
C H A P T E R  VI
D O U B L E  C O A T IN G  V IA  R E P E A T  A D M IC E L L A R  P O L Y M E R IZ A T IO N  FO R  

P R E P A R A T IO N  O F  T W O -F U N C T IO N A L  C O T T O N  F A B R IC : U L T R A V IO L E T  
P R O T E C T IO N  A N D  W A T E R  R E P E L L E N C E

6.1 A b stract

T w o -fu n c tio n a l  c o t to n  fa b ric  w a s  p ro d u c e d  b y  d o u b le  c o a t in g  v ia  re p e a t 
a d m ic e l la r  p o ly m e r iz a t io n  u s in g  d o d e c y lb e n z e n e s u lfo n ic  a c id , s o d iu m  sa lt  (D B S A ) a s  
th e  s u r fa c ta n t . 2 -H y d ro x y -4 -a c ry !o y lo x y b e n z o p h e n o n e  (H A B ) w a s  firs t c o a te d  on  a 
c o t to n  fa b r ic  in o rd e r  to  im p ro v e  its  u ltra v io le t  p ro te c tio n  an d  th e n  
ทาe th a c ry lo x y m e th y l tr im e th y ls i la n e  (M S i)  w a s  c o a te d  to  c re a te  a h y d ro p h o b ic  su rfa c e . 
A d so rp tio n -  o f  D B S A - o n  th e  H A B -c o a te d  s u b s tra te  w a s  fo u n d  to  b e  le ss  th a n  on  th e  
u n tre a te d  s u r fa c e . T h e  p o ly m e r ic  c o a tin g  o n  th e  s u rfa c e  w a s  c h a ra c te r iz e d  by  S E M a n d  
F T IR  an d  fo u n d  th a t th e  d o u b le  c o a tin g  p ro c e s s  w a s  s u c c e s s fu l. T h e  tre a te d  fa b ric  w a s  
fo u n d  to  h a v e  v e ry  g o o d  U ltra v io le t  P ro te c t io n  F a c to r  (U P F ) to g e th e r  w ith  h ig h  w a te r  
r e p e lle n c y  a s  d e te rm in e d  by  th e  c o n ta c t a n g le  m e a s u re m e n t. T h e  o p tim u m  a m o u n t o f  
m o n o m e rs  w a s  fo u n d  to  b e  1.5 m M  H A B  a n d  10 m M  M S i.

K ey w ord s: A d m ic e l la r  p o ly m e r iz a t io n ;  C o t to n  fab ric ; U V  P ro te c t io n ;  W a te r  re p e lle n c y

6.2  In trod u ction

D e m a n d s  fo r  c o m fo r t  an d  h e a lth y  l ife s ty le s  m a k e  it d e s ir a b le  to  h a v e  te x t i le  
p ro d u c ts  w ith  m u lt ifu n c t io n a l i ty .  M o re o v e r , su ch  p ro d u c ts  can  a lso  be  th e  a n s w e rs  fo r 
s o m e  sp e c ia l a p p lic a t io n s  w ith  e n h a n c e d  c o m m e rc ia l  v a lu e . In c o rp o ra te d  p ro p e r t ie s  fo r 
te x t i le s  su c h  a s  d u ra b il i ty ,  s e lf -c le a n in g , f la m e  re ta rd a n c y , a n t im ic ro b ia l  an d  
th e rm o c h ro m ie  c h a ra c te r is t ic s ,  a ll h a v e  p o te n tia l  in d u s tr ia l  a p p lic a t io n s .  T h u s , th e re  h a s  
b e e n  an  in c re a s e  in th e  s tu d y  o f  m u lt ifu n c t io n a l  te x t i le s  su c h  as h y d ro p h ilic  o r  s u b s tra te -
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in d e p e n d e n t  d y e in g  a n d  a n tim ic ro b ia l  f a b r ic s ,1 w a te r - re p e lle n t  a n d  a n tib a c te r ia l  n y lo n  
fa b r ic s ,2 a n tim ic ro b ia l  a n d  b lo o d  re p e lle n t  c o t to n  an d  n o n w o v e n  fa b r ic s ,3 U V -re s is ta n t  
a n d  w a te r - re p e l le n t  f a b r ic s ,4 w a te r  a n d  o il- re p e lle n t  a n d  f la m e -re ta rd a n t  w o o l,5 a n d  o il-  
r e p e l le n t  an d  s h r in k - re s is ta n t  w o o l.6 In m a n y  c a se s  v a r io u s  m e th o d s  o f  f ib e r  s u rfa c e  
m o d if ic a t io n s  w e re  u se d  to  im p a rt th e  re q u ire d  p ro p e r t ie s  to  th e  fa b ric .

A d m ic e l la r  p o ly m e r iz a t io n  is a v e rs a t i le  m e th o d  fo r  fo rm in g  u ltra th in  p o ly m e ric  
f ilm  o n  a s u b s tra te  s u r f a c e .7'8 It c o n s is ts  o f  3 m a in  s te p s . F irs tly , an  a d m ic e l le .  a  
s u r fa c ta n t  b ila y e r , is fo rm e d  on  th e  s u b s tra te  s u rfa c e . S e c o n d ly , an  o rg a n ic  m o n o m e r  is 
a d d e d  in to  th e  sy s te m , a n d  d u e  to  its  h y d ro p h o b ic ity , it w ill  p re fe re n tia l ly  d if fu s e  in to  th e  
h y d ro p h o b ic  c o re  o f  th e  a d m ic e l le  in a p ro c e s s  c a lle d  a d s o lu b i liz a t io n . T h ird ly , 
p o ly m e r iz a t io n  o f  th e  m o n o m e r  in th e  a d m ic e lle  is in it ia te d  th ro u g h  th e  a d d it io n  o f  a 
s u ita b le  in it ia to r . A f te r  th e  c o m p le t io n  o f  th e  re a c tio n , w e a k ly  b o u n d  s u r fa c ta n t  is 
w a s h e d  a w a y , le a v in g  a  th in  p o ly m e r  film  c o a tin g  on  th e  su rfa c e . T h is  m e th o d  h a s  b een  
u se d  to  fo rm  a p o ly m e r  f ilm  o n  v a r io u s  s u b s tra te s  su ch  a s  a lu m in a ,9 c a lc iu m  c a r b o n a te .10 
g la s s  f ib e r ,"  m ic a 12 a n d  c e l lu lo s e .13 M o re  re c e n tly , th e  m e th o d  h a s  b e e n  u sed  o n  te x ti le  
m a te r ia ls  to  p ro d u c e  w a te r  r e p e lle n t  c o t to n ,14 lo w -re s is t iv i ty  f a b r ic 15 an d  h y d ro p h ilic  
p o ly e s te r  f a b r ic s ,16 a n tim ic ro b ia l  c o t to n ,17 U V -p ro te c tiv e  c o t to n .18 a n d  s e lf -e x t in g u is h in g  
c o t to n .19 C o m p a re d  to  p a d -d ry -c u re ,  th e  c o n v e n tio n a l  m e th o d  fo r  a p p ly in g  f in is h in g  
a g e n ts  to  fa b r ic s , a d m ic e l la r  p o ly m e r iz a t io n  o f fe rs  a n u m b e r  o f  a d v a n ta g e s . It is  s im p le  
w ith  lo w  e n e rg y  c o n s u m p tio n , w a te r -b a s e d  a n d  c a n  b e  c a rr ie d  o u t u s in g  th e  c o n v e n tio n a l  
e x h a u s t  d y e in g  m a c h in e s . In a d d it io n  a d m ic e l la r  p o ly m e r iz a t io n  h a s  b een  s h o w n  to  
p ro d u c e  u ltra th in  f ilm  in n a n o s c a le ,12 h e n c e  th e  fa b ric  a ls o  re ta in s  its  p lia b ili ty  a n d  so ft 
to u c h . M e th a c h a n  e t a l .20 s h o w e d  th a t  a d m ic e l la r - t r e a te d  fab ric  a lso  re ta in s  its g o o d  a ir  
p e rm e a b il i ty  in d ic a t in g  th a t th e re  w a s  n o  b lo c k in g  o f  th e  in te rs t ic e s  b e tw e e n  f ib e rs  an d  
y a m s  in th e  fa b ric  s tru c tu re . H o w e v e r , th e re  h as  b e e n  n o  re p o r t  on  p re p a r in g  a 
m u lt ifu n c t io n a l  te x ti le  u s in g  a d m ic e l la r  p o ly m e r iz a t io n . S in c e  th e  f ilm  fo rm e d  b y  th is  
te c h n iq u e  is v e ry  th in , it b e c o m e s  p o s s ib le  to  b e  d o u b le  c o a te d  a n d  c o m b in e d  
fu n c t io n a l ity  c a n  b e  a c h ie v e d .
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In th is  w o rk  a d m ic e l la r  p o ly m e r iz a t io n  w as  u se d  to  p ro d u c e  a b ifu n c tio n a l 
c o t to n  fa b ric  p o s s e s s in g  b o th  U V -p ro te c tiv e  a n d  w a te r - re p e l le n t  p ro p e r tie s . S u c h  fa b ric s  
w ill  b e  su ita b le  fo r  o u td o o r  u s a g e  w h e re  b o th  U V -p ro te c tio n  a n d  w a te r  re p e lle n c y  a re  
r e q u ire d  su c h  a s  c o v e r in g  m a te r ia ls  an d  p ro te c tiv e  c lo th in g . F o r  U V -p ro te c tiv e  
p ro p e r t ie s ,  a m o n o m e r  w ith  u v  a b s o rb e r  sh o w n  in F ig u re  6 .1 . 2 -F ly d ro x y -4 -  
a c ry lo y lo x y -b e n z o p h e n o n e  (H A B )  w a s  u sed  a s  it p ro v id e s  e x c e lle n t  U V -p ro te c tio n  as 
p re v io u s ly  r e p o r te d .21 F o r  w a te r - re p e l le n c y , m o s t  s tu d ie s  a re  b a se d  on  tre a t in g  te x ti le s  
w ith  f lu o r in a te d 22"24 a n d  s il ic o n  c o m p o u n d s .25' 27 A lth o u g h  f lu o ro c h e m ic a ls  h a v e  v e ry  
lo w  s u rfa c e  e n e rg y , th e y  h a v e  h ig h  c o s t a n d  p o se  p o te n t ia l  r is k  to  h u m a n s  and  th e  
e n v iro n m e n t.  In th is  s tu d y  a  s i l ic o n  c o m p o u n d , m e th a c ry lo x y m e th y lt r im e th y ls i la n e  
(M S i) ,  w a s  c h o se n  a s  th e  m o n o m e r  to  fo rm  a h y d ro p h o b ic  su r fa c e  s in c e  
te t ra m e th y ls i la n e , a  s im ila r  c o m p o u n d , w a s  s u c c e s s fu lly  u se d  fo r  h y d ro p h o b ic  c o a tin g .28 
T h e  d o u b le -c o a t in g  fa b r ic s  w e re  c h a ra c te r iz e d  u s in g  S E M  an d  F T IR  a n d  th e ir  U V - 
p ro te c tio n  p ro p e r ty  an d  w a te r - re p e l le n c y  w e re  d e te rm in e d .

6.3 E xp erim en ta l

6.3 .1  M a te r ia ls
A  p la in  w e a v e , m e d iu m - w e ig h t  (1 5 0  g /m 2) c o tto n  fab ric  w a s  p u rc h a se d  

fro m  B o o n c h a u y  C o . L td . (T h a i la n d )  T h e  fa b r ic  w a s  d e s iz e d , s c o u re d , a n d  b le a c h e d  a t 
th e  fa c to ry . P r io r  to  u se , th e  fa b r ic  w a s  w a s h e d  in a w a s h in g  m a c h in e  a t 9 5 ° c  sev e ra l 
t im e s  u n til it w a s  free  fro m  a n y  re m a in in g  su r fa c ta n t .

D o d e c y lb e n z e n e s u lfo n ic  a c id , so d iu m  sa lt  (D B S A )  an d  
a z o b is is o b u ty ro n it r i le  (A IB N )  (9 9 % )  w e re  p u rc h a s e d  fro m  A ld r ic h  C o m p a n y  (U S A ). 
M e th a c ry lo x y m e th y lt r im e th y ls i la n e  (M S i)  (> 9 5 % )  w a s  p u rc h a s e d  fro m  G e le s t  Inc ., 
(U S A ) . A m m o n iu m  p e r s u lf a te  (9 9 % )  w a s  p u rc h a s e d  fro m  A s ia  P a c if ic  S p e c ia lty  
C h e m ic a ls  L td  (A u s tra lia ) . D im e th y la c e ta m id e  (9 9 .5 % ) . e th a n o l (9 9 % ) an d  so d iu m  
c h lo r id e  (9 9 % ) w e re  p u rc h a s e d  fro m  L a b s c a n  C o m p a n y  (I re la n d ) . A ll c h e m ic a ls  w ere  
u se d  w ith o u t  fu r th e r  p u r if ic a tio n . 2 -H y d ro x y -4 -a c ry lo y lo x y b e n z o p h e n o n e  (T1AB) w a s
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s y n th e s iz e d  fro m  a c ry lo y lc h lo r id e  a n d  2 ,4 -d ih y d ro x y b e n z o p h e n o n e . D e ta i ls  o f  m a te r ia ls , 
s y n th e s is  m e th o d , an d  id e n tif ic a t io n  o f  th e  p ro d u c t  w e re  d e s c r ib e d  e ls e w h e re .21

6 .3 .2  A d s o rp tio n  iso th e rm
A d s o rp t io n  iso th e rm s  o f  th e  D B S A  on  u n tre a te d  a n d  H A B -tre a te d  c o tto n  

w e re  o b ta in e d  by  e x p o s in g  a 6.5 c m  X  6.5 cm  c o tto n  fa b r ic  to  35 m L  o f  D B S A  so lu tio n  
o f  k n o w n  in it ia l  c o n c e n tra t io n . T h e  p H  o f  th e  s o lu t io n  w a s  p re -a d ju s te d  to  4 an d  0.15 M  
N a C l w a s  a d d e d . T h e  s e a le d  v ia l w a s  th e n  p la c e d  in a w a te r  b a th  a t 30 ๐c  an d  sh a k e n  a t 
120 rp m  fo r  15 h. C o n c e n tra t io n s  o f  s u p e rn a ta n t  w e re  d e te rm in e d  by  S h im a d z u  u v  
s p e c tro p h o to m e te r  2550 a t 224 n m . T h e  a d s o rb e d  D B S A  o n  c o tto n  w a s  c a lc u la te d  by  
ta k in g  th e  d if fe re n c e  b e tw e e n  th e  in it ia l  an d  f in a l c o n c e n tra t io n s  o f  D B S A  in th e  v ia l. 
T h e  in itia l D B S A  c o n c e n tra t io n  in th is  e x p e r im e n t  w a s  v a r ie d  to  c o v e r  th e  re g io n s  b e lo w  
a n d  a b o v e  th e  C M C  o f  D B S A .

6 .3 .3  A d m ic e l la r  p o ly m e r iz a t io n
P o ly m e r iz a tio n  o f  H A B  o n  c o tto n  w a s  c a r r ie d  o u t a s  in p re v io u s  w o rk .21 

A 6.5 X  6.5 c m 2 c o tto n  fa b r ic  w a s  p la c e d  in a  4 0 -m L  v ia l c o n ta in in g  0.6 m M  D B S A  
s o lu t io n  W'ith 0 .1 5  M  N a C l a t p H  4 . H A B  o f  1.5 m M  w a s  a d d e d  in to  th e  s o lu t io n  to  
a llo w  s u r fa c ta n t  a d s o rp tio n  an d  m o n o m e r  a d s o lu b i l iz a t io n  to  o c c u r  s im u lta n e o u s ly  a t the  
te m p e ra tu re  o f  70°c fo r  6 h . D im e th y la c e ta m id e  w a s  u se d  a s  a s o lv e n t  fo r H A B  an d  th e  
v o lu m e  o f  th e  o rg a n ic  s o lv e n t  w a s  k e p t  a t 2.5 m L  in a to ta l  v o lu m e  o f  35 m L . T h e n  1 
m L  a q u e o u s  a m m o n iu m  p e rs u lf a te  s o lu t io n  w a s  in je c te d  to  g iv e  a n  in i t ia to r :m o n o m e r  
m o la r  ra tio  o f  1:2. A f te r  15 h o f  p o ly m e r iz a t io n , th e  fa b r ic  w a s  ta k e n  o u t fro m  th e  v ia l 
a n d  w a s h e d  w ith  70°c w a te r  fo r th re e  t im e s  to  re m o v e  th e  s u r fa c ta n t . T h e  fa b r ic  w as  
f in a lly  p la c e d  in an  o v e n  a t 60°c u n til  d ry .

P o ly m e r iz a tio n  o f  M S i o n  an  u n tre a te d  c o tto n  fa b r ic  an d  o n  th e  H A B  
tre a te d  c o tto n  w a s  c a r r ie d  o u t in a  v ia l  c o n ta in in g  a 6 .5  X  6 .5  c m 2 c o tto n  fa b ric  a n d  0 .6  
m M  D B S A  so lu tio n  w ith  0 .1 5  M  N a C l at p H  4 . M S i a n d  A IB N  in e th a n o l w ith  the  
d e s ire d  c o n c e n tra t io n s  w e re  a d d e d  in to  th e  a q u e o u s  s o lu t io n  a n d  th e  v o lu m e  o f  e th a n o l



106

was kept at 10%. An initiatonmonomer molar ratio was kept at 1:2. The sealed vial was 
then placed in a water bath at 30°c and shaken at 120 rpm for 24 h to allow surfactant 
adsorption and monomer adsoiubilization to occur simultaneously. The temperature was 
then raised to 70°c to initiate the polymerization reaction. After 15 h of polymerization, 
the fabric was taken out from the vial and washed with 70°c water for three times to 
remove the surfactant. The fabric was dried in an oven at 60°c.

6.3.4 Characterization of the polymer coating on cotton surface
Scanning electron microscopy (SEM) (JEOL, JSM 5200, 15 kv) was used 

to study surface morphology of the coated fabric. Fourier transform infrared attenuated 
total reflectance spectroscopy (FTIR-ATR) with a ZnSe plate was used to analyze the 
chemical groups present in the polymer coating. The spectrometer.used was Nexus 670 
spectrometer (Nicoiet) with 50 scans at a 4 cm"1 resolution in the wavenumber range of 
4000-650 cm"1.

6.3.5 Determination of the contact angle and UV-protective property of the 
treated fabric

The water contact angle of the treated surface was measured using a 
KRÜSS contact angle measurement instrument, DSA 10-Mk2. A water droplet with the 
volume of 10 pL was placed onto the tested surface and its contact angles were measured 
at 0 and 5 min. Five measurements were carried out on a sample at 5 different positions 
and the average value was reported.

The UV-protective property of the fabric was determined according to 
AATCC Test Method 183-2004.29 The u v  transmittance of the fabric was measured 
using a Shimadzu u v  spectrophotometer 2550 with integrating sphere attachment ISR- 
2200. The percent transmittance for wavelengths from 280 to 400 ททา was measured in 
intervals of 2 nm. Three measurements of the u v  transmittance were performed for each
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specimen, in warp, weft and 45° directions. The results are the mean values of the three 
measurements of each duplicate specimen.
6.4 R esu lts  and D iscu ssion

6.4.1 Surfactant adsorption
Adsorption of DBSA on untreated cotton and HAB-coated cotton were 

studied and compared. From the isotherm, the DBSA concentration of 0.6 mM which 
was just below the critical micelle concentration (CMC) of the surfactant solution was 
chosen for use in the admicellar polymerization process in order to avoid an emulsion 
polymerization. In Figure 6.2 the amount of DBSA adsorption at plateau region was 14.5 
pmol/g cotton. This compares to an equilibrium adsorption of DBSA on the untreated 
cotton of 20.7 pmol/g cotton under the same condition. With just one hydroxyl group per 
molecule, cotton fabric coated with poIy(FIAB) can be expected to be less hydrophilic 
than untreated cotton. Thus, the amount of the DBSA adsorption on the HAB-treated 
cotton was lower than the adsorption on the untreated cotton. Based on this result, the 
double coating process was proposed and shown schematically in Figure 6.3.

6.4.2 Characterization of polymer coating on cotton fabrics
The presence of poly(HAB) on the cotton surface after admicellar 

polymerization was confirmed by SEM and FTIR. SEM micrograph in Figure 6.4 (a) 
shows the clean surface of untreated cotton fiber. Figure 6.4 (b)-(f) show that the 
polymer was successfully coated on the fiber surface. The cotton surface treated by MSi 
of 5 mM and 10 mM were shown as Figure 6.4 (b) and (c) respectively. The film of 
poly(MSi) in Figure 6.4 (b) becomes smoother as the concentration of MSi increases in 
Figure 6.4 (c). The poly(HAB)-coated surface in Figure 6.4 (d) shows that the polymer 
was uniformly coated on the liber surface as well. The polymer on the surface appears as 
a rough film since it comes from many reaction sites at which polymerization initiated 
and spread over the substrate. The surface area of cotton was found to be 4 ทา*7g 
determined from BET with nitrogen.14 A thickness of polymer film was estimated
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assuming 100% conversion of MSi to polymer and a density of 1 g/cm3. Assuming that 
the film is evenly distributed over the surface and that all the surface area from BET is 
accessible, the thickness of poly(HAB) at the HAB amount of 1.5 mM was found to be
2.8 nm. The thickness of poly(MSi) at the MSi amounts of 5 and 10 mM was 5.9 and
11.8 nm, respectively. These thickness values agree with the previous work that a 
polymer film forming by admicellar polymerization is ultrathin in nanoscale.12 After the 
second coating by 5 mM MSi onto the poly(HAB)-coated surface, the surface 
morphology changes from the connected-nanoparticle like film to surface features larger 
in size, appearing smoother locally and more integrated (Figure 6.4 (e)). When the 
concentration of MSi increases, the scale of surface features increases further and some 
sites where the polymer grows well can be observed as shown in Figure 6.4 (f). This 
swelling of polymer on the surface may result from the monomer MSi absorbing into 
poly(MSi) as the reaction proceeds. พน found evidence for this in admicellar 
polymerization of styrene.8 The cotton fiber treated by 1.5 mM HAB/10 mM MSi does 
not show a very smooth surface as that of the fiber treated by 10 mM MSi only. This 
may be due to the fact that the second adsorption of DBSA on the HAB-treated cotton 
was not as uniform as the adsorption on the untreated cotton. Comparing Fig 4 (d) and
(e), it can be seen that there was a distinctive change in the surface morphology after 
MSi was coated onto the HAB-coated surface, indicating that poly(MSi) was 
successfully double coated.

Figure 6.5 (b) shows the FTIR spectrum of the HAB-treated cotton 
compared to the untreated cotton shown in Figure 6.5 (a). The bands at 2900 cm'1 and 
3300 cm'1 were assigned to C-H and O-H bonds which normally appear on cotton 
surface. The peak at 1760 cm'1 is due to c=0 stretching of phenolic ester group in HAB 
unit. The strong band at 1630 cm'1 is assigned to c= 0  of ketone groups. The band in the 
region of 1245 cm'1 is assigned to the C-0 stretching of a phenolic ester.30 For the MSi- 
treated cotton in Figure 6.5 (c), there is the strong band at 1725 cm’1 which is due to 
c= 0 stretching of aliphatic ester group in MSi unit. The bands at 850 cm 1 and 750 cm'1 
are assigned to Si-CH3 and Si-C bonds.31'32 The FTIR spectrum of the HAB/MSi treated
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cotton in Figure 6.5 (d) shows characteristic bands of both HAB and MSi. thus 
confirming that poly(MSi) has been successfully coated to the poly(HAB)-coated 
surface. The bands of MSi were found to have a higher intensity than that of HAB due to 
its presence at the outer surface.

6.4.3 u v  protection properties of the treated cotton fabrics
According to AATCC Test Method 183-2004,29 Ultraviolet Protection 

Factor (UPF) is defined as the ratio of the average effective u v  irradiance calculated for 
unprotected skin to the average effective u v  irradiance calculated for skin protected by 
the test fabric. UPF is calculated as follows:

400nm
X  E>s  ̂ xUPF — 280run_______  (6.1)

" Z V ' r ' A/l
where:

Ex = relative erythemal spectral effectiveness 
Sx = solar spectral irradiance (พ ทา'2ททา'1)
Tx = average spectral transmittance of fabric 
AX = wavelength interval for measurements (nm)
X = wavelength (nm)

Ex is the erythema action spectrum developed by International 
Commission on Illumination or C1E.33 It is a spectral dependence of the ability of u v  
radiation to produce erythema in human skin. Reference values of Ex and Sx at each 
wavelength are provided by AATCC Test Method 183-2004.

According to AS/NZS 4399: 1996.34 fabrics can be classified as having 
an excellent u v  protection with a UPF value of 40 and above. The effect of HAB 
concentration on the UV-protection properties of the admicellar-treated fabric was 
studied in previous work.21 It was found that cotton fabric treated with an HAB 
concentration higher than 1.2 mM gave excellent u v  protection. Thus in this work, an 
HAB concentration of 1.5 mM HAB was used to prepare the HAB-coated cotton.
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Figure 6.6 (a) shows the effect of MSi concentration on UPF of cotton 
fabrics. When MSi concentration increased, the UPF values of the treated fabrics 
remained almost unchanged with a UPF value of 4 as untreated cotton. This shows that 
UPF of the fabric is not affected by MSi as it does not absorb uv light. Similar result 
was found with double coating as shown in Figure 6.6 (b). The 1.5 mM HAB-treated 
fabric has an initial UPF value of 48. After the second coating with MSi, the UPF value 
of the double-coated fabric decreased to around 40 and remained more or less constant 
for all MSi concentrations. This decrease was attributed to the shielding effect of 
poly(MSi) on the outermost surface. Thus, even though the efficiency of uv absorption 
in the double-coated fabric was slightly reduced, the treated fabric still provides 
excellent uv protection.

6.4.4 Hydrophobicity of the treated cotton fabrics
The hydrophobicity of the cotton fabrics was determined by measurement 

of water contact angle with the sessile drop method. Contact angles of the cotton fabrics 
treated by different MSi concentrations appear in Figure 6.7. A water droplet disappears 
immediately on untreated cotton due to the hydrophilicity of its hydroxyl groups. For 
MSi-treated cotton, the contact angles at 0 min were all higher than 90°, ranging from 
96.7° to 113° which increased with increasing in MSi concentration. There was only a 
slight decrease in the contact angle after 5 min except from the sample treated with 2 
mM MSi where the droplet disappeared at 5 min. The change in the contact angles with 
time was shown more clearly in Figure 6.8. At 2 mM MSi, the contact angle decreased 
rapidly to zero within .2 min. At higher MSi concentrations, the contact angles decreased 
only slightly with time. The water droplet remained more than 30 min on the fabric 
treated by 10 mM MSi.

Figure 6.9 shows the contact angles of HAB/MSi treated fabric. For the
1.5 mM HAB-treated cotton, the initial contact angle was 83.3° but it decreased rapidly 
to zero within 10 ร. This is due to the interaction ท between hydroxyl groups of HAB and
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water. When the 1.5 mM HAB-treated cotton was double-coated by MSi, the initial 
contact angle increased to 104.4° with the use of 2 mM MSi and it rose with increasing 
in MSi concentration to give the highest observed contact angle of 120° for 10 mM MSi. 
This is slightly higher than the contact angle of 113° achieved with fabric coated only 
with MSi at the same MSi concentration. Figure 6.10 shows the change in the contact 
angle with time up to 5 min. It can be seen that there was much improvement in the 
fabric treated with 2 mM MSi where the water droplet could stay much longer with a 
contact angle of 92.8° at 5 min. For higher MSi concentrations, the decrease in the 
contact angle with time was more gradual.

When the surface energy is lowered, the hydrophobicity is enhanced. 
Reported values for water contact angles on polypropylene, poly(dimethylsiloxane), and 
polÿ(tetrafluoroethylene) are 96°, 102° and 117°.35 However, for wettability surface 
roughness is the other dominant factor. The effect of surface roughness on wettability 
has been explained by Wenzel’s equation.36

cosdH =rcos0y (6.2)

where 9w is the apparent contact angle on a rough surface, 9y is the ideal contact angle 
on a smooth surface and r is the roughness factor. This equation indicates that the 
contact angle will increase with increasing roughness of a hydrophobic surface. For this 
reason, researchers nowadays attempt to introduce roughness to the substrate surface as 
nanotexture by various methods such as plasma treatment,28 using fumed silica25 and 
assembly of carbon nanotubes.37 In this work, it can be seen that the contact angle of 
HAB/MSi-treated fabrics are higher than MSi-treated fabrics for all MSi concentrations. 
It may be implied that the HAB coating introduces nanotexture or roughness to the 
cotton surface. As can be seen from SEM results, the poly(HAB) film appears as a rough 
film on the cotton surface while the poly(MSi) film is smoother. For this reason, the 
highest contact angle was improved from the value of 1 13° for the MSi-treated fabric to 
the value of 120° for the HAB/MSi-treated fabric. The highest contact angle obtained in
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this work is close to the contact angle of cotton fabric obtained by hybrid 
hexadecyltrimethoxysilane-fumed silica coating which was 114-121.60.25

6.5 Conclusions

HAB polymerization alone does not instill water repellency and MSi 
polymerization alone fails to provide u v  protection. Bifunctional UV-protective and 
hydrophobic cotton was achieved by double coating via admicellar polymerization of 
HAB and MSi. The adsorption of a surfactant on a coated surface was found to be less 
than the adsorption on the untreated cotton. SEM and FT1R results confirmed that the 
polymer films were coated on the surface. The doubly coated fabric provides an 
excellent u v  protection with a UPF value of around 40 and it has very good water 
repellency with the highest contact angle of 120°.
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Figure 6.1 Structure of (a) 2-hydroxy-4-acryloyloxybenzophenone (HAB) and (b) 
Methacryloxymethyltrimethylsilane.
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Figure 6.2 Adsorption isotherms of DBSA on cotton untreated and treated by l .5 mM
HAB in the presence of 0.15 M NaCl at 30 °c.
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Figure 6.3 Schematic of the proposed double coating process: 1) admicellar 
polymerization of the first monomer (Ml) on a substrate surface; 2) admicellar 
polymerization of the second monomer (M2) on the Ml-coated surface.
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Figure 6.4 SEM micrographs of (a) untreated cotton, and treated-cotton fabrics by using 
(b) 5 mM MSi, (c) 10 mM MSi, (d) 1.5 mM HAB, (e) 1.5 mM HAB/5 mM MSi and (f) 
1.5 mMHAB/lOmM MSi.
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Figure 6.5 The FTIR-ATR spectra of (a) untreated cotton, and treated cotton by using 
(b) 1.5 ๓M HAB, (c) 10 mM MSi and (d) 1.5 mM HAB/10 ทาM MSi.
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Figure 6.6 UPF of (a) MSi treated cotton fabrics and (b) 1.5 mM HAB/MSi treated 
fabrics using 0.6 mM DBSA and 0.15 M NaCI.



122

0 2 4 6 8 10 12
MSi concentration (เทM)

Figure 6.7 Dependence of contact angle on MSi concentration of the MSi-treated cotton
fabrics using 0.6 ทาM DBSA and 0.15 M NaCl.
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Figure 6.8 Change of contact angles with time of the MSi-treated cotton fabrics using
0.6 mM DBSA, 0.15 M NaCl and different MSi concentrations.
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Figure 6.9 Dependence of contact angle on MSi concentration of the HAB/MSi-treated 
cotton fabrics using 1.5 mM HAB, 0.6 mM DBSA and 0.15 M NaCl.
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Figure 6.10 Change of contact angles with time of the HAB/MSi-treated cotton fabrics
using 1.5 mM HAB, 0.6 mM DBSA, 0.15 M NaCl and different MSi concentrations.
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