
CHAPTER III
EXPERIMENTAL

3.1 Equipment and Chemicals

Divinylbenzene (DVB) used as a monomer in preparation of polyHIPE, 
hexylamineand 1,3-diaminopropane used for functionalization with 4-vinylbenzyl 
chloride (VBC), potassium persulfate (K2S2O8) used as an initiator for 
polymerization reaction were purchased from Merck, Germany. 4-Vinylbenzyl 
chloride (VBC) was purchased from Aldrich. 1, 3-Diaminopropane (99%) used for 
functionalization with 4 - vinylbenzyl chloride and sorbitanmonooleate (SpanR80) 
used as surfactant in an oil phase to stabilize an emulsion were purchased from 
Sigma-Aldrich Co.. USA. Triton X-100 used as surfactant in an aqueous phase to 
stabilize the emulsion system was purchased from Sigma-Aldrich Co., Switzerland. 
Toluene (analytical grade) and ethanol (analytical grade) were purchased from 
Labscan Asia Co., Ltd., Thailand.

3.2 Experimental Procedures

3.2.1 PolyHIPE
PolyHIPE was done by the oil in water emulsion system (o/w) which 

is more potential to improve the CO2 adsorption ability than water in oil emulsion 
system (พ/o), for example, the polyHIPE from w/o showed lower amine loading in 
the structure, the high surface area polyHIPE from w/o system is a consequence of 
the interconnection void in the monolith structure unlike polyHIPE from o/w showed 
high surface area from size of spheres and size of void on the surface. Water in oil 
polyHIPE preparation procedure consisted of two parts, oil and aqueous phases. The 
first part was the oil phase composing of monomers (DVB and VBC), surfactant 
(Triton X 100). and poragens (toluene) thoroughly mixed in a flask for 30 minutes. 
The aqueous phase were composed of the initiator K2S2O,ร. SpanRSO, and water. 
Then, the aqueous phase was dropped into the oil phase and stirred thoroughly at 
room temperature for 30 minutes to obtain the emulsion. After that, the emulsion was
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poured into the mold and placed in an oil batli at 70°c for 24 hours at which the 
polyHIPE solid was formed. Eventually, polyHlPE solid was extracted by ethanol 
using soxhlet apparatus for 6 hours and then dried in a vacuum at 70°c, as a 
schematic diagram of the preparation shown in Figure 3.1.
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Figure 3.1 Methodology flow diagram.

3.2.2 PolvllIPE Preparation with Amine Compounds
Amine compounds (Hexylamine, 1,3-diaminopropane) was initially 

added to react with VBC at ratio 1:1.07 (Appendix B), 65°c for 15 minutes and then 
addition of DVB. toluene. spanRSO altogether with stirring for 30 minutes. Then, the 
aqueous phase was added into the oil phase anti stirring at room temperature for 30
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minutes to form the emulsion. After that, the procedure was repeated as described 
previously.

To avoid an effect of amine on a change of emulsion formation 
condition deviating from the polyHIPE reference condition, so that the effect of 
amine loading can be compared with the reference, the volume ratio of DVB to VBC 
was fixed at 9:1, the volume ratio of monomers (DVB plus VBC) to poragen 
(toluene) was 1:1, and the ratio of the initiator to monomer was 1:25 g/mL. Only the 
surfactant ratio (oil soluble surfactant to water soluble surfactant) was varied because 
both surfactants play the important role to stabilize the emulsion system. The oil 
soluble surfactant causes void and fracture on the surface appearance whilethe water 
soluble surfactant causes the spherical shape of polyHIPE appearance.

3.2.3 Effect of Surfactants on PolyHIPE
To form the emulsion with good stability, the emulsion system needs 

to be stabilized by the surfactants both in oil and aqueous phases. The ratio of 
SpanRSO to Triton X 100 was varied from lto 4 (recipes 1- 6) for a reference 
condition, 1.20 to 1.71 (recipes 7-10) for hexylamine added polyHIPEs and 0.72- 
0.93 (recipes 11-15) for 1,3diaminopropane added polyHIPEs as shown in the Table 
5 I.
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Table 3.1 P o lyH IP E  p rep a ra tio n  at v a rio u s  co n d itio n s

Recipe DVB
(ทา L)

VBC
(mL)

Amine
(mL)

Toluene
(mL)

SpanRSO
(g)

Water
(mL)

K s o .
(g)

Triton X-
100(g)

Surfactant
ratio

1 0.20 1.00
2 0.17 1.18
3 0.900 0.100 1.000 0.20 18.0 0.04 0.15 1.33
4 0.13 1.54
5 0.10 2.00
6 0.05 4.00
7 0.50 1.20
8 0.200 0.60 0.45 1.33
9 0.40 1.50
10 0.35 1.71
11 36.0 0.08 0.90 0.72
12 0.85 0.76
13 1.800 0.200 0.126 2.000 0.65 0.80 0.81
14 0.75 0.87
15 0.70 0.93

3,3 Characterization of PolyHIPE

3.3.1 S can n in g  E lec tro n  M ic ro sco p y  (S E M )
S can n in g  e lec tro n  m ic ro sco p y  (H itach i ร -4800 , Jap an ) w as u sed  to 

o b se rv e  th e  m o rp h o lo g y  o f  po ly H IP E s. E ach sam p le  w as coated  b y  p la tin u m  for 2 3 0  
secon ds. T h e  m ag n ific a tio n s  o f  the im ag es w ere  I OK, 20 K , 50K . and  100 K.

3 .3 .2  F ou rie r T ran sfo rm  Infrared  S p ec tro sc o p y  (F T IR )
F o u rie r  tran sfo rm  in fra red  sp ec tro sco p y  (T h e rm o  N ico le t N ex u s 670, U S A ) 

w as used to  c h a rac te riz e  th e  reac tio n  o f  V B C  and am ine.

3 .3 .3  S u rface  A re a  o f  P o lyH IP E
T he  B ru n au er. E m m ett, and  T e lle r  (B E T ) te c h n iq u e  w as u sed  to  

p e rfo rm  on th e  A u to so rb -IM P  (Q u an tach ro m e , U S A ). T h e  p o ly H IP E  w ere  dried  in  a 
vacu um  ov en  o v ern ig h t at 70°c b efo re  ou t g ass in g  at 1 10 °c. T h e  sp ec ific  su rfa c e  
area  o f  th e  p o ly H IP E s w as perfo rm ed  u sin g  n itrogen  adso rp tio n .
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3 .3 .4  A m in e  L oad ing  o f  P o lyH IP E
T h e  p o ly H IP E  w as m easu red  fo r the am o u n t o f  am in e  b y  CT1N a n a ly se r  (T ru esp ec  
C H N S O , L E C O , U SA ). T h e  sam p le  (0.08 g) w as w rapp ed  by  C H N  foil and  bu rn ed  
in  th e  fu rn ace  at 850 °c u n d e r c>2 and H e am b ien t. T h e  w e ig h t p e rcen t o f  e lem en ts  o f  
ca rbon , h y d ro g en  and n itro g en  is ca lcu la ted  and repo rted .

3.4 Carbon Dioxide Adsorption

T h e  ex p erim en ta l se tup  is sh o w n  in F ig u re  3.2. A p re m ix e d  15 %  
C O j /N t and  p u re  N t gases fro m  the  tw o gas cy lin d ers, w h ich  are c o n tro lle d  by  m ass 
flow  co n tro lle rs  are  m ixed  in th e  m ix in g  c h am b er to o b ta in  4 % CCA. T h e  m ix ed  gas 
I S  then  co n tro lled  to a fixed  p re ssu re  for v en tila tio n  and en ab lin g  sm a ll q u an tity  o f  
-1°0 CCA gas to  pass th ro u g h  th e  ro tam ete r w h ich  the flow  ra te  is ad ju s ted  to  3 
m L /m in  and  d e te rm in ed  by  th e  bubb le  flow  m eter. T h e  ad so rp tio n  co lu m n  is a 
tu b u la r  g lass  f lo w  ad so rb er w ith  the  d im en sio n  o f  4 m m  id X  6m m  od  X  39  cm  leng th  
v e rtica lly  o rien ted  for the  ev en ly  d istr ib u tio n  o f  th e  adso rb en t. T h e  co lum n  is 
w o u n d ed  w ith  an  in su la to r o f  4 0  cm  long  to m a in ta in  co n s tan t room  tem p e ra tu re  (25 
"(. » th ro u g h o u t the  w h o le  ex p erim en t. F ro m  the  top  18.5 cm  o f  th e  co lu m n , the  
ad so rb en t (0 .2 5  g) is p ack ed  and  em placed  w ith  the g lass  w ool at th e  top  and the  
bo tto m  to su p p o rt the  ad so rb en t, so the feed  can be  ru n n in g  against g rav ity .
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Figure 3.2 S ch em atic  flow  d iag ram  for C O t ad so rp tio n  (K a n g w a n w a ta n a  พ .  et al., 
2013).
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F or gas ch ro m a to g rap h y -th e rm a l co n d u c tiv ity  de tec to r (GC-TCD) 
op era tio n , R t® -Q -B O N D  co lu m n  w ith  0.53 m m  id X  20 pm  film  th ick n ess  X  30m  
len g th  w as u sed  to  o p e ra te  at an  iso therm al tem p e ra tu re  o f  4 0  °c. T he  GC in jec tion  
port w as hea ted  to  100 °c w ith  th e  spilt flow  o f  8 m L /m in  and  helium  as a ca rrie r 
gas. In typ ical CO2 adso rp tio n , 0 .25  g o f  a d so rb en t in the co lu m n  w as p re -d ried  at 60 
°c fo r 1 h r w h ile  p u rg in g  w ith  N2 gas at 113 m L /m in . T h en , 4 %  p re m ix e d  CO2 o f  
dry  gas at 3 m L /m in  w as a llo w ed  to  flow  into the  packed  bed  ad so rb e r to  ca rry  out 
the  ex p erim en t at room  tem p e ra tu re  and a tm o sp h e ric  p ressu re  un til th e  CO2 

co n cen tra tio n s  o f  th e  feed gas at th e  ou tle t o f  ad so rb e r reached  eq u ilib riu m . T he 
co n cen tra tio n s  o f  CO2 in th e  do w n stream  in te n u s  o f  ch ro m a to g ram  w ere  
co n tin u o u s ly  m o n ito red  w ith  a co m p u te r p ro g ram , W in iL ab  III V 4.6. T h e  d y n am ic  
ad so rp tio n  cap a c ity  o f  the a d so rb en t (Q ad s) w as ca lcu la ted  w ith  Eq (1),

' พ - M SJ " )
w h ere  F (m o l/m in ) is the total m o la r  flow  o f  feed  gas, Cjn is th e  C O 2 co n c e n tra tio n  o f  
the  in le t s tream , M  is the  m ass o f  so lid  ad so rb en t loaded in  th e  co lum n, and  tst (m in) 
is th e  s to ich io m e tr ic  tim e w h ic h  w as d e te rm in ed  from  th e  b re ak th ro u g h  curve  
acco rd in g  to  Eq (2) v ia  M A T L A B  softw are .

(2)m
W h ere  Cj„ and Com are  the  CO2 co n cen tra tio n s  o f  in flow  and  ou tflow  gas s tream  o f  
the  co lu m n , re sp ec tiv e ly .

T h e  C O 2 ad so rp tio n  w as run u n d er d ried  and m o istu rized  co n d itio n . 
F or the  m o istu rized  con d itio n , th e  po lyH IP E  co n ta in in g  h ex y lam in e  sa m p le  w as 
in itia lly  dried  fo r 6 hours at 100 °c, and th en  eq u ilib ra ted  in a w a te r  sa tu ra ted  
ch a m b e r  at room  tem p era tu re  fo r 12 hours. D iffe ren t w e ig h t befo re  an d  a f te r  the 
eq u ilib ra tio n  w as m easu red . F in a lly , the sam p le  w as tak en  to m easu re  th e  C O 2 

ad so rp tio n  capacity .
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