
CHAPTER IV
IMPROVING HYDROPHOBICITY OF COTTON FABRIC BY 

ADMICELLAR POLYMERIZTION*

Abstract:

C o tto n  fab ric  w as  co a ted  w ith  th in  film  p o ly s ty re n e  fo rm ed  by  u s in g  d o d ecy l 
b en zen esu lfo n a te  (D B S ) a d so rb ed  on  fab ric  as a  te m p la te  th a t is c a lled  ad m ice lla r  
p o ly m e riz a tio n  te ch n iq u e . T h is  te c h n iq u e  co n sis ts  o f  th re e  m a in  reac tio n  steps, D B S  
ad so rp tio n , s ty ren e  m o n o m e r so lu b iliz a tio n  in to  th e  b ila y e r o f  D B S ad so rp tio n , and  
p o ly m e riz a tio n  o f  s ty ren e  m o n o m e r in-situ D B S  ad so rb ed . S o d iu m  p e rsu lfa te  
(N a2S20g) w as u sed  as  an  in itia to r  to  p o ly m erize  p o ly s ty re n e  o n  co tto n  su rface . F T IR  
w as u sed  to  ch a ra c te riz e  p o ly s ty ren e  film  ex trac ted  by  T H F . T h e  h y d ro p h o b ic ity  o f  
th e  tre a ted  co tto n  su rface  w as d e te rm in ed  b y  the  d ro p  te s t, an d  th e  w a te r  ab so rp tio n  
o f  u n tre a te d  and  tre a te d  co tto n  w as ex am in ed  u s in g  th e  W ilh e lm y  m ic ro e lec tro n ic  
b a lan ce  te ch n iq u e . T h e  m o rp h o lo g y  o f  u n trea ted  an d  tre a te d  co tto n  w as o b ta in ed  by  
A F M . T h e  re su lts  sh o w  th a t p o ly s ty ren e  th in  film  w as su ccessfu lly  fo rm ed  on  co tto n  
re su ltin g  in  h y d ro p h o b ic  co tton .

1. Introduction

C o tto n  is a  n a tu ra l fib e r th a t has h ig h  w a te r a b so rp tio n  and  rap id ly  tran sp o rts  
m o is tu re  aw ay  fro m  th e  h u m an  b ody . In  tex tile  fab ric , c o tto n  is th e  b e s t fab ric  fo r 
tra n sp o rtin g  w a te r to  m ak e  m o re  co m fo rtab le  fee lin g  fo r th e  w eare r. G en era lly , 
m ak in g  w a te r  re p e lle n t co tto n  fab ric  has th e  e ffe c t on  la ck in g  m o is tu re  
tran sp o rta tio n . T h is  is th e  a im  o f  th is  w o rk  to  m ake h y d ro p h o b ic  co tto n  m a in ta in in g  
a  g o o d  p ro p e rty  o f  o rig in a l co tton . A d m ic e lla r  p o ly m e riz a tio n  w as se lec ted  to  m ak e  
h y d ro p h o b ic  co tto n  as the  a lte rn a tiv e  m e th o d  an d  firs t p u b lish e d  in  th e  jo u rn a l o f  
co llo id  an d  in te rface  sc ien ce  by  P o n g p ray o o n , T ., e t al, (2 0 0 2 ).

T h e co n ten t o f  th is C h apter has ap p eared  p re v io u s ly  (T . P o n g p r a y o o n , N . Y a n u m et and E. A. 
O ’R ear, in  12th T h ailan d  N a tio n a l C o n fe ren ce  in C h em ica l E n g in ee r in g  and C h em istry  A p p lica tio n , 
B a n g k o k , T h ailan d )
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C o m m erc ia l w a te r  rep e llen t c o tto n  fab ric  is co m m o n ly  p ro d u ced  by  
d ep o s itin g  a film  o f  h y d ro p h o b ic  su b s tan ce  on  th e  fabric . S ilico n e  and  
flu o ro ch em ica ls  are  ex a m p le s  o f  ch em ica ls  u sed  fo r th is  p u rp o se . T h e  trad itio n a l 
m e th o d  is to  ap p ly  a  so lu tio n  o f  w a te r-rep e lle n t ag en ts  o n to  the  fab ric  by  th e  pad - 
d ry -cu re  p ro cess  to  en su re  u n ifo rm  co a tin g  (H ig g in , E .G ., 1963). T h is  m e th o d  has 
severa l d isa d v a n ta g e s , in c lu d in g  h ig h  m a c h in e ry  cost, h ig h  en erg y  re q u ire m e n t fo r 
d ry in g , an d  a  re la tiv e ly  th ick  film  h as  to  be ap p lied  to  en su re  u n ifo rm  co a tin g , 
m ak in g  th e  fab ric  s t i f f  h eav y  and  o ily . M o reo v e r, so m e p ro cesse s  ra ise  se rio u s 
e n v iro n m en ta l c o n c e rn s  su ch  as the  u tiliz a tio n  o f  to x ic  tran s itio n  m eta ls . T he 
o b jec tiv e  o f  th is  w o rk  w as to  in v estig a te  th e  a lte rn a tiv e  tech n iq u e , ad m ice lla r  
p o ly m e riz a tio n , to  m ak e  h y d ro p h o b ic  co tto n . In-situ re a c tio n  p o ly m e riz a tio n  o f  
o rg an ic  m o n o m e r in  th e  co re  o f  b ilay e r su rfa c ta n t a d so rb ed  o n to  a  su b s tra te  su rface  
is a  novel m e th o d  fo r ap p ly in g  th in  p o ly m e ric  film  o n  a  su b stra te  su rface . T h is  
m e th o d  w as p a ten ted  in  th e  la te  e ig h tie s  b y  H arw e ll, J. H ., an d  O ’R ear, E. A . in U S , 
(1 9 8 8 ). A d m ic e lla r  p o ly m e riz a tio n  p ro cess  co n sis ts  o f  th ree  m a in  s tep s, su rfac tan t 
a d so rp tio n  to  fo rm  a  b ilay e r on  th e  su b stra te  su rface  ca lled  th e  ad m ice lle  fo rm a tio n  
step , m o n o m e r so lu b iliz a tio n  in to  th e  b ila y e r o f  a d m ice lle  ca lled  th e  m o n o m er 
a d so lu b iliz a tio n  step , an d  p o ly m eriza tio n  o f  the  m o n o m e r in  th e  ad m ice lle  ca lled  the  
in-situ p o ly m e riz a tio n  step . T h e  th ree  s tep s  a re  illu s tra ted  in  F ig  1.

T h e  ad so rp tio n  iso th e rm  o f  an  io n ic  su rfac tan t o n  a so lid  su rface  is ty p ica lly  
an  S -sh ap ed  g rap h  w h en  o n e  p lo ts  the  log  o f  ad so rb ed  su rfac tan t v e rsu s  the  log  o f  
su rfac tan t c o n c e n tra tio n  at eq u ilib riu m  (R o sen , M . J., 1989). T h is  cu rv e  can  be  used  
to  o b ta in  th e  ap p ro p ria te  co n cen tra tio n  o f  su rfac tan t fo r ad m ic e lla r  p o ly m e riz a tio n  
p ro cess . T h is  co n cen tra tio n  is s lig h tly  b e lo w  th e  c ritica l m ice lle  co n cen tra tio n  o r 
C M C  to  av o id  e m u ls io n  p o ly m eriza tio n . T h e  im p o rtan t p a ram e te rs  th a t need  to  be 
m a n ip u la te d  are pH  v a lu e  and  co u n te rio n  co n cen tra tio n . C o u n te rio n s  h e lp  to  red u ce  
th e  e lec tro s ta tic  rep u ls io n  b e tw een  the  o n c o m in g  ions an d  th e  lik e -ch a rg ed  head  
g ro u p s o f  su rfac tan ts  on  the su rface  to  p ro m o te  th e  d e n se s t ad so rp tio n  o f  su rfac tan t 
(S cam eh o rn , J .F ., e t a l, 1982). T he c h a ra c te ris tic s  o f  su b s tra te  and  su rfac tan t type 
a lso  have  an  e ffec t on  su rfac tan t ad so rp tio n . C o tto n  is a  n a tu ra l c e llu lo se  fib e r w ith  
1 ,4 -D -g lu co se  as its  rep ea t un it. It acq u ire s  a  n eg a tiv e  ch a rg e  w h en  in  w a te r 
(G ran ca ric , A. M ., e t al, 1997 an d  A sp lan d . J .R ., 1991). A d m ice lla r  p o ly m eriza tio n
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has b een  su c c e ss fu lly  u sed  to  fo rm  th in  film  o f  v a rio u s  ty p es  o f  p o ly m er o n  d iffe re n t 
su b stra te s  su ch  as  p o ly s ty ren e  on  a lu m in a  (พ น , J., H arw e ll, e t al, 1988), an d  s ilica  
(O ’H av er, J ., e t a l, 1994 and  W ad d e ll, W .H ., e t a l, 1995), p o ly p y rro le  o n  a lu m in a  
(C ho , G ., e t a l, 2 0 0 0 ) and  m ica  (Y uan , พ . ,  e t al, 2 0 0 1 ), p o ly (te tra flu o ro e th y len e ) on  
a lu m in a , (L ai, c., et al, 1995) and  s ty re n e -iso p re n e  c o p o ly m e r on  g lass  fib e r (G lad y , 
B .P ., e t a l, 1998, an d  B arraza , H .J., e t al, 2 001).

In  th is  w o rk , th e  ad m ice lla r p o ly m e riz a tio n  tech n iq u e  w as u se d  to  co a t 
p o ly s ty ren e  on  c o tto n  to  p ro d u ce  h y d ro p h o b ic  co tto n . T h e  h y d ro p h o b ic ity  o f  th e  
trea ted  fab ric  w as  a lso  d e te rm in ed  by  th e  d ro p  te s t an d  th e  W ilh e lm y  m ic ro e lec tro n ic  
b a lan ce  te c h n iq u e . T h in  p o ly s ty ren e  film  on  co tto n  w as id en tified  b y  F T IR  and  
m o rp h o lo g y  o f  u n trea ted  an d  trea ted  co tto n  w as a lso  p e rfo rm ed  by  A F M .

2. Experimental

2.1 Materials

A  p la in  w eav e , m ed iu m -w e ig h t (150  g /m 2 su p erfic ia l a rea) b leach ed  co tto n  
fabric  w a s  u sed . P rio r to  use , th e  fab ric  w as  w ash ed  in  a  w ash in g  m ach in e  at 95°c 
severa l t im e s  un til it w as free  from  an y  re m a in in g  su rfac tan t as ch eck ed  by  u v  
ab so rp tio n  a t 225  nm  o f  th e  last w ash in g  liqu id .

S ty ren e  m o n o m e r w as p u rch ased  fro m  A ld ric h  C o .L td . B efo re  u s in g , it w as 
w ash ed  w ith  10%  N a O H  to rem o v ed  in h ib ito r  fo llo w in g  th e  m eth o d  d esc rib ed  by  
C o llin s ,et al (1973).

D o d e c y lb e n z e n e  su lfo n a te  (D B S ), a  su rfa c ta n t in  the g ro u p  o f  lin ear 
a lk y lb en esu lfo n a te  (L A S ) u sed  to  fo n n  ad m ice lle , so d iu m  p e rsu lfa te  u sed  as 
in itia to rs , h y d ro ch lo ric  ac id  fo r ad ju s tin g  pH , an d  so d iu m  ch lo rid e  w ere  p u rch ased  
from  A ld rich  C o .L td ., B H D  L ab o ra to ry  S u p p lie s  C o. L td., M erck  an d  A lex  
C h em ica ls  C o . L td  resp ec tiv e ly .

2.2 Hydrophobic cotton production by admicellar polymerization
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P o ly m e riz a tio n  o f  sty ren e  on  co tto n  w as ca rried  o u t u sin g  1000 p M  D B S  at 
pH  4 w ith  0 .15  M  o f N a C l  th a t is the  ap p ro p ria te  co n d itio n  s tud ied  in  p re v io u s  w o rk  
(P o n g p ray o o n . T ., e t al, 2002). T h e  ra tio s  o f  s ty ren e :D B S  and  in itia to r  (so d iu m  
p e rsu lfa te ):s ty ren e  w ere  v aried  to  in v es tig a te  th e  p re fe rrin g  co n d itio n  to  p ro d u ce  
h y d ro p h o b ic  co tto n . A t th e  s ta rt o f  th e  ex p e rim en t, a  p iece  o f  co tto n  fab ric  w e ig h in g  
0.5 g in  th e  sq u a re  sh ap e  w as p laced  in  a v e rtica l p o s itio n  w ith  no  fo ld in g  or 
o v e rlap p in g  in  a  24  m L  vial c o n ta in in g  20  m L  o f  th e  D B S  so lu tion . T h e  d esired  
am o u n t o f  s ty ren e  m o n o m e r w as in jec ted  in  the  sy stem . T h en , the  v ia l w as  sea led  
w ith  a lu m in u m  foil an d  th e  lid  w as sc rew ed  on. T h e  v ia ls  w ere  m a in ta in ed  a t 30 ๐c  
in  a  sh ak e r b a th  fo r 24  h ou rs for ad so rp tio n  and  ad so lu b iliz a tio n  steps. T h en  1 M  
so d iu m  p e rsu lfa te  so lu tio n  w as in jec ted  in to  th e  v ia l to  p o ly m erize  s ty ren e  by 
m a in ta in in g  tem p e ra tu re  at 80 ° c  fo r tw o  h ou rs. A fte r  p o ly m eriza tio n , th e  v ia l w as 
co o led  d o w n  and  th e  fab ric  w as tak en  o u t from  the  v ia l. T h e  tre a ted  fab ric  w as 
w ash ed  w ith  h o t d is tille d  w a te r at 80 °c  fo r 1 h o u r sev e ra l tim es un til th e  o u te r  lay e r 
o f  D B S  w as c o m p le te ly  rem o v ed . T h e  fab ric s  w ere  th e n  d ried  in an  o v e n  a t 110 °c  
for 5 h o u rs  b e fo re  tak en  ou t fo r testing .

2.3 Hydrophobicity testing

2.3.1 Drop test

T h e  d ro p  te s t w as  u sed  to  o b serv e  th e  h y d ro p h o b ic ity  o f  the  fab ric  b y  p lac in g  
a  d ro p  o f  w a te r  o n  th e  co tto n  su rface . 10 p T  d is tilled  w a te r  w as d ro p p ed  o n to  the 
fabric  w ith o u t im p a c t fo rce  by u sing  a  20  p L  sy rin g e  as  sh o w n  in F ig  2. T h e  tim e  
w as tak en  fo r 30 m in  to  co n sid e r b e in g  the  h y d ro p h o b ic  fab ric  by no sp re a d in g  o f  
w ate r d rop le t.

2.3.2 Wilhelmy microbalance technique

T h e  sam p les  w ere  p rep a red  as in d iv id u a l yarns by  tak in g  ou t fro m  th e  fabric  
and  cu ttin g  in to  8 m m  in leng th . T he  w e ttab ility  w as m easu red  by th e  W ilh e lm y
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m ic ro b a la n c e  te c h n iq u e  w ith  a C ah n  m o d e l D C A -3 2 2 . T h e  co tto n  y a m  w as  a ttach ed  
w ith  w ire  an d  h an g ed  o n  the b a lan ce  o f  th e  m ach in e  to  au to m a tica lly  d e te rm in e  th e  
fo rce  d u r in g  te s tin g  w ith  so ftw are  co n tro l. T h e  in s tru m en t is illu s tra ted  in  F ig  3. T he 
w ick in g  m e th o d  p re sen ted  by  D o m in g u e , J. w as ap p lied  fo r use  in  th is  w o rk . F rom  
o p e ra tin g  m ach in e , th e  y am  w as s lo w ly  lo w ered  to  to u ch  the  w a te r su rfa c e  in  the  
b eak er a n d  w as he ld  still fo r 5 m in . A fte r  th a t it w as  taken  up  to  th e  p rev io u s  
p o s itio n . In  the  ex p e rim en t, w hen  the  y a m  to u ch ed  th e  w a te r su rface , th e  force  
im m e d ia te ly  in c reased  from  zero . T h is  fo rce  w as te rm ed  th e  in itia l fo rce  th a t 
in c lu d es  th e  fo rces  o f  c ap illa ry  flow , su rfa c e  te n s io n  b e tw e e n  y a m  an d  w a te r, and  
w a te r ab so rp tio n . T h e  in itia l force is re la te d  to  the  h y d ro p h o b ic ity  o f  th e  trea ted  
fab ric ; th e  lo w e r the  in itia l fo rce , th e  h ig h e r  th e  h y d ro p h o b ic ity .

T h e  o th e r fo rce  w as the  fo rce  fro m  w a te r  ab so rb ed  in  yarn . In th e  ex p e rim en t, 
a f te r  th e  y a m  w as tak en  up  from  w a te r su rface  th ere  w as little  w a te r  ab so rb e d  in sid e  
the  yarn . T h e  fo rce  o f  w a te r  ab so rb ed  w a s  te rm ed  th e  ab so rp tio n  fo rce  th a t in d ica te s  
th e  a b ility  o f  y arn  to  rem ain  w a te r  in s id e  its s truc tu re . In th e  sam e w a y  o f  in itia l 
fo rce , lo w e r v a lu e  o f  ab so rp tio n  sh o w s h ig h e r  h y d ro p h o b ic ity  o f  co tton .

2.4 Characterization of the coated film

F T IR  w as u sed  to  ch a rac te rize  th e  film  co a ted  o n  co tton . T h e  co a ted  film  w as 
e x trac ted  in  b o ilin g  T H F  and  the e x tra c te d  T H F  w as co n cen tra ted  by  ev ap o ra tio n . 
T he T H F  e x tra c t w as u sed  for FT IR  a n a ly s is  by  co a tin g  th e  sam p le  on  a z in c  se lin id e  
d isk . T h e  F T IR  sp ec tra  w as then  o b ta in ed  u sin g  a  B ru k e r In s tru m en t m o d e l FR A  
160/s. T h e  sp ec tru m  w as in te rp re ted  to  c o n fo rm  the  p o ly s ty ren e  fo rm ed  o n  co tto n .

T h e  su rface  o f  u n trea ted  and  tre a te d  co tto n  w as ch a rac te riz ed  by  A F M . A 
p iece  o f  f ib e r  w as rem o v ed  from  the co tto n  yarn  and  stu ck  on  a  m ica  p la te  by m e lted  
p o ly m e r to  im ag e  its su rface  by A F M  (N a n o S c o p e  III, M u ltim o d e  S can n in g  P robe, 
D ig ita l In s tru m en ts). T h e  in stru m en t w as o p e ra ted  in  'h e ig h t’ m ode u n d e r  am b ien t 
co n d itio n  w ith  a  s tan d a rd  silicon  n itrid e  tip . T h e  co m m erc ia l h y d ro p h o b ic  c o tto n  and  
co a ted  c o tto n  w ith  o v e r quality  o f  s ty ren e  w ere  a lso  o b serv ed  to  sh o w  the  
s ig n ific a n tly  d iffe ren t su rface  from  u n trea ted  co tton .
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3. Results and Discussion

3.1 Hydrophobicity by drop test

T h e  d ro p  te s t re su lts  w ere  illu s tra ted  as F ig  4 th a t sh o w s the  d iffe re n t d ro p le t 
c h a ra c te r  o n to  u n trea ted  and  trea ted  co tto n  su rface . F o r u n trea ted  c o tto n , w a te r 
d ro p le t d isa p p e a re d  im m ed ia te ly  and  sp read  to  co v e r a  w id e  a rea  a fte r  d ro p p in g  in a 
seco n d . T h e  w a te r  d ro p le t p h o to s o f  tre a ted  co tto n  tak en  a fte r  30 m in  w e re  d iffe ren t 
and  th e y  can  be  id en tified  as th ree  ch a rac te rs . F o r fab ric  c o n s id e re d  as low  
h y d ro p h o b ic ity , th e  d ro p le t m ade a sp h e re  o n  fabric  an d  it d isap p ea red  w ith in  30 m in  
by sp re a d in g  so m e w a te r  d rop le t. F or m o d e ra te  h y d ro p h o b ic ity , th e  d ro p le t can  be 
m a in ta in e d  w ith in  30  m in  by  h av in g  slig h tly  sp read in g  w a te r d ro p le t. F or 
h y d ro p h o b ic  co tto n , th e  w a te r d ro p le t d id  n o t sp read  o u t and  re m a in e d  sp h erica l 
sh ap e  a f te r  30  m in .

3.2 Welhylmy method results

W elh e lm y  m e th o d  by  u sin g  C ah n  m ic ro b a la n c e  m ach in e  y ie ld ed  th e  ch an g in g  
fo rce  in  tw o  ty p e  cu rv es , th e  fo rce  and  p o s itio n  cu rv e  and  the  fo rce  an d  tim e  curve , 
w h ile  it w a s  o p era tin g .

T h e  in itia l fo rce  w as read  from  the  reco rd ed  d a ta  o f  fo rce  an d  tim e 
re la tio n sh ip  at the  m o m en t the  yarn  to u ch ed  w a te r  su rface  and  the fo rce  im m ed ia te ly  
in c reased  from  zero . F o r u n trea ted  co tto n , th is  fo rce  w as h ig h est b ecau se  u n trea ted  
co tto n  ac ts  as h y d ro p h ilic  co tto n  tha t w a te r  can  tran sfe r  in  y arn  very  w e ll an d  a lso  be 
very  w ell ab so rb e d  inside  its yarn , w h ile  th is  fo rce  o f  h y d ro p h o b ic  c o tto n  w as low. 
T h e  in itia l fo rce  o f  u n trea ted  co tto n  w as ab o u t 8 .00  m g  m u ch  h ig h e r th an  tha t o f  
h y d ro p h o b ic  co tto n  trea ted  by ad m ic e lla r  p o ly m eriza tio n , a p p ro x im a te ly  3 .00  m g. 
A n o th e r fo rce , a b so rp tio n  fo rce , w as read  from  the  re la tio n sh ip  b e tw een  fo rce  and 
p o s itio n  th a t the  y arn  w as ra ised  from  w a te r  su rface  to  back  to  the  p o s itio n  a t s ta rtin g  
test. I f  th e  fo rce  re tu rn s  to  zero , it in d ica te s  that no  w a te r  w as ab so rb ed  in s id e  the 
yarn , w h ic h  ac ts  as co m p le te ly  h y d ro p h o b ic  su rface . T h is  is fu rth er ev id e n c e  o f  
h y d ro p h o b ic  c h a ra c te r  due  to  rep e llin g  w a te r  from  its su rface . O n the  o th e r  hand , i f
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th is  fo rc e  is still h ig h , it m ain s th a t th e  y a m  is h y d ro p h ilic . F ro m  th is  e x p e rim e n t, the  
a b so rp tio n  fo rce  o f  u n trea ted  c o tto n  w a s  h ig h e r ab o u t 1.60 m g , w h ile  th is  fo rce  o f  
h y d ro p h o b ic , ad m ice lla r-tre a ted  c o tto n  w as ab o u t 0 .05 m g  th a t c lo sed  to  ze ro .

T h e  co m m erc ia l h y d ro p h o b ic  co tto n  co a ted  w ith  f lu o ro c h e m ic a l and  
h y d ro p h o b ic  co tto n  co a ted  w ith  o v e r q u a lity  sty ren e  w ere  a lso  s tu d ie d  in  th is  w ork. 
T h e  in itia l and  a b so rp tio n  fo rce  o f  b o th  can  n o t be d e tec ted  by  th is  te s t b e c a u se  they  
f lo a ted  o v e r  w a te r su rface . T h ese  sh o w ed  th a t th ey  d id  n o t a llo w  any  w a te r  tran sp o rt 
in s id e  th e ir  y a m s  an d  d id  n o t ad so rb  an y  w ater.

3.3 The effects of quality of styrene and initiator on hydrophobicity

T h e  e ffec ts  o f  v a ry in g  s ty ren e :D B S  and  in itia to r:s ty ren e  ra tio s  o n  w e ttab ility  
p re se n te d  b y  d ro p  te s t and  W e lh y lm y  m e th o d s  are sh o w n  in  T ab le  1(a) a n d  (b). T he 
re su lts  sh o w  th a t th e  h y d ro p h o b ic ity  o f  th e  trea ted  co tto n  in c rea sed  w ith  in c rease  in  
th e  a m o u n t o f  s ty ren e  and  in itia to r. In  th e  case  o f  th e  d ro p  test, th e  tre a te d  co tton  
b ecam e  h y d ro p h o b ic  a t a  s ty ren e :D B S  ra tio  5:1 and  a s ty re n e d n itia to r  ra tio  1:1. In 
th e  c a se  o f  the  W ilh e lm y  test, th e  a b so rp tio n  fo rce  o f  th e  tre a ted  sa m p le s  sh o w ed  a 
su d d en  d e c rea se  to  a lm o st zero  at th e  sam e  sty ren e :D B S  ra tio  5:1 a n d  th e  sam e 
in itia to r :s ty re n e  ra tio  1:1. T he re su lts  sh o w  th a t th e re  is a  c lo se  c o rre la tio n  b e tw een  
th e  d ro p  te s t and  th e  W ilh e lm y  test. W ell co a ted  co tto n  has g o o d  w a te r  re s is ta n c e  as 
sh o w n  by  th e  d ro p  te s t and  low  w a te r  re te n tio n  as sh o w n  by  th e  W ilh e lm y  test.

F ro m  th is  tab le , it can  be se e n  th a t W elh y lm y  m e th o d  can  id e n tify  the 
d iffe ren t su rface  o f  h y d ro p h o b ic  fab ric  w h ile  d rop  te s t w as sh o w in g  th e  sa m e  resu lts . 
T h e  d ro p  te s t d id  n o t d e tec t any  d iffe re n ce  in h y d ro p h o b ic ity  an d  w e tta b ility  o f  
co tto n  tre a te d  by  ad m ice lla r  p o ly m e riz a tio n  th a t w ere  d eem ed  “ h y d ro p h o b ic ” , (i.e. 
th ey  can  all re s is t w e ttin g  by  w a te r fo r m o re  th an  30  m in).

3.4 The coated film identification by FTIR

T h e  ex trac ted  p o ly sty ren e  film  o n  co tto n  in  T H F  so lu tio n  w as c h a rac te riz ed  
by F T IR . T h is  co n firm ed  th a t p o ly s ty re n e  has been  co a ted  on co tto n  by  ad m ice lla r  
p o ly m e riz a tio n  sh o w n  in F ig  5. T h e  re su lts  sh o w  tha t th e  F T IR  sp ec tru m  o f
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a d m ic e lla r  tre a te d  c o tto n  sh o w  c h a ra c te r  p eak s o f  p o ly s ty ren e  at 1600, 1490, and  
1455 cm "1 as sp ec tru m  (b) th a t a re  a lso  d is tin c tiv e ly  p re se n te d  in  th e  stand  
p o ly s ty re n e  as sp ec tru m  (a). F o r u n tre a te d  co tto n  sh o w n  as sp ec tru m  (c ), th e se  peaks 
w ere  n o t p re sen ted . It can  be  id e n tif ie d  th a t th e re  w as p o ly s ty re n e  film  co a ted  on 
c o tto n  by  ad m ic e lla r  p o ly m eriza tio n .

3.5 AFM images

A F M  im ag es  sh o w  th e  m o rp h o lo g y  o f  u n trea ted  co tto n  and  a d m ic e lla r-tre a te d  
c o tto n s  in  F ig  6 (a) an d  (b). F rom  b o th , th e ir  su rfaces  lo o k  s im ila r; h o w e v e r  the 
h y d ro p h o b ic  te s t by  d ro p  test and  W e lh y lm y  m e th o d s are  c lea rly  d if fe re n t as seen 
fro m  th e  fo rm e r resu lts . T h ese  re su lts  sh o w  th a t th e  co a ted  p o ly s ty re n e  film  on 
co tto n  u s in g  the  ra tio  7:1 o f  s ty ren e :D B S  w as u ltra th in  film . T o  see  th e  s ig n ific an t 
ch an g e  o f  co tto n  m o rp h o lo g y , th e  tre a te d  co tto n  u sin g  o v e r q u a lity  o f  s ty re n e  as the 
50:1 ra tio  o f  s ty ren e :D B S  w as o b se rv ed  and  th e  re su lt is sh o w n  as F ig . 7. T h e  resu lt 
sh o w s th a t p o ly s ty re n e  film  w as v e ry  th ick  co m p arin g  in  th e  sam e  s iz e  o f  A F M  
im ag e  (1 p m .)  as F ig. 7 (b ) w ith  7:1 s ty ren e :D B S  ra tio  as  F ig  6(b). In  th is  co n d itio n , 
h y d ro p h o b ic ity  can  n o t be m easu red . T h a t w as s im ila r to  the  yarn  o f  th e  co m m erc ia l 
h y d ro p h o b ic  co tto n  th a t has an  o ily  film  co m p le te ly  coated . Its A F M  im a g e  sh o w n  in 
F ig  8 lo o k s  o ily  by  ch em ica l on  co tto n  su rface .

4. Conclusions

T h e  re su lts  o f  th is  w o rk  sh o w ed  th a t ad m ice lla r  p o ly m e riz a tio n  h as  been 
su c c e ssfu lly  ap p lied  to  m ak e  h y d ro p h o b ic  co tto n  and  it has a  p ro c liv ity  to  be a 
co m m erc ia l p ro cess  w ith  fu rth e r d ev e lo p m en t. A d m ice lla r  trea ted  c o tto n  n o t o n ly  has 
hav e  h ig h  h y d ro p h o b ic ity  as sh o w n  by  th e  d ro p  te s t and , b u t it a lso  a llo w e d  som e 
w a te r  tra n sp o rt in sid e  its  y a rn  as sh o w n  by  W ilh e lm y  test. It c an  b e  seen  that 
a d m ic e lla r  trea ted  co tto n  is co a ted  w ith  a  v e ry  th in  film  o f  p o ly m er c o n firm e d  by 
A F M  im age.
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Table 1. Hydrophobicity of treated cotton by the drop test and Welhylmv
a). Effect of varying styrene:DBS ratio

Styrene: LAS 
Ratio

Drop test Welhylmy method
Initial force (mg) Absorption force 

(mg)
Average STD Average STD

2:1 Low 7.70 1.94 1.38 0.42
3:1 Low 6.44 0.81 1.26 0.22
4:1 Moderate 4.98 1.33 0.46 0.45
5:1 Hydrophobic 3.86 1.01 0.06 0.01
6:1 Hydrophobic 3.60 1.06 0.05 0.02
7:1 Hydrophobic 2.69 0.74 0.05 0.02

b). Effect of varying initiator:styrene ratio

Intiatorstyrene
Ratio

Drop test Welhylmy method
Initial Force (mg) Absorption force 

(mg)
Average STD Average STD

0.25:1 Low 7.47 1.77 1.18 0.59
0.33:1 Low 5.75 1.19 0.95 0.33
0.5:1 Moderate 4.61 1.24 0.51 0.36
1:1 Hydrophobic 3.63 0.88 0.06 0.02
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Fig 1, Admicellar polymerization process
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Fig 2. The drop test

Fig. 3 Wilhelmy microbalance technique
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Fig. 4 Drop test on fabrics of different 
hydrophobicity after 30 min dropped
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Fig 5. FTIR spectrum
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Fig. 6 AFM images sizing 1 (im of; 
(a) untreated cotton and 

(b) admicellar treated cotton
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Fig. 7 AFM image of high styrene coated on cotton 
sizing 5 jam (above) and 1 jam (below)
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Fig. 8 AFM image of commercial hydrophobic cotton coated 
by oil chemical sizing 5 pm (above) and 1 pm (below)
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