
C H A P T E R  III 
E X P E R IM E N T A L

3.1 M a ter ia ls

A plain weave, medium-weight (150 g/m2), cotton fabric was purchased 
from Boonchauy Co. Ltd. The fabric was desized, scoured, and bleached at the 
factory. Prior to use, the fabric was washed in a washing machine at 95°c several 
times until it was free from any remaining surfactant.

Dodecylbenzenesulfonic acid, sodium salt (DBSA), vinyltriethoxysilane 
(VTES) (97%), 2-[3-(2H-benzotriazol-2-yl)-4-hydroxyphenyl]ethyl methacrylate 
(BEM). acetic acid (99.7%) and azobisisobutyronitrile (AIBN) (99%) were 
purchased from Aldrich Company (USA). Acryloyl chloride (96%), 2;4- 
dihydroxybenzophenone (99%) and hydroquinone (99%) were purchased from 
Merck Company (Germany). Triethylamine (99.78%) was purchased from Fisher 
Science (UK). Ammonium persulfate (99%) was purchased from Asia Pacific 
Specialty Chemicals Ltd (Australia). Methacryloxymethyltrimethylsilane (MSi) 
(>95%) was purchased from Gelest Inc., (USA). Ethanol (99.8%), 
dimethylacetamide (99.5%), methyl ethyl ketone (99.5%), HPLC-grade acetonitrile 
(99.9%), dichloromethane (99.8%) and sodium chloride (99%) were purchased from 
Labscan Company (Ireland). All chemicals were used without further purification.

3 .2  E q u ip m en t

UV-visible spectrophotometer 2550 (Shimadzu) with integrating sphere 
attachment ISR-2200 was used to measure the percent transmittance for wavelengths 
from 200 to 400 nm in intervals of 2 nm.

Nuclear Magnetic Resonance Spectrometer (NMR) spectra W’ere collected 
from a Mercury NMR spectrometer (Bruker) with a proton frequency at 400 MHz. 
Deuterated chloroform was used as a solvent.
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Fourier Transform Infared Spectrometer (FTIR) spectra were obtained from 
a Nexus 670 spectrometer (Nicolet) with 32 scans at a resolution of 4 cm'1 and a 
frequency range of 4000-400 cm'1.

Scanning Electron Microscope (SEM), model JSM 2590 (JEOL) was used 
to study surface morphology of the cotton fabric.

Contact angle was measured by DSA10 contact angle measuring instrument, 
model DSA10-MK2 TIC (KRUSS. Germany)

High Performance Liquid Chrmotography (HPLC) was carried out using 
Perkins Elmer series 200, equipped with a Cg column 15.0 cm X 4.6 mm 
(Supelco) using a solution of acetonitrile:water of 60:40 ratio by volume as a 
mobile phase and a u v  detector (759 A-Applied Biosystem) operating at 224 
nm.

3 .3  M eth o d o lo g y

3.3.1 Synthesis of 2-hvdroxv-4-acryloyloxybenzophenone (HAB)

methyl ethyl ketone (MEK. 75 mL), and hydroquinone (1 g) were placed in a round- 
bottom flask and the contents were cooled in an ice bath. Acryloyl chloride (15 mmol 
in 10 mL of MEK) was added dropwise with constant stirring and cooling. The 
reaction mixture was allowed to reach room temperature and was maintained at this 
point for 2 h. The by-product, quaternary ammonium salt, was filtered off. The 
filtrate was thoroughly washed with distilled water, dried with anhydrous sodium 
sulfate, and the solvent was evaporated out. The crude product was recrystallized 
from ethanol. The reaction scheme is shown in Figure 3.1.

2,4-dihydroxy-benzophenone (15 mmol), triethylamine (15 mmol),

F ig u re  3.1 Synthesis of 2-hydroxy-4-acryloyloxybenzophenone (HAB).
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3.3.2 Determination of DBSA adsorption on cotton
A solution of DBSA of the desired DBSA and salt concentrations was 

first prepared. The pH of the solution was adjusted to 4 with HC1 solution. A 35-mL 
aliquot of the solution was then pipetted into a 40-mL vial containing a 6.5 cm X 6.5 
cm cotton fabric weighing 0.73 g. The sealed vial was then placed in a thermostatted 
water bath at the desired temperature and shaken at 120 rpm for a fixed time. The 
adsorbed DBSA on cotton was calculated by taking the difference between the initial 
and final concentration of DBSA in the vial. The concentration of DBSA in solution 
was determined by Shimadzu u v  spectrophotometer 2550. The wavelength of 
maximum absorption for aqueous solution of DBSA was found at 224 nm with a 
molar extinction coefficient of 1.1 X 104 L mol'1 cm'1 obtained from the calibration 
curve.

3.3.3 Determination of the adsorption isothenn
The adsorption isotherms of the DBSA on cotton were obtained by 

exposing a 6.5 cm X 6.5 cm' cotton fabric to 35 mL of DBSA solution of known 
initial concentration. The mixture was equilibrated at 30°c for 15 h or 70°c for 1 h in 
a sealed 40-mL vial. The pH of the solution was pre-adjusted to 4 and 0.15 M NaCl 
was added. The concentration of the supernatant was determined by u v  
spectrophotometer at 224 nm. The initial DBSA concentration in this experiment was 
varied from 0.05 to 10.00 raM, which covered the regions below and above the CMC 
of DBSA. In the case where the isotherm was obtained in the presence of HAB, 2.5 
mL of HAB in dimethylacetamide was pipetted into a vial containing 31.5 mL of 
DBSA solution and a piece of cotton fabric, the final concentration of HAB is 0.6 
mM. Then the vial was sealed, and the system was allowed to equilibrate. Since 
HAB also absorbs u v  radiation strongly, the initial and final concentrations of 
DBSA and HAB were determined by HPLC using a Cs column and a u v  detector. 
The mobile phase was acetonitrile:water of 60:40 ratio by volume. The How rate of 
the mobile phase was 1.5 mL/min. The retention times of DBSA and HAB were 1.0 
and 3.6 min respectively and the wavelength for u v  detection was set at 224 nm.
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Adsorption isotherms of the DBSA on HAB-treated cotton were 
obtained by exposing a 6.5 cm X  6.5 cm cotton fabric treated by 1.5 mM HAB to 35 
mL of DBSA solution of known initial concentration. The pH of the solution was 
pre-adjusted to 4 and 0.15 M NaCl was added. The sealed vial was then placed in a 
thermostatted water bath at 30 °c and shaken at 120 rpm for 15 h. Concentrations of 
supernatant were determined by Shimadzu uv spectrophotometer 2550 at 224 run. 
The adsorbed DBSA on cotton was calculated by taking the difference between the 
initial and final concentrations of DBSA in the vial. The initial DBSA concentration 
in this experiment was varied to cover the regions below and above the CMC of 
DBSA.

3.3.4 Determination of the amount of HAB adsolubilized in admicelle
■1 Experiments were carried out using 2.5 mL of 8.4 mM HAB in 

dimethylaçetamide, 25 mL of 0.84 mM DBSA and 6.5 mL of 0.81 mM NaCl 
solution, to give the final concentrations of HAB and DBSA of 0.6 mM and NaCl of 
0.15 M, in a 40-mL vial containing a 6.5 cm X 6.5 cm cotton fabric at pH 4 and at 
7 0 ° c  for a set’time. For equilibrium adsolubilization, the set time was 6 h. The initial 
and final concentrations of DBSA and HAB were determined by HPLC using the 
same procedure as described above.

3.3.5 Adsolubilization of comonomer system
For adsolubilization, experiments were carried out with initial 

concentrations of 0.25 mM BEM and/or 0.25 mM HAB, 0.6 mM DBSA and 0.15 M 
NaCl. Dimethylaçetamide was used as the solvent for BEM and HAB, and the 
volume of the organic solvent was kept at 2.5 mL in a total volume of 35 mL. The 
solution was put in a 40-mL vial containing a 6.5 cm X  6.5 cm cotton fabric at pH 4. 
The vial was sealed by aluminium foil and parafilm. and put in a water shaker bath 
shaking at 120 rpm at 7 0 ° c  for a set time, varying from 0.25-5 h. The initial and final 
concentrations of BEM and F1AB were determined by u v  spectroscopy at 300 and 
280 11๓ respectively.
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3.3.6 Determination of % conversion and copolymer compositions
To study % conversion of BEM and HAB in the comonomer system, 

experiments were carried out using BEM and ElAB with the same concentration of 
E 5  mM each, 0.6 mM of DBSA, and 0 .1 5  M NaCl in a 40-mL vial containing a 6.5 
cm X  6.5 cm cotton fabric at pH 4. To allow the adsorption and adsolubilization to 
occur simultaneously, the solution was kept at 7 0 ° c  for 6 h. Then 1 mL aqueous 
ammonium persulfate solution was injected to give a final initiator concentration of 
0 .7 5  mM. After a set time, the reaction was stopped by cooling in an ice bath. The 
fabric was removed and unreacted monomers were washed out using 
dimethylacetamide, since the polymer did not dissolve in dimethylacetamide. Then 
the extracted solution was mixed with the reaction mixture and diluted in 
dimethylacetamide to 100 mL. The % conversion was determined from the initial 
and final concentrations of monomers by u v  spectroscopy at 280 and 300 nm which 
are the wavelengths of high absorbance, with least interference from the other 
component, for HAB and BEM, respectively. According to Beer-Lambert’s law, for 
the 2-component mixture of HAB and BEM, the absorbance of the mixture is given 
by:

£ bEM, 280 b e  BEM + £ hAB, 280 bCHAB (3.1)

£ b e m , 300 b e  BEM + £HAB, 300 bCHAB (3.2)

where À 280 and A 300 are the absorbance of the mixture at 280 and 300 nm 
respectively, £•11 y  is the absorption coefficient of component X at wavelength y  nm, b  

is the path length and C b e m  and C h ab are the concentrations of BEM and HAB 
respectively. From the initial and final concentrations determined by the above 
equations, the % conversion was calculated using the following equation:

%  c o n v e r s i o n  =  {(cin itia l - Cfmai)/c in itia l)  X  1 0 0  (3.3)

To study the copolymerization of BEM and HAB, experiments were 
carried out using BEM and HAB with a combined total concentration of 3.0 mM. 0.6 
mM of DBSA, and 0.15 M NaCl in a 40-mL vial containing a 6.5 cm X  6.5 cm cotton
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fabric at pH 4. Dimethylacetamide was used as the solvent for BEM and HAB and 
the volume of the organic solvent was kept at 2.5 mL in a total volume of 35 mL. 
The mole fraction of BEM in the comonomer feed was varied to be 0, 0.15, 0.30, 
0.45, 0.60, 0.75 and 1.0 in order to determine the monomer reactivity ratios. The 
solution was kept at 7 0 ° c  for 6 h, to allow adsorption and adsolubilization to occur 
simultaneously. Then 1 mL ammonium persulfate solution was injected to initiate the 
polymerization at a final concentration of 1.5 mM. In order to obey the copolymer 
equation (2.11), the conversions were restricted to less than 10%. From the 
conversion experiment, a polymerization time of 2 h was set. After the set time, the 
reaction was stopped by cooling in an ice bath. The fabric was then taken out and 
washed by deionized water and dried in an oven.

Copolymer composition was determined by extraction of the 
copolymer from the fabric by dichloromethane. The extraction was carried out at 
3 0 ° c  for 24 h. The copolymer composition was determined by FTIR. The 
spectrometer used was Nexus 670 spectrometer (Nicolet) with 32 scans at a 4 cm"1 
resolution in the frequency range of 4000 -  400 cm"1. The copolymer composition 
was determined from the peak ratios at 1730 and 1760 cm"1 by curve fitting using 
OPUS spectroscopic software version 2.0 from Bruker. The polymer mixtures of 
poly(BEM) and poly(HAB) with different mole fractions were used to prepare the 
calibration curve of mole fraction and the FTIR-absorbance ratio.

3.3.7 Admicellar polymerization of HAB
Polymerization of HAB on cotton was carried out in 31.5 mL of 0.6 

mM DBSA solution with 0.15 M NaCl in a 40-mL vial containing a 6.5 cm X 6.5 cm 
cotton fabric at pH 4 and at the temperature of 7 0 ° c .  Before the start of the 
experiment, 2.5 mL of HAB in dimethylacetamide with the desired concentration 
was added to allow the adsorption and the adsolubilization to occur simultaneously. 
The HAB concentration in the system was varied from 0.6 to 5.0 mM. The set time 
was 6 h for equilibrium adsorption and adsolubilization. Then 1 mL of the 
ammonium persulfate solution was injected to initiate the polymerization to give a 
initiator:monomer molar ratio of 1:2. After 15 h of polymerization, the fabric was
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taken out from the vial and washed with 70°c water for three times to remove the 
outer-layer DBSA. The fabric was finally placed in an oven at 6 0 ° c  until dry.

3.3.8 Admicellar polymerization of HAB-BEM copolymer
Polymerization of BEM and/or HAB on cotton was carried out in 0.6

mM DBSA solution with 0.15 M NaCl in a 40-mL vial containing a 6.5 cm X  6.5 cm 
cotton fabric at pH 4 and at the temperature of 70°c. Dimethylacetamide was used as 
a solvent for BEM and HAB and the volume of the organic solvent was kept at 2.5 
mL in a total volume of 35 mL. Before the start of the experiment, monomer(s) with 
the desired concentration was (were) added into the aqueous solution to allow 
surfactant adsorption and monomer adsolubilization to occur simultaneously for 6 h. 
The BEM and HAB concentrations in the system were varied from 0.5 to 3.0 mM. 
Copolymerization of BEM and HAB was carried out using BEM and HAB with a 
total concentration of 3.0 mM by varying monomer concentration in the comonomer 
feed to be 0, 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mM. Then 1 mL aqueous ammonium 
persulfate solution was injected to give an initiatonmonomer molar ratio of 1:2. After 
15 h of polymerization, the fabric was taken out from the vial and washed with 7 0 ° c  
water for three times to remove the surfactant. The fabric was finally placed in an 
oven at 60°c until dry.

3.3.9 Admicellar polymerization of MSi
Polymerization of MSi on an untreated cotton fabric and the HAB 

treated cotton was carried out in a vial containing a 6.5 cm X 6.5 cm cotton fabric and 
0.6 mM DBSA solution with 0.15 M NaCl at pH 4. MSi and AIBN in ethanol with 
the desired concentrations were added into the aqueous solution and the volume of 
ethanol was kept to be 10%. An initiatormonomer 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 adsolubilization 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 upper-layer surfactant. The treated fabric was 
finally dried in an oven at 60°c.
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3 .3 .1 0  C h a r a c te r iz a t io n  o f  p o ly m e r  o n  c o t to n  s u r fa c e
S c a n n in g  e le c t r o n  m ic r o s c o p y  (S E M ) ( J E O L , J S M  5 2 0 0 , 15 k v )  w a s  

u s e d  to  s tu d y  s u r f a c e  m o r p h o lo g y  o f  th e  c o a te d  fa b r ic . F o u r ie r  t r a n s fo rm  in f ra re d  
a t te n u a te d  r e f le c t io n  s p e c t r o s c o p y  ( F T I R -A T R )  w ith  a Z n S e  p la te  w a s  u s e d  to  
a n a ly z e  th e  c h e m ic a l  g r o u p s  p r e s e n t  in  th e  p o ly m e r  c o a t in g  o n  th e  c o t to n  su rfa c e . 
T h e  s p e c t r o m e te r  u s e d  w a s  N e x u s  6 7 0  s p e c t ro m e te r  ( N ic o le t)  w i th  3 2  s c a n s  a t a 4 
c m '1 r e s o lu t io n  in  th e  f r e q u e n c y  r a n g e  o f  4 0 0 0  -  4 0 0  c m '1.

T h e  a m o u n t  o f  p o ly ( H A B )  c o a te d  o n  th e  fa b r ic  w a s  d e te rm in e d  b y  
e x t r a c t io n  w ith  M E K . T h e  e x t r a c t io n  w a s  c a r r ie d  o u t  u s in g  2 0  m L  o f  M E K  in  a  v ia l 
c o n ta in in g  a  6.5 c m  X  3.25 c m  c o t to n  fa b r ic  a t  30°c fo r  2 4  h . T h e  c o n c e n t r a t io n  o f  
p o ly ( H A B )  in  s o lu t io n  w a s  d e te r m in e d  b y  uv s p e c t r o p h o to m e te r  a t 340 n m .

F o r  c o p o ly m e r ,  th e  a m o u n t  o f  p o ly m e r  c o a te d  o n  th e  fa b r ic  w a s  
d e te r m in e d  b y  e x t r a c t io n  u s in g  d ic h lo r o m e th a n e .  T h e  e x t r a c t io n  w a s  c a r r ie d  o u t  a t 
30°c f o r  2 4  h . T h e  a m o u n ts  .o f  p o ly ( B E M )  a n d  p o ly ( H A B )  o r  t h e i r  u n i t s  in  th e  
c o p o ly m e r  w e re  d e te r m in e d  b y  uv s p e c t r o p h o to m e te r  a t  300 a n d  2 7 0  n m  
re s p e c t iv e ly .

T h e  f i lm  th ic k n e s s  w a s  d e te rm in e d  fro m  th e  a m o u n t  o f  p o ly m e r  e x tra c te d . 
T h e  s u r f a c e  a re a  o f  c o t to n  a s  d e te r m in e d  fro m  B E T  w ith  n i t ro g e n  w a s  fo u n d  to  b e  4 
m 2/g  (P o n g p r a y o o n  e t  al ,  2 0 0 2 ) .  It is  a s s u m e d  th a t  th e  f i lm  is e v e n ly  d is t r ib u te d  o v e r  
th e  s u r f a c e  a n d  th a t  a ll  th e  s u r f a c e  a r e a  f ro m  B E T  is  a c c e s s ib le .  T h e  b u lk  d e n s i ty  o f  
th e  th in ly  s p re a d  p o ly m e r  is  a s s u m e d  to  b e  1 .0  g /c m 3. W ith  th e se  a s s u m p t io n s ,  th e  
f i lm  th ic k n e s s  w a s  c a lc u la te d  u s in g  th e  f o l lo w in g  e q u a t io n :

T h ic k n e s s  = _________________ a m o u n t  o f  p o ly m e r  (g /g  c o t to n )  ___________  ( 3 4 )
p o ly m e r  d e n s i ty  ( g / c m 3 ) X s u r fa c e  a re a  o f  c o t to n  ( m 2 /g  c o t to n )

3 .3 .1 1  M o d i f ic a t io n  o f  c o t to n  fa b r ic  b v  V T E S -B E M
V T E S  w a s  h y d r o ly z e d  in  a q u e o u s  s o lu t io n  in  th e  c o n c e n t r a t io n  ra n g e  

o f  1 -  15 % v o l. T h e  p H  o f  th e  s i la n e  a q u e o u s  s o lu t io n  w a s  a d ju s te d  to  4  b y  u s in g  
a c e tic  a c id . T h e  h y d r o ly z a t io n  w a s  c a r r ie d  o u t  a t  ro o m  te m p e r a tu r e  fo r  2  h . A l te r  th e  
V T E S  w a s  c o m p le te ly  h y d r o ly z e d ,  th e  s o lu t io n  b e c a m e  h o m o g e n e o u s .  A  6 .5  c m  X

6 .5  c m  p ie c e  o f  c o t to n  fa b r ic  w e ig h in g  0 .7 3  g w a s  s o a k e d  in  th e  s ila n e  s o lu t io n  a t th e
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r e q u i r e d  c o n c e n t r a t io n  f o r  2 4  h  a t  ro o m  te m p e ra tu re .  T h e  ra t io  o f  th e  fa b r ic  to  

s o lu t io n  w a s  1 :2 0 . T h e  fa b r ic s  o b ta in e d  w e re  d r ie d  in  a n  o v e n  fo r  5 h  a t  1 2 0 ° c  in  
o r d e r  to  a l lo w  c o n d e n s a t io n  o f  th e  a d s o rb e d  s i la n e  to  o c c u r .

P o ly m e r iz a t io n  o f  B E M  o n  c o t to n  w a s  c a r r ie d  o u t  in  a 4 0 -m L  v ia l 
c o n ta in in g  a  6 .5  c m  X  6 .5  c m  p ie c e  o f  u n tr e a te d  o r  V T E S - t r e a te d  c o t to n  fa b r ic ,  B E M  
w i th  th e  c o n c e n t r a t io n  v a r ie d  f ro m  1 .0  to  1 0 .0  m M , a n d  a m m o n iu m  p e r s u lf a te ,  a t th e  
t e m p e r a tu r e  o f  7 0 ° c .  A m m o n iu m  p e r s u lf a te  w a s  u s e d  to  in i t ia te  th e  p o ly m e r iz a t io n  
a t  th e  i n i t i a to n m o n o m e r  m o la r  ra t io  o f  1 :2 . B E M  a n d  a m m o n iu m  p e r s u lf a te  w e re  
d is s o lv e d  in  a  m ix tu r e  o f  w a te r  a n d  D M A C . In  a  to ta l  v o lu m e  o f  35  m L , th e  a m o u n t  
o f  D M A C  w a s  v a r ie d  f ro m  5 to  3 0  m L  in  o r d e r  to  s tu d y  its  e f fe c t  o n  th e  c o a te d  film . 
A f t e 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  f ro m  th e  v ia l  a n d  p la c e d  in  an  
o v e n  a t  9 0 ° c  u n ti l  d ry . A f te r  th a t  it w a s  w a s h e d  w ith  w a te r  a n d  d r ie d  o n c e  a g a in .

' 3 .3 .1 2 - W a s h in g  f a s tn e s s  te s t
T h e  d u r a b i l i ty  o f  th e  U V - p r o te c t io n  p r o p e r ty  o f  th e  t r e a te d  fa b r ic  w a s  

d e te r m in e d  b y  th e  w a s h in g  f a s tn e s s  te s ts .  T h e  w a s h in g  w a s  c a r r ie d  o u t  in  w a te r  in  th e  
d y e in g  m a c h in e  D A E L I M  D L - 6 0 0 0  a t  3 0  ๐c  w ith  th e  s p e e d  o f  3 0  rp m  a n d  3 0  
m in / t im e .  T h e  fa b r ic  to  w a te r  r a t io  w a s  1 :1 0 0 .

3 .3 .1 3  D e te r m in a t io n  o f  U V - p r o te c t io n  p ro p e r t ie s  o f  fa b r ic
T h e  tw o  m a jo r  s te p s  in  d e te r m in a t io n  o f  uv p r o te c t io n  a re  

t r a n s m i t ta n c e  m e a s u r e m e n ts  a n d  c a lc u la t io n s  b a s e d  o n  th e  t r a n s m i t ta n c e  d a ta  
c o l le c te d .  In  th is  s tu d y ,  th e  p e rc e n ta g e  t r a n s m i t ta n c e  o f  th e  c o t to n  fa b r ic  w a s  
m e a s u r e d  a c c o r d in g  to  th e  AATCC T e s t  M e th o d  1 8 3 -2 0 0 4  u s in g  S h im a d z u  uv 
s p e c t r o p h o to m e te r  2 5 5 0  w ith  in te g ra t in g  s p h e r e  a t ta c h m e n t  IS R -2 2 0 0 .  T h e  p e rc e n t  
t r a n s m i t ta n c e  fo r  w a v e le n g th s  f ro m  2 8 0  to  4 0 0  n m  w a s  m e a s u r e d  in  in te r v a ls  o f  2 
n m . T h re e  m e a s u r e m e n ts  o f  th e  uv t r a n s m i t ta n c e  w e re  p e r fo rm e d  fo r  e a c h  
s p e c im e n , o n  w a rp , w e f t ,  a n d  4 5 °  d ia g o n a l  d i r e c t io n s .  T h e  r e s u l ts  a re  th e  m e a n  
v a lu e s  o b ta in e d  f ro m  tw o  s p e c im e n s  w ith  th r e e  m e a s u r e m e n ts  fo r  e a c h  s p e c im e n . 
T h e  d a ta  a re  th e n  u s e d  to  c a lc u la te  th e  % u v  b lo c k in g  a n d  th e  u l t r a v io le t  p ro te c t io n  
f a c to r  (U P F ) .
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3 .3 .1 4  W a te r  c o n ta c t  a n g le  m e a s u r e m e n t
T h e  w a te r  c o n ta c t  a n g le s  o f  th e  t r e a te d  s u r f a c e  w e re  m e a s u r e d  u s in g  a 

K R Ü S S  c o n ta c t  a n g le  m e a s u r e m e n t  in s t ru m e n t ,  D S A  1 0 -M k 2 . A  w a te r  d r o p le t  w i th  
th e  v o lu m e  o f  10 p L  w a s  p la c e d  o n to  th e  te s te d  s u r fa c e . T h e  c o n ta c t  a n g le s  o f  th e  
d r o p le t  w e re  m e a s u r e d  a t  15 a n d  2 5  ร fo r  V T E S - t r e a te d  fa b r ic  a n d  a t  0  a n d  5 m in  fo r  
M S i /H A B - tr e a te d  fa b r ic .  F iv e  m e a s u r e m e n ts  w e re  c a r r ie d  o u t  o n  a  s a m p le  a t  5 
d if f e r e n t  p o s i t io n s  a n d  th e  a v e ra g e  v a lu e  w a s  re p o r te d .
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