n e s s  to  S i r o s e t  t r e a tm e n t ,  s u f f e r s  

n e a r ly  a  com p le te  l o s s  i n  l i g h t  f a s tn e s s #
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Prom above i t  can  be  eu g g ea to d  t h a t  th e  u se  o f  dy es 

such  a s  N ap h th a le n e  G reen  0 8 , vfhich have v e ry  low  f a s t n e s s  

t o  th e  S i r o s e t  t r e a tm e n t  s h o u ld  be r e j e c t e d  i f  th e  dyed 

sam ple i s  t o  r e c e iv e  t h i s  t re a tm e n t#  S e c o n d ly , even 

th o u g h  some dyes a r e  f a s t  t o  th e  S i r o s e t  t r e a tm e n t ,  i t  i s  

a d v is a b le  t o  t e s t  them  f o r  t h e i r  f a s t n e s s  t o  l i g h t  a f t e r  

S i r o s e t  tre a tm e n t#

I t  i s  o b se rv e d  t h a t  th e  sodium  b i s u l p h i t e  and u r e a -  

b i s u l p h i t e  t r e a tm e n ts  have  no e f f e c t  on th e  l i g h t f a s t n e s s  

o f  th e  d y es  w hich  a r e  f a s t  t o  th e  Im m acula (sod ium  

b i s u l p h i t e )  t r e a tm e n t#  However, b o th  th e  t r e a tm e n ts  c a u se  

a d e c re a s e  i n  th e  l i g h t f a s t n e s s  o f  N a p h th a le n e  G reen  GS, 

th o u g h  n o t  a s  much a s  t h a t  c a u se d  by th e  S i r o s e t  t r e a tm e n t ,  

I t  can  be  c o n c lu d e d  t h a t  among a l l  th e  t h r e e  

t r e a tm e n ts  i n v e s t i g a t e d  v i 0 , S i r o s e t^  Im m acula, and  u r e a -  

b i s u l p h i t e ,  o n ly  t h e  S i r o s e t  h a s  some e f f e c t  on th e  l i g h t -  

f a s t n e s s  o f  d y e s , i r r e s p e c t i v e  o f  t h e i r  f a s t n e s s  t o  th e  

tre a tm e n t*  I f  good l i g h t f a s t n e s s  l b  one o f  th e  r e q u i r e 

m en ts o f  a  dyed m a te r ia ] , r e c e iv in g  perm anen t p l e a t i n g  

t r e a tm e n t ,  th a n  th e  B i r o s e t  t r e a tm e n t  sh o u ld  be a v o id e d  

u n le s s  i t  i s  Imown d i r e c t l y  t h a t ,  th e  l i g h t f a s t n e s s  o f  th e  

dye i s  n o t a f f e c t e d  by  th e  tre a tm e n t#
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INTRQDUCTIQW 

B w ellln g  p r o p e r t i e a

The s w e l l in g  p r o p e r t i e s  o f  wool f i b r e s  depend  

p r i m a r i l y  on l^he c y s t i n e  l in k a g e s  a l th o u g h  th e  e l e c t r o -  

v a l e n t  s a l t  l i n k a g e s  may a l s o  be r e s p o n s ib le  t o  a 

s m a l le r  e x te n t#  Any r u p tu r e  o f  th e  c y s t in e  ( d i s u lp h id e )  

l in k a g e s  w i l l  im m d ia t e ly  a f f e c t  th e  s w e l l in g  o f th e  f i b r e .  

S w e ll in g  m e a s u re m e n ts ,th e re fo re ,  maket i t  p o s s ib l e  t o  

e s t im a te  any  damage t h a t  may be ca u sed  by  r e a g e n t s  w hich  

a r e  known to  a t t a c k  c y s t in e  bonds i n  wool f i b r e s #

Many m ic ro s c o p ic a l  te c h n iq u e s  have  b ee n  em ployed 

t o  s tu d y  th e  s w e l l in g  o f  a  wool f i b r e  b u t  b e c a u se  o f  

t h e i r  in a c c u ra c y  th e y  c a n n o t be r e l i e d  upon# C e n tr i f u g e  

m ethods o f  s w e l l in g  m easurem ent have b een  u se d  by v a r io u s  

v /orkerss Brown i n  p a r t i c u l a r  u se d  th e  m ethod to  s tu d y  

th e  damage s u f f e r e d  by wool on t r e a tm e n t  w ith  v a r io u s  

a l k a l i n e  and a c id i c  r e a g e n t s  u s e d  i n  wool p ro c e s s in g #  

A cco rd in g  t o  Bx^own th e  s w e l l in g  can  be m easu red  a c c u r a t e ly  

by  w e ig h in g  th e  c e n t r i f u g e d  f i b r e s ,  w hich  have  p r e v io u s ly  

b een  w e t te d  w ith  a  c e r t a i n  b u f f e r  s o l u t i o n ,  th e n  d ry in g  

and w e ig h in g  ag a ln é  I t  a p p e a rs  from  th e  l i t e r a t u r e  t h a t  

no a tte m p t h a s  b een  made to  e x te n d  such  t e s t s  t o  m easure  

th e  damage c a u se d  by  re d u c in g  a g e n ts ,  u s e d  i n  perm anen t
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p l e a t i n g  p r o c e s s e s ,  t o  wool#

M ech an ica l p r oper t i e s

. I n  o rd e r  t o  d e te rm in e  w h e th e r th e  f a b r i c s  w ere
91damaged by th e  p l e a t i n g  p r o c e s s e s ,  W olfram  and  Speakman

c a r r i e d  o u t t e n s i l e  s t r e n g t h  m easurem ents on th e  sam ples

o f  f a b r i c ,  vjhich v/ere u n t r e a t e d ,  t r e a t e d  w ith  d i f f e r e n t

c o n c e n t r a t io n s  o f  sodium  b i s u l p h i t e  (w ith  and w ith o u t

r i n s i n g  t r e a tm e n t)  and t r e a t e d  w ith  ammoniuin t h i o -

g l y c o l l a t e  s o lu t io n s #  They fo u n d  t h a t  f a b r i c s  t r e a t e d

w ith  th e  2% s o l u t i o n  o f  b i s u l p h i t e ,  r i n s e d ,  d r i e d  and

p r e s s e d  w ere s t r o n g e r  th a n  c o r re s p o n d in g  f a b r i c s  p r e s s e d

a f t e r  im p re g n a tio n  w ith  a  s o l u t i o n  o f  sodium  b i s u l p h i t e
65o r  ammonium th io g ly o o l l a t e #  D av idson  and H ov /itt 

m easu red  th e  b re a k in g  lo a d  o f  v a r io u s  sam ples o f  f a b r i c  

and  y a rn s  e x t r a c t e d  from  th e  f a b r i c  t h a t  h ad  b ee n  g iv e n  

u r e a - b i s u l p h i t e  and r e s i n  t r e a tm e n ts #  They fo u n d  t h a t  

th e  l o s s  i n  t e n s i l e  s t r e n g th  s u f f e r e d  by  th e  t r e a t e d  

f a b r i c s  was sm a ll o r ,  e s p e c i a l l y  w ith  th e  r e s i n  t r e a t e d  

f a b r i c s ,  n e g l ig ib le #  8 a t  low  and G e r th se n  m easu red  

th e  t e n s i l e  s t r e n g t h  o f  y a rn s  from  th e  wool f a b r i c s  g iv e n  

S i r o s e t  t r e a tm e n t  u n d e r  v a r io u s  c o n d i t io n s  o f  c o n c e n t r a t io n  

o f  r e a g e n t ,  s te a m in g  tim e  smd p re s s u re #  They co n c lu d e d  

t h a t  th e  wool was n o t  damaged by  p ro c e s s in g #
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The r e s i s t a n c e  to  w ear o f  v a r io u s ly  t r e a t e d

sam p les  was exam ined  by  W olfram  and Bpealonan • They

fo und  t h a t  th e  f a b r i c s  p r e t r e a t e d  w ith  th e  2% s o lu t io n

o f  b i s u l p h i t e  had  a  g r e a t e r  r e s i s t a n c e  t o  a b r a s io n  th a n

th o s e  p r e s s e d  a f t e r  im p re g n a tio n  w ith  th e  re d u c in g  a g e n t ,

th o u g h  a l l  m ethods o f  p r e s s in g  c a u se d  a f a l l  i n  w ear
65r e s i s t a n c e .  D av id so n  and H o w it t ’ s  r e s u l t s  showed

t h a t  th e  l o s s  i n  r e s i s t a n c e  t o  a b ra s io n  was i n  some

in s ta x ic e s  s m a ll ,  b u t ,  w ith  c e r t a i n  t r e a tm e n ts  a p p e a re d  to

assume s e r io u s  p r o p o r t i o n s .  They c o n c lu d e d  t h a t ,

g e n e r a l l y ,  th e  r e s i s t a n c e  t o  a b ra s io n  te n d e d  to  fo l lo w

th e  ch an g es  i n  b re a k in g  l o a d .  R e c e n tly  th e  m e c h a n ic a l

p r o p e r t i e s  o f  d i s u lp h id e - r e d u c e d  wool f i b r e s ,  m easu red
8io v e r a  ra n g e  o f  h u m id i t i e s  h a s  b een  r e p o r t e d .  I t  was. 

o b se rv e d  t h a t  th e  r e d u c t io n  o f  d i s u lp h id e  c o n te n t  o f  a 

w ool f i b r e  p ro d u c ed  p r o g r e s s iv e  m o d i f ic a t io n  o f m e c h a n ic a l 

p r o p e r t i e s  o f  th e  f i b r e  a t  a l l  h u m id it ie s *

O r e a s e - r e t e n t io n

The w ash -an d -w ear c o n c e p t in t ro d u c e d  a new r e q u i s i t e  

f o r  g a rm en ts  e . g .  r e t e n t i o n  o f  a c c e p ta b le  c r e a s e  o r  p l e a t s  

a f t e r  w ash ing  and d r y in g .  The te rm  ^'G rease" i s  d e f in e d  

.a s  th e  d e l i b e r a t e  f o l d  i n  a  f a b r i c  in t r o d u c e d  by  th e  

a p p l i c a t i o n  o f  h e a t ,  p r e s s u r e  and m o is tu r e .  The p r o p e r t i e s
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Buch a s  c r o a B e - r e s i s t a n c e ,  o r e a s e - r e c o v e r y  and c r e a s e -  

r e t e n t i o n  can  bo c l a s s i f i e d  u n d e r  th e  s in g le  h e a d in g  o f  

r e s i l i e n c e .  A l l  p r o t e i n  f i b r e s  a re  h ig h ly  r e s i l i e n t  

and t h i s  :1s p ro b a b ly  b e c a u se  o f  th e  g r e a t  f l e x i b i l i t y  o f  

th e  p r o t e i n  m o le c u le s  and th e  e x is te n c e  o f  bullcy s id e  

c h a in s .  w h i l s t  th e  q u a l i t a t i v e  c o n c ep t o f  c r e a s e -  

r e t e n t i o n  i s  c l e a r ,  i t s  q u a n t i t a t i v e  d e f i n i t i o n  i s  

d i f f i c u l t :  i t  h a s  b e e n  d e f in e d  a s  th e  r e l a t i o n  o f  th e

c r e a s e  a n g le  i n  a  su b se q u e n t s t a t e  to  th e  c r e a s e  a n g le  i n  

th e  i n i t i a l  s t a t e .  The c r e a s e  a n g le  o f  a  sam ple i s  th e  

a n g le  b e tw een  th e  two arme o f  th e  sam p le .

F o r  th e  f a b r i c s  o th e r  th a n  o f  w o o l, i t  i s  p o s s ib le  

t o  s tu d y  th e  c r e a s e - r e t e n t i o n  o f  a  c r e a s e d  matex’i a l  by  

m e a su rin g  th e  a n g le  o f  c r e a s e  by  any o f  th e  a p p a ra tu s  

u se d  f o r  o r e a s e - r e c o v e r y  a n g le  m easu rem en t. I n  th e  c a se  

o f  Y/ool f a b r i c s ,  b e c a u se  o f  t h e i r  t h i c k n e s s ,  

and te n d e n c y  to  c u r l ,  t h e r e  i s  no s a t i s f a c t o r y  m ethod f o r  

m e a su rin g  a  c r e a s e  a n g le  o f  a  ci’s a s e d  f a b r i c .  HoY/ever, 

i n  th e  p a s t  few  y e a r s  some w o rk e rs  have  t r i e d  t o  m easure  

th e  e r e  a se - r  e t  o n t i  on o f  c r e a s e d  w oollen- f a b r i c s  by 

d i f f e r e n t  m e th o d s .

W olfram  and Spealnnan i n v e s t i g a t e d  th e  p ro b lem

o f  th e  optimum c o n d i t io n s  o f  t r e a tm e n ts  f o r  im p a r t ih g  

perm anen t c r e a s e s  o r  p l e a t s  t o  a l l - w o o l  f a b r i c s  and a l s o
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com pared th e  m e r i t s  o f  t h e  b i s u l p h i t e  and th e  t h l o -  

g l y c o l l a t e  p ro c e s s e s #  They co n c lu d e d  t h a t  i f  th e  f a b r i c  

t r e a t e d  w ith  a  2% s o lu t io n  o f  sodium  b i s u l p h i t e  f o r  15 

m in u te s  a t  room te m p e ra tu re  and  p r e s s e d  f o r  15 seco n d s  

b e tw een  damp c l o t h  i n  th e  Hoffm an P r e s s ,  th e  a n g le  o f  

c r e a s e  r e t a in e d  a f t e r  3 h o u r  im m ersion  i n  a  s o lu t io n  o f  

T eep o l (0#3%) a t  room te m p e ra tu re  ra n g e s  from  80^ f o r  a 

l i g h t  w e ig h t t r o p i c a l  s u i t i n g s  t o  99^ f o r  a  g re y  f l a n n e l .  

IP u rth e r th e y  th o u g h t t h a t  b e t t e r  r e s u l t s  w ere o b ta in e d  i f ,  

i n s t e a d  o f  p r e t r e a t i n g  th e  f a b r i c s  w ith  sodium  b i s u l p h i t e  

s o l u t i o n ,  th e y  w ere m e re ly  Im p re g n a ted  w ith  a  d i l u t e  

s o lu t io n  o f  sodium  b i s u l p h i t e  im m e d ia te ly  b e f o re  p r e s s in g  

f o r  15 seco n d s  i n  th e  Hoffm an P re ss#  The sodium  

b i s u l p h i t e  gave much s h a rp e r  c r e a s e s  th a n  ammonium t h i o 

g ly o o l l a t e  i n  c o r re s p o n d in g  c o n c e n t r a t io n ;  D av id so n  and 
65H o w itt s tu d ie d  th e  c r e a s e  r e t e n t i o n  o f  th e  sam ples o f  

f a b r i c  t r e a t e d  w ith  d i f f e r e n t  r e a g e n ts  suoh a s  u r e a -  

b i s u l p h i t e ,  d e t e r g e n t - b i s u i - p h i t e ;  r e d u c in g  a g e n ts  o th e r  

th a n  b i s u l p h i t e  and  t h i o g l y c o l l a t e ,  o rg a n ic  b a s e s  

im p re g n a te d  w i th  s u lp h u r  d io x id e ,  r e s i n s ;  and  some o th e r  

r e a g e n ts #  They fo u n d  t h a t  i f  th e  m a t e r i a l s  w ere s to r e d  

f o r  6 m onths a f t e r  t r e a tm e n t  w ith  u r e a - b i s u l p h i t e  and  

th e n  p r e s s e d ,  th e  e f f i c i e n c y  o f  e r e a a e - r e t e n t i o n  was 

p r a c t i c a l l y  unchanged#
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I t  i s  ImoY/n t h a t  th e  a b s o r p t io n  o f  w a te r  by  wool

f i b r e s  h a s  a p ro fo m c l e f f e c t  on t h e i r  m e c h a n ic a l

p r o p e r t ie s #  I t  i s  a l s o  Im o m  t h a t  i n  th e  c a se  o f

B y n th e t ic - f ib r o  f a b r i c s  a  c r e a s e  im p re sse d  by com m ercial

p r e s s in g  te c h n iq u e s  i s  v m ll r e t a i n e d  u n d e r h ig h  h u m id ity

o r  even  a f t e r  u /e t t in g ,  w h ereas  i t  d is a p p e a r s  i n  wool
92f a b r i c s  u n d e r such  c o n d i t io n s  « I t  a p p e a rs  from  th e

l i t e r a t u r e  t h a t  so f a r  no a t te m p t h a s  b ee n  made to  

i n v e s t i g a t e  th e  e f f e c t  o f  h ig h  h u m id ity  and te m p e ra tu r e ,  

w hich p r e v a i l  i n  t r o p i c a l  c o u n t r i e s ,  on th e  c r e e s e  

r e t e n t i o n  o f  w o o lle n  f a b r i c  g iv e n  e i t h e r  In m ao u la  o r  

B i r o s a t  t r e a tm e n t .  M oreover, i t  Y/oulci b e  i n t e r e s t i n g  

t o  exam ine some dyed and t r e a t e d  sam ple a s  m ost o f  th e  

w o o lle n  m a t e r i a l s  Y/hich a r e  s u b je c te d  t o  perm anen t 

p l e a t i n g  p r o c e s s e s ,  su ch  a s  men*s s u i t s ,  l a d i e s ’ s k i r t s ,  

a r e  u s u a l l y  d y ed .

I n  th e  p r e s e n t  w ork a t te m p ts  have b een  to  s tu d y :

(a )  th e  s w e l l in g  o f  wool from  f a b r i c  t r e a t e d  w ith  

re d u c in g  a g e n ts  (u s e d  i n  perm anen t p l e a t i n g  

p r o c e s s e s ) , and steam ed  f o r  v a r io u s  t im e s ;

(b ) th e  t e n s i l e  s t r e n g t h  o f  th e  dyed and undyed  y a rn s

t r e a t e d  y /ith  re d u c in g  a g e n ts  and steam ed  f o r  

v a r io u s  d u r a t io n s ;
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( c )  th e  d i f f e r e n t  m ethods o f  perm an en t p l e a t i n g  o f  

dyed  and undyed  w o o lle n  f a b r i c s  and th e  optimum 

c o n d i t io n s  o f  s te a m in g  f o r  e a c h ;

(d )  th e  e f f e c t s  o f  s to r a g e  a t  v a r io u s  h u m id i t i e s  and 

te m p e ra tu r e s  on th e  c r e a s e - r e t e n t l o n  o f  th e  

t r e a t e d  sam ple#

EXPERIMENTA PROP EPURE

M a te r ia l s

Wool

The w o o lle n  f a b r i c  u se d  i n  th e s e  e x p e r im e n ts  was 

t h a t  d e s c r ib e d  i n  C h a p te r  I I#  I n  a d d i t i o n ,  f o r  t e n s i l e  

m easu rem en ts , w o rs te d  y a rn s  hB /2  Tex (1 2 /2  w o rs te d )  \?ere 

B03dilet e x t r a c t e d  w ith  m e th y len e  c h lo r id e  and  w ashed w ith  

d i s t i l l e d  w a te r  and  d r i e d  a t  room te m p e ra tu re  and hum id ity #

C h em ica ls

I n  a d d i t io n  t o  th e  s o lu t io n s  d e s c r ib e d  i n  C h a p te r  

IXp a  b u f f e r  s o l u t i o n  was p r e p a re d  by d i s s o lv in g  6 .2 6  gms# 

o f  sodium  d ih y d ro g e n  p h o s p h a te ,  0 .9 5  gm. o f  d iso d iu m  hydrogen  

p h o sp h a te  and 2 ml o f  L i s s a p o l  N i n  d i s t i l l e d  w a te r  and  

th e  volume was made up t o  100 ml# The pH o f  th e  s o lu t io n  

was a d ju s te d  t o  5 .9 5  a t  2o^G#



E x p e r im e n ta l m ethods

The w ool].an f a b r i c  and  th e  y a rn  w ere dyed w ith  

N a p h th a le n e  G reen  GS a s  d e e o r ib e d  i n  C h a p te r  I I*

Dyed and undyed  wool f a b r i c s  w ere c u t  i n  t o  3®̂ % 6*® 

p ie c e e  and  ea ch  p ie c e  was g iv e n  one o f  th e  f o u r  d i f f e r e n t  

t r e a tm e n ts  nam ely  ( a )  S i r o s e t  (b )  Im m aoula-I ( c )  u r e a -  

b i s u l p h i t e  (d )  w a te r ,  u n d e r t h e  same c o n d i t io n s  a s  

d e s c r ib e d  i n  C h a p te r  I I #  The dyed and undyed y a rn s  w ere 

t r e a t e d  s i m i l a r l y  e x c e p t  t h a t  i n  th e  c a se  o f  u r e a -  

b i s u l p h i t e  t r e a tm e n t  ( c ) ,  th e  y a rn s  w ere d iv id e d  i n t o  two 

b a tc h e s ;  one b a tc h  was r i n s e d  i n  w a te r  a f t e r  th e  t r e a tm e n t  

w h ile  th e  o th e r  was n o t  r i n s e d  b u t  sq u eezed  o u t and a i r  

d r i e d .

The c r e a s e s  w ere th e n  i n s e r t e d  i n  th e  t r e a t e d  

m a te r i a l  by s te a m in g  them  i n  th e  Hoffman p r e s s  f o r  d i f f e r e n t  

i n t e r v a l s  o f  tim e  from  20 up to  120 sec o n d s: th e  t y p i c a l

seq u en ce  o f  o p e r a t io n  f o r  20 seco n d s  o f  s te am in g  i s  

d e s c r ib e d  i n  C h a p te r  I I .

Æ iê U iM ja ta s u s g f f l§ a i§

The vmayed sam ples were cu t i n t o  x. i "  square

p iece © . A bout 1 gm. o f  e a c h  sam ple was th e n  p la c e d  in  a  

b e a k e r  v/hich was f i l l e d  w ith  a  b u f f e r  s o lu t io n #  The 

sam ples w ere a llo w e d  to  re m a in  i n  t h i s  s o l u t io n  f o r  1 h o u r .
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a t  th e  end  o f  v /hieh th e y  w ere ta lcen  o u t and b l o t t e d  tw ic e  

betv /een  f i l t e r  p a p e r  t o  rem ove ex aeeo  l i q u i d  and  th e n  , 

w ore in tro d u c e d  i n t o  15 ml c e n t r i f u g e  tu b e s  p r e p a re d  as  

folXov/s# The b o tto m  2 in c h e s  o f  th e  tu b e  was f i l l e d  w ith  

a b s o rb e n t  o o tto n -w o o l rammed down t i g h t  w ith  a  g l a s s  ro d , 

a  sm a ll c i r c l e  o f  f i l t e r  p a p e r  (p re p a re d  fro m  a  wad o f  

f i l t e r  p a p e r  u s in g  a c o rk  b o r e r )  was th e n  in t ro d u c e d  and 

th e  wool sam ple was p la c e d  on to p  o f  t h i s #

The tu b e s  w ere c e n t r i f u g e d  a t  1 ,2 0 0 g  f o r  e x a c t ly  

15 m in u tes*  The sp ee d  em ployed was 3 ,7 0 0  rpm and Y/as 

c a l c u l a t e d  from  th e  fo rm u la

H =: 2 9 8 ^ | l y r

w here F i a  th e  g r a v i t a t i o n a l  f a c t o r  r e q u i r e d ,  r  cm, th e  

d i s t a n c e  o f  th e  sam ple from  th e  a x i s  an d  H, th e  num ber o f  

r e v o lu t io n s p e r  m inu te#  ,4 ta c h o m e te r  was u se d  to  a d ju s t  

th e  c o r r e c t  speed#

A f te r  c e n t r i f u g in g ,  th e  tu b e s  w ere v /ithd raw n  one 

by one from  th e  in s tru m e n t  and  th e  wool sam p les  v/ere 

t r a n s f e r r e d  w ith o u t  d e la y  i n t o  w eig liing  b o t t l e s  f i t t e d  

v ;ith  g round  g l a s s  s to p p e rs #  The w e ig h in g  b o t t l e s  w ere 

n e x t  w e ig h ed , g iv in g  th e  am ount o f  f i b r e  and a b so rb e d  

w a te r ,  and  b o t t l e  and f i b r e  Mere d r i e d  f o r  k  h o u rs  a t  

110^0 and  w eighed  a g a in ,  g iv in g  th e  d ry  v /e igh t o f  th e  

f ib r e #
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W eighing b o t t l e  4- c e n t r i f u g e d  wool ( a )

W eighing b o t t l e  4* d r i e d  v/ool (b )

W eighing b o t t l e  ( c )

A bso rbed  v m te r ( a - b )

BVi/elling -  X iOO
b -c«

F o r each  sam ple t h r e e  read in g ©  o f  p e r c e n ta g e  e w o llin g  

w ere averaged#

T e n s i le  

Bt o ra ge o o n d i t io n

The yarn© t r e a t e d  w i th  u r e a - b i s u l p h i t e  (w ith o u t  

r i n e i n g  t r e a tm e n t)  w ere ex p o sed  t o  90% RH a t  25^0 f o r  f o u r  

weeks#

:a g f IB ilG .,s tre n g th ^

I n  a l l  e a s e s  th e  y a r n s  w ere a llo w e d  t o  c o n d i t io n  i n  

a room c o n t r o l l e d  a t  20^0 and 65% Rïï foi* 72 h o u rs  p r i o r  t o  

su b m iss io n  t o  t e n s i l e  t e s t s #  The m easu rem en ts  w ere done 

on a pendulum  ty p e  s i n g l e - t h r e a d  t e s t i n g  m achine# The 

lo w er g r ip  a t t a c h e d  t o  th e  m achine d r iv e  t r a v e r s e d  a t  a 

c o n s ta n t  r a t e  o f  12 in c h e s  p e r  m inute#  The g r i p s  w ere 

a d ju s te d  t o  accommodate 18 in c h e s  o f  y a rn  sam ple#

B re a k in g  lo a d  and e x te n s io n  a t  b re a k  w ere re co rd ed #  hO 

read ing©  f o r  ea ch  sam ple w ere tak en #  A l l  th e  t e s t s  w ere
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c a r r i e d  o u t i n  a  c o n d i t io n e d  room a t  20^0 and 65% BH#

G r e  aB0 - r e t a n t 1on 

B t^ a g o  o o n d i t io n a

( 1 ) Dyed sam p les  t r e a t e d  by  th e  m ethod ( a ) ,  th e  

B i r o s e t  p r o c e s s ,  w ere a llo w o d  t o  l i e  f l a t  on 

th e  g l a s s  p l a t e s  f o r  6 m onths i n  c o n d i t io n e d  

room Y/hich v/as m a in ta in e d  a t  20^0 and  65% RH.

( 2 ) Undyed sam p les  w hich wove g iv e n  t r e a tm e n ts  ( b ) , 

th e  Im m acula, and ( 0 ) ,  th e  u r e a - b i s u l p h i t e  

p r o c e s s ,  w ere k e p t f l a t  on g l a s s  p l a t e s  

a r ra n g e d  i n  a  c lo s e d  cham ber c o n t r o l l e d  a t  

30^0 and 93% RH f o r  6 weeks#

M easurem ent o f  c r e a s e  a n g le

A sm a ll p ie c e  o f  f a b r i c ,  2 cm x 1 cm c r e a s e d  

c e n t r a l l y  a c ro s s  th e  l e n g th  was c u t  from  th e  above sam p les 

and was m ounted on a ra© or b lad e*  An im age was p r o j e c te d  

by means o f  a  s l i d e  p r o j e c t o r  o n to  a s c r e e n  made up o f  

d rav jing  p a p e r  and  th e  a n g le  o f  c r e a s e  was m easured  

d i r e c t l y #  I n  a l l  o a s e s  t h e  sam ples Y/ere c o n d i t io n e d  a t  

20%  and 65% EH p r i o r  t o  t e s t i n g  and a l l  th e  m easu rem en ts  

o f  c r e a s e  a n g le  v/ore c a r r i e d  o u t i n  a c o n d i t io n e d  room 

m a in ta in e d  a t  20%  and 6g% EH# F o r ea ch  sam ple t e n  

V a lu es  o f  th e  c r e a s e  a n g le  w ere averaged*
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TABLE VI

The p e rc e n ta g e  s w e l l in g  o f  sam p les  t r e a t e d  iv lth  

sodium  b i s u l p h i t e  (1%) and  steam  p r e s s e d  f o r  d i f f e r e n t  

I n t e r v a l s  o f  tim e#

S w e llin g  o f  u n t r e a t e d  sai'Aple » 38#6%

Steam iftg  tim e P e rc e n ta g e  s w e l l in g

i n  seco n d s I n d iv id u a l V alu es Mean

10 40 .1 4 0 .9 4 0 .4 4 0 .5
20 4 1 ,2 4 1 ,4 4 1 ,5 41 «4
30 41 4 1 .2 4 1 .7 4 1 .5
ko 4 1 .5 4 2 .0 4 2 .4 4 2 .0
50 4 3 .1 4 2 ,4 43 .1 4 2 .9
60 4 2 .6 4 3 ,3 4 2 .6 4 2 .8
70 4 2 .7 4 3 .2 42*9 4 2 .9
80 4 0 ,4 4 2 .9 4 2 .7 4 2 .0
90 3 7 ,9 3 6 .5 4 1 .4 3 8 .6

100 39,1 42 ,1
110 3 7 .5 3 5 .6 3 9 .5 1 3 7 .5
120 3 8 ,9 3 6 ,9 3 8 .7 3 8 .2

The r e p r o d u c i b i l i t y  o f  th e  r e s u l t s  a p p e a rs  to  be 

s a t i s f a c t o r y  up to  th e  s te a m in g  o f  80 seco n d s, beyond 

lYhich V a r ie d  r e s u l t s  a r e  o b ta in e d #  Up to  80 seco n d s  

s te a m in g  tim e  v a lu e s  a p p e a r  t o  be r e l i a b l e  t o  ± 0#6%
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TAIEJS VII

The p e r e e a ta g e  s w e l l in g  o f  sam p les  t r e a t e d  v^lth atmionium 

t h i o g l j e o l l a t e ,  BOdiuiu b l s u lp h i t e p  u re a ^ b  1 s u l p h l t e  o r  

w ater and s team ed  f o r  d i f f e r e n t  I n t e r v a l s  o f  tim e* 

S w e llin g  o f  u n trea te d  sample 38*&/S,

t '
|B team ing | 
“tim e  i n  ■ P ero en tage s w e l l in g
see  onde

Ammonium
t h i o g l y -
c o l l a t e

. ( a i r o e e t )

1

: Sodium 
* b i - ' :

s u l p h i t e

(In im oaula-

: )

Soflium 
bl«* 1 
s u lp h i t e  ! 

8^
( iB m iaeula-

Î)

U rea*
b i -
s u lp h i t e

W ater I

1
!

20
1

40.7 41 $4 j 39 #5 39.9

40 46.1 42,0 40.6 1 m  *3 41.3 1

6o lj,2 #i4* 42.8 42.7 U1*9 41.3 1

80 39$6 42.0 38.8 1 U1 *6 41.5 1
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aîABLS VIII

Q?he Breaking load and percentage exteneion at break of the dyed and 

undyed yams treated d ifferen tly  and steamed for 20 seconds

Treatment
Undyed Dyed

Breaking

Ammonium 
th io - 
g ly co ll-  
ate 2fo 
(S iroset)

Breaking I  °/o Extn.
load in  8 .E. : at j S.E. | load in  S.E,

gms gms* I break, r ^ | gms gms

329 17 0.5 317

ia Extn 
at 3 ,E. 

break fo

20 0.6

Ammonium 
thlov 
g ly o o ll- 
ate Vfo 
(Slroeet)

342

Sodium 
bi"» —̂ ■
sulphite \io  I 314 
(Immaoula-l)

Water

Un
treated

346

350

5

5

4

19 0.5

17 0.5 307

I
20 0.6 I 291

i
21 0.5  I 313

19 0.5

19 0.5

20 , 0.6
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.E XX

Undyed y a m s  t r e a t e d  w ith  Zfo ammonium t h l o g l y c o l l a t e
s o lu t io n :

a te a n iln g  tim e B re a k in g fo E x te n s io n
i n  oeooncls lo a d  I n 8 .E . a t  b re a k S .B .

 ̂■■ — -■ - - ... ....... ... . —  ̂ -
gms.
z....

#18» %

U n tre a te d 350 h 21 0 .5  1

20 329 h 17 0 .5  I

40 300 2 15 0 ,3  1

60 ' 300 16 0 .5

80 290 5 15 0 .5
______ __

Undyed y a rn  t r e a t e d  w i th  sodium  b i s u l p h i t e  s o l u t io n .

S team ing  tim e  
i n  BecondB

1 1
1 B re a k in g  j 

l o a d  i l l  
I gms. 1
i ■ .......... . j

S .E .
gms.

% E x te n s io n  
a t  b re a lî i S .B .

%

U n tre a te d 1 350 !1 4 21 ‘ 0 .5

20 1 3 1 4  1 5 17 0 . 5

W
1

303  ! 4 1 7 0 . 5

60 291 4 16 0 .3

80 292 ; 4 0 ,3
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Undyed yams treated with urea*^blsulphite solution  and

r in s e d  in  water#

Steaming time 
in  seconde

B reak in g  
load, in  

gms,.
Of E#
gms#

% Extension ; 
at break

\
8 .E , 1
fo '

Untreated 3.50 I*.
\

21 0 ,5  :

20 310 5 21 ! 0 ,3  ;

40 298 5 21 0 ,6  1j
6o 297 6 19 I 0*4 1

80 301 5 16 0 . 2  i

& TABLE XII

Undyed yarn s tr e a te d  w ith  u r e a ~ b lsu lp h ite  s o lu t io n  but

not rinsed#

Steam ing tim e  
in  secon d s

Breaking 
load in a#E#>

% E x ten sio n  • 
a t break 8#E#

gms# gms#
(

%

U n treated 350 4 21 O..5

20 278 4 24 0#6

40 265 3 22 1 0#6

6o 273 2 22 0#5

80 260 4  : 23 I 0 .6



TABLE X I I I

Undyed y a m s  t r e a t e d  w ith  u re a * * b isu lp h ite  s o lu t io n #

virithout r in s e #  and ex p o sed  to R#H. a t  25 G f o r

4  w eeks.

S team ing  tim e B reak in g  | % E x ten sio n
i n  seco n d s lo a d  in  1 S .B , a t break

gms. j gms*

20 245 4I 37

40 242 j 3 37

6o 222 4 36

80 191 5 32

S #E #
$

0 .8

0 .6

0 .6

1.0
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Tho te rm  ’ c r e a s e  a n g le ’ , u se d  in  th e  fo l lo w in g  

r e s u l t s  m eans th e  a n g le  fo rm ed  by th e  tw o a id e s  o f  th e  

o%*ease o f  a  sam ples an i d e a l  c r e a s e  i s  w ith  th e  

a d ja c e n t  s id e s  p a r a l l e l  i * e , , a n g le  = 0# ’D yed’ means 

th e  sam p les  dyed w ith  n a p h th a le n e  G reen G8#

TABLE X iy

The dyed sam p les t r e a t e d  w ith  2% ammonium t h l o g l y c o l l a t e  

s o lu t io n  ( S i r o s e t )  and s team  p r e s s e d  f o r  d i f f e r e n t  

i n t e r v a l s  o f  tim e#

No# G re a se  a n g le 1 ° L
S team in g  tim e  in seconÛB

20 ,
Î 40 6o 1 80

1

1 S3 , 25 21 ! 22
2 2k 25 21 ; 23
3 19 24 20 : 25
k 2k 27 21 24
5 23 20 23 24
6 I 23 24 21 26
7 22 27 27 ; 23
8 I 26 24 24 22
9 26 24 24 26

10 1 2k 24 25 28
Mean | 23 24 ....23 ........  24  ,

SE j 0 .6 0 .6 0 .7 0 .6  j
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T m m  XV

Grease angles for dyed and m i#ed samplee treated idth  0? ammoniius 

thloglycollate (Birds e t ) ,  2^ sodium hi sulphite (immaoula-l) and 

urea-histilpiiito and steam pressed for different intervals of time

Steam pressing 

time in  sec.

Grease angle (^)

Siroset Immaoula#'! ïïrea-hisulphit©
1 Undyed dyed 1

|- i
Undyed Uyed 1 Undyed Uyed

20 ' 24
,  ! 
63 : 29 22 23

40 j .2 5 24 : 27 22 22 -
60 : 24 23 1 26 22 23 -  ' 1i
80 25 24 ! 23 24 24

i

TABXE XVI

Grease angles for undyed samples treated with 2fo sodium bisulphite

(ïmmaoula-l) and urea-^hisulphite and steam pressed for different
ointerval® of time and then eaqposod to 30 0 and 93̂  Eh for 6 weeks

Steaming time 

in  seconds

20
40
60
80

Grease angle (^)

Iramacula-I 
Unexposed : Exposed

29
27
26

23

24
24
23
23

IFrea-hlsulphit© 
Unexposed ; Exposed

23 j 22
22 ' 22
23 22
24 22

. . . u
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KàBIiB XVII

G rease  a n g le s  f o r  üyati sam p les  t r e a t e d  w ith  2?î amm onim 

t h l o g l y c o l l a t e  ( S i r o s e t )  and  stearii p r e s s e d  f o r  d i f f e r e n t  

i n t e r v a l s  o f  tim e  and  th e n  s to r e d  f o r  6 m onths a t  20^0

and 65ffo EH#

S team ing  tim e  

i n  seco n d s

20

ho
60

C rea se  a n g le  (^ )  

U nexposed } E xposed

23

2h

23

2k

22

22

21

23
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BIBGÜB3Z0N OF RESULTS.^

Wool k e r a t i n  p o s s e s s  th e  e h a r a c t e r i s t i c  o f  ex trem e 

i n s o l u b i l i t y ,  w h ic h , i t  i s  b e l i e y e d ,  i s  b ec au se  o f  th e  

nuinerous s t a b l e  c o v a le n t  c ro s a - l ln k a g e B  a r i s i n g  from  th e  

h ig h  p r o p o r t io n  o f  c y s t in e  i n  th e  m o lecu le*  The s w e l l in g  

p r o p e r t i e s  o f  wool a l s o  depend  c h i e f l y  on th e  c y s t in e  

l i n k a g e s ,  th o u g h  s a l t  l in k a g e s  may have some in f lu e n c e #  

I t  i s  o b v io u s  t h a t  any  r u p tu r e  o f th e  d i s u lp h id e  b o n d e , 

w hich  may o cc u r by t r e a tm e n t  o f  wool w ith  s t r o n g  re d u c in g  

a g e n ts  such  a s  amsnonium t h l o g l y c o l l a t e ,  sodium  b i s u l p h i t e ,  

u se d  i n  perm anen t p l e a t i n g  p r o c e s s e s ,  w i l l  Im m ed ia te ly  

a f f e c t  th e  s w e l l in g  p r o p e r t i e s  o f th e  f ib r e #

Ammonium t h l o g l y c o l l a t e  t r e a t e d  sam p les  show a 

r a p id  in c r e a s e  i n  s w e l l in g  up to  th e  s te a m in g  tim e  o f  kO 

seconds#  As th e  s te a m in g  tim e  i s  f u r t h e r  in c r e a s e d  to  

60 o r  80 se c o n d s  t h e r e  i s  a  d e c re a s e  i n  th e  s w e l l in g  

( f ig #  9)# T h is  w ould  i n d i c a t e  t h a t  aimonium t h i o -  

g l y c o l l a t e  r u p tu r e s  th e  d i s u lp h id e  bonds r a p id l y  when th e  

sam ple l e  s te a m -p re s s e d  and th e  maximum r u p tu r e  o c c u rs  a t  

th e  tim e  o f  40 seconds#  I f  th e  tim e  o f  s te a m in g  i s  

in c r e a s e d  f u r t h e r  th a n  t h a t  t h e r e  may o c c u r  a  r e fo rm a t io n  

o f  th e  same o r  new ty p e s  o f  l i n k s  w hich  i n  t u r n  may 

r e s t r i c t  s w e l l in g  a s  o b se rv e d  above* The r e fo rm a t io n  o f  

th e  r u p tu r e d  bonds d o es  n o t  a p p e a r  to  be co m p le te  a t  th e
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8tGaming tim e  o f  80 seconde  ae  th e  v a lu e  o f  s w e l l in g  do es  

n o t f e l l  to  t h a t  o f  th e  u n t r e a te d  sample#

The s w e l l in g  o f  th e  sam ples t r e a t e d  w ith  Vfo 

s o lu t io n  o f  sodium  b i s u l p h i t e  r a p id ly  i n c r e a s e s  d u r in g  

f i r s t  20 seco n d s  and  th e n  l e e s  r a p i d l y ,  t o  re a c h  a maximum 

i n  th e  r e g io n  50 t o  70 s e c o n d s , a f t e r  w hich  i t  d e c r e a s e s  

s lo w ly  a t  f i r s t  and th e n  more r a p i d l y ,  r e a c h in g  th e  v a lu e  

f o r  u n t r e a t e d  f i b r e s  a t  a  s te a m in g  tim e  lo n g e r  th a n  90 

seco n d s ( f ig #  9)* The i n i t i a l  r a p id  s w e l l in g  o f  th e  

sam p les s u g g e s ts  th e  r a p id  r u p tu r e  o f  th e  d i s u lp h id e  bonds 

a s  f o r  th e  aimnoniuiB t h l o g l y c o l l a t e  t re a tm e n t#  The 

maximum r u p tu r e  o f  th e  bonds o c c u rs  a t  a s te a m in g  tim e  o f  

ab o u t 6o s e c o n d s , t h e r e a f t e r  th e  r e fo rm a t io n  o f bonds i s  

slow  b u t i s  co m p le te  a f t e r  120 seconds#  I n  th e  e a se  o f  

th e  t r e a tm e n t  w ith  2fo s o l u t i o n ,  th e  maximum amount o f  

r u p tu r e d  bonds i s  m ore o r  l e s s  th e  sam e, b u t  m ost o f  th e  

r u p tu re d  bonds seem to  g e t  re fo rm ed  a f t e r  80 sec o n d s  o f  

s te a m in g , s in c e  th e  s w e l l in g  a t  t h i s  tim e  i s  n e a r ly  e q u a l 

t o  t h a t  o f  th e  u n t r e a te d  sam ple#

U rea-“b i s u l p h i t e  t r e a t e d  sam ples show an in c r e a s e  

i n  s w e l l in g  up t o  th e  s tea ird n g  tim e  o f  40 s e c o n d s , a f t e r  

w hich th e  s w e l l in g  i s  n e a r ly  c o n s ta n ts  T h is  s u g g e s tb 

t h a t  ( i )  th e  r u p tu r e  o f  d i s u lp h id e  bonds o c c u rs  up t o  

40 seco n d s  and (2 )  th e  r e fo rm a t io n  o f  th e  bonds does n o t
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ocouF at the atearning time of 80 eeoonds*

The water«treated sample,s show a sim ilar trend 

of sw elling , and hence rupture of di sulphide bonds, to  

the urea-bisulphite treated samples, as deaoribed above# 

This suggests that steaTn i s  as e f f e c t i v e  as reducing 

agents in  breaking dl8UJ.phlde bonds* However, the 

reformation of bonds may require a v e ry  long time of 

etaM ing since i t  i s  apparent from the treatments 

described above that the greater the amount of reducing 

agent in  the so lu tion , the le s s  the time of steaming 

required to reform the bonds and secondly, the percentage 

sw elling curve for water-treated and steamed samples 

appear to  be in  general agreement with Astbury and Woods’ 

BupercontFaction curve for wool fib res  stretched and 

relaxed in  steam, which shows a maximuin supereontraction 

for 120 seconds relaxation*

The comparison of the various treatments described  

above reveals that, in  a l l  the cases, except the ammonium 

th log lyco lla te  treatment, the general trend of rupture 

of di sulphide bonds i s  similar* In a l l  cases, the extent 

of reformation of the bonds, either thé^same or new type, 

varies with concentration of the reducing agent in  the 

solution  employed# The above observations support the

view of Speakman that steaBiixig of f ib r e s , untreated
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OF t r e a t e d  w ith  re d u c in g  a g e n ts  such  a s  ammonium t h l o -  

g l y o o l l a t e  o r  sodium  b i s u l p h i t e ,  oaueea  a  r u p tu r e  o f  th e  

d i  s u lp h id e  bonds w hich  a re  th e n  re fo rm ed  u n d e r s u i t a b l e  

c o n d it io n s #

The co m p ariso n  o f  th e  t e n s i l e  p r o p e r t i e s  o f  th e  y a m  

g iv e n  th e  t h r e e  d i f f e r e n t  trea tm en ts  m en tio n ed  above ( f i g . 1 0 ) 

r e v e a l s  t h a t  i n  a l l  th e  c a s e s ,  th e  b re a k in g  lo a d  d e c r e a se s  

r a p id l y  w ith  th e  s te a m in g  tim e  up to  4o o r  6o second s and 

t h e r e a f t e r  i t  becom es s te a d y  a t  a  l i m i t i n g  v a lu e  o f  8p^ 

w hich i s  a b o u t  th e  same f o r  a l l  t h r e e  t r e a tm e n t s .  The 

i n i t i a l  r a p id  d e c re a s e  i n  t e n s i l e  s t r e n g t h  may be e x p la in e d  

a s  th e  r e s u l t  o f  th e  r u p tu r e  o f  th e  d l s u lp h id e  bonds s in c e  

i t  i s  known t h a t  i n  wool k e r a t i n ,  th e  d i s u lp h id e  b o n d s , 

w hich  h o ld  each  c h a in  m o le c u le  to  i t s  n e ig h b o u r , make a 

m a jo r c o n t r i b u t i o n  to w a rd s  th e  t e n s i l e  s t r e n g t h .  I t  i s  

c o n c lu d e d  t h a t  a l l  th e  t r e a tm e n ts  m e n tio n e d  above can  ca u se  

damage t o  wool#

Y arn t r e a t e d  w ith  a r e a - b i s u l p h i t e  b u t  n o t  r i n s e d  

b e fo re  s te a m in g , shows a  more r a p id  d e c re a s e  i n  b re a k in g  

lo a d  and r e a c h e s  a  low er l i m i t i n g  s t r e n g th  (7h%) th a n  y a rn  

g iv e n  th e  above m e n tio n e d  th r e e  t r e a tm e n t s .  I n  a d d i t i o n  

to  t h i s ,  i f  th e  u n r in s e d  y a rn  i s  exposed  to  h ig h  h u m id ity  

f o r  f o u r  w eeks b e f o r e  t e n s i l e  m easu rem en ts , th e  b re a k in g
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lo a d  d e o re a s e s  d r a s t l o a l l y  f o r  th e  a team ln g  tim e  o f  

20 seco n d e  ( f ig #  10) and  c o n t in u é e  to  d e c re a s e  w ith o u t  

a p p a r e n t ly  ra a o h in g  any  l im i t in g  v a lu e , so t h a t  i t s  

s t r e n g th  i a  a lm o s t h a lv e d  a f t e r  00 sec o n d s  o f  steam ing#  

F o r a l l  th e  th r e e  t r e a tm e n ts  nam ely, anvaonium 

t h l o g l y c o l l a t e ,  sodium b is u lp h i t e  and u r e a - h i s u l p h i t e  

( r i n s e d ) ,  t h e  e x te n s io n  a t  b re a k  shows a  d e c r e a s e .

The l i m i t i n g  v a lu e  o f  th e  e x te n s io n  15 i j fo  i s  a lm o s t 

t h e  same a t  th e  s te a m in g  tim e  o f  80 se c o n d s  (T a b le s  1%,

% and  X I)# I f  t h e  y a rn s  g iV an u r e a - b i s u l p h i t e  

t r e a tm e n t  a r e  n o t  r i n s e d ,  th e  e x te n s io n  re m a in s  n e a r ly  

c o n s ta n t  (T a b le  X I I ) , b u t i f  th e  same y a r n s  a r e  ex p o sed  

to  h ig h  h u m id ity , th e y  show a c o n s id e r a b le  in c r e a s e  

( t o  a lm o s t tw ic e  th e  v a lu e  o f  th e  u n t r e a te d )  i n  th e  

e x te n s io n  (T a b le  X I I I )» I t  i s  unw ise t o  a t te m p t t o  

i n t e r p r e t  t h i s  c o n s id e r a b le  in c r e a se  i n  th e  e x te n s io n  on 

th e  b a s i s  o f  o b s e r v a t io n s  l i m i t e d  to  y a rn s  and no t e s t s  

on th e  s in g le  f i b r e s  were c a r r i e d  out#  N e v e r th e le s s ,  

th e  o b se r v a tio n s  a r e  most s t r i k i n g  an d  demand f u r t h e r  

i n v e s t 1g a t i  on#

S in c e  s w e l l in g  and  t e n s i l e  s t r e n g th  o f  wool a r e  

p r im a r i l y  d ep e n d en t on th e  d i s u lp h id e  l i n k s ,  an in c r e a s e  

i n  s w e ll in g  and a d ecrea se  in  t e n s i l e  s t r e n g t h  may be  

a n t i c ip a te d #  The r e s u l t s  o b ta in e d  by th e  s w e l l in g



m easu rem en ts , l a  th e  e a s e  o f  t r e a t e d  f a b r i c ,  a re  i n  f a i r  

ag reem en t w ith  th e  r é s u l t é  o f  t h e  t e n s i l e  s t r e n g t h  

m easurem ents o f  th e  t r e a t e d  y a r n .  I t  sh o u ld  be n o te d  

t h a t  th o u g h  th e  s w e l l in g  and th e  t e n s i l e  s t r e n g t h  m easu re

m ent a r e  done r e s p e c t i v e l y  on th e  f a b r i c  and th e  y a r n ,  th e  

ty p e  o f  th e  wool i n  b o th  th e  c a s e s  i s  th e  sam e, nam ely  

m erino#

I n  th e  c a s e  o f  Bfo ammonium t h l o g l y c o l l a t e  t r e a t e d  

y a r n ,  th e  s w e l l in g  i n c r e a s e s  w ith  th e  s te a m in g  tim e  up to  

40 seco n d s  ( f ig *  11) and c o r r e s p o n d in g ly ,  th e  t e n s i l e  

s t r e n g th  d e c re a s e s *  1% sodium  b i s u l p h i t e  and a l s o  u r e a -  

b i s u l p h i t e  {u n r in s e d )  sam p les a p p e a r  t o  fo l lo w  a  s i m i l a r  

c o u rse  o f  in c r e a s e  i n  s w e l l in g  and d e c re a s e  i n  t e n s i l e  

s t r e n g th  ( f ig s #  12 & 1 3 ) .

I t  h a s  b een  s u g g e s te d  e a r l i e r  t h a t  th e  d e c re a s e  i n  

s w e l l in g  a t  lo n g e r  t im e s  o f  s te am in g  may be b ec au se  o f  th e  

r e fo rm a t io n  o f  th e  same o r  new ty p e  o f  l i n k s ,  The 

p o s s i b i l i t y  o f  th e  r e f o r m a t io n  o f  th e  sam e ty p e  o f  l in k a g e s  

( d i s u lp h id e  b o n d s) can  be e x c lu d e d  a s  i t  a p p e a rs  t h a t  

n e i t h e r  th e  t e n s i l e  s t r e n g t h  n o r  th e  e x t e n s i b i l i t y  i n c r e a s e s  

w ith  th e  d e c re a s e  i n  s w e l l in g  an d  I t  i a  c o n c lu d e d  t h a t  new 

ty p e s  o f  l in lc s ,  w h ich  a r e  c a p a b le  o f  r e  s t r i c t  in g  e v /e l l in g , 

a lo n e  a r e  form ed*



i  25P h i l l i p s  and  c o -w o rlte rs  a u g g e e te d  th e  e x ia te n o e  

o f  two m ain  f r a o t i d n a ,  nam ely  (AfB) and (C-i-D), o f  th e  

o y a t in e -S  o f  wool# Ao c o rd in g  t o  them  (O+D) doe a n o t

r e a c t  w i th  c o ld  h i  s u l p h i t e  h u t  do es  r e a c t  w i th  h o t  

b ie u lp h i te *  They f u r t h e r  a u g g e e te d  t h a t  o f  th e  two 

f r a e t i o n a ,  f r a c t i o n  (AhB) in f lu e n c é e  th e r p h y s i c a l  p r o p e r t i e s  

o f  k e r a t i n  f i b r e s  more p ro fo u n d ly  th a n  f r a c t i o n  (G-fl))#

I f  th e s e  v iew s a r e  e x te n d e d  t o  th e  p r e s e n t  o b s e r v a t io n s  i t  

i s  s u g g e s te d  t h a t  b o th  th e  f r a c t i o n s ,  (A+B) and  (O+D), may 

be in v o lv e d  s in c e  th e  m a t e r i a l  i a  steam ed  a f t e r  i t  i s  

t r e a t e d  w ith  r e d u c in g  a g e n ts  and th e  r e d u c t io n  i n  t e n s i l e  

s t r e n g th  may be b e c a u se  o f  th e  r u p tu r e  o f  bonds i n  f r a c t i o n  

(A4-B)# h o w ev e r, i n  th e  c a se  o f  u r e a - b i s u l p h i t e  t r e a t e d  

sam p les w here th e  u r e a  i s  n o t  r i n s e d  b e f o r e  s te a m in g , th e  

l o s e  i n  t e n s i l e  s t r e n g t h  may b e  due t o  th e  r u p tu r e  o f  b o th  

th e  c y s t i n e  bonds o f  th e  (A+B) f r a c t i o n  and th e  h y d ro g en  

bonds# I f  th e  m a t e r i a l  i e  r i n s e d  b e f o re  s te a m in g  m ost o f  

th e  u r e a  may be r i n s e d  aw ay, a llo w in g  th e  r e fo rm a t io n  o f  

hy d rogen  b o n d s and  t h i s  i s  w hat i s  i n d i c a t e d  i n  th e  

o b s e r v a t io n s  t h a t  th e  l o s s  i n  th e  t e n s i l e  s t r e n g th  o f  u r e a -  

b i s u l p h i t e  t r e a t e d  and  r i n s e d  y a rn  i s  n e a r ly  e q u a l t o  t h a t  

o f  th e  y a rn  t r e a t e d  w ith  r e d u c in g  a g e n ts  a lone*

The b re a k in g  lo a d  o f  t h e  y a rn  dyed  w ith  N ap h th a le n e  

G reen 08 i s  s m a l le r  th a n  t h a t  o f  th e  undyed y a rn
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(Table V III)$ The change la  breaking load, ia  almost 

a i l  for the dyed yarn, either treated with 2 fo ammonium 

th log lyco lla te  or 1% sodium b isu lp h ite , when compared 

with dyed and untreated yarn, but there i s  a change in  

the breaîcing load i f  the dyed yarn i s  treated with water. 

On the other hand, the breaking load of the undyed yarn, 

given either of the treatments with reducing agent 

mentioned e a r lie r , changes when compared with that of the 

untreated, but there i s  almost no change in  the breaking 

load of the yarn treated with water*

I t  i s  apparent from the above that mere dyeing 

with particu lar dyes can cause a lo ss  in  the te n s ile  

sts^ength of the material* The fact th a t, with undyed 

yarn, the reducing agents cause a marked lo se  in  the 

ten s ile  strength while i t  does not cause considerable 

lo s s  in  the dyed yarn, can be explained as fo llow s.

The dye Naphthalene Green GS i s  very sen sitiv e  to reducing 

agents and when yarn dyed with th is  dye i s  treated with 

reducing agent and steam pressed, the activity of the agent 

may be mainly diverted towards attacking the dye and 

bringing about the change in  shade and hence causing a 

small lo s s  in  te n s ile  strength* Secondly, i t  ie  possib le  

that most of the bonds susceptible to the reducing agents 

may have been attacked during dyeing, as the lo ss  in  the
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t e n s i l e  s t r e n g t h  i s  o b s e rv e d , le a v in g  b e h in d  a  few  bonds 

t o  be a t t a c k e d  by  th e  re d u c in g  a g e n ts*  The s te a m in g  

a lo n e  d o es  n o t  a f f e c t  th e  d y e , b u t  i t  c a u s e s  a l o s s  i n  

t e n s i l e  s t r e n g t h  o f  th e  yarn#

I t  i s  s u g g e s te d  t h a t  t r e a tm e n t  w ith  th e  re d u c in g  

a g e n ts ,  em ployed i n  th e  p r e s e n t  c a s e ,  o f  th e  w o o lle n  

m a te r i a l  dyed w i th  th e  d y es  such  a s  N ap h th a le n e  G reen  GB, 

s e n s i t i v e  t o  th e  a g e n ts ,  d o es  n o t  a l t e r  th e  t e n s i l e  

s t r e n g th  i# e#  th e  r e d u c t io n  a f f e c t s  th e  dye i n  p r e f e r e n c e  

to  th e  f ib r e #  Thougli t e n s i l e  t e s t s  w ere n o t  made on th e  

y a rn  dyed  w ith  an  i n s e n s i t i v e  dye and th e n  t r e a t e d  w ith  

re d u c in g  a g e n ts ,  i t  i s  s u g g e s te d  t h a t  t h e  r e d u c in g  a g e n t 

may ca u se  a l o s s  i n  th e  t e n s i l e  s t r e n g th  o f  th e  y a rn  dyed

w ith  su ch  dyes# (Table x v i)

The c r e a s e  a n g le  m easu rem en ts ;^show t h a t  th e  e x p o su re  

to  h ig h  r e l a t i v e  h u în id ity  and te m p e ra tu re  (93?5 HH and 30%  ) 

f o r  s i x  w eeks h a s  no n e g a t iv e  e f f e c t  on th e  c r e a s e -  

r e t e n t i o n  o f  th e  undyed  sam p les  g iv e n  e i t h e r  Im m aoula o r  

u r e a - b l s u l p h i t e  (u n r in s e d )  t re a tm e n t#  T h is  s u g g e s ts  t h a t  

th e  a b s o r p t io n  o f  m o is tu r e ,  w hich  can  ca u se  t h e  d is a p p e a ra n c e  

o f  a  s te a m - s e t  c r e a s e  d o es  n o t  a f f e c t  th e  c r e a s e  p ro d u c ed  

by  perm anen t p l e a t i n g  p ro c e s s e s #

I t  a p p e a rs  from  th e  c r e a s e  a n g le  m easu rem en ts  o f  

d y ed , aim onium  t h l o g l y c o l l a t e  t r e a t e d  and s to r e d  sam ples
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t h a t  th e  e x p o su re  f o r  s i x  m onths to  no rm al c o n d i t io n s

o f  r e l a t i v e  h u m id ity  and  te m p e ra tu re  (6SjS BE end 2 0 % )

does n o t  im p a ir  th e  s h a rp n e s s  o f  th e  c r e a s e  (T a b le  X V II)*

T h is  o b s e rv a t io n  a lo n g  w ith  th e  f i n d in g s  o f  D av id so n  and

H o w itt t h a t  s to r a g e  f o r  s i x  m onths h a d  no e f f e c t  on

th e  e f f i c i e n c y  o f  th e  c r e a s o - r e t e n t io n  o f  th e  undyed  and

sodium  b i s u l p h i t e  t r e a t e d  sa m p le s , su g g e s t  t h a t  th e

s to r a g e  f o r  p ro lo n g e d  tim e  im d e r norm al c o n d i t io n s  h a s  no

e f f e c t  on e r e a e e - r e t e n t i o n  o f  th e  dyed o r  undyed  sam ple

c re a s e d  by e i t h e r  o f  th e  two perm anen t p l e a t i n g  p ro c e s s e s #

I t  seems t h a t  o f  th e  v a r io u s  t r e a tm e n ts  g iv e n  to

undyed m a t e r i a l ,  th e  t h l o g l y c o l l a t e  one g iv e s  a  s h a rp e r

c r e a s e  th a n  th e  sodium  b i s u l p h i t e  o n e , and  u r e a - b i s u l p h i t e

one g iv e s  th e  s h a r p e s t  o f  a l l ,  im der o o r re s p o n d in g  steam

p r e s s in g  tim es#  An in c r e a s e  i n  th e  tim e  o f  s team  p r e s s i n g ,

w hich h a s  p z ^ a c t ic a l ly  l i t t l e  e f f e c t  on th e  s h a rp n e s s  o f  th e

c r e a s e  o f  th e  ammonium t h l o g l y c o l l a t e  and u r e a - b i s u l p h i t e

t r e a t e d  sa m p le s , c a u s e s  a v e ry  a l i g h t  im provem ent i n  sodium

b i s u l p h i t e  t r e a t e d  s a m p le s , a s  o b se rv e d  by Bpoalcman and  
91W olfram . S h a rp e r  c r e a s e s  a r e  o b ta in e d  on th e  m a te r i a l  

dyed  w ith  N a p h th a le n e  G reen 08 th a n  th e  un d y ed , when 

t r e a t e d  w ith  sodim n b i s u l p h i t e  and  s team  p r e s s e d  f o r  

c o r re s p o n d in g  i n t e r v a l s  o f  tim e  (T a b le  ZV). T h is  s u g g e s ts  

t h a t  th e  p re s e n c e  o f  t h i s  dye in  wool a s s i s t s  th e  r e a c t i o n
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o f  re d u c in g  a g e n ts  w ith  d i s u lp h id e  l in k a g e s  and fa v o u r s  

th e  s u g g e s t io n  made e a r l i e r  t h a t ,  i n  w o o l, m ost o f  th e  

l in k a g e s  s u s c e p t ib l e  t o  th e  re d u c in g  a g e n ts  a r e  a t t a c k e d  

d u r in g  d y e in g  w ith  t h i s  p a r t i c u l a r  d y e .

The c o n c lu s io n  drawn from  th e  r e s u l t s  i s  t h a t ,  

f o r  a l l  th e  t r e a tm e n ts  i n v e s t i g a t e d ,  a  s te a m in g  tim e  o f  20 

seco n d s i s  fo u n d  to  be th e  i d e a l  one s in c e  a t  t h i s  t im e ;

(1 )  th e  n e t  num ber o f  b ro k en  d i  s u lp h id e  l in k a g e s  

i s  l e s s  th a n  f o r  lo n g e r  t im e s ,  a s  fo u n d  from  

th e  s w e l l in g  m easu rem en ts ,

(2 )  th e  l o s s  i n  t e n s i l e  s t r e n g th  i s  a l s o  l e a s t ,

(3 )  th e  c r e a s e  t h a t  i s  o b ta in e d  i s  n e a r ly  a s  

sh a rp  a s  t h a t  o b ta in e d  a t  a  s te a m in g  tim e 

o f  80 se c o n d s .

The above o b s e r v a t io n s  t h a t  th e  sam p les  t r e a t e d

w ith  ammonimn t h l o g l y c o l l a t e  g iv e s  s h a r p e r  c r e a s e s  th a n

th o s e  t r e a t e d  w ith  sodium  b i s u l p h i t e  and r i n s e d  b e f o re

s te a m in g , a lo n g  w i th  th e  o b s e r v a t io n  o f Speakman and 
91W olfram  , t h a t  th e  f a b r i c s  im p re g n a te d  w ith  s o lu t io n s  

o f  sodium  b i s u l p h i t e  b e fo re  p r e s s in g ,  w ith o u t  r i n s i n g ,  

gave much s h a rp e r  c r e a s e s  th a n  ammonium t h l o g l y c o l l a t e ,  

s u g g e s t t h a t  th e  ’ r i n s i n g ’ t r e a tm e n t  re d u c e s  th e  e f f e c t 

iv e n e s s  o f  th e  r e d u c in g  a g e n t i n  p ro d u c in g  sh a rp  c r e a s e s  

and t h i s  can  be e x p la in e d  a s  f o l lo w s .  When th e  t r e a t e d
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eaiuplo ie  rinsed, there may be some reversal of the 

reaction

H .S .a .B  HaliSOj ESH 4- R.B.SO^Na

and th is  may reduce the amount of sodium b isu lph ite  

combined with the fibre*

A possib le explanation for  the very sharp crease 

in  the case of urea-bisulphite treatment i s  that the 

woollen material become le s s  limp as the urea in  the 

m aterial i s  not rinsed away and the two sides forming the 

crease angle in  a sample are almost straight compared to  

those of the samples given e ith er  the Immaoula or the 

Siroset treatment# however, even though the urea- 

bisu lph ite (unrinsed) treatment can produce the sharpest 

crease in  the woollen m aterial,the evidence that i t  causes 

a considerable reduction In te n s ile  strength suggests that 

the treatment has a very l i t t l e  p ractica l value# On the 

other hand i f  the material i s  rinsed before steaming, the 

lo s s  in  te n s ile  strength i s  l e s s ,  but at the same time a 

le s s  sharp crease can be expected because of the lo se  in  

the e ffectiv en ess  of the reducing agent due to rinsing  

and also  lo s s  of s t if fn e s s  of the material because urea 

i s  washed out# I t  i s  concluded that the use of urea- 

bisu lph ite in  permanent p leating processes of wool material 
as auggeeted by Farnworth is  not v e r y g a t is f  ACtory,
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I t  i s  a  Imown f a c t  t h a t  th e  d i s u lp h id e  bonds a re  

r e s p o n s ib le  t o  a  c o n s id e r a b le  e x t e n t  f o r  th e  ch e m ic a l and 

th e  p h y s ic a l  s t a b i l i t y  o f  wool f i b r e s  and  i t  i s  a l s o  known 

t h a t  th e  bonds a r e  s u s c e p t ib l e  t o  a t t a c k  i f  wool i s  t r e a t e d  

w ith  re d u c in g  a g e n ts  u n d e r c e r t a i n  c o n d it io n s #  V a r io u s  

p r o p e r t i e s  o f  wool such  a s  s e t t i n g #  s u p e r c o n t r a c t io n  and 

t e n s i l e  s t r e n g th  h av e  b een  a s s o c i a t e d  v /ith  th e  d i s u lp h id e  

l i n k a g e 8#^^^ F o llo w in g  th e  d is c o v e r y  o f  th e  b i l a t e r a l

c o r t i c a l  s t r u c t u r e  i n  wool#^^*’ v a r io u s  w o rk e rs  have  r e p o r t e d  

an  uneven  d i e t r i b u t i o n  o f  s u lp h u r  in  d i f f e r e n t  segm ents o f  

th e  c o r ta x s  i t  h a s  b een  s u g g e s te d  t h a t  th e  p a ra -^ o o rte x  i s  

r i c h e r  i n  s u lp h u r  th a n  th e  o rth o -c o rtex # ^ ^ ^ * "^ ^ ^  Many d a ta  

have b een  aecu im ila ted  ab o u t th e  r e l a t i v e  re sp o n s e  o f  th e  tv/o 

segm ents 7hi>77j96«100 o r th o -  and th e  p a r a - )  t o  c h e m ic a ls ;

i t  h a s  b ee n  s u g g e s te d  t h a t  th e  d i f f e r e n c e  i n  s u lp h u r  may be 

r e s p o n s ib le  f o r  th e  d i f f e r e n c e  i n  th e  r e a c t i v i t y  be tw een  th e  

two p a r t s  o f  th e  b i l a t e r a l  c o r te x o ^ ^ ^  However# v e ry  l i t t l e  

a p p e a rs  t o  have  b ee n  s a id  w h e th e r  th e  p r o p e r t i e s  o f  wool 

such  a s  s e t t i n g ,  s u p e r c o n t r a c t io n  and t e n s i l e  s t r e n g th  depend  

more on th e  d i s u lp h id e  l in k a g e s  i n  one segm ent th a n  th e  o t h e r ,  

and t h i s  makes i t  m ore d i f f i c u l t  t o  a s s o c i a t e  any change i n  

th e  p r o p e r t i e s  o f  wool on t r e a tm e n t  w ith  chem icalB p w ith  th e  

d i s u lp h id e  l in k a g e s  i n  a  p a r t i c u l a r  segm ent o f  th e  c o r te x ,
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e#g(, th e  change i n  t e n s i l e  s t r e n g th  o f  wool# a© o b se rv e d  

i n  th e  l a s t  c h a p te r#  g iv e n  th e  u r e a ^ b i s u lp h i te  tre a tm e n t#

S?he h ig li  r e s o lv in g ’ pow er o f  th e  e l e c t r o n  m ic ro sco p e  

a lo n g  w ith  th e  im proved  c o n t r a s t  g iv e n  by p h a s e - c o n t r a s t  i n  

th e  o p t i c a l  m ic ro sco p e  h a s  made i t  p o s s ib le  t o  s tu d y  th e  

ch an g es  i n  th e  m o rp h o lo g ic a l s t r u c t u r e  o f  wool f i b r e s  a s  a  

r e s u l t  o f  v a r io u s  ch e m ica l t re a tm e n ts *  I t  i s  a d v a n ta g e o u s  

to  em ploy such  m ethods i n  o rd e r  t o  d e f in e  th e  p o r t i o n  o f  th e  

c o r te x #  h i s t o l o g i c a l l y #  w hich  may undergo  m o d i f ic a t io n  a s  a 

r e s u l t  o f  th e  t r e a tm e n t  o f  wool w ith  c h e m ic a ls  such  a s  

r e d u c in g  ag en ts*  I t  i s  p o s s i b l e  t h a t  th e  t r e a tm e n t  o f  wool 

w ith  re d u c in g  a g e n ts#  u n d e r th e  c o n d i t io n s  such  a s  a r e  

em ployed in  p e rm an en t p l e a t i n g  p ro c e s se s#  may n o t  be se v e re  

enough t o  p ro d u ce  any change i n  th e  s t r u c t u r e  o f  wool 

d e t e c ta b le  u n d e r th e  o p t i c a l  o r  even  th e  e l e c t r o n  m ic ro sco p e  

end h en ce  i t  i s  n e c e a s a ry  t o  t r e a t  th e  wool w ith  v e ry  a c t i v e  

r e a g e n t s  su ch  a s  s a t u r a t e d  u r e a  s o lu t io n  c o n ta in in g  r e d u c in g  

ag en ts*

I n  an e f f o r t  to  e l u c i d a t e  th e  v e ry  com plex s t r u c t u r e  

and c o m p o s itio n  o f  wool f i b r e s #  v a r io u s  t r e a tm e n ts  in v o lv in g  

th e  u se  o f  k e r a t i n o l y t i o  a g e n ts  such  a s  s u lp h id e s  and u r e a -  

b i s u l p h i t e  have b ee n  em ployed by many w o rk e rs  * * 9^ » 95 # 115 

D u rin g  e a r l y  i n v e s t i g a t i o n s  i t  was o b se rv e d  by Mercer'^^*’ 

t h a t  when wool f i b r e s  w ere t r e a t e d  w ith  u r e a  s o lu t io n
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c o n ta in in g  re d u c in g  a g e n ts ,  o n ly  p a r t  o f  th e  f i b r e s  was 

d ia e o lv e d  and th e  e x t r a c t a b l e  f r a c t i o n  came from  o r th o -  

c o r te x #  th e  in s o lu b le  r e s id u e  c o n s i s te d  o f  ( a )  th e  p a r a 

c o r te x  (b )  th e  c o r t i c a l  c e l l  membranes o f  th e  o r th o -c o r te x #  

and (c )  th e  r e s i s t a n t  c u t i o u l a r  sh ea th *  He co n c lu d e d  t h a t  

(1 )  wool k e r a t i n  fo rm ed  two h i s t o l o g i c a l l y  d e f in a b le  r e g io n s  

d i f f e r i n g  i n  s t a b i l i t y  and (1 1 )  t h a t  d i f f e r e n c e  i n  s o l u b i l i t y  

o f  th e  k e r a t i n  f r a c t i o n s  c o r re sp o n d e d  t o  d e g re e s  i n  

k é r a t i n i s a t i o n  i* e*  th e  d i f f e r e n c e  i n  d e g re e  o f  c y s t in e  

c r o s s - l in k in g o  He su g g e s te d  t h a t  th e  i n s o l u b i l i t y  o f  th e  

p a r a - e o r t e x  i n  s a t u r a t e d  u r e a  s o lu t io n  a t  pH 8 was b ec au se  

o f  th e  l o c a t i o n  o f  (G -î- D) f r a c t i o n  o f  P h i l l i p s ^ ^ ^  c y s t in e  

c r o s s - l in k a g e s  i n  t h i s  reg io n *

I n  th e  p r e s e n t  work a t te m p ts  have b een  made# w ith  t h e  

h e lp  o f  th e  p h a s e - c o n tr a s t  and  e l e c t r o n  m ic ro s c o p e s , t o  s tu d y  

th e  e f f e c t s  o f r e d u c in g  a g e n ts#  b o th  th o s e  in v o lv e d  in  

perm anen t p l e a t i n g  p r o c e s s e s  ( d e s c r ib e d  i n  e a r l i e r  c h a p te r s )  

and th e  s t r o n g  u r e a - r e d u c e r  s o lu t io n s *  I n  p a r t i c u l a r  

e f f o r t s  have  b een  made t o  d e te rm in e  th e  i d e n t i t y  o f  th e  

p o r t i o n  o f  th e  w ool f i b r e  in v o lv e d  i n  any p a r t i c u l a r  

s i t u a t io n *
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m M in a M o ,a j a a a C T ^ e „o^M o .aL.-aftâ J l f e ^ - e l ^

F ib r e  em bedding and s e c t i o n  c u t t i n g
&MS3r%T@ feSJto pgLta ifMr,  P* s^vJSiiç»*yYAW^TPr=BneTn*1»n*s*<üW*T.t^<6ai^^A»MeB»afl?™bMÇer£:»

o p t i c a l  e x a m in a tio n  o f  f i b r e  s e c t io n s  d o es  n o t  

p r e s e n t  g r e a t  d i f f i c u l t y  and s e c t io n s  a  few m ic ro n s  t h i c k  

can  e a s i l y  be c u t  by  em bedding f i b r e s  i n  p a r a f f i n  wax and 

u s in g  an  o r d in a r y  m icrotom e*

D ir e c t  e l e c t r o n  m ic ro sco p e  e x a m in a tio n  o f  a  f i b r e  

r e q u i r e s  u l t r a - t h i n  s e c t io n s #  ab o u t 500 A# and h ence  th e  

em bedding medium d e s e rv e s  s p é c ia l  a t t e n t io n *  I n  19h9@ 

Newman^^® and h i s  c o l le a g u e s  su g g e s te d  t h e i r  p o ly m eth 

a c r y l a t e  em bedding te c h n iq u e  f o r  u l t r a - t h i n  s e c t i o n  b u t 

i t  s u f f e r s  from  c e r t a i n  d is a d v a n ta g e s  such  a s  sh rin k ag e #

I n  1 9 5 6 p G 'lau e rt^ ^ ^  p ro p o se d  th e  e p o x id e  r e s i n  ^ 'A ra ld ite* ’ 

a s  em bedding media# " A r a ld i te "  c o n t r a c t s  f a r  l e s s  th a n

m e th a c r y la te s  and  i s  more r e s i s t a n t  t o  e l e c t r o n  bombardment#
110 111R e c e n tly  a  su rv e y  ^  o f  em bedding m ed ia  f o r  e l e c t r o n  

m ic ro sco p y  h a s  b een  p u b l is h e d  i n  w hich th e  p r o p e r t i e s  o f  

th e  m e th a c r y la te s ,  th e  epoxy r e s i n s  and th e  p o l y e s t e r  r e s i n s  

a re  com pared and th e  b a s i c  s i m i l a r i t i e s  be tw een  th e  d i f f e r e n t  

m ix tu re s  c o n ta in in g  epoxy  r e s i n s  a re  em phasised#

The a c tu a l  c u t t i n g  o f  v e ry  t h i n  s e c t io n s  i s  d i f f i c u l t #  

H ow ever, i f  th e  g e n e ra l  r u l e s  ab o u t such  th in g s  a s
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p r e p a r a t i o n  o f  th e  g l a s s  k n iv e s  and th e  d e g re e  o f  h a rd n e s s  

o f  th e  em bedding medium a re  observed#  e x c e l l e n t  r e s u l t s  can  

be o b ta in e d #  S e v e ra l  books ( se e  b ib l io g r a p h y )  on e l e c t r o n  

m ic ro sco p e  te c h n iq u e s  d e a l  w ith  th e  e x p e r im e n ta l  d e t a i l s #  

The im proved  te c h n iq u e s  o f  u l t r a - t h i n  s e c t io n in g  and 

m ou n tin g  o f  s e c t io n s  o f  f i b r e s  have  been  p u b l i s h e d  by 

v a r io u s  a u th o rs#  T h in  s e c t i o n s  have b een  o u t ,  w ith  g l a s s  

Im lv e s  and a l s o  diam ond k n iv e s ,  on a v a r i e t y  o f  m icro tom es#

S ta in in g  te c h n lo u e s

I n  o p t i c a l  m ic ro sc o p y , th e  u se  o f  d y es  a s  s p e c i f i c  

s t a i n i n g  a g e n ts  f o r  d i f f e r e n t i a t i o n  o f  s t r u c t u r a l  e le m e n ts  

i s  n o t uncommon* I n  a d d i t i o n  to  th e  d y es  th e  u se  o f  

v a r io u s  m e ta ls  and  m e ta l s a l t s  a s  s t a i n i n g  a g e n ts  f o r  wool 

f i b r e s  h a s  b een  re p o r te d * ^ ^ ^  ,1 1 2 , l l 3 o

I n  e l e c t r o n  m ic ro sco p y  th e  heav y  m e ta ls  and m e ta l 

s a l t s  such  a s  osmium t e t r o x i d e ,  s i l v e r  n i t r a t e ,  u ra n y l  

a c e t a t e ,  lan th an u m  a c e t a t e ,  l e a d  a c e t a t e  and h y d ro x id e , 

m ercu ry  s a l t s ,  p h o s p h o tu n g s t ic  a c id  have  b een  em ployed a s  

s p e c i f i c  s t a i n i n g  r e  a g e n t g . ̂  ̂  7 9 » ̂  i t  i s  a

common p r a c t i c e  t o  re d u c e  th e  f i b r e s  b e fo re  s ta in in g *

T hese s ta ix i in g  r e a g e n t s  c o n ta i i i  atom s w hich  hav e  a to m ic  

num bers h ig h e r  th a n  th o s e  o f  th e  atom s from  w hich  th e  

f i b r o u s  s u b s ta n c e s  a r e  b u i l t  up and th e  r e s u l t i n g  

p ro d u c t io n  o f  c o n t r a s t  i e  s p é c i f i é  t o  th e  e x te n t  t h a t  th e
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m e ta l 1 b p r e f e r e n t i a l l y  f i x e d  i n  c e r t a i n  m o le c u la r  g ro u p s

o f  th e  f ib r e s #  I n  c e r t a i n  C aB es, such  a s  s t a i n i n g  o f

re d u c e d  m erin o  wool f i b r e s  w i th  l e a d  and  merom^y s a l t s ,

th e  m ig ra t io n  o f  s a l t  m o le c u le s  was o b s e r v e d # I n  s h o r t ,

a  g r e a t  d e a l  o f  c o n tro v e r s y  e x i s t s  r e g a r d in g  th e

d i s t r i b u t i o n  o f  th e  ’ a c t iv e ^  g ro u p s  and th e  r e a c t i o n
12*318—1^0betiveen  m e ta l  atom s and th e  g ro u p s  ^  ' and d o u b ts

have b ean  e x p re s s e d  a s  to  th e  c o r r e c t  i n t e r p r e t a t i o n  o f  

s t a i n i n g  w ith  m e ta ls#

33KPBRXMI1ÎHTAL P R O O g D # #

M a te r ia l s

Wool$=?a;

L in c o ln  wool f i b r e s  vmre s o x h lo t - e x t r a c te d  w ith  

m e th y len e  c h l o r i d e ,  th o ro u g h ly  w ashed i n  d i s t i l l e d  w a te r  

and  d r i e d  a t  room te m p e ra tu re  and h u m id ity #  F i b r e s ,  

o b ta in e d  from  yarn© em ployed in  p re v io u s  e x p e r im e n ts ,  w ere 

a l s o  u se d  i n  th e  p r e s e n t  work# The m ie ro s c o p ie a l  

e x a m in a tio n  showed them  to  be o f  m erino  ty p e  and  h ence  

th ro u g h o u t th e  p r e s e n t  worjk th e y  a re  l a b e l l e d  a s  *Y m e rin o ’ *

C h em ica ls

S a tu r a te d  u r e a  s o l u t io n  was p r e p a re d  by  d ie s o ly in g  

120 gms# o f  u r e a  ( l a b o r a to r y  r e a g e n t )  i n  100 ec o f  d i s t i l l e d  

w a te r  a t  25% #



ü r e a - b i s u l p h i t e  s o l u t io n  wae p r e p a re d  by d i s s o lv in g  

5 gms# o f  sodium  m e ta b i s u lp h i te  i n  100 ce o f  s a t u r a t e d  

u r e a  s o lu t io n  and th e  pH o f  th e  s o lu t io n  was a d ju s te d  to  

7 by ad d in g  sodium  b ic a rb o n a te #

U r e a - th i o g l y c a l l a t e  s o l u t io n  was p re p a re d  by  ad d in g  

5 ec  o f  th io g ly e o lX ic  a c id  t o  100 ec o f  s a t u r a t e d  u r e a  

so lv it 1 one The pH o f  th e  s o l u t io n  was 2*'5*

U re a ^ ^ b isu lp h ite  s o lu t io n s  c o n ta in in g  80 gms# o f  u r e a  

and  5 gms* o f  sodium  m e ta b i s u lp h i te  p e r  100 cc  o f  w a te r  w ere 

p re p a re d #  The pH v a lu e s  o f  th e  s o lu t io n s  wore a d ju s te d  to  

3 and 11 by  ad d in g  h y d r o c h lo r ic  a c id  and sodium  h y d ro x id e  

r e s p e c t iv e ly *  The a d d i t io n  o f  th e s e  r e a g e n ts  w ere c a r r i e d  

o u t p r i o r  to  m alting up to  volume# T hese more d i l u t e  

s o lu t io n s  w ere p r e p a r e d  b e c a u se  i t  was d i f f i c u l t  t o  a d ju s t  

th e  pH o f  th e  s a t u r a t e d  u r e a  s o lu t io n #

A n o th e r u r e a - b i s u l p h i t e  s o lu t io n  was p re p a re d  by 

d i s s o lv in g  50 gms# o f  u r e a  and 3 gms* o f  sodium  m e ta -  

b i s u l p h i t e  i n  d i s t i l l e d  w a te r  and m aking th e  volume to  

100 cc# a t  25%® The pH o f  th e  s o lu t io n  was a d ju s te d  t o  

7 by ad d in g  sodium  b ic a rb o n a te #  T h is  i s  th e  s o l u t io n  u se d  

i n  u r e a - b i s u l p h i t e  s o l u b i l i t y  t e s t *

P a r t i a l l y  h y d ro ly s e d  s t a r c h  was p re p a re d  by m ix ing  

3 gnis* o f  s t a r c h  w ith  30 cc® o f  c o ld  w a te r  and m aking a 

sm ooth paste®  To th e  p a s t e  w ere added 6o cc* o f  b o i l i n g  

w a te r  and 0*5 cc® o f  h y d r o c h lo r ic  a c id  (10/&) ®



The mixture was bo iled  for 5 minutes aad a fter  i t  had 

cooled 0*1 gm# of thymol was added#

”Araldite^* resin  was prepared by mixing the follow ing
IPPchemicals in  proportions as reooMnended by Olauert,

Araldite OY — 212 10 cc*
A r a l d i t e  h a rd e n e r  BY  961*. 10 oe#

A raldite p la e tic ie er  BY — 0k2 1 cc*

Araldlte accelerator BY — 061*. 0*5 cc*

Fresh mixtures were prepared each time before embedding 

fibres*

B-butyl methacrylate ( supplied by XGX) was used 

along with benzoyl peroxide (1 gm/100 cc* of monomer) as 

catalyst# Fresh aolutlons were prepared by adding the 

cata lyst to  the monomer each time just before embedding 

wool fibres*

Methylene Blue solu tion  (0«05? )̂ was buffered to  

pH 6*8 with 0*05 M phosphate*

Osmic acid (2^) was unbuffered and was employed 

d irec tly  from the ampoule* A silver-ammonium-nitrate 

complex was p r e p a r e d ^ b y  the addition of ammonia, drop 

by drop, to 0*1 M AgWÔ  solu tion  t i l l  a brown precip itate  

was obtainedo The p recip ita te  was dissolved by further.
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âropwl8 0 g addition of ammonia and the piî of th e  solution  

was measured t o  be T»05 a t  80%  ®

irg:CTii*n^5axji^tecs!iB5aaaaiB*te^Ct^^j3a53EfcjMrT**W !l>

The abbreviations OOP and PO refer respectively  to 

orthochlorophenol (refractive  index 1*550) and paraffin  o i l  

( refractive index l*h7o) which were used in the optical 

examination*

Experimental methods

About one hundred fib res  of each type of wool were 

treated with 30 cc solu tions contained in  50 cc stoppered 

fla sk s (Qulckfit)# The f la sk s were placed in a water bath 

which was maintained at appropriate temperatures* The 

conditions of treatments were as shown in  the Table XVIII*

Treatment! Urea solution:

TABLE XVIIIiae^,jfcAaw-*a.sFOi»i<«±±tiiM»#*c*s6”.Wir*KtJLja

Reducer ; pH of the! Time of treat- Tempera-
number |

Î
Urea; w ater j % solution ' ment iii hours j tu ro  °C

I  A j 120:100 B isulphite  5 ? 3 ' 40
I B !

1
120:100 BisuJ-phite 5 ? 20 40

II I 120:100 ThioglycoHiO
I âeid 5 6 45

i n  ! 20:100 Bisxd.pMte 5 3 ; 6 40
m  I

1
20:100 B isulphite 5 :ci 6 40

V A ^ 50:100 Bim3.phite 3 7 1 3. 65
?  B

i
50:100 B isulphite 3 7 3 I 65
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At the end of the appropriate time of reaction , the 

f ib res  were removed from the aolutlons and were thoroughly 

washed with d is t i l le d  water for several hour© and then they wère 

dried at room temperature and humidity for one week*

In addition to f ib r e e , given the treatments as 

mentioned above, those from the yarns given (1) S lroset 

(2) Immsicula-X (3) urea-bieulphite (rinsed) treatments were 

also  examined®

Staining methods

(1) The fib res  were Immersed la  unbuffered osmic 

acid fo r  2k hours at room temperature and then were rinsed  

with water aad dried in a eonditioaed room before embedding*

(2) The fib re s  were l%mmr©ed la  a 11 ver-ammonium- 

n itra te  solution  for UO hours at room temperature and were 

rinsed and dried as in  (1) before embedding#

S m iü â ââss

The f ib r e s , either previously stained or unstained, 

were ©mbedclecl in  (a) .âraldlte or (b) butyl methacrylate as

follow B o

(a) The fibre© were aoaked in the ^̂ Aralditê ® resin  

mixture (without accelerator) for about 2h hours and after  

that a few impregnated fib res  wore placed in  two
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diaxûetrically opposite notches across an open end of a 

gela tin  capsule (Ho* OO), containing resin  mixture with 

accelerator* The fib res ŵere kept taut by catching th eir  

free  ends between the two s lid in g  portions of the capsule 

and the cover of the capsule was placed in  position# The 

whole assembly was Inverted so that the fib res become 

completely embedded in  resin* The capsule was then heated 

in  an oven at a temperature of 50%; care was taken to heat 

the capsule evenly over i t s  entire surface by suspending i t  

with str ip s  of cellophane tape in the oven* I t  was 

observed th at, in  order to produce a proper hardness for  

section  cutting , a longer time (up to 6o hours) than the
1 pp48 hour© of heating suggested, by Glauert " Y;as necessary*

(b) The procedure of embedding was sim ilar to that 

deseribcd in (a) except that n-butylmethaorylate was used 

in  place of the Arald ite  resin  mixture®

Triiimiinp: of the block©

The ge la tin  capsule was stripped with a sharp rasor 

blade and the block thus obtained was trimmed to a ©mall 

cylinder having a diameter of approximately 0*5 cm* I t  

was ensured that the fib res were embedded nearly p ara lle l 

to the axis of the cylinder® The cylinder was then 

firm ly fixed  in the ©pecimen holder from the microtome 

by a c o lle t  and one end of the cylinder was trimmed in  to
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a pyramid; the heiglut of the pyramid was about 1 rmn. and 

the tip  was about 0*2 mm* square# The sample was then 

ready for section cutting®

Section cutting

The sections were out on a ultra-miorotome (A,F#

Huxley Pattern), operating on a mechanical advance mechanism, 

with g lass knives# For op tica l work the sections about 2̂ >c 

thick were cut, whereas for ’electron microseopieal 

examination, the thiclm ess of the sections was between 

400 A to 600 A .&ccoY<iing to the c o lo u r  s c a le  ^iver by Peachey  

Optical microBCopy

(1) The cross-section s of the samples, previously

8'̂ :aimed with silver-ammomlum-nitrate, were d irec tly  examined, 

using PO as mounting medium, under the phase-eontrast 

microseope (Wateon Service I microscope with phase™contrast 

equipment)#

(2) The cross-section  of the samples which had mot 

been stained previously, were dyed with methylene blue in  

the follow ing way# The croee-seetions were fla tten ed  in  

alcohol and attached to  g lass s lid es  by means of p a r tia lly  

hydrolysed starch® The s lid e  was heated to 50% in  an oven 

for 30 minutes to harden the starch and the methacrylate was 

then removed by 8o:aiilet extraction with methylene chloride'. 

The fib re  sections thus glued to the s lid e  were dyed in  the
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buffered methylene blue so lu tion  at 6o% for 5 minutes#

They were then mounted in  PO and examined under an ordinary 

microscope*

(3) In certain  eases the cross-seetions anchored

to g lass e lid e s , as descsribed above, were exposed to mercury 

and water vapour for 36  hours at 76%.

(4) The cross-section s anchored to the g lass s lid e  

were stained by putting a drop of osmlc acid on the sections  

and allowing i t  to react for  1 hour and then rinsing v/ith 

d is t i l le d  water*

(5) Some unstained fib re  cross-section s were mounted 

in  OGP and were l e f t  for 2 to 4 hours before examination 

under phase-oontrast microscope#

R esults which were thought u sefu l, were recorded 

photographically using a Watson 2*5*' x 3®5” eyepiece camera; 

Ilford  R 5# 5 0 , panohro-line cut film s v/ere used; they were 

developed in  ID2 developer for 4 minutes at 20%# I t  should 

be pointed out that the figu>?es show parte of orig inal 

photographs and so fa r  as possib le 3 or more croBS-seotions 

are shown in each i llu s tr a t io n  but v/here section s were far  

apart i t  was impossible to  do this#

Electron m icroscowA w  Mj. A rïA 'ti#  («*1 # w xj m  x y x n c a p j  A t

A water bath was prepared by putting a drop of wax 

with a fin© brush near the cutting edge of a g la ss  im ife;
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the ?/ate:r In the bath oontained about 20% acetone# The 

uXtx^a- t̂hin section© ( approx*. 400 A to  BOO A) were d irec tly  

mounted from the water bath on the g lass Itnife on the copper 

gride (3 diameter, P h ilip s grid©)* A few of the gride 

used in the experiments were coated with a thin carbon film  

whereas the rest were without any kind of coating* The 

specimen mounted grids were examined imder the Elmiakop I 

electron microscope operating at 8o kv*

E^PimMENTAL RESULTS

.ÔBMfiaL..?aiS£oecSM

(A) 'Y merino* S’lteeas™ The fibre GS“osS“Sections mounted

in PO or OOP do not show any structural features* The 

cross-section s dyed before section cutting, indicate the 

presence of b ila te r a l co r tica l structure; the heavily  dyed 

portion i s  known as ortho-cortex while the other i s  ca lled  

para-Gortax (p late 1)*

The ser ia l section s of the untreated fib res  ( i )  dyed 

on a slid e  and examined under the oi»dlnary microscope,

(11) exposed to mercury vapour and examined under the phase* 

contrast, are resp ectively  shown in P lates 3A and 3B# The 

presence of the b ila te r a l cortica l structure, thouglfA not 

very d is t in c t , can be observed (Plate 3A)* The poor
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c o n t r a s t  betiveon th e  two segm enta o f  th e  dyed s e c t io n s  may 

be b ecau se  th e  s e c t io n s  wex^e n o t  x^insed w ith  d i l u t e  a c id
1 I g

s o lu t io n  s f t e r  d y e in g  a s  s u g g e s te d  by H o rio  and Konclo#* 

j>To c l e a r  b i l a t e r a l  d i f f e r e n t i a t  1 on i s  o b se rv e d  on e x p o s in g  

th e  s e c t io n s  t o  mercury?' vaxxou:r ( P l a t e  3B) a s  found  by Menlcart 

and A cc o rd in g  t o  th em , e x a m in a tio n  o f  sex^ial

s e c t io n s  o f  th e  f i b r e  h a v in g  b i l a t e r a l  s t r u c t u r e ,  shows t h a t  

th e  p o r t io n  w hich 1b n o t h e a v i ly  dyed by  m eth y len e  b lu e  

(ioS o  pax^a-G ortex) h a s  a  d a rk  bro¥/n c o lo u r a t io n  due to  th e  

fo rm a tio n  o f m ercu ry  s u lp h id e  *

The o r  OB s«'se é t i o n s  o f  th e  f i b r e s  s t a in e d  w ith  th e  

s ilY er-am m o n iu m -n itra t©  com plex , when exxxmined u n d e r th e  

p h a s e - c o n t r a s t ,  d i s t i n c t l y  show th e  b i l a t e r a l  streucturre 

( P l a t e  2)o The h e a v il i^  s t a in e d  a r e a  i s  th e  p a r a - c o r t e x ,  

th e  o r th o - e o r t e x  i s  c o m p a ra tiv e ly  v e ry  f a i n t l y  s ta in e d #

I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  th e  d i f f e r e n t i a t i o n  o f  th e  

c o r t i c a l  s t r u c t u r e  can  bo o b se rv e d  u n d e r th e  o rd in a ry  

m ic ro sco p e  b u t  th e  ah ax im ess o f  th e  image I n c r e a s e s  i f  

p h a s e - c o n t r a s t  i s  employed*

(B) L in c o ln  wool f i b r e s ; -  T hese  f i b r e s  w ere fo u n d  e x tre m e ly  

d i f f i c u l t  t o  h a n d le  d u r in g  th e  e x p e r im e n ts & I t  was o b se rv e d  

t h a t  d u r in g  th e  s e c t io n  c u t t i n g  and t r a n s f e r r i n g  t o  a g l a s s  

s l i d e  th e  f i b r e  c r o s s - s e c t i o n s  came o u t o f th e  em bedding 

medium* M oreover, i f  th e y  w ere su c c e B sfu l.ly  t r a n s f e r r e d
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t o  a  s l i d e ,  th e y  w ere w ashed away d u r in g  dyeing*  The b ig  

d ia m e te r  o r  th e  s t i f f n e s s  o f  th e  f i b r e s  may be r e s p o n s ib le  

f o r  th i s #

H ow ever, i t  was p o s s ib l e  t o  dye a few  o ro  s s - se  e t 1one 

o f  th e  f i b r e s  (P la t©  4)*  The n arrow  o u te r  r i n g  (undyed  

p o r t io n )  i e  th e  para*-*oortex w h ereas  th e  h e a v i ly  dyed In n e r  

p o r t i o n  i s  o rtho«*oo rtex  by  a n a lo g y  w ith  th e  a f f e c t s  i n  

m erino  f ib re s®

The c r o s s - B e c t lo n s  o f  th e  f i b r e s  s t a i n e d  w ith  

s i lv e r-a m m o n iu n v -n itra te  com plex ( P l a t e  5) show t h a t  th e  

o u te r  a a m ila r  p o r t i o n  i s  m a in ly  h e a v i ly  s t a in e d  com pared 

to  t h e  in n e r  po rtion®

(A) ’Y m e rin o ’ f i b r e s *

Im naG U la-I t r e a tm e n t  (S% sodium  b i s u l p h i t e )

When th e  f i b r e  e e o t io n s  m ounted i n  OOP a re  l e f t  f o r  

a c e r t a i n  t im e ,  th e  fo l lo w in g  th in g s  a r e  o b se rv e d ;

( a )  th e  c r o s B - e e c t io n s  s w e l l ,  (b )  th e  o o r t i o a l  e a l lB  i n  

p a r t i c u l a r  r e g io n  o f  th e  a e o t io n e  become v i s i b l e  ( P l a t e  6 ) 

and (c )  a f t e r  some tim e  th e s e  c e l l s  d i s a p p e a r  and th e  

s e c t io n s  a p p e a r  t o  be a lm o s t homogeneoua®

The e x a m in a tio n  o f  th e  c r o s s - s e c t i o n s ,  exp o sed  to  

m ercu ry  v ap o u r and m ounted i n  PO, u n d e r e i t h e r  th e  o r d in a r y



o r  th e  p h a c e - o o n t r a s t  m ic ro sc o p e  show t h a t  a  few  o f  th e  

s e c t io n s  a re  m o t t le d  i n  t h e  c o r t i c a l  r e g io n s  ( P l a t e s  ?A & B ) , 

The dyed  a s  w e l l  a s  s i lv e r -a m m o n itm i-n itra te  s t a i n e d  c r o s s -  

s o o t  io n s  a re  d l f f e r o n t 1a l l y  s t a in e d  ( P l a t e s  8 & 9 ) «

S i r a s e t  t r e a tm e n t  (2/5 ammonium t h l o g l y c o l l a t e )

The o b s e r v a t io n s  f o r  th e  c ro B B -B ao tio n s  ( a )  m otm ted 

i n  OOP ( P l a t e  1 0 ) ,  (b )  e x p o se d  t o  m ercu ry  v a p o u r , ( e )  d y ed ,

(d )  etaiU ied w ith  s i lv e r-a rn m o n itim -n itra te p  a re  s i m i l a r  t o  

th o s e  f o r  th e  Im m a c u le iltre a te d  f i b r e  s e c t io n s *

U r e a - b ie u lp h i te  t r e a tm e n t  ( fo l lo w e d  by r i n s i n g  w ith  w a te r

The o b a e rv a t io n s  f o r  th e  e r o s s - s a c t l o n s  o f  th e  f i b r e s  

when m ounted i n  OOP ( P l a t e  11 ) a re  s im i l a r  t o  th o s e  m en tio n ed  

i n  th e  above two t r e a tm e n t s  w ith  th e  o n ly  d i f f e r e n c e  t h a t  

i n  th e  p r e s e n t  c a se  th e  c e l l  b o u n d a r ie s  b e tw een  th e  

in d iv id u a l  c e ll©  a r e  v e ry  d i s t i n c t *  The e z a ra in a tlo n  o f  th e  

c r o s s - s e c t io n ©  e i t h e r  dyed o r  s t a in e d  w ith  s i  1 ver-am m onlum - 

n i t r a t e  show th e  b i l a t e r a l  c o r t i c a l  d i f f e r e n t i a t i o n ®

The p h o to m ic ro g ra p h  ( P l a t e  12) shows th e  p r o f i l e  o f  

th e  c ro B B -s e c tio n s  o f  th e  f i b r e s  m ounted i n  PO and exam ined  

u n d e r th e  p h a s e - o o n t r a s t  m icroscope*  I t  i n d i c a t e s  th e  

p re s e n c e  o f  lo b e s  on th e  p e r ip h e r y  ( c u t i c l e  r e g io n )  o f  th e  

sec tio n sD
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I n  th e  o a se  o f  th e  e ro s s - e e o t io n B  m ounted i n  OOP, 

th e  lo b e s  a re  s h a r p ly  d e f in e d  on th e  b o u n d ary  o f  h a l f  th e  

a r e a  o f  ea ch  s e c t i o n ,  w hereas  th e  p e r ip h e r y  o f  th e  o th e r  

h a l f  i s  oven# The c o r t i c a l  r e g io n  n e a r  t h e  sm ooth b o u n d ary  

a p p e a rs  s l i g h t l y  d a r k e r  th a n  th e  r e g io n  n e a r  th e  uneven o r  

lo b e d  b o u n d ary  i n  e a c h  s e c t i o n  ( P l a t e  1 3 ) »

The e x a m in a tio n  o f  s e r i a l  o r o s s - s e c t i o n s ,  e i t h e r  

exposed  t o  m ercu ry  v ap o u r or  s t a i n e d  w ith  osm ic a d d ,  u n d e r 

p h a s e - c o n t r a e t  d o es  n o t r e v e a l  any s t r u c t u r a l  d e t a i l s  ( P l a t e s  

14 & 15)* The l i g h t  end d a rk  a r e  a s  o b se rv e d  i n  some 

s e é t io n s  may bo due to  a r t e f a c t s #  U nder th e  o r d in a r y  

m ic ro sco p e  th e  s e c t i o n s  e x p o se d  to  m ercury  v ap o u r do n o t 

show any d e t a i l  e x c e p t  t h a t  a  t m i  s e c t io n s  a p p e a r  m o t t le d  

( P l a t e  l 6 )*

The dyed c r o s s - s e c t i o n s  show t h a t  i n  e a c h  s e c t io n  

t h a t  Eire a ,  ab o u t h a l f  th e  t o t a l ,  w hich h a s  lo b e s  on i t s  

p e r ip h e r y ,  i s  h e a v i ly  dyed com pared to  th e  o th e r  h a l f  w hich 

h a s  a sm ooth b o u n d ary  ( P l a t e s  16 & 19)*

When t h e  c r o s s - s e c t i o n s  o f  th e  f i b r e s ,  s t a i n e d  w ith  

8ilv e r-* a ffîîn o n iu m -n itra t6 , a re  exam ined u n d e r th e  p h a s e -  

c o n t r a s t g i t  i s  o b s e rv e d  t h a t ,  i n  e a c h  s e c t i o n ,  th e  c o r t i c a l  

r e g io n  w hich  h a s  an  even  b o u n d a ry , i s  h e a v i ly  s t a i n e d ,  

v /hereas th e  o th e r  h a v in g  a  lo b e d  b o undary  i s  c o m p a ra tiv e ly  

p o o r ly  s t a i n e d  ( P l a t e  17)*
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I t  sh o u ld  be n o te d  a© a m a t te r  o f  i n t e r e s t  t h a t  th e

o b s e r v a t io n s  f o r  th e  s e c t io n s  m ounted in  OOP ( P l a t e  13) 

and s t a in e d  w ith  s ilv c îr -a m m o u lu iii-n itra te  ( P l a t e  17) a g re e  

w ith  each  o th e r  t h a t  i s  t o  sa y  t h a t  i n  b o th  th e  c a a e s  th e  

r e g io n s  h a v in g  sm ooth b o u n d a r ie s  a r e  darker, th a n  th o s e  

h a v in g  lo b e d  b o u n d ario s*  I n  t h e  c a se  o f  th e  dyed  s e c t l o n e ,  

th e  s i t u a t i o n  o f  th e  dax’k  r e g io n s  i s  q u i t e  o p p o s i te  t o  t h a t  

m en tio n ed  i n  th e  above two observationB ®

U re a « re d u c e r  t r e a tm e n t  ( I  B l

The o b s e r v a t io n s  f o r  th e  c ro B S -s e c t io n s  (1 )  m ounted 

i n  OGP ( P l a t e  20) and  (2 )  dyed  ( P l a t e  2 1 ) , a re  s i m i l a r  t o  

th o s e  f o r  th e  t r e a tm e n t  ( I  A )* These c r o a s - s e c t io n e  a r e  

p o o re r  b ec au se  o f  th e  more d r a s t i c  t r e a tm e n t  th e y  have 

re c e iv e d o

U re a - re d u o e r  t r e a t m ent ( I I )

The e x a m in a tio n  o f  th e  c r o s e - s e c t io n B  m oim ted i n  PO 

shows th e  p re se n c e  o f  l o b e s ,  r a t h e r  s m a l le r  In  s i s e  com pared 

t o  th o s e  o b se rv e d  i n  u r e a - M s u lp h i t e  t r e a tm e n t  ( I  A ) , o v e r  th e  

e n t i r e  p e r ip h e r y  o f  each  s e c tio n *  The p h o to m le ro g ra p h  

(v f la te  2 2 ) i s  a  p r o f i l e  o f th e  s e c t io n s  a s  o b se rv e d  u n d e r  

th e  o r d in a r y  m ic ro sco p e  and  i t  d o es  n o t  r e v e a l  any d e t a i l e d  

s t r u c t u r e 0 The im age o f  th e  lo b e d  b o u n d a r ie s  a p p e a r  s h a rp  

when th e  s e c t io n s  a r e  exam ined  u n d e r th e  p h a s e - c o n t r a s t  

( P l a t e  24)*
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The dyed c r o B s - s e o t io n s  show d i f f e r e n t i a l  s ta in in g *

A c lo s e  e x a m in a tio n  iu d i c a to s  t h a t ,  u n l ik e  i n  t h e  c a se  o f  

urea*'*blsu3.,phlte t r e a tm e n t  ( l  A ) , i n  e a ch  s e c t io n  th e  lo b e s  

a re  p r e s e n t  on th e  en tii^ e  b o u n d ary , w hich  c o v e rs  b o th  th e  

more and l e s s  h e a v i ly  s t a in e d  a r e a s  o f  th e  s e c t i o n  ( P l a t e  23)

U re a - re d u c e r  t r e a tm e n t  ( i l l )

The p h o to m ic ro g ra p h  ( P l a t e  25) o f  th e  e ro B B -e e c tio n a , 

m ounted i n  PO, d o es  n o t  i n d i c a t e  th e  p re se n c e  o f  any  unev en 

n e s s  i n  th e  b o u n d a r ie s  o f  t h e  s e c t  io n ,  b u t i t  a p i)e a rs  t h a t  

th e  p e r ip h e r a l  r e g io n  o f  th e  s e c t io n s  i s  lo o se#

The dyed c r o s B - s e c t io n a ,  i n  a d d i t i o n  t o  d i f f e r e n t i a l  

b i l a t e r a l  s t a i n i n g ,  show t h a t  th e  p e r ip h e r a l  r e g io n  i s  

c o m p a ra tiv e ly  h e a v i ly  s t a in e d  ( P la to  26)* The  s e c t io n s  

o f th e  f i b r e s  s t a i n e d  w ith  e i lv e r -a m m o n iu m -n itra te  i n d i c a t e  

th e  d i f f e r e n t i a l  b i l a t e r a l  s t a i n i n g  ( P l a t e  27)#

U re a - re d u c o r  t r e  a tm e a t ( IV )

The o ro B s -B e c tio n s  m ounted in  PO and exam ined u n d e r  

th e  o rd in a r y  m ic ro sco p e  ( P l a t e  26) show th e  p re s e n c e  o f 

uneven  (n o t  lo b e d  b u t  ja g g e d )  b o x m d aries  a l l  th e  way round# 

The b i l a t e x 'a l  d i f f e r e n t i a t i o n  in  th e  dyed s e c t i o n s  

app0a3?s t o  be a lm o s t l o s t  ( P l a t e  29) and n e a r ly  a l l  s e c t i o n s  

a re  h e a v i ly  dyed# The e x a m in a tio n  o f th e  c r o s o - s e e t io n s  

o f  th e  f i b r e s  s t a i n e d  w i th  s i lv e r -a n m io n iu m -n itra te  i n d i c a t e s  

d i f f e r e n t i a l  s t a i n i n g  and  a l s o  an uneven  b o u n d ary  ( P l a t e  30)*
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U re a - re d u e e r  t r e a tm e n t  (V A)

The c r o s s - s e c t  Io n s  ( a )  m ounted i n  PO (h )  dyed

( c )  s t a in e d  w ith  s i l v e r - a m m o n im - n i t r a t e ,  do n o t  show any 

m o d i f ic a t io n s  o f  th e  s e c t io n s  such  as  have been  o b se rv e d  

i n  some o f  th e  t r e a tm e n t b m en tio n ed  e a r l i e r  ( P l a t e s  31?

32 and 33)#

U rea*-reducar t r e a tm e n t  (Y B)

The  o b s e r v a t io n s  i n  th e  p r e s e n t  e a se  a r e  s i m i l a r  t o  

th o s e  made in  th e  t r e a tm e n t  (X A ), nam ely (1 )  th e  s e c t io n s  

m ounted in  PO when exam ined u n d e r m ic ro sco p e  show th e  

p re s e n c e  o f lo b e s  i n  th e  p a r t i c u l a r  a r e a  o f  ea ch  s e c t io n  

( P l a t e  34)? (2 )  i n  th e  dyed  c r o s s - s e c t i o n s ,  th e s e  lo b e s  

a p p e a r  on boundary  o f  th e  h e a v i ly  s t a i n e d  a r e a  o f  a s e c t i o n  

( P l a t e  35)?  (3 ) th e  c r o s s - s e c t i o n s  o f  th e  f i b r e s  s t a in e d  

w ith  B ilv e r-m n m o n iu m -n ltra te  show t h a t  th e  lo b e s  a r e  p r e s e n t  

on th e  p e r ip h e r y  o f  th e  l i g h t l y  s t a in e d  a r e a  ( P l a t e  3 6 ) o f  

e a ch  sec tion®

(B) L in c o ln  wool f i b r e s  

U re a - re d u c e r  t r e a tm e n t  ( I  A)

The e x a m in a tio n  o f  th e  e ro sB -B e c tio n s  m ounted in  

OOP i n d i c a t e  th e  uneven  p e r ip h e r y  i n  each  s e c t io n  ( P l a t e  37)# 

The dyed  s e c t io n s  show c o r t i c a l  a sey m e try  b u t t h i s  i s  n o t 

b i l a t e r a l  ( P l a t e  38)* The s e c t io n s  (1 )  ex p o sed  to  m ercu ry  

v ap o u r ( P l a t e  39) and ( i i )  s t a i n e d  v /ith  osm ic a c id  ( P l a t e  4 0 ) ,



when exam ined u n d e r p h a s e - o o n t r a e t  do, n o t  show any d e t a i l a  

e x c e p t th e  p re a e iie e  o f  lo b e  a a s  m en tio n ed  above®

U re a - re d u e a r  t r e a tm e n t  ( l î j

The c r o s s - 80e t io n s  m ounted i n  PO and exam ined  u n d e r  

th e  o r d in a r y  mioroocop© ( P l a t e  41) show a s l i g h t l y  i r r e g u l a r  

p e r ip h e r y * The d yed  s e c t io n s  do n o t  e x h ib i t  d i f f e r e n t i a l  

d y e in g  and ap p e a r o r t h o - l i k e  ( h e a v i ly  dyed) w ith  i i r r e g u la r  

b o u n d a r ie  b ( P I a te  4 2 ) ®

U re a - re d u c e r  t r e a tm e n t  (IV )

U nder th e  o rd in a r y  m ic ro sc o p e  th e  c r o s s - s e é t io n s  

show a d r a s t i c  and i r r e g u l a r  change i n  th e  shape o f  th e  

s e c t i o n s  ( P l a t e  43)#  The dyed  c r o s s - s e c t io n B  a p p e a r  

h e a v i ly  s t a in e d  w ith o u t  any i n d i c a t i o a  o f  as^wm etrloeJ* 

c o r te x  (P la t©  44)#

E le c t r o n  microBOOpy

’Y m e r in o ’ f i b r e s

U n tre a te dFZl±AU Ç.

S in c e  th e  aim  o f  th e  p r e s e n t  v/ork wae to  s tu d y  th e  

e f f e c t  o f  v a r io u s  re d u c in g  a g e n ts  on wool f i b r e s ,  i t  was 

th o u g h t n e c e s s a ry  to  u sa  a s t a i n  w hich d id  n o t  in v o lv e  

p r e t r e a tm e n t  o f  wool f i b r e s  w ith  re d u c in g  a g e n ts ,  i n  o rd e r  

t o  p ro d u c e  c o n t r a s t  u n d e r th e  e l e c t r o n  m ic ro sco p e  b u t  keep  

th e  f i b r e s  u n t r e a t e d  i n  th e  t r u e  aenee* The e r o s s - s e o t i o n s



o f  th e  u n t r e a te d  f i b r e s  s t a i n e d  w ith  osm lc a c id  (w ith o u t  

p r i o r  r e d u c t io n  w ith  t h l o g l y c o l l l o  a c id )  d id  n o t  p ro d u ce  

any  c o n t r a s t  when exam ined u n d e r  th e  e l e c t r o n  m icroscope*

The c r o s s - e e c t i o n s  o f  th e  f i b r e s  s t a in e d  w ith  s ilv er* ^  

am m on ium -n itra te  w ith o u t p r e - r e d u c t i o n ,  p ro d u c e d  a  v e ry  

good c o n t r a s t  hence  t h i s  s t a i n  was u se d  th ro u g h o u t th e  

p r e s e n t  in v e s t i g a t io n s *

The low  pow er e l e c t r o n  m ic ro g ra p h s  ( P l a t e s  45 & 46) 

show th e  p re s e n c e  o f  two d i f f e r e n t  ty p e s  o f  c e l l s ;  th e  

b ig g e r ,  c l e a r l y  d e f in a b le  and h e a v i ly  s t a in e d  c e l l e  a re  o f  

th e  p a r a - ty p e ,  w h e rea s  th e  s m a l le r  and p o o r ly  s t a in e d  c e l l s  

a re  o f  th e  o r th o -  type*  The d a rk  l i n e s  a p p e a r in g  a c ro s s  

th e  s e c t io n  a r e  due t o  c r e a s in g .

The h ig h  pow er e l e c t r o n  m ic ro g ra p h  (P la t©  47) o f  a

p o r t i o n  o f  th e  s e c t io n  i n  th e  P l a t e  45? shows th e  d i f f e r e n t

l a y e r s  o f  c u t i c l e #  The sm a ll d a rk  s p o ts  a p p e a r in g  i n  th e

p h o to m ic ro g ra p h  may be due t o  th e  p igm en t grano3.^-^-or th e %

m e ta l s a l t s #  Two co m p o site  s h e a th - l i k e  l a y e r s  en v e lo p  th e

c o r te x ;  i n  th e  o u te r  o n e , th e  h e a v i ly  s t a in e d  p a r t ,  th e

c o m p a ra tiv e ly  l e s s  s t a in e d  p a r t  and th e  u n s ta in e d  p a r t  can

be r e s p e c t i v e l y  i d e n t i f i e d  w ith  th e  l a y e r ,  e x o - c u t i c l e

(x )  and  © n d o -c u tio le  ( n ) .  fe 'T h ©  in n e r  s h e a th - l i k e  l a y e r ,  

may be s i m i l a r  to  th e  o u t e r  o n e , h a v in g  a h e a v i ly  s t a in e d  e x o -

c u t l o l e  ( r ) , l i g h t l y  s t a i n e d  e n d o - c u t ic le  (n*) o r  a l t e r n a t i v e l y  th e

in n e r  and o u t e r  l a y e r s  may f o r a  a s in g l e  c e l l  w ith  n u c le a r  r e s id u e

( r )  su rro u n d e d  by e n d o - e u t ic le  (n  & n') , w ith  an in n e r  c e l l
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membrane (m)* The e p i c u t i o l o  ( p ) ,  an o u te r  l a y e r ,  w hloh 

surround©  a l l  th e  l a y e r s  m en tio n ed  above i e  n o t  v i s ib le *

Iim aq u la -I troatm en t (2g& sodium b is u lp h it e )

The e ro B S -B eo tio n  u n d e r  th e  e l e c t r o n  m ic ro sco p e  

i n d i c a t e s  th e  b i l a t e r a l  d i s t r i b u t i o n  o f  th e  c o r t i c a l  c e l l s *

The b ig  c e l l o  ( p a r a - c o r t e x )  a r e  n o t  a s  s h a r p ly  d e f in e d  a s  

i n  th e  c a se  o f th e  u n t r e a t e d  f ib r e s *  The d a rk  s p o ts  may 

be s a l t  p a r t i c l e s  and th e  l a r g e  d a rk  p a tc h e s  may be d i r t  on 

th e  ca rb o n  f i lm  ( P l a t e s  4 8 , 49A, 49B)«

P l a t e s  50A and 50B ar©j r e s p e c t i v e l y ,  th e  low  and th e  

h ig h  m a g n if ic a t io n  e l e c t r o n  m ic ro g rap h s*  The b ro a d  l i n e  

ru n n in g  a c r o s s  th e  s e c t i o n  ( P l a t e s  50A) i s  a  îm if e  m ark , 

w h ereas  th e  p a r a l l e l  f r i n g e s  i n  th e  s e c t io n ,  p e r p e n d ic u la r  

t o  th e  k n i f e  m ark a r e  p ro b a b ly  due to  th e  f o ld in g  o r  c r e a s in g  

o f  th e  s e c tio n *  I t  i s  o b se rv e d  t h a t  th e  c o r t i c a l  

d i f f e r e n t i a t i o n  i s  o b s c u re d  by  t r a n s v e r s e  "fringes^*  and h en ce  

i t  i s  n o t a s  d i s t i n c t  a s  i n  th e  u n t r e a te d  f i b r e s *  The 

c u t i c l e  l a y e r  i s  a lm o s t c o n tin u o u s  and i n t a c t  on th e  s id e  

o f  th e  b ig g e r  c e l l s  ( p a r a - c o r t e x )  and th e  d i f f e r e n t  l a y e r s  

i n  th e  c u t i c l e  a r e  v i s i b l e *  H ow ever, th e  c u t i c l e  d o es  n o t 

a p p e a r  on th e  s id e  o f  th e  o r th o - c o r t e x  reg io n ^  and i n s t e a d  a  

t h i n  c o n tin u o u s , s t a in e d  f i l m  a p p e a rs  t o  su rro u n d  th e  u n e v e n ly  

sh ap ed  o r th o - c o r t e x  re g io n *
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Ur©a“ i’e flu ee r . tre a lim sn t ^  &.\

I t  e a a  be o b e e ^ e d  from  th e  e l e c t r o n  m ic ro g ra p h  

( E la t e  51A) t h a t  h a l f  th e  p o r t i o n  o f  th e  ou tioX e h a e  a 

SiBooth B urfaoe w h ereas  th e  s u r f a c e  o f  th e  o th e r  on th e  l e f t  

a id e  l a  s l i g h t l y  c o r ru g a te d ^  The  c o r te x  u n d e r ly in g  th e  

sm ooth s u r f a c e  a p p e a rs  t o  be o f  para«- type#  . P l a t e  51B i s  

a  h ig h  m a g n i f ic a t io n  m ic ro g ra p h  o f  th e  r i g h t  h an d  p o r t io n  o f  

th e  c u t i c l e  ( l* e #  th e  p o r t i o n  w ith  smooth s u r f a c e  i n  th e  

P l a t e  51A)® The b ig  c o r t i c a l  c e ll©  (p a ra ^  ty p e )  a r e  f a i n t l y  

v i s i b l e  and a  f u r t h e r  e x m iln a t io n  I n d i c a te s  th e  p re s e n c e  o f  

v e ry  f i n e  g r a n u le s  i n  t h i s  re g io n *

Ur©a*^reducer t r e a tm e n t  (V B)

P l a t e  52 shows th e  e l e c t r o n  m ic ro g ra p h  o f  th e  f i b r e  

oroBB"^0e a t:lo n  m ounted on a ca rb o n  c o a te d  g r id #  The t h i n  

l i n e  ru n n in g  a c r o s s  th e  s e c t i o n  l a  p ro b a b ly  a  k n i f e  mark*

The b ig  and h e a v i ly  s t a i n e d  c e l l s  ( p a r a - ) ^  th o u g h  n o t  v e ry  

d i s t i n c t Ç a re  v i s ib l e #  B lm lla r  o b s e r v a t io n s  to  th o s e  f o r  

th e  s a t u r a t e d  u r e a ^ b i s u lp h i t e  t r e a tm e n t  above^ nam ely  th e  

p re s e n c e  o f  an ev en  and  c o n tin u o u s  c u t i c l e  on th e  p a re -^ c o r te z  

r e g io n  and th e  ab se n ce  o f  a  c u t i c l e  on th e  o r th o -e o r te Z ÿ  

a re  made*
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I t  w ould be a p p r o p r ia te  to  b e g in  w ith  th e  s t a i n in g  

t©o!m:lg.uee s in c e  m ost o f  th e  r e s u l t s  i n  th e  work a r e  b a se d  

on th e s e  te o h n ig u e s^

I t  h a s  b een  s u g g e s te d  t h a t  th e  p a r a - e o r t e z  b e in g  

r i c h e r  i n  su lp h u r  th a n  th e  o r th o - e o r t e z  fo rm s d a rk  c o lo u re d  

m e ta l s u lp h id e s p  when th e  f i b r e s  a re  t r e a t e d  w ith  m e ta l s a l t s  

and  a ls o  t h a t  th e  o r th o ^ e o r te z p  b e in g  more r e a c t i v e ,  t a k e s  

more dye th a n  th e  para-^^eortex#^^^ As i n  th e  p r e s e n t  vmrk 

i t  was in te n d e d  to  s tu d y  th e  e x a c t  h i s t o l o g i c e l  l o c a t i o n  o f  

th e  r e a c t i o n  o f  th e  re d u c in g  a g e n ts  i n  w oo l, i t  was th o u g h t 

r e a s o n a b le  t o  ta k e  th e  a d v a n ta g e  o f  th e s e  s t a i n i n g  m ethods#

I t  h a s  b ee n  o b se rv e d  t h a t  w h i l s t  th e  d y e in g  te c h n iq u e  

gave e a t i e f a o t o r y  r e s u l t s ,  e x p o su re  t o  m ercu ry  vapour^a©  

s u g g e s te d  by M enkart and Ooe^R^ f a i l e d  t o  p ro d u ce  d i f f e r e n t i a l  

s ta in in g #  The c r o s s - s e c t i o n s  o f  th e  f i b r e s  s t a in e d  w ith  

osm io a c id  a l s o  d id  n o t  show any  d i f f e r e n t i a l  s t a i n i n g  u n d e r  

th e  p h a s e - c o n t r a s t  m ic ro sco p e#  The e x p la n a t io n  f o r  th e  

f a i l u r e  o f  b o th  th e  s t a i n s  h a s  n o t  b een  found# The s i l v e r -  

am m on lum -n itra te  hao  b een  fo u n d  t o  be an e x c e l l e n t  s t a i n  a s  

r e g a r d s  th e  b i l a t e r a l  d i f f e r e n t i a t i o n  o f  th e  c o r te x #  A p a r t  

o f  th e  f i b r e  c r o s s - s e c t i o n  a p p e a rs  t o  be h e a v i ly  s t a in e d  iv i th  

an  i n d i c a t i o n  o f  th e  p re s e n c e  o f  b ig  c e l l s  ( p a r a - o o r te x ) *

T h is  e s t a b l i s h e s  th e  two d i f f e r e n t  s t a i n s  f o r  i d e n t i f y i n g
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two h i 8t o i o g l© a lly  d i f f e r e n t  com ponents o f  th e  w ool f i b r e «
IQlj

I t  was o b se rv e d  by A p p ley a rd  and Dyinoko " t h a t  i f  

th e  L in c o ln  wool f i b r e s  w ere m om itod in  OOP i t  was p o s s ib le  

t o  080 c l e a r l y  a  co m p le te  n e tw o rk  o f  c e l l  b o u n d a r ie s  a c ro s s  

th e  f i b r e  s e c t io n s  and a l s o  t h a t  th e  c e l l  b o u n d a r ie s  began  

t o  d i s a p p e a r  a s  th e  s w e l l in g  o f  th e  c r o s s - s e c t i o n  s ta r t e d *  

They s u g g e s te d  t h a t  OOP d is s o lv e d  a f r a c t i o n  o f th e  f i b r e  

s in c e  th e  c o r t i c a l  c e l l  b o u n d a r ie s  were made v i s ib le #  The 

d is a p p e a ra n c e  o f  th e  c e l l  b o u n d a r ie s ,  a s  th e  f i b r e  s w e l l s ,  

m ig h t be due t o  th e  o lo e in g  o f  th e  sp a c e s  t h a t  a r i s e  by 

d i s s o l u t i o n  o f  p r o t e i n  m a t te r  from  th e  c o r t i c a l  c a l l s #

Ho BUch n e tw o rk  o f  c e l l  b o u n d a r ie s  i n  u n t r e a t e d  f i b r e s  e i t h e r  

L in c o ln  o r  m erino  was o b se rv e d  i n  th e  p r e s e n t  w ork tho u g h  

th e  f i b r e  s e c t io n s  s w e lle d  when m ounted i n  OOP# H ow ever, 

i f  th e  c r o s s - s e o t io n B  o f  th e  *Y m e rin o ’ f i b r e s ,  g iv e n  

(1 )  th e  S i r o s e t  (2 )  th e  Irnniaoula and (3 )  u r o a - b i s u lp h i t e  

( r i n s e d )  t r e a tm e n t s ,  a r e  m ounted  in  OOP, i t  h a s  b ee n  fo u n d  

t h a t ,  i n  a l l  th e  c a s e s ,  a few  c o r t i c a l  c e l l s  a re  v i s i b l e  b u t  

on].y  i n  a c e r t a i n  a r e a  o f  each  c ro s s - s e c t io n ®  T hese c e l l
12iib o u n d a r ie s  d is a p p e a r  a f t e r  a  tim e  a s  o b se rv e d  by  A ppleyard#

A p o s s ib le  e x p la n a t io n  o f  th e  o b s c u r i ty  o f  th e  n e tw o rk  

o f  c o r t i c a l  c e l l s  i n  th e  u n t r e a te d  f i b r e s  i s  t h a t , s in c e  th e  

croBB-^Bections a p p e a r  sw o lle n  u n d e r th e  m ic ro sc o p e , t h e r e  may 

be a r a p id  ap p e a ra n c e  and d is a p p e a ra n c e  o f  t h e  c e l l  b o u n d a r ie s
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d u r in g  th e  tim e  f o r  w hloh th e  s e c t io n s  w ere l e f t  i n  OOP 

b e fo re  ex am in a tio n #  The a r e a ,  i n  th e  c r o s s - s e c t i o n  o f a 

f i b r e  g iv e n  th e  r e d u c in g  a g e n t t r e a tm e n t , i n  w hich  th e  

c o r t i c a l  c e l l s  a r e  v i s i b l e  ( P l a t e s  6 , 10 and 11) can  be 

i d e n t i f i e d  a s  th e  moot r e a c t i v e  p a r t  o f th e  f i b r e  nam ely  

th e  o r th o -c o r te x *

The f i b r e s ,  g iv e n  th e  above m en tio n ed  t r e a tm e n ts  w ith  

re d u c in g  a g e n ts ,  do n o t  show any m o d i f i c a t io n ,  h i e t o l o g i e a l l y  

s p e a k in g , i n  th e  c r o s s - s e c t i o n s  and show th e  norm al b i l a t e r a l  

s t a i n i n g  phenomena w ith  b o th  th e  dye and th e  s ilv er-am m o n iu m - 

n i t r a t e  s o lu t io n *

The o r o a s - s e c t io n s  o f th e  f i b r e s  t r e a t e d  w ith  th e  

s a t u r a t e d  u r e a  s o l u t io n  c o n ta in in g  b i s u l p h i t e  a t  n e u t r a l  pH, 

show n e i t h e r  a  n e tw o rk  o f  c e l l  b o u n d a r ie s  n o r  s w e l l in g  when 

m ounted  i n  OOF and exam ined u n d e r  th e  m ic ro sco p e  ( P l a t e  13) 

and t h i s  i s  n o t  s u r p r i s i n g  ae  a  f r a c t i o n  o f  th e  f i b r e  

m a te r i a l  d i s s o l v e s  i n  th e  u r e a - r e d u o e r  s o lu t io n  and th e r e  i s  

a  l i k e l i h o o d  t h a t  p r o t e i n  m a t t e r ,  on w hich th e  v i s i b i l i t y  

o f  c e l l  n e tw o rk  and s w e l l in g  depends a c c o rd in g  t o  AppXeyard  ̂

may a l s o  have  b een  e x t r a c te d *

A f r a c t i o n  o f  th e  f i b r e  m a te r i a l  w hich  d i s s o lv e s  i n  

th e  u r e a - r e d u c e r  s o lu t io n  h a s  a d e f i n i t e  h i s t o l o g i c a l  lo c a t io n ^  

I t  h a s  b een  o b se rv e d  ( P l a t e s  18 & 19) t h a t  th e  l o b e s ,  i n  th e  

t r e a t e d  and dyed s e c t i o n s  o f  th e  f i b r e s  h a v in g  a  b i l a t e r a l
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c o r te x  ( ’Y m e rin o ’ ) ,  a r e  p r e s e n t  i n  th e  h e a v i ly  s ta in e d  

a r e a  o f  th e  s e e t io n e  ( l# e #  o r th o - o o r te z )  and a le o  t h a t  in  

th e  e a se  o f  e ra s B -B e e tlo n e  s t a i n e d  w ith  Gilver^anmonium- 

n i t r a t e ,  t h e  lo b e s  a r e  p r e s e n t  i n  p o o r ly  s t a i n e d  a r e a s  

( i # 0 o o r th o « * o o rte z ) , P l a t e  17* T h is  s u g g e s ts  t h a t  th e  

a c t i o n  o f  u re a -^ red u ce r s o l u t io n  a t  n e u t r a l  pH, i s  m ain ly  

c o n f in e d  t o  th e  o r th o -c o r te x  r e g io n  i n  a  f i b r e  h a v in g  

b i l a t e r a l  c o r te x  and  t h i s  con firm s M e rc e r ie  find ings#^^^

The d i f f e r e n t i a l  s t a i n i n g  in  th e  c o r te x  o f  th e  f i b r e s  

e x i s t e  even  a f t e r  20 hours® t r e a tm e n t  w ith  th e  s o l u t io n  and 

th e  p re s e n c e  o f  th e  w hole o f  th e  p a r a - o o r t e z  and ab o u t h a l f  

o f  th e  o r th o - c o r t e x  i s  o b se rv e d  ( P l a t e  2 0 ) o T h is  a l s o  

c o n f irm s  M e rc e r’ s  f i n d in g s  t h a t ,  u n d e r somewhat s i m i l a r  

c o n d i t io n s  o f  t r e a tm e n t ,  n e a r l y  20 to  25 p e r c e n t  o f  m erino  

wool d i s s o lv e s  i n  th e  so lu tio n ®

The t r e a tm e n t  o f  wool f i b r e s  w ith  s a t u r a t e d  u r e a -  

s o lu t io n  c o n ta in in g  t h i o g l y e o l l i o  a c id  a t  pH 2#5 seems to  

e x t r a c t  th e  m a te r i a l  from  b o th , th e  ortho-^ and th e  p a r a - ,  

r e g io n s  o f  th e  f ib r e s #  T h is  i s  in  c o n t r a s t  w ith  th e  

p r e f e r e n t i a l  a c t io n  o f  th e  u r e a - 'b i s u lp h i t e  s o l u t io n  a t  

n e u t r a l  pH©

I f  u n s a tu r a te d  u r e a  s o l u t i o n  c o n ta in in g  b l s u l p h i t e  a t  

pH 3 i s  em ployed th e r e  i s  no in d i o a t io n  o f  d is s o lu t io n  o f  

m a te r ia l , h i  a to lo g i  c a l l y , b u t  th e  c u t i c l e  r e g io n  o f  a f i b r e



a p p e a rs  g r e a t l y  m o d if ie d  a s  in d io a te d  by  h eav y  u p ta k e  o f  

dye b y  t h i s  r e g io n  ( P l a t e  26)# H ow ever, when th e  pH o f  th e  

s o lu t io n  i e  k e p t  a t  1 1 , b o th  t h e  r e g io n s  ( t h e  o r th o -  and 

th e  p a r a - )  seem t o  be a t t a c k e d  and th e  amount o f  m a te r i a l  

e x t r a c t e d  a p p e a rs  t o  be c o n s id e r a b le  ( P l a t e  28) com pared t o  

t h a t  i n  th e  u r e a - t h l o g l y c o l l a t e  t r e a tm e n t  d e s c r ib e d  above*

The m a te r i a l  w hich  d i s s o lv e s  a t  h ig h  pH such  a s  11 may be 

i d e n t i f i e d  a s th e  m a jo r  p r o t e i n  com ponent o f  w o o l, nam ely  

" k er a te in e  ir<
The exam in ation  o f  w ool f i b r e s  t r e a t e d  w i th  u r e a -  

b is u lp h i t e  s o l u t i o n ,  under th e  c o n d i t io n s  su ch  a s  em ployed 

I n  th e  " u r e a -b isu lp h ite  s o l u b i l i t y  d oes n o t in d ic a te

any d i s s o l u t i o n  o f  m a t e r i a l  ( P la te  31)# H ow ever, in c r e a s e

in  th e  tim e  o f  t r e a tm e n t  i n  th e  above c a s e ,  shows some 

d i s s o l u t i o n  o f  m a te r i a l  from  th e  o r th o - c o r t e x  r e g io n  o f  v;ool# 

( P l a t e  3k)^  The p r e s e n t  r é s u l t a  c r e a t e  some d o u b ts  ab o u t 

th e  u s e f u ln e s s  o f  th e  s o l u b i l i t y  te e t^ ’ w hich  has b een  w id e ly  

a c c e p te d  a s  th e  s ta n d a r d  t e s t  i n  th e  wool t e x t i l e  in d u s try *  

F o r  i n s t a n c e ,  i n  th e  ca se  o f  m erin o  w o o l, w here o n ly  th e  

o r th o - c o r t e x  d i s s o lv e b  a t  n e u t r a l  pil o o n d l t io n ,  f o r  two 

b a tc h e s  o f  w ool th e  s o l u b i l i t y  may d i f f e r  a c c o rd in g  t o  th e  

p r o p o r t io n s  o f  th e  o r th o - c o r t e x  t o  th e  p a r a - c o r te x  in  th e  

w o o l, b u t i t  i s  p o s s ib l e  t h a t  t h i s  d i f f e r e n c e  i n  e o l u b i l l t y  

may be m is in te r p r e te d *
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When L in c o ln  wool f i b r e s ,  h a v in g  a r a d i a l  c o r t i c a l  

asym m etry (w here th e  o r th o - o o r te z  i s  su rro u n d e d  b y  th e  o u te r  

p a r a - c o r t e z ) , a r e  t r e a t e d  w ith  s a t u r a t e d  u r e a  s o lu t io n  

c o n ta in in g  b i s u l p h i t e  a t  n e u t r a l  pH, th e  e n t i r e  p e r ip h e r y  

o f  th e  f i b r e  s e c t i o n  I s  a f f e c t e d ,  w hich  s u g g e s ts  t h a t  th e  

e x t r a c t e d  m a te r ia l  i e  rem oved c h i e f l y  from  th e  p a r a - o o r to x  

( P l a t e  3 7 ) e L in c o ln  f i b r e s  t r e a t e d  w ith  (1 )  s a t u r a t e d  u r e a  

s o l u t i o n  c o n ta in in g  th io g ly c o lX ic  a c id ,  a t  pH 2*5 ( P l a t e  h i )  

and (2 )  u r e a  s o l u t io n  ( u n s a tu r a te d )  c o n ta in in g  sodium  

b i s u l p h i t e  a t  pH 11 ( P l a t e  h3 ) a r e  a l s o  a t t a c k e d  a ro u n d  th e  

w hole p e r ip h e r y  b u t ,  a s  f o r  *Y m e rin o ’ f i b r e s ,  t h e  amount o f  

m a te r i a l  d i s s o lv e d  i n  (2 )  1 b c o n s id e r a b le  w h i l s t  t h a t  d i s s o lv e d  

i n  (1 )  i s  v e ry  l i t t l e *  Low s o l u b i l i t y  a t  pH l e s s  th a n  6
11 K

h a s  a l r e a d y  b een  n o te d  by P eaco ck  and h ig h  s o l u b i l i t y  a t  

a l k a l i n e  pH i s  w e l l  Imown*

From th e  r e s u l t s  d i s c u s s e d  ab o v e , f o r  b o th  ty p e s  o f  

w o o l, i t  i s  a p p a re n t  t h a t ,  th o u g h  i t  i s  p o s s i b l e  to  l o c a t e  

th e  segm en ts  o f  th e  f i b r e s  r e a c t i n g  w ith  th e  u r e a - r e d u c e r  

s o lu t io n  by  exam in ing  th e  s t a i n e d  c r o s s - s e é t i o n s ,  th e  d e t a i l e d  

s tu d y  o f  th e  d i f f e r e n t  com ponents o f  th e  segm ent i s  n o t  

p o s s ib le  b ec au se  o f  th e  l i m i t e d  r e s o lv in g  pow er o f  th e  o p t i c a l  

m ic ro s c o p e 0 F o r  i n s t a n c e ,  i t  i s  Imown t h a t ,  when th e  f i b r e  

i s  t r e a t e d  w ith  u r e a - b i s u l p h i t e  s o l u t io n  a t  n e u t r a l  pH, th e  

m a te r i a l  i s  e x t r a c t e d  from  th e  o r t h o -  r e g io n  b u t  i t  i s  n o t
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c l e a r  w h e th e r  th e  m a te r i a l  d i s s o l v e s  from  th e  c o r te x  o r

c u t i c l e  o r  ho tho

The e l e c t r o n  m ic ro sco p e  e x a m in a tio n  o f  th e  c r o s s -

s e c t i o n  o f th e  f i b r e  g iv e n  2?S sodium  b i s u l p h i t e  (im tnaoula)

t r e a tm e n t  shows th e  norm al b i l a t e r a l  d i f f e r e n t i a t i o n  ■o f  th e

c o r t i c a l  c e l l e  ( P l a t e s  hB & h9) and th e  d i f f e r e n t  l a y e r s  o f

c u t i c l e  s u r ro u n d in g  b o th  th e  r e g io n s  o f  c o r te x ,  th e  o r th o -

and th e  p a r a - ,  a r e  i n t a c t 0 H ow ever, th e  e x a m in a tio n  o f  th e

c v ro s s - s e e tio n  o f  th e  f i b r e  t r e a t e d  w ith  u r e a - b i s u l p h i t e

s o l u t io n  a t  n e u t r a l  pH f o r  1 h o u r  ( t r e a tm e n t  T A) ??eveals

t h a t  some o f  th e  m a te r i a l  i s  d i s s o lv e d  from  th e  h e a v i ly

s t a in e d  l a y e r  o f  th e  o r th o - r e g io n  ( P l a t e  51 A) and i f  th e

tim e  o f  th e  t r e a tm e n t  i s  in c r e a s e d  to  3 h o u r s ,  th e  w hole o f

th e  c u t i c l e  on t h e  o r th o - o o r te x  r e g io n  d is a p p e a r s  l e a v in g

b e h in d  (a )  a r e s i s t a n t  t h i n  l a y e r ,  (b )  o r th o - o o r ta x ,

( e )  p a r a - c o r te x  w ith  i n t a c t  c u t i c l e  ( P l a t e  52)*

I f g i n s t e a d  o f th e  c o m p a ra t iv e ly  m ild  s o lu t io n  o f

u r e a - b i s u l p h i t e  a s  m en tio n ed  ab o v e , s a t u r a t e d  t'lrea s o lu t io n

c o n ta in in g  sodium  b i s u l p h i t e  a t  th e  same pH i s  em ployed , i t

i s  fo u n d  t h a t  a f t e r  3 h o u rs  t r e a tm e n t ,  i n  a d d i t io n  t o  th e
the

rem oval o f  t h e  c u t i c l e  In ;^ o r th o - re g io n , some m a te r i a l  from  

th e  o r th o - e o r t e x  i s  a l s o  e x t r a c te d *  T h is  i s  e v id e n t  from  

th e  uneven  sh a p e , th e  o r th o - e o r t e x  assum es a f t e r  th e  

t r e a tm e n t  ( P l a t e  50)®
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V a r io u s  p o s s l M l l t l e a  e x i s t  to  ao eo u n t f o r  t h e

ab se n ce  o f  c u t i c l e  on th e  o r th o - o o r te x  r e g io n  i n  th e  c r o s s -

s e c t io n  o f  th e  f i b r e  t r e a te d ,  w ith  u rea-b lB u 3 ,p .h ite  s o lu t io n

f o r  3 h o u rs  d e s c r ib e d  above# F i r s t l y ,  I t  i s  p o s s ib le  t h a t

th e  c u t i c l e  m ig h t have  b een  d e ta c h e d  d u r in g  th e  r i n s i n g  o f

f i b r e s  w ith  w a te r  w hich  f o l lo w s  th e  t r e a tm e n t  w ith  th e

s o lu t io n #  S e c o n d ly , i t  i s  p o s s i b l e  t h a t  th e  c u t i c l e  round

th e  o r th o - c o r t e x  m ig h t have b een  p u l l e d  away by  th e  em bedding
8medium a s  s u g g e s te d  by S ik o r s k l  and h i s  c o lle a g u e s #  

h a s t l y ,  i t  i s  p o s s i b l e  t h a t  t h e  c u t i c l e  l a y e r  m ig h t have b ee n  

d i s s o lv e d  i n  t h e  s o lu t io n #  T-he fo rm e r two p o s s i b i l i t i e s  can  

bo r e j e c t e d  s in c e  i t  I s  e v id e n t  from  1 h o u r  t r e a tm e n t  t h a t  

some m at0??ial d i s s o lv e s  from  th e  l a y e r  ( P l a t e  51) and 

hence  i t  i s  l o g i c a l  t o  t h in k  t h a t  i f  th e  tim e  o f  t r e a tm e n t  

i s  in c r e a s e d  t o  3 h o u r s ,  th e  r e a c t io n  w ould p ro g re s s  f u r t h e r  

d i s s o lv in g  th e  w hole c u t i c l e  i n  th e  o r th o - r e g io n *  s e c o n d ly , 

i n  P l a t e  5 2 , w here th e  s e c t i o n  i s  m ounted on a  c o a te d  g r i d ,  

th o u g h  th e  em bedding m a te r i a l  a p p e a rs  to  be s e p a r a te d  from  

th e  c r o s s - s e c t i o n  on b o th  th e  a id e s ,  nam ely  th e  o r t h o -  and 

th e  p a r a - £5 t h e r e  i s  no s ig n  t h a t  th e  c u t i c l e  m igh t have b e e n  

d e ta c h e d  b e c a u se  o f  t h i s ^  P l a t e  5 0 , w here th e  em bedding 

medium i s  n o t  s e p a r a te d  a t  a l l  from  th e  s e c t i o n ,  c o n c lu s iv e ly  

r e j e c t s  th e  id e a  o f  em bedding medium p la y in g  any p a r t ,  i n  t h e  

p r e s e n t  w ork , tov m rd s th e  d is a p p e a ra n c e  o f  th e  c u t i c l e  on
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th e  o r t h o -  s id e  o f  th e  f i b r e s  t r e a t e d  w ith  u r e a - r e d u c o r  

s o lu t io n #

A t th e  end  o f  th e  3 h o u r s ’ t r e a tm e n t  w ith  u re a ^  

b i s u l p h i t e  s o l u t io n  a t  n e u t r a l  pH, t h e r e  a p p e a rs  t o  be a 

c o n t in u o u s , t h i n  r e s i a t a n t  l a y e r ,  w hich  su rro u n d s  th e  o r th o -  

c o r te x  and ru n s  ro u n d  th e  p a r a - c o r t e x  (b e n e a th  th e  i n t a c t  

c u t i c l e  on t h i s  s i d e ) ; h e r e  o v e r la p p in g  o f  th e  l a y e r  a p p e a rs  

t o  o c c u r  ( P l a t e  50) The r e s i s t a n c e  o f t h i s  l a y e r  t o  th e  

u r e a - b i s u l p h i t e  s o l u t io n  l e a d s  t o  su g g e s t t h a t  im m e d ia te ly  

u n d e rn e a th  t h i s  l a y e r  t h e r e  may e x i s t  a  r e s i s t a n t  and 

i n v i s i b l e  membrane o f  th e  ty p e  fo u n d  by  v a r io u s  w o rk e rs^  * 

and known a s  B u b « c u tio le  membrane# A g r e a t  d e a l  o f  

c o n tro v e r s y  e x i s t s  r e g a r d in g  th e  e x i s te n c e  o f  such  m em brane, 

b u t  th e  p r e s e n t  r e s u l t s  s u p p o r t  th e  o b s e r v a t io n s  o f  A le x a n d e r  

and B o r l a n d , who,  a f t e r  t r e a t i n g  th e  ivool w ith  p e r a c e t i c  

ac id -a inm on ia , o b ta in e d  a  c o n tin u o u s  membrane* I t  i s  p o s s ib l e  

t h a t ,  i f  th e  su b c u t 1 d o  membrane e x i s t s  b e n e a th  th e  t h i n  

l a y e r  a s  eu g g e a te d  e a r l i e r ,  on com ple te  d i s s o l u t i o n  o f  

m a te r i a l  from  w o o l, th e  o v e r la p p in g  membranes i n  th e  sub« 

c u t i c l e  may fu s e  to g e th e r  and a s  a r e s u l t  one may o b ta in  a  

c o n tin u o u s  membrane *

I t  i s  a p p a r e n t ,  f 3?om th e  s te p w is e  r e a c t i o n s  and 

O b s e rv a t io n s , how th e  r e a c t i o n  i n  th e  f i b r e  p r o g r e s s e s  

from  th e  l a y e r  i n  th e  c u t i c l e  on th e  o r th o - c o r t e x  s id e
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t o  th e  cortex* Though t h e  fibres s e a t io n s  a f t e r  20 hours’ 
t r e a tm e n t  have n o t  been examined under th e  e l e o t r o n  

mloroeeope, i t  l e  euggeeted from  the above o b s e r v a t io n s ,  

a lo n g  w ith  th e  optical m io ro sao p a  o l^ s e rv a tlo n e , t h a t  th e  

r e s id u e  left a f t e r  th e  treatment o f  m erin o  f i b r e  w ith  u r e a -  

reducer solution a t  pH 7p consists o f  (1 )  th e  p a r t  o f  th e  

ortho-cortex (2 )  th e  resistant membrane surrounding th e  

o r th o - c o r t e x  (3 )  th e  w hole o f  th e  p a r a - c o r te x  w ith  I n t a c t  

cuticle#
The Irregular shape of th e  ortho-cortex ( P l a t e s  50A 

and B) can  be e x p la in e d  ae  fo llo w s#  Th© e x t r a c t i o n  o f  th e  

m a te r i a l  from the ortho-cortex creates some room and a s  a 

ré su 3 - t , th e  surrounding resistant t h i n  l a y e r  c o l l a p s e s  and 

folds t o  g iv e  th e  i r r e g u l a r  periphery* I t  Is suggested, 
from  t h i s  and  th e  ab se n ce  of t h e  occurrence of t h e  f ra g m e n t

a t i o n  i n  ortho-cortex, t h a t  th e  m a t e r i a l  do es  n o t  d i s s o lv e  

i n  b i t s  and p ie c e s  b u t  uniformly from t h i s ,  region* Though 

i t  l a  clear t h a t  th e  m a t e r i a l  d i s s o lv e s  from  both th e  o r th o -  

c o r te x  and th e  cuticle su r ro u n d in g  i t ,  i t  i e  difficult t o  say 
w hich  one d is so lv e ©  f i r s t *  Also, b e c a u se  o f  the l a c k  o f  th e  

d e t a i l e d  s tu d y  o f  c o r t i c a l  s t r u c t u r e  o f  th e  treated f i b r e s  

u n d e r th e  e l e c t r o n  microscope, i t  i s  n o t  p o s s ib l e  to su g g e s t  

th #  m echanism  o f  e x t r a c t i o n  o f  m a te r i a l  from t h e  wool*
The ’Y merino’ fibres g iv e n  th e  treatments at pH other
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th a n  noutx»al and u ls o  th e  L in c o ln  wool f i b r e s  h av e  n o t been
exam ined under* th e  e l e c t r o n  raloroBcope# However, it woul.d
toe I n te r e B t in g  t o  se e  w hat h a p p e n s  t o ,  ( l )  t h e  p a r a - c o r te x

and th e  c u t i c l e  on t h i s  s id e  i n  m erino  f i b r e s  t r e a t e d  w ith

s o l u t io n  a t  h ig h  pH, s in c e  u n d e r  th e  o p t i c a l  m ic ro s c o p e ,

c o n s id e r a b le  m a t e r i a l  a p p e a rs  t o  have  b een  d i s s o lv e d  from

b o th  p a r t s  o f  th e  c o r t e x 3 ( 2 ) th e  p a r a - c o r te x  and th e

c u t i c l e  s u r ro u n d in g  i t  i n  th e  L in c o ln  wool f i b r e s  t , r e a te d

w ith  s o l u t io n s  a t  v a r io u s  pH, s in c e  m idor th e  o p t i c a l

m ic ro sco p e  th e  m a t e r i a l  d i s s o lv e d  from  th e s e  f i b r e s  a p p e a r

t o  v a ry  aoeojr^ding to  th e  pH o f th e  s o l u t io n  employed#

A p o s s ib l e  e x p la n a t io n  f o r  th e  d i f f e r e n c e  i n

r e a c t i v i t y  o f  th e  f i b r e s  h a v in g  c o r t i c a l  asym m etry , to w ard

th e  u r e a - r e d u c o r  s o l u t io n s  a t  d i f f e r e n t  pH i s  n o t  Imown*
107I t  was fo u n d  by  M ercer and h i e  c o l le a g u e s  t h a t  among th e  

v a r io u s  f r a c t i o n s  o f  P h l l l ip s ^ '^  c y s t in e  G’r o s s - l i n k a g e e  

(A |pip,0|D ), th e  m ost r e a c t i v e  f r a c t i o n  nam ely  th e  (A B) 

i s  l o c a t e d  i n  th e  o r th o - c o r t e x  w hereas th e  r e s i s t a n t  (G -i* D) 

fra<3t l o n  i s  s i t u a t e d  i n  th e  pax^a-oortex* A lso  i t  was 

s u g g e s te d  by Mercer^^^ t h a t  th e  i n s o l u b i l i t y  o f  t h e  p a r a - e o r te x  

i n  e a tu :e a te d  u r e a  s o lu t io n  a t  pH 8 i s  b e c a u se  o f  th e  l o c a t i o n  

o f  (0 4- D) f r a c t i o n  i n  t h i s  re g io n #  The o b s e r v a t io n  t h a t  

i n  m erino  f i b r e s  th e  m ateria]*  d i s s o lv e s  from  b o th  r e g io n s  o f  

th e  c o r te x  s u g g e s t s , a c c o rd in g  to  M e rc e r’ s  i d e a ,  t h a t  b o th
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th é  (A B) and th e  (C -i* D) f r a c t i o n s  o f  croBB-3.inlcages 

a r c  in v o lv ed *  B ut t h i s  c a n n o t be t r u e  s i n c e ,  a c c o rd in g  

t o  P h i l l i p  a ,  th e  u r c a - th io g X y c o lI a te  I s  l i k e l y  t o  cau se  

r e d u c t io n  o f  th e  (A 4* B) f r a c t i o n  c h ie f ly #  . S e c o n d ly , l i 

th e  above id e a s  o f  M ercer a r e  e x te n d e d  to  th e  L in c o ln  f i b r e s ,  

th e  d i s s o l u t i o n  o f  th e  p a r a - c o r t e x ,  on th e  t r e a tm e n t  o f  th e  

f i b r e s  w ith  u r e a - b l a u lp h l t e  s o l u t i o n  a t  n e u t r a l  pH, w hich 

o c c u rs  i n  th e  p r e s e n t  w ork , w o u ld -n o t be p o s s ib le *  From 

th is - ,  i t  i s  s u g g e s te d  t h a t  th e  a l l o c a t i o n  o f  c y s t in e  c r o s s -  

linkagC B  o f  (A 4- B) ty p e  t o  th e  o r t h o - ,  and (0 4- D) ty p e  

to  th e  p a r a - c o r te x  i s  n o t  p o s s i b l e  and hence  M e rc e r’ s  v iew s 

t h a t  th e  d i f f e r e n c e  i n  r e a c t i v i t y  i s  due t o  th e  p re se n c e  

o f  c e r t a i n  f r a c t i o n s  o f  P h i l l i p s  c y s t in e  c r o s s - l in k a g e s  

can n o t be fav o u red *

The i n s o l u b i l i t y  o f  th e  ’Y m e rin o ’ f i b r e s  i n  th e  

u r e a - b i s u l p h i t e  s o lu t io n  a t  pH 3 may be e x p la in e d  a s  due 

e i t h e r  t o  th e  d e c o m p o s itio n  o f  sodium  b i s u l p h i t e  by  

h y d ro c i i lo r ic  a c id  which, i s  added  to  th e  s o l u t io n  t o  a d ju s t  

th e  pH o r  t o  th e  d é n a tu r a t io n  o f  p ro te in #  At low  pU such  

a s  2*5 (u x ^ e a - th io g ly e o l la te  t r e a tm e n t)  th e  m a t e r i a l  d i s s o lv e d  

i s  l e s s ,  i n  b o th  ty p e s  o f  f i b r e s ,  com pared to  t h a t  a t  pH 11 

(u re a -b iB U lp h l te )  and  t h i s  may be b e c a u se  a t  low  pH, th e  

num ber o f  d i s u lp h id e  bonds b ro k e n  may be s m a l le r  com pared 

t o  t h a t  a t  h ig h  pH; a t  hig;h co m p le te  r e d u c t io n  o f  c y s t in e  

occu rs*



I t  i s  tbxiB a p p a re n t  t h a t  n e i t h e r  o p t i c a l  n o r  e l e c t r o n  

Bilcï'osGope e z a n in a t io n  o f  w ool g iv e n  f i n i s h i n g  t r e a tm e n ts  

Bueh a s  th e  Xîmiïaoulap th e  S i r o e e t  o r  th e  s u g g e s te d  m ild  

u r e a - b l s u l p h i t e  o n e , g iv e s  any I n d ic a t io n  o f  m o d i f ic a t io n  

o f s t r u c t u r e , M s to lo g iO fH ly  s p e a k in g , and hence  does n o t  

p ro v id e  any  in fo rm a t io n  r e g a r d in g  th e  s p e c i f i c i t y  o f  th e  

r e a c t i o n  o f  re d u c in g  a g e n te  i n  th e  c o r te x *  H ow ever, r e s u l t s  

i n  th e  c a se  o f  wool t3 ?ea ted  more d r a s t i c a l l y  w i th  u r e a -  

b i s u l p h i t e  a t  n e u t r a l  pH, s u g g e s ts  t h a t  th e  a t t a c k  o f  

re d u c in g  a g e n t a t  t h i s  pH i s  c h i e f l y  c o n f in e d  to  th e  o r th o « 

c o r te x  and hen ce  t o  th e  c y s t i n e  l in k a g e b  i n  t h i s  p o r t io n #

From t h i s  i t  i s  s u g g e s te d  t h a t  th e  s e t t i n g  and th e  

m o d i f i c a t io n  o f  t e n s i l e  s t r e n g t h  o f  w o o l, a s  o b se rv e d  i n  

th e  l a s t  c h a p te r ,  g iv e n  th e  t r e a tm e n ts  such  a s  th e  S i r o s e t  

and th e  u r e a - b i s u l p h i t e ,  w here th e  s o lu t io n s  o f  re d u c in g  

a g e n t a re  a t  n e a r - n e u t r a l  pH, a re  due t o  th e  c y s t in e  l i n k a g e s  

m a in ly  i n  th e  o r th o - c o r t e x  and  t h a t  th e  p a r a - c o r to x  p la y s  

vex*y l i t t l e  part%
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P la te©  X « a r e  o p t i c a l  in le ro g ra p h e  o f  wool f i b r e  e r o o s -  

© ec tio n s  monritecl, i in lo s e  othex’v/lee s t a t e d ,  i n  PO u n d e r th e  

o rd in a r y  m icroooope»  The te rm s  PO, OOP, and 0#M®, i n

th e  fo l lo w in g  d e s c r i p t i o n ,  a r e  r e s p e o t iv e ly  th e  a b b r o v la t io n e  

f o r  p a r a f f i n  o i l ,  o r th o o h lo ro p h e n o l ,  t o t a l  m a g n i f ic a t io n  

and o r i g i n a l  m a g n if ic a tio n ®

Itt U n tr e a te d  ’Y m erino* wool dyed  w ith  N ap h th a le n e  G reen GS 

b e f o re  s e c t io n  c u t t in g *

1 \IU  z  600 (0*M. % 800)*

2# U n tre a te d  *Y m erino* wool s t a in e d  w i th  silver-aim oniuT iX -

n i t r a t e  and exam ined  u n d e r  th e  phaset’-c o n tr a e t*

T*M# z  IhOO (0*M* % 5 0 0 )o

3* A and  B a re  s e r i a l  s e c t i o n s  o f  t h e  saxne u n t r e a te d  *X m erino* 

w ool; A s e c t i o n  dyed  w ith  m e th y len e  b lu e ,

B -  s e c t io n s  ex p o se d  to  m ercu ry  v a p o u r ,

T*M* % 600 (0*Mo % 200)

hà S e c t io n s  o f  u n t r e a te d  L in c o ln  w o o l, dyed  w ith  m e th y len e  b lu e*

T*M. X 225 ' (0*M* X 5 0 ) é

5* U n tre a te d  L in c o ln  wool s t a i n e d  w ith  s i lv e r -a m m o n iu m -n itra te *  

T*M# X 1000 (0*M* X 5 0 0 ).



immkJSQÆimM (Oontlnuoa)
6# ’Y m erlm ù’ wool t r e a t e d  w i th  2fo eocilum b i s u l p h i t e

s o l u t io n  and s team  p r e s s e d  f o r  20 sec o n d s  (Im m acula-X )s 

th e  s e o t io n s  m ounted  i n  OOP and u n d e r p h a s e - c o n t r a s t#

T*Mo % 1X00 (O.M* X 7 0 0 )o

7® m e rin o ’ wool t r e a t e d  a s  f o r  P l a t e  6 ,  th e n  bqé t io n s  

ex p o sed  to  m ercu ry  v ap o u r;

A ^ u n d e r th e  o r d in a r y  m ior*oscope,

B -  u n d e r p h a a e - o o n t r a s t ,

X 500 (0#M# X 2 0 0 ).

8* *Y m e r in o ’ wool t r e a t e d  a© f o r  P l a t e  6 ,  and th e n  s e e t io n e  

dyed  w ith  m e th y len e  b lues

T.M# X 1 5 0 0  (0#M* X 5 0 0 ) .

9* ’Y m e rin o ’ wool t r e a t e d  a s  f o r  P l a t e  6 and th a n  s t a in e d

w ith  s 11 v e r-a im io n iu m -^ n itra te  s o lu t io n s  u n d e r p h ase  c o n t r a s t*  

T.IU  X 2000 (0*M« % 5 0 0 ) .

10® ’Y m e rin o ’ wool t r e a t e d  w ith  2/o ammonium t h i o g l y c o l l a t e

and ste&med f o r  20 seco n d s  ( B i r o s e t ) ;  m ounted  i n  OOP 

and u n d e r  p h a s e ^ ^ e o n tra s t .

T*Mo X 1 1 0 0  (O.M# K 7 0 0 ) o

1 1 . *Y m e rin o ’ wool g iv e n  u r0 a -b is u 3 ,p h ite  ( r i n s e d )  t re a tm e n ts  

m ounted i n  OOP and  u n d e r  p h a s e - c o n t r a s t .

T.Mô X 850 (O.M. X 7 0 0 ) .



ÏKDKX TO H ,A T #  (C o n tin u e d )

12.4 m erino^ wool t r e a t e d  w ith  s a tu r a te d  u r e a  s o l u t io n

c o n ta in in g  5 gmse o f  sodium  b i s u l p h i t e  p e r  100 cc  o f  

s o lu t io n  a t  pH 7 a t  kO^O f o r  3 h o u rs  ( t r e a tm e n t  XA)s 

u n d e r  p h a a o -o o a tr a s t#

T^iU ,x 400 (0Æ # % 200) e

13o m erino* wool t r e a t e d  a s  f o r  P l a t e  12s m ounted  in

OOP and im d er p h a s e - e o n t r a s t  @

% 1250 X 500)e

14«> *Y m e rin o ’̂ wool t r e a t e d  a a  f o r  P l a t e  12^ th e n  sec t5 ,ons 

ex p o sed  t o  m ero u ry  v ap o u r; u n d e r .p h a so -c o n tra s t^

TJJU % 500 (O^Mq X 200)*

15* *Y m erino^ wool t r e a t e d  a s  f o r  P la t e  12^, th e n  s e c t io n s  

t r e a t e d  w ith  osm ic a c id s  u n d e r p h a s e - c o n t r a s to

ToM* X 500 (0*Mo X 200)*

l6 o  m erino^ wool t r e a t e d  a s  f o r  P l a t e  1 2  ̂ th e n  s e c t io n s

ex p o sed  to  m ercu ry  vapours u n d e r th e  o rd in a r y  m icro sco p e*

T A  X 560  (0*M* X 200)3

1 7 * *Y m erino^ wool t r e a t e d  a s  f o r  P l a t e  1 2 t h e n  s t a in e d  w i th  

s i  1 ver'^am m onium '^nitra te s o lu t io n s  u n d e r  phaae^^co n tras t*  

T*M* % 1350  (0*M* X 500)^

18 and 1 9 mer i no^ wool t r e a t e d  a s  f o r  P l a t e  12^ th e n

s e c t io n s  dyed w ith  m e th y le n e  b lu e*

T#M* X 1000 (0*M* jc 5 0 0 ) .



IÆ P m .IQ ,M à S M  ( c o n tin u e d )

20* m e rin o  ̂ wool t r e a t e d  w i th  s a tu r a te d  u r e a  s o lu t io n

c o n ta in in g  5 gms* o f  sodium  b i s u l p h i t e  p e r  100 cc o f 

s o lu t io n  a t  pH 7 a t  f o r  20 h o u rs  ( t r e a tm e n t  IB ):

m ounted i n  OOP and  u n d e r p h a e e - o o n t r a s t  *

T,Mo X 580 (0*M* X 2 0 0 ) .

2I 0 ®Y merino® wool t r e a t e d  a s  f o r  P l a t e  20? th e n  s e c t io n s  

dyed  w ith  m e th y len e  b lue*

TJlio X 300  (0'*M* % 50) *

22* merino® wool t r e a t e d  w i th  s a tu r a t e d  u re a  s o lu t io n

c o n ta in in g  5 cc  o f  th io 'g X y c o ll ie  a c id  p e r  100 be o f  

s o l u t io n  a t  pH 2*5 a t  45^0 f o r  6 h o u rs  ( t r e a tm e n t  I I ) ,

IM o  X 1500 (0*M* X 500}*

230 merino® wool t r e a t e d  a s  f o r  P l a t e  2 2  ̂ th e n  s e c t io n s

dyed  w ith  m e th y len e  b lu e*

T A  X I 50D (0*M* X 5 0 0 ) ,

24# merino® wool trea t^ jc l aa  f o r  P l a t e  22? u n d e r  phase*»

c o n t r a s t ,

ToM* X 700 (o.m* X 200)0

25* merino® wool t r e a t e d  w ith  u r e a ^ b i s u lp h i te  s o lu t io n

(60  gms* o f  u r e a  and  5 gms* o f  sodium b i s u l p h i t e  p e r  

100 CO o f  w a te r )  a t  pH 3 a t  40^0 f o r  6 h o u rs  ( t r e a tm e n t  I I I ) , 

T*IU K 1500  (0*M* X 5 0 0 ) ,



M m K Æ S L M M M  (C o n tin u e d )

26* ’¥  merino® wool t r e a t e d  a s  f o r  P la to  25? th e n  s e c t io n s  

dyed  w ith  m e th y le n e  b lu e  *

T#M* X 1500  (0*M* X 500)0

27® ’ ¥ merino® wool t r e a t e d  a s  f o r  P l a t e  2 5  ̂ th e n  s t a in e d  

w ith  a l  1V0 r - a m n o n lu m -n l t r a t0 s o lu t io n :  u n d e r  p h a s e -

c o n t r a s t*

T*Mo X 1300  (O.M* X 500)0

280 merino® wool t r e a t e d  v fith  urea^^bis u lp h i t e  s o lu t io n

(80  gms* o f  u r e a  and  5 gms* o f  sodium  b i s u l p h i t e  p e r

100 CÛ o f  w a te r )  a t  pH I I  a t  40%  f o r  6 h o u rs  ( t r e a tm e n t  IV)

T.Mc X 1500  (0#M* X 500)*

29, merino® wool t r e a t e d  a s  f o r  P l a t e  28^ th e n  s e c t io n s

dyed  w ith  m e th y len e  b lu e*

T0M0 X 1200 (0*M* X 500)0

3O0 merino® wool t r e a t e d  a s  f o r  P l a t e  30? th e n  s t a in e d

w ith  BilTOr*»ammonium*>nitrato s o lu t io n :  u n d e r  phase-* 

c o n t r a s t  *

TeM* % 1400  ( 0 *M* X 500)0

3 1 * merino® wool t r e a t e d  w i th  u re a -^ rad u ee r s o l u t io n

(50  gms. o f  u r e a  and 3 gms* o f  sodium  b i s u l p h i t e  p e r

100 ee o f  s o lu t io n )  a t  pH 7 a t  65%  f o r  1 h o u r

( t r e a tm e n t  V A ).

ToMo X 1500 (O*M0 X 500)0



( c o n tm u o d )

32* *Y merino® wool t r e a t e d  a s  f o r  P l a t e  31^ th e n  s e c t io n s  

dyed w ith  m e th y len e  b lu e*

Tjfio X 1500 (0,M* % 500)*

33# *Y merino® wool t r e a t e d  a s  f o r  P l a t e  3 1 , th e n  e ta ln o d  w ith  

a l lv e r* ^ a m o n lu m -n it r a te  s o lu t io n s  undos? p h a s e - c o n t r a s t * 

T*M* % 1500 (0#M* X 500)0

34# merino® wool t r e a t e d  w i th  u re  a  - h i  8U],phi t  e s o lu t io n  

(50  gniSo o f  u r e a  and  3 gms* o f sodium  b i s u l p h i t e  p e r  

100 CO o f  s o lu t io n )  a t  pH 7 a t  65%  f o r  3 h o u rs  

( t r e a tm e n t  T B)o

IM *  X 1500  (O0M* X 5 0 0 ) .

35# ®Y merino® wool a s  t r e a t e d  f o r  P l a t e  34» th e n  s e c t io n s  

dyed w ith  m e th y len e  blue*,

X 1500  (0*M* X 500)0

360 *Y merino® wool a s  t r e a t e d  f o r  P l a t e  34? th e n  s t a i n e d  w ith  

silyer«*am iîîonim iî-*nitrate s o lu t io n s  u n d e r  phaae-^eontrast@  

T*Mo X 1500  (0*M* X 500)#

37# [L inco ln  wool t r e a t e d  w ith  s a tu r a te d  u r e a  s o lu t io n  

c o n ta in in g  5 gms* o f  sodium  b i s u l p h i t e  p e r  100 cc o f  

s o l u t io n  a t  pH 7 a t  40%’ f o r  3 h o u rs  ( t r e a tm e n t  I  A)s 

m ounted i n  OOP and  u n d e r p h aa e -’o o n t r a a t  •

T A  X 1200 (O0MO X 500)#



(O o n tln u ed )

38* L in c o ln  wool m  t r e a t e d  f o r  P l a t e  37& t h e n  a e o t io n s  

dyed w ith  m e th y len e  b lu e*

T#m^ X 1750  (0*M* % 500)*

39* L in c o ln  wool m  t r e a t e d  f o r  P l a t e  37? th e n  e e c t lo n e  

ex p o sed  to  m ercu ry  vapour? u n d e r p h a e e -o o ii tr a a t*

X '800 (0#M* ,% g o o ) ,

4 0 * L in c o ln  wool 'a s  t r e a t e d  f o r  P l a t e  37? th e n  s e e t io n s  

t r e a t e d  w ith  osm ie a c id :  u n d e r  phaee*"C ontra8t*

T*M* % 800 (0*M* X 2 0 0 ) .

4 1 * L in c o ln  wool t r e a t e d  w ith  s a t u r a t e d  u re a  s o l u t io n  

c o n ta in in g  5 00 o f  t h l o g l y e o l l l o  a c id  p e r  100 o c , o f  

B o lu tlo n  a t  pH 2é9 a t  4 5 %  f o r  S h o u rs  ( t r e a tm e n t  1%) 

IM *  X 1500 (0*M* X 500 ) ,

4 2 * L in c o ln  wool t r e a t e d  a s  f o r  P l a t e  l\X$ th e n  B e o tlo n s  

dyed  w ith  m e th y le n e  b lu e*

T*M* X 1350 (0*M* X 500)0

43# L ln o o ln  wool t r e a t e d  w ith  u re a * » b lsu lp h ite  s o lu t io n  

{80  gms* o f  u r e a  and  5 gms* o f  sodium  b i s u l p h i t e  p e r  

100 00 o f  w a te r )  a t  pH 11 a t  40  0 f o r  6 h o u rs  

( t  re a tm e n t XV )$

T*M* % 1000 (OoM* % 5 0 0 ) .



(c o n tin u ed )
, ,  _  „ , (c o n tin u ed )
Mj.« L in c o ln  wool t r e a te d  a s  f o r  P la te  ii-3» th en  s e e t io n s  dyed

w ith  m ethylene b lu so

T.M. X 1000 (0»M« z  5 0 0 ) .

S„ilâS,itô-JS^Sg are e le c t r o n  m icrographs;, o b ta in ed  on th e

Elm lskop I  in stru m en t a t  8o IcV,

45 anci 4 6 , U n trea ted  *Y merino® wool p s ta in e d  w ith  s i l v e r -  

ai'nrnonimi-nitrate s o lu t io n .

T,M, % 5600  (O.M, % 4000} .

47# P art o f  th e  u n tr e a te d  ®Y merino® wool (P la to  45 )»  a t

h ig h e r  m a g n if io a t io n ,

X 68000  ( 0 3 , X 40000 ) ,

48 and 49# m erino' wool tx^eated w ith  2fo sodium b is u lp h it e  

s o lu t io n  end steam  p r e sse d  f o r  20 seconds (ïm m acu la -ï)

th en  s ta in e d  w ith  s ilv er -m m m n lm n -n ltra te  s o lu t io n ,

T A  % 7000  ( 0 3 ,  X 5000 ) ,

5 0 # 'Y merino® wool t r e a te d  w ith  sa tu r a te d  u rea  s o lu t io n  

c o n ta in in g  5 gme, o f  sod itm  b is u lp h it e  p er 100 cc o f  

s o lu t io n  a t pH 7 a t 4 0 f o r  3 hours (trea tm en t I A)» 

th en  s ta in e d  w ith  a ilvar-am m on lu m -n itrate  s o lu t io n ,

A low  m a g n if ic a t io n  micrography
X 6 5 0 0  (O.M, X 5 0 0 0 ) ,

B h ig h  m a g n if ic a t io n  m icrography
T A  K 26000 (0,M# X 2 0 0 0 0 ).



ÏÎ3DEK TO FLATKS (O o n tin u ed )
.40* * -  v r ^  %k *j.»j .-H \&4> A w ta  w-jCS î̂Æf « W

51# ®Y merino® wool t r e a t e d  w ith  u r e a - r e d u o e r  s o lu t io n  

(50  gms# o f  u r e a  and  3 gms, o f  sodium  b i s u l p h i t e  p e r

100 ce o f  s o lu t io n )  a t  pH 7 a t  65%  f o r  1 h o u r

( t r e a tm e n t  V A)y th e n  s t a i n e d  w ith  silver-aRBnoniUA'a- 

u ltim ate  s o l u t io n ,

A low  m a g n i f ic a t io n  m icrog raphy

T A  z  37500 ( 0 3 c  X 10000)#

B h ig h  m a g n i f ic a t io n  m icrog raphy

f.îvU % 66000 ( 0 3 *  X 20000)'*

52û merino® wool t r e a t e d  w i th  u r e a - r e d u o e r  s o lu t io n  

(50  gmso o f  u r e a  and  3 gms. o f  sodium  b i s u l p h i t e  p e r

100 cc  o f  s o l u t io n )  a t  pH 7 a t  65%  f o r  3 h o u rs

( t r e a tm e n t  ¥  B)p th e n  s t a in e d  w ith  s ilv er-am m o n iu m - 

n i t r a t e  s o l u t i o n ,

ToM« X 8500 (0,Mo % 5 0 0 0 ),
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