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Highly Porous Material from Poly(S/DVB)polyHIPE Modified by Layer-by- 
Layer Surface Modification for CO2 gas Adsorption

4.1 Abstract

A new type of absorbent for CO2 adsorption was synthesized via emulsion 
polymerization. The polymer obtained from divinylbezene (DVB) and styrene (ร) at 
ratio of 0:100, 80:20, 20:80. PolyHIPE were prepared using Span 80: CTAB: 
DDBSS (6.3 wt%: 0.3 wt%: 0.4 wt%) as surfactants. Poly(diallyldimetyl-ammonium 
chloride) (PDADMAC) and Polystyrenesulfonate (PSS) and Polyethyleneimine 
(PEI) was used to modify the surface using the layer-by-layer technique to improve 
polyHIPE for CO2 adsorption; the modified polyHIPE were characterized for phase 
morphology, surface area, thermal behavior, mechanical properties, and CO2 

adsorption by using SEM, N2 adsorption-desorption, TG-DTA, LLOYD universal 
testing machine, and CO2 adsorption, respectively. Phase morphology of 
poly(S/DVB) exhibited high amounts of DVB showed small pore size and high 
surface area in N2 adsorption-desorption testing. The mechanical property, Young’s 
modulus, was increased with increasing amounts of DVB. The sample displayed a 
mass loss of about 50% and decomposition of the material above 3 0 0 ° c .  CO2 

adsorption was 0.000205 mmol/g which high amounts of DVB in monomer 
ratio.CO2 adsorption is poor due to the morphology change after modified the surface 
and The polyelectrolyte does not take place into the pore but take place on the 
surface.

Keywords: Porous polymer, PolyHIPE, Layer by layer, CO2 adsorption.

4.2 Introduction

One of the important of life, which causing a problem the most significances 
is air pollution which comes from many difference sources. The presence its harmful
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substances in the atmosphere i.e. nitrogen oxide, particular matter, sulphur dioxide 
(SO2 ), hydrocarbon, carbon monoxide (CO), and carbon dioxide (CO2 ), ozone, etc. 
The industrial activity is mainly environment changes. These substances are toxic to 
the body and bad effect to our health. Carbon dioxide is considered to be one the 
major greenhouse gases directly influencing global climate change which 
contributing in atmosphere is presented on the greenhouse effect. It is estimated that 
36% of the United States CO2 is produced from coal/fired power plants. Therefore 
Volzone e t a\ there are developed adsorbent materials for capture and sequestration 
of carbon management in the environment. Modification measured at room 
temperature 2 5 ° c  and IMPa (Volzone c .  e t a l .,2007).

High internal phase emulsions is a template for preparation of highly porous 
materials, called polyHIPEs obtained from high internal phase emulsions. An 
emulsion is described to form oil-fn-water (O/W) or water-in-oil (พ /O). HIPEs 
containing an organic continuous (external phase) and an aqueous (internal phase). 
The volume fraction of the internal phase exceeds 74.05%. The advantages of 
polyHIPE include highly interconnected open-cell structure, high surface areas, low 
density down, voids form 10 to 100 pm. and the ability to absorb large volume of 
liquid (Michael ร. e t a i , 2008). One of the most widely used application of polymeric 
membranes, ion exchange, release system, adsorbents, catalyst support, tissue 
engineering and scaffold (Lee e t a l , 2004). The'most HIPE are generally produced 
with more hydrophobicity.

The layer-by-layer (LbL) discussed theory and mechanism- of charge 
transfer in polyelectrolyte multilayer films (PEM). Ability of LbL is generating 
unique material system advantages designing maferial systems that regulated 
transport ionic, electronic and molecular species across a polyelectrolyte multilayer 
membrane. Examples it can exhibit gas transport, using a charged nanomaterial that 
fully dispersed in water typically dispersion from organic solvent but materials 
highly surface area (Hammond e t a l.,2011). The layer by layer self-assembly (LbL) 
controlled thickness and molecular architecture. LbL is low cost process, very stable, 
environment-friendly. The common LbL method is based on alternating of ionic 
charges. A result of alternating to immerse of substrate (hydrophobic or hydrophilic)
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in  a  c a t io n ic  and a n io n ic  p o ly e le c t ro ly te  so lu t io n  ( lo s t  e t  a l . ,2012). A  m ethod  is 

m o d if ie d  su rfa ce  o f  h y d ro p h o b ic  p o ly H IP E  to enhance h y d ro p h ilic ity .

H I P E  can  adsorbed  m ust be m o d if ie d  b y  the la y e r-b y - la y e r  that in c re a s in g  

h y d ro p h ilic ity  on  surface. In  ad so rp tio n  p ro cess , m o le cu le s  o f  C O 2 are adso rbed  on to  

a su rface  o f  H IP E . O n  the su rfa ce  m ust be have a fu n c t io n a l g roup  can  be capture o r 

ad so rp tio n  such  as am ine  fu n c t io n a l g roup . O n e  p o ten tia l app roach  fo r  p repa ring  

su ch  a sorbent is  to graft C O 2 a d so rp tio n  s ites  on  a h ig h  su rfa ce  area support.

In th is  w o rk  h igh  in te rn a l phase e m u ls io n  (H IP E s )  m o d if ic a te d  su rface  that 

used la ye r b y  la y e r  to in c re a se  h y d ro p h ilic ity .  E nhan cem en t C O 2 gas ad so rp tio n  

show ed  h ig h  su rface  area m o reo ve r add ing  am ine_group on  surface.

4.3 Experiment

4.3.1 M a te r ia ls

D iv in y lb e z e n e (D V B ;  m e rck ) w as used as c ro s s lin k -co m o n o m e r 

p o ly H IP E  m ate r ia ls . S tyrene  w as su p p lie d  fro m  S ig m a -A ld r ic h  ch e m ic a l. Su rfac tan t 

w ere  used so rb itan t m ono la te  (Span  80), d o d e c y lb e n zo ls o lfo n ic  a c id , so d iu m  sa lt 

(D D B S S ) ,  pu rchased  fo rm  S ig m a -A ld r ic h  ch e m ic a l and  c e ty lt r im e th y la m m o iu m  

b ro m id e  ( C T A B )  supp lied  fo rm  F lu ka . In it ia to r  and s ta b il iz e r  used in  expe rim en t 

w e re  p o ta s s iu m 'p e rsu lp h a te  ( K 2S 2O 8, p u r ity  > 98%  (R T ) , F lu k a )  and C a lc iu m  

c h lo r id e  ( C a C l2, p u r ity  > 97%  (K T ) ,  F lu k a ) . T o lu e n e  (T )  w as  su p p lie d  b y  L a b  scan. 

P o ly s ty re n e su lfo n a te  (P S S , so d iu m  sa lt, M W  70 ,000), p o ly (d ia lly ld im e th y -  

la m m o n iu m  ch lo r id e )  ( P D A D M A C ,  M W  350 ,000 ) and P o ly e th y le n e im n e  (P E I , M W  

2500 ) w ere  su p p lie d  S tg m a -A ld r ic h .

4 .3 .2  E qu ipm en ts

4 .3 .2 .1  S c a n n in g  E le c tr o n  M ic r o s c o p e  (S E M )
S can n in g  E le c tro n  M ic ro s c o p e  ( S E M )  w as p e rfo rm ed  on  

H ita c h i ร - 4800  ( J E O L / J A M  5200  M o d e l to obse rve  su rfa ce  m o rp h o lo g y  and pore  

s ize  o f  p o ly ( S / D V B ) H I P E  w ith  x 5 0 0  m a g n if ic a t io n s . B e fo re  o b se rv a t io n  the 

sp ec im ens w as cu t a sm a ll p ie ce s  w h ich  coa ted  w ith  g o ld  under v a cu u m  to m ake 

them  e le c t r ic a lly  co nduc tive .
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4 .3 .2 .2  A u to s o r b - I M P
N 2 ad so rp tio n -d e so rp tio n  iso th e rm s  w ere  ob ta in ed  at - 1 9 6 ° c  

on  a Q uan tach rom e  A u to so rb -1 . T he  sam p le s  w ere  degassed  at 11 0 ° c  fo r  12 hou rs in  

a vacuum  fu rnace  befo re  an a ly s is . S u rfa ce  areas w e re  ca lcu la ted  u s in g  the B E T  

equation . S u rfa ce  area w as m easu red  u s in g  the d y n a m ic  seven  p o in ts  and the 

iso the rm  24 po in ts .

4 .3 .2 .3  M e c h a n ic a l  P r o p e r t ie s
L lo y d  U n iv e rsa l testing  m a ch in e  w as used  to m easure 

m echa n ica l p rope rtie s  o f  a ll sam p les  in  co m p re ss io n  m ode, a c co rd in g  to A S T M  

D 8 2 2 . Test spec im ens in  a c y lin d e r  shape 2 .54  cm  in  d iam e te r x 2 .54  cm  in  he igh t 

w ere  prepared. A  speed o f  0 .127  cm /m in  and 500 N  lo ad  c e lls  w e re  used fo r a ll 

m easurem ents. T h e  va lu e  o f  the co m p re ss io n  stress and  the Y o u n g ’ ร m o d u lu s  w ere  

de te rm ined  fro m  an average o f  f iv e  sam p les.

4 .3 .2 .4  T h e r m o g r a v im e tr ic  A n a ly s is  (T G A )
T h e rm o -g ra v im e tr ic  a n a ly s is  ( T G A )  w as p e rfo rm ed  to

m easure the the rm a l s ta b ility  o f  the p o ly ( D V B ) H I P E  unde r n itrogen  gas atm osphere. 

T h e  sam p le  w as  cu t in to  sm a ll p ieces  w e ig h  about 2-5 m g. T hen  the sam p le  w as pu t 

in to  the p la t in u m  pan and heated fro m  3 0 ° c  to 8 0 0 ° c  at a hea ting  rate 1 0 °c /m in . T h e  

deg rada tion  tem perature w as de te rm ined  at w e igh t lo s s  from  the w e ig h t loss vs. 

tem peratu re  cu rve .

4.3. 2s  F o u r ie r  T ra n s fo rm  I n fr a r e d  s p e c t r o s c o p y  (F T -IR )
T h e  in co rp o ra t io n  o f  o rg a n ic  g roup  in to  s ilic a te  w as 

in ve s tig a ted  b y  u s ing  F T IR . T h e  F T I R  w as ob ta in ed  in  the fre q u en cy  range o f  40 0 - 

4000  c m '1 w ith  32 scans at re su lt io n  o f  2 c m '1. K B r  p e lle t  te chn ique  w as  ap p lie d  in  

the p repa ra tion  o f  p ow de r sam p les.

4 .3 .2 .6  C a r b o n  d io x id e  ( C O 2)  a d s o r p t io n
S tud y  o f  C O 2 gas ad so rp tio n  ca p a c it ie s  o f  

p o ly ( S / D V B ) H I P E s  at ro om  tem perature. T h e  sam p le s  w e re  lo ad  in to  sam p le  tube 

2 x1 5  cm  and w e re  cu t a d iam e te r about 2 cm  w ith  1-2 g. C O 2 15 m L /m in  and N 2 85 

m L /m in  w ere  f lo w e d  th rough  at ro om  tem perature. T h e  am oun t o f  C O 2 gas adsorbed  

b y  the p o ly H IP E  w as de te rm ined  by  G a s  C h ro m a to g ra p h y  in s trum en t w ith  Rt®-Q- 

BOND column with 0.53 mm id X  20 pm film thickness X  30 m length was used to operate at
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an isothermal temperature of 40 °c. The GC-TCD injection port was heated to 100 °c with a 
spilt flow of 8 mL/min and helium as a carrier gas.

4 .3 .2 . 7 C o n ta c t  a n g le  m e a s u r e m e n t
C o n ta c t ang le  m easu rem ent w as p e rfo rm ed  b y  u s in g  a K ru s s  

(m ode l D S A  10) con ta c t ang le  w as d e te rm ined  w e tta b ility  o f  the su rfa ce  o f  

p o ly ( S /D V B )  p o ly H IP E . A  10 p L  d ro p le t o f  d e io n iz e d  w a te r w as  d ropped  w ith  a 

m ic ro -s y r in g e  onto the p o ly H IP E  su rface. D ro p  shape a n a ly s is  w as e xp la in e d  

h y d ro p h ilic  and h yd ro p h o b ic  fo r th is  w o rk .

4.3.3 E x p e r im e n ta l P rocedu res

4 .3 .3 .1  P r e p a r a t io n  o f  p o ly ( S /D  V B )p o ly H IP E
H I P E  w ere  co m p r ise d  o f  aqueous phase and  o rg an ic  phase. 

H IP E  w as con ta in ed  h ig h ly  pore v o lu m e  part o f  aqueous phase (abou t 90%  o f  to ta l 

vo lu m e ) ; d e io n ize  w a te r(D I), po ta ss ium pe rsu lp ha te  ( K 2S 2O 8) as in it ia to r  and 

s ta b iliz e r  sa lt (C a C b ) . O rg a n ic  phase co n ta in in g  s ty rene  as m o n o m e r d iv in y lb e n ze n e  

( D V B )  as c ro s s lin k , p o ro g en ic  so lv e n t as to lu ene  and m ix  su rfac tan t (S pan  80, 

C T A B ,  D D B S S ,  6.3 w t% , 0.3 w t% , 0 .4  w t% ). P rep a ra tio n  ~ po ly (S /D V B ) w as ca rr ie d  

ou t s lo w ly  b y  added aqueous phase in to  o rg an ic  phase  b y  s t ir r in g  a p p ro x im a te ly  60 

m inu te s w ith  m echan ica l s t irre r at 350  rpm  and hom ogeno u s  t im e  about 10 m inu te s. 

T he  ra tio  o f  p o ly ( S /D V B )  w as show ed  0:100, 80 :20 , 20 :80 . A f t e r  f in is h  w as taken  a 

m a te r ia l in to  a g lass m o ld  c a v ity  and b r in g  in to  a w a te r bath at 60  ๐c  fo r 48 h fo r 

p o ly m e r iz a t io n . A f te r  a ll,  m a te r ia ls  d r ie d  in  o v en  at 60 °c fo r  48 hours o r u n t il 

constan t w e igh t. T he  m a te r ia l w as ex tracted  w ith  iso p ro p a n o l fo r  6 h and d r ie d  in  

o ven  at 60 ๐c  un it a con stan t w e igh t.

4 .3 .3 .2  P o ly (S /D  V B )H IP E s M o d ify  s u r fa c e
S u rfa ce  m o d if ic a t io n  b y  the la y e r-b y - la y e r  p o ly e le c s ta t ic  

se lf-a s se m b ly  lead ing  to p o ly e le c tro ly te  m u lt ila y e rs  ( P E M s )  te chn ique . T h e  L b L  

techn ique  c a rry  out b y  a lte rna ted  ad so rp tio n  be tw een  p o ly c a t io n  and p o ly a n io n . T h is  

techn ique  c o u ld  im p ro ve  any  charged  su rface  and  created  a h y d ro p h il ic it y  w h ic h  

used fo r C O 2 ad so rp tion . P E M  techn ique  there are 2 type  co a t in g  co n s is ted  o f  the 

p r im a ry  co a t in g  and se con da ry  coa ting . T h e  p r im a ry  co a tin g  w as  coated  be tw een
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po ly s ty ren e su lfo n a te  (P S S )  and p o ly (d ia I ly ld im e ty l-a m m o n iu m  ch lo r id e )  

( P D A D M A C ) .  M o d if ic a t io n ,  m a te r ia l w as cu t a th in kn ess  about 2 m m  and 

d ep o s it io n  t im e  o f  each  so lu t io n  w as 2 m in . T h e  p r im e r la y e r  w as adso rb  onto 

su rface  b y  an aqueous so lu t io n  o f  P D A D M A C  concen tra ted  10 m M  in  1 M  N a C l and 

P S S  concen tra ted  10 m M  in  1 M  N a C l w h ic h  be tw een  them  r in se d  w ith  D I  w ater. 

T he  num be r o f  la y e r in  th is  la ye r w as  show ed  8 laye rs . T h en  the seconda ry  co a ting  

was coa ted  betw een  p o ly e th y le n e  im in e  (P E I )  and p o ly s ty re n e su lfo n a te  (P S S ). 

D e p o s it io n  was pe rfo rm ed -an  aqueous so lu t io n  o f  P E I  con cen tra ted  1 M  in  1 M  N a C l 

and P S S  concen tra ted  10 m M  in  1 M  N a C l w h ic h  betw een  them  r in se d  w ith  D I  w ate r 

and then them  d rie d  in  the a ir. A l l  so lu t io n  in  se co n d a ry  la y e r  had  a charge d en s ity  in  

p H  4. T h e  num ber o f  la y e r  w as exposed  5 layers .

4 .3 .3 .3  C h a r a c te r iz a t io n  o f  P o ly ( S /D  V B )H IP E
M o rp h o lo g y  o f  p o ly ( S / D V B )  p o ly H IP E s  w as stud ied  b y  

u s ing  scann in g  e le c tro n  m ic ro sco p e  ( S E M ) .

Su rfa ce  area a n a ly s is  o f  p o ly ( S /D V B )  p o ly H IP E s  w as 

m easured  b y  u s ing  A u to s o e b - IM P  (B E T ) .

W e tta b ility  o f  p o ly ( S / D V B )  p o ly H IP E  w as  in ve s t ig a ted  b y

u s ing  con ta c t angle.

Id e n t if ic a t io n  o f  c h e m ic a l p rope rty  on  su rfa ce  o f  

p o ly ( S / D V B ) p o ly H I P E  w as d e te rm ined  b y  fo u r ie r  tran s fo rm  in fra re d  sp ec tro sco p y  

(F T -IR ) .

T h e rm a l p ro pe rt ie s  c h a ra c te r iz in g  o f  P o ly ( S / D V B ) H I P E s  w as 

stud ied  b y  u s ing  T G / D T A .

M e c h a n ic a l p ro pe rt ie s  a n a ly s is  o f  P o ly ( S / D V B ) H I P E s  w as 

stud ied  b y  u s ing  a U n iv e r s a l T e s t in g  M a c h in e  ( L L O Y D ) .

C O 2 a d so rp tio n  o f  p o ly ( S / D V B )  p o ly H I P E  w as  detected b y  

u s ing  C O 2 ad so rp tio n  tes ting  un it.
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4.4 Results and Discussion

4.4.1 P rep a ra tio n  o f  p o ly H IP E

4 .4 .1 .1  E ffe c t o f  m o n o m e r  r a t io  o n  p o ly H I P E  p r o p e r t ie s .

P o ly H I P E s  w ith  d if fe re n t S ty re n e /D iv in y lb e n ze n e  w ere  

- p repared  u s ing  a su rfac tan t m ix tu re  o f  6.3 w t%  o f  S P A N  80, 0 .4w t%  o f  D D B S S ,  and

0.3 w t%  o f  C T A B  b y  h ig h  in te rn a l phase e m u ls io n  p o ly m e r iz a t io n . T h e  m o rp h o lo g y  

o f  p o ly  ( S /D V B )  w as dem onstra ted  open c e ll structu re in  d iffe ren t a ra tio ; 0:100, 

80 :20 , 20:80. M o rp h o lo g y  o f  p o ly ( S / D V B ) p o ly H I P E  w as sh o w  w ith  m a g n if ic a t io n  X  

500  in  F igu re  4.1. W h e n  the am oun t o f  D V B  in  the m o n o m e r ra tio  increased , the 

average  pore s ize  d iam e te r in c reased  due to D V B  as c ro s s lin k in g  agent. T h e  structu re 

becam e denser w ith  sm a ll po re  d iam eter. T h e  average po re  s iz e  d iam e te r are show n  

a round  41 .60  pm , 60.01 pm  and 8 9 .8 5pm  re sp ec tiv e ly .

Figure 4.1 S E M  m ic ro g ra p h  o f  p o ly H IP E  in  d iffe re n t S / D V B  ra tio  o f  (a) 0 :100  (b) 

20 :80  (c) 80:20.
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4 .4 .2  S u r fa c e  a r e a  o f  p o ly H I P E

S u rfa ce  area p rope rtie s  o f  p o ly H IP E  w e re  ch a ra c te r ize d  b y  A u to so rb -  

1 M P . W h en  am oun t o f  D V B  in  the m o n o m e r ra tio  in c reased , the su rfa ce  area is  

in c reased  as sh o w n  in  tab le  4.1. T he re fo re  m o n o m e r ra t io  has re la t ive  to su rface  area 

bes ides be re la ted  w ith  po re  s ize  d iam ete r. T he  in creased  o f  D V B  com pa red  to 

S ty rene  p ro b a b ly  re su lts  in  m ore  stab le e m u ls io n , g iv in g  sm a lle r  pore  s iz e  d iam ete r 

and h ig h  su rface  area. B E T  su rface  area, po re  s ize  o f  p o ly H IP E  w ere  e xp la in e d  in  

T a b le  4.1. A  ty p ic a l e xam p le  o f  the type o f  N 2 ad so rp tio n /de so rp tion  iso the rm  fo r 

p o ly H IP E  f i l le d  w ith  d iffe ren t m onom er ra t io  as sh o w  in  F ig u re  4.2.

Table 4.1 S u rfa ce  area and po re  s ize  ch a ra c te r is t ic s  o f  p o ly H IP E  in  d if fe re n t S / D V B  

ra tio

P o ly ( S / D V B ) Su rface  area (m 2/g)a Po re  s ize  (pm )

0:100 509.42± 35.53 41.60± 9.88

20:80 3 4 7 .5 0 ± 3 1.83 6 0 .0 1 i l2 . 2 8

80:20 5 .3 1 Ü .1 8 8 9 .8 5 i8 .5 6

aF ro m  B E T  treatm ent o f  N 2 ad so rp tio n  data.
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Figure 4.2 A  ty p ic a l e x am p le  o f  the type  o f  n itrogen  ad so rp tio n /d e so rp tio n  iso th e rm  

o fp o ly H I P E  in  d iffe ren t S / D V B  m o n o m e r ra tio  o f  0:100.

4 .4 .3  T h e rm a l p r o p e r t i e s

T h e  therm a l b eh av io r o f  p o ly H IP E  w as  ex te rm in a ted  w ith  the 

tem perature range  3 0 -8 0 0 °C  and hea tin g  rate 1 0 ° c /m in . T G A  the rm og ram s o f  

p o ly H IP E  pe rcen t w e igh t lo ss  w as p resen ted  in  F ig u re  4 .3 . D e g ra d a t io n  tem peratu re 

(Td) and re s idue  y ie ld  (% ) w e re  lis ted  in  the tab le  4.2.

Temperature (C ° )

Figure 4.3 T G A  the rm og ram s o f  p o ly ( S / D V B ) p o ly H I P E  f i l le d  w ith  d iffe re n t a ra tio .
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Table 4.2 D eg rad a tio n  tem pera tu re  (Td) and re s idue  y ie ld  (% ) o f  p o ly H IP E  f i l le d  

w ith  d iffe ren t S / D V B  ra t io

Poly(S/DVB)HIPE Td (°C) Residue Yield (%)
0:100 430 20.325

20:80 425 13.631

80:20 383 11.068

T h e  deg rada tion  tem peratu re  o f  p o ly H I P E  w e re  ob se rved  its 

re la t io n sh ip  w ith  am oun ts o f  D V B .  T h is  resu lt in d ica ted  h ig h  am oun t D V B  in  

m onom er ra t io  has h ig he s t deg rada tion  tem peratu re ( T d). T h e  reason sh o u ld  be 

re lated to the structu re  o f  d iv in y lb e n ze n e  and h ig h  degree o f  c ro s s lin k in g  w h ic h  

d if f ic u lt  to b reak. T h e  d iffe re n t S / D V B  ra tio  o f  0 :100 , 80:20, 20 :80  d isp la ye d  a m ass 

lo ss  o f  about 80% , 87% , 89% , re sp e c t iv e ly  and d e c o m p o s it io n  o f  the m a te r ia l above  

3 0 0 ° c .

4 .4 .4  M e c h a n ic a l  p r o p e r t i e s

M e c h a n ic a l p rope rtie s  o f  p o ly H IP E  w e re  f i l le d  w ith  d iffe ren t S / D V B  

ra tio , ca rr ie d  ou t b y  lo aded  o f  70 percen t o f  stra in . T h e  co m p re ss iv e  strength  (M P a )  

and y o u n g ’ s m o d u lu s  (M P a )  w ere  lis te d  in  tab le  4.3.

Table 4.3 M e c h a n ic a l p ro pe rt ie s  o f  p o ly ( S / D V B ) p o ly H I P E  be tw een  co m p re ss ive  

strength (M P a )  and y o u n g ’ s m odu lu s  (M P a )  f i l le d  w ith  d iffe ren t a  ra t io

Poly(S/DVB)HIPE Compressive strength 
(MPa) Young’s Modulus (MPa)

0:100 0.29± 0.07 6 .3 7 Ü .5 6
20 :80 0.28±0.05 5 .7 U 0 .3 7
80:20 0 .3 1±0.08 2 .52± 0.54

C o m p re s s iv e  strength  w as e x h ib ite d  no t s ig n if ic a n t  d iffe ren t and 

Y o u n g ’ s M o d u lu s  h ighest at h ig h  am oun ts o f  D V B .  T h e  reason  sh o u ld  be re la ted  to
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structu re o f  d iv in y lb e n ze n e  w h ic h  d iv in y lb e n ze n e  as a c ro s s lin k in g  agent. T h e re fo re  

the m a te r ia l w as presen ted  strong  sam p le .

4 .4 .2  Su rfa ce  m o d if ic a t io n  o f  p o lv ( S / D V B ) p o ly H I P E

4 .4 .2 .1  D e te r m in a tio n  o f  L b L  o n  p o ly H I P E
D e te rm in a t io n  su rface h o w  num ber o f  la ye r, ca rr ie d  ou t to 

m o d ify  added charge on  su rface  u n t il o p tim u m  po in t. T he  n u m be r o f  la y e r on  su rface  

fo r P D A D M A C  and P S S  has ob ta in ed  o p tim u m  c o lo r  no t change  at 8 laye rs . T he  

o p tim u m  num ber o f  la y e r fo r P E I  and P S S  has ob ta in ed  at 5 laye rs . T h e  n u m b e r o f  

la ye r o f  p o ly ( S / D V B ) p o ly H I P E  w as p lo tted  in  f ig u re  4 .4  and 4 .5 . T h e  ph o tog ra p h  o f  

p o ly H IP E  w e re  m o d if ie d  o f  P D A D M A C  and P S S  o f  v a r io u s  la y e rs  (0, 1, 3, 5, 7, and 

9) b y  u s in g  in d ig o  dye  on  top o f  su rfa ce  in  F ig u re  4.6. T h e  pho tog raph  o f  p o ly H I P E  

w ere m o d if ie d  o f  P E I  and P S S  o f  v a r io u s  laye rs  (0 , 1, 3, 5, 7, and  9) by  u s in g  in d ig o  

dye on  top  o f  su rface  in  F ig u re  4.7.

Figure 4.4 A b so rb a n ce  vs num be r o f  la ye r fo r P D A D / P S S  d epo s ite d  1.0 M  N a C l.
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Number of layer

Figure 4.5 A b so rb a n ce  v s  num be r o f  la ye r fo r P E I /P S S  depo s ite d  fro m  1.0 M  N a C l.

Figure 4.6 Pho tog raph  o f  p o ly H IP E  m o d if ie d  su rfa ce  o f  P D A D M A C - P S S  a) no 

coa ting , b) 1 layer, c) 3 layers, d) 5 laye rs , e) 7 la y e rs  and f) 9 layers.

Figure 4.7 Pho tog raph  o f  p o ly H IP E  m o d if ie d  su rfa ce  o f  P E I -P S S  a) no coa ting , b) 1 

layer, c) 3 layers, d) 5 layers , e) 7 la ye rs  and f) 9 layers.
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4 .4 .2 .2  T he e f fe c t  w e t ta b i l i ty  o f  l a y e r  b y  la y e r  o n  p o ly H I P E

P o ly H I P E  are g en e ra lly  p rodu ced  w ith  h yd ro p h o b ic  due to 

the s tru ctu re  h a v in g  a benzene  r in g  group. P o ly H I P E  co rre sp on d  to lo w  w e tta b ility , 

w h ile  la rge  con tact ang le  (>90°). T h e  m o d if ic a t io n  o f  p o ly H I P E  w as ca rr ie d  ou t to 

enhance w e tta b ility  on  the su rface . T he  re su lts  w ere  illu s tra te d  m ore h y d ro p h ilic  

a fte r m o d if ie d  the su rface  b y  u s in g  la y e r  b y  la y e r  te chn ique  in  tab le  4.4. A  con tact 

ang le  less  than 90° in d ic a te  that w e ttin g  o f  su rfa ce  is  fa vo rab le , and w ate r can  spread 

ove r a la rge  area on  the su rface  in  f ig u re  4.8. th e re fo re  the la y e r  b y  la y e r te chn ique  

can im p ro v e d  to m o d ify  su rface  fu n c t io n a l g ro up  o f  p o ly H IP E .

Figure 4.8 Photographs of water droplets before and after polyHIPE filled with different 
S/DVB ratio of (A) 0:100, (B) 20:80, and (C) 80:20.
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Table 4.4 C on ta c t ang le  o f  p o ly H I P E  f iie d  w ith  d iffe re n t S / D V B  be fo re  and  a fte r 

m o d if ie d  b y  u s ing  L b L  techn ique

Poly(S/DVB)polyHIPE Before modified (0) After modified (0)
0 :100 130 75
20:80 135 80
80:20 141.5 90

4.4.3 A d so rp t io n  ca p ac it ie s

C 0 2 ad so rp tio n  o f  p o ly ( S / D V B ) p o ly H I P E  w e re  ca rr ie d  ou t a  m ix tu re  

gas be tw een  C 0 2 15 m l/m in  ( f lu e  gas c o n d it io n )  and N 2 85 m l/m in  w ith  gas 

ch rom a tog raphy  T C D  detecto r at ro om  tem peratu re . A  sam p le  o f  1 g w as lo ad ed  o f  

p o ly ( S / D V B ) p o ly H I P E  w as loaded  on to  the su rfa ce  and tested at ro om  tem peratu re. 

D if fe re n c e  C 0 2 ad so rp tio n  o f  u n m o d if ie d  and m o d if ie d  su rfa ce  o f  

P o ly ( S / D V B ) p o ly H IP E  w as d isp la ye d  in  tab le  4.5. C o m p a r is o n  o f  the C 0 2 

b reak th rough  o f  p o ly ( S / D V B ) p o ly H I P E  is  p re sen ted  in  f ig u re  4.9. In  g ene ra l, the 

fa c to r is  no t enough  a fu n c t io n  g ro up  fo r C 0 2 ad so rp tio n . H o w e ve r, lo a d in g  on  the 

su rface  can  be l im ite d  dens ity , con cen tra tio n , sa lts , t im e , and p ressu re  w h ic h  leads to 

a re la t iv e ly  C 0 2. T h e  reason fo r  C 0 2 ad so rp tio n  o f  p o ly ( S / D V B ) H I P E ,  the 

m o rp h o lo g y  o f  p o ly ( S / D V B ) H I P E  w h ich  ch a n g in g  a fte r m o d if ie d  the su rfa ce  as 

show  in  f ig u re  4.10.
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Figure 4.9 C o m p a r is o n  o f  the C O 2 b re ak th rough  cu rv e  o f  p o ly H IP E  f i l le d  w ith  

d iffe re n t S / D V B  ra t io  o f  0 :100 , 20 :80 , 80:20. O p e ra t io n  co n d it io n :  w e igh t o f  

adsorbent: 1 g; feed  co m p o s it io n : C O 2 15 m l/m in , and N 2 85 m l/m in ;  tem perature: 

25°c.

Table 4.5 C O 2 ad so rp tio n  o f  p o ly H IP E  f i l le d  w ith  d if fe re n t S / D V B  ra t io

PoIy(S/DVB) CO2 adsorption(mmoI/g) % CO2
HIPE Unmodified Modified adsorption
0:100 0 .0 0 0 14± 7 .24473E -06 0 .00034 5 ± 1 .1 8 79 4 E -0 7 146.43

20:80 0 .0 0 0 14± 2 .07465E-05 0 .0 0 0 1 7 5 Ü .3 3 6 7 9 E -0 5 '2 5 . 0 0

80:20 0 .0 0 0 14± 5.506E-06 0 .0 0 0 160± 1 .9467E -05 14.29
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Figure 4.10 S E M  m ic ro g ra p h  o f  p o ly H IP E  a fte r m o d if ie d  the su rface .
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