
CHAPTER IV
ADSORPTION OF TOXIC GASES 

FROM GASIFICATION PROCESS BY POLY(HIPEs)

4.1 Abstract

P oly (D V B )H IP E s prepared w ith  a p oro gen ic  so lven t (to lu en e) and tw o  types  
o f  m ixed  surfactants (S P A N 8 0 , D D B S S , and C T A B ; 6 .3 , 0 .4 , and 0.3 wt%  (S 8 0D C I)  
and 9 .5 , 0 .3 , and 0 .2  w t%  (S80D C II)). The obtained p o ly (D V B )H IP E s exhibited  
surface areas up to 550  m 2/g. H ow ever, due to their poor m ech an ica l properties, 1, 3, 
5, 10 and 15 wt%  o f  acid-treated clay w ere  added into the m onom er p h ase o f  
p o ly (D V B )H IP E  to im p rove the m echanical properties and in crease the adsorptive  
capacity  o f  resulting m aterials. The resulting m aterials w ere characterized b y  SEM , 
N 2 adsorption-desorption, T G /D T A , and com p ression  test.

Surface areas o f  S80D C I decreased from  550  to  251 m 2/g. The com p ressive  
m odulus o f  the obtained p o ly (D V B )H IP E s increased from  2 .5 9  to  3 .5 0  M Pa w ith  0 to  
5 w t%  acid-treated clay  content, and decreased to  2 .0 7  M P a w h en  the acid-treated  
clay content w as 15 wt% .

Surface areas o f  S80D C II w ith  0 to  10 wt%  o f  added acid-treated clay  
increased  from  198 to 523 m 2/g, and the com p ressive  m odulus increased  from  2.61 to
3 .0 0  M P a w ith  0 to  5 wt%  acid-treated clay  content. T he surface area and 
com p ressive  m odulus w ere  decreased to  346  m 2/g  and 1.99 M Pa, resp ective ly , w h en  
the am ount o f  added acid-treated clay  content w a s 15 wt% .

CO 2 adsorption tests  w ere carried out on  the obtained p o ly (D V B )H IP E  and it 
w a s found that CO 2 adsorption w a s  b etw een  2 .43  to  18.2 m m ol/g . The h ighest 
adsorption w a s obtained from  S 80D C I w ith  1 w t%  acid-treated clay.

K eyw ords: P o ly (D V B )H IP E s, M ixed  surfactants, A cid-treated  clay,
P o ly (D V B )H IP E  n anocom posites, C O 2 gas adsorption
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4.2 Introduction

O ne o f  the m ost com m on ly  found problem s in the atm osphere is h igh  le v e ls  
o f  g a s-lik e  pollutants; com in g  from  different sources, m ain ly released  by industrial 
activ ities and gasifica tion  p rocesses. Therefore, it is very im portant to  design  
adsorbent m aterials that w ou ld  adsorb such g a ses  before b ein g  liberated into the 
environm ent.

H igh  internal-phase em u lsion  (H IP E s) p olym erization  p rocess for  
m anufacture m icrocellular, w a s patented by U n ilever  [1], T h is patent d isc lo ses  a 
p olym erization  p rocess that occurs in a w ater-in -oil em u lsion s in  w h ich  the d ispersed  
phase, occu p ies m ore than 74%  o f  the vo lu m e, containing h ig h  v o lu m e fraction o f  
w ater, a w ater-so lub le initiator (potassium  persu lfate) and stabilizer (ca lc iu m  
chloride) [2], The continuous organic phase, w h ich  gen era lly  con stitu tes le ss  than  
26%  o f  the final vo lu m e, can contain  m onom ers (styrene), crosslin k in g  com on om ers  
(d iv in y l b en zen e) and organic so lub le  surfactant (sorbitan m on oolea te , S P A N 8 0 ) [3], 
A  p olyH IP E  is a m icroporous material produced by the p o lym eriza tion  o f  the  
m onom ers in  the continuous p h ase o f  a H IPE. Subsequent rem oval o f  th e aqueous  
produces a h ighly porous m aterial (porosities o f  up to 97% ). In addition, feature o f  the  
m orp h ology  such as ce ll size, interconnecting h o le  s ize  and p orosity  can be e ffic ien tly  
controlled.

A nother structural feature that is u sefu l and able to  b e controlled  is  the  
surface area. P o ly  H IP E s h ave relatively  lo w  surface areas (3 -2 0  m 2/g  are typ ica l)  
w h ich  ham pers their applicability  in  area such  as chrom atography, so lid -p h ase  
extraction, adsorption and filtration. H ow ever, m uch higher v a lu es can be obtained  b y  
rep lacem ent o f  som e o f  the m onom eric continuous phase w ith  inert d iluents (porogen)
[4], D uring polym erization , p h ase separation occu rs w ith in  th e d ev e lo p in g  p o lym er  
structure b etw een  the internal phase droplets. T h is lead s to  m aterials w ith  dual 
porosity: very  large m acropores typical o f  P olyH IP E s, w ith  p ore diam eters upw ard o f  
1 pm, and m uch sm aller pores w ith in  the P olyH IP E  w a lls, lead to  h igher surface area. 
T hese latter pores are typical o f  th ose  found in  perm anently porous resin  beads, and 
indeed the pore s ize  d istribution obtained (m icro-, m eso - or m acropores) depends on  
the nature o f  p orogen  and am ount o f  cross-linker used .
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T he e ffec tiv en ess  o f  a m ixture o f  n on ion ic , an ion ic, and cation ic  surfactants: 
sorbitan m onolaureate (S P A N 2 0 ), d od ecy lb en zen esu lfon ic  acid sod iu m  salt 
(D D B S S ), and cetyltrim ethylam m onium  brom ide (C T A B ) w ith  an am phiphilic  
com pound for em u lsio n  stab ilization  has been kn ow n  for a lo n g  tim e [5]. M ixtures o f  
ion ic  and n on -ion ic  surfactants are know n to form  a m ore robust interfacial film  
around each  em u lsio n  droplet, lead ing to enhance em u lsion  stability  w h en  a m ixture  
o f  em u lsifiers (S P A N 2 0 , C T A B  and D D B S S ) and toluene as a p orogen  w ere used, 
p olyH IP E  sam p les w ere found to be porous and op en -ce ll m icrostructures w ith  the 
surface area o f  3 7 0 -4 3 0  nr2 g '1.

H ow ever , the m ain problem  o f  cellu lar m aterials w ith  h igh  surface areas is 
their p oor m ech an ica l properties, w h ich  lim it their practical u ses in industrial. M any  
o f  industrial u ses o f  c lays m inerals are related to  their adsorptive capacity , w h ich  
increases w ith  acid  treatment. A cid  treatm ent o f  clay  m inerals (by u sin g  m ain ly  HC1 
or H 2 S O 4 so lu tion s) [6] is  chem ical treatment o f  the c la y s  to m o d ify  structural, 
textural and/or ac id ic  properties, w h ich  in flu en ce the adsorption  capacity. B y  
incorporating the acid-treated clay  into the m onom er phase o f  the h igh  internal phase  
em u lsion , it w o u ld  not on ly  im prove the adsorptive capacity but a lso  w ou ld  increase  
the m ech an ica l properties o f  the resu lting m aterials w hen  com pared to the u n filled  
m aterials [7].

T he purpose o f  th is work is to prepare p o ly (D V B )H IP E  filled  w ith  acid- 
treated c la y  and determ ine the su itable am ounts o f  added c la y  for adsorption o f  to x ic  
gases from  gasifica tion  process.

4.3 Experimental

4.3 .1  M aterials
D iv in y lb en zen e  (D V B ) w as supplied  by M erck. T o lu en e (T ) and 

H ydroch loric acid (HC1) w ere supplied  by Lab Scan. Ethanol (E tO H ) w as su p plied  by 
Carlo Erba. Isopropanol w as supplied  b y  Etalma. Sorbitan m on o o lea te  (S P A N 8 0 ) and 
D o d ecy lb en zen esu lfo n ic  acid , sod iu m  salt (D D B S S ) w ere  supplied  by S igm a. 
C etyltrim ethyl- am m onium  [C i6H 3 iN +(C H 3)3] brom ide (C T A B ) and 2 ,5 -d im eth o x y -4 -  
(ท)-am ylam phetam ine (D O A M ) w ere supplied b y  Fluka. B en ton ite  (B T N ) w as
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supplied  by Thai N ip p o n  C hem ical Industry C o ., Ltd. The cation  exch an ge capacity  
(C E C ) o f  B T N  is 43 m m o l/1 0 0 g  o f  clay. P otassiu m  persu lfate (K 2 S 2O 8) and C alcium  
ch loride dehydrate (CaCl2*2H20 )  w ere  supplied by Fluka.

4 .3 .2  M ethods
4 .3 .2 .1  P re p a ra tio n  o f  A c id - tr e a te d  C la y

N a -b en ton ite  clay w as s lo w ly  added to  3 N  HC1 so lu tion s, 
stirred and m aintained at 1 1 0 °c  for 3 h. The c lay/acid  ratio used  in  the study w a s  2%  
w t/w t. A fter treatm ent, the clay w a s  separated and w ashed  w ith  d istilled  w ater several 
tim es and dry until constant w eig h t w a s  obtained and grind. 1 g  o f  the obtained acid-  
treated clay w a s  added to  30  mL o f  d istilled  w ater and stirred at 8 0 ° c  for 24  h. 3 .78  g  
o f  D O  A M , 15 m L o f  E tO H , and 15 m L o f  H 20  w ere  added to  acid-treated clay  
so lu tion  for m od ified  clay. Then stirred solution  for 3 h until transparent, added w arm  
w ater and filtered, and w ash ed  by sox h let overn ight w ith  ethanol [8],

4 .3 .2 .2  P re p a ra tio n  o f  P o ly (D V B )H IP E  f i l l e d  w ith  A c id - tr e a te d  C la y  
T he cellu lar m aterials w ere prepared by first d isso lv in g  organ ic

phase c ontaining 5 m L o f  D V B  m onom er, 5 m L o f  to lu en e, required am ounts o f  acid- 
treated clay, and a m ixture o f  n on ion ic, an ionic, and cation ic surfactants: S P A N 80 , 
D D B S S , and C T A B  w a s  added to  the m ixture, stirred for 10 m in. W h ile  90  m L  o f  
d istilled  w ater containing 0 .2  g  o f  potassium  persu lfate and 1 g  o f  calcium  ch loride  
dihydrate w ere added dropw ise. A fter all the w ater has been  added, the em u lsio n  w as  
further stirred for 20  m in and p laced  in a g la ss bottle. The obtained  em u lsio n s w ere  
capped and put in a con v ection  o v en  at 7 0 ° c  for 48 h to p o lym erize  [5], A fter  
p olym erization , the cellu lar m aterials w ere rem oved  from  the g la ss b ottles and 
w ash ed  by sox h let for 6 h w ith  2-propanol [7], Then the cellu lar m aterials w ere  
returned to vacuum  o v en  to  dry at 8 0 ° c  for 48  h.

4 .3 .3  E quipm ent
4 .3 .3 .1  X -r a y  D iffra c to m e te r  (X R D )

X -ray  diffractom eter (X R D ) w a s u sed  to ob serve the d -va lu e  o f  
B T N , organo B T N , and organo acid-treated B T N  and to  in v estig a te  the crystal 
structure o f  n an ocom p osites. X -ray d iffraction patterns w ere  m easured on a R igaku
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M od el D m ax 2 0 0 2  diffractom eter w ith  N i-filtered  Cu K a  radiation operated at 4 0  k v  
and 30  m A. The pow der sam ples w ere  observed on  the 20  range o f  1 .8 -20  d egree w ith  
scan speed 2  degree/m in  and scan step o f  0 . 0 2  degree.

4 .3 .3 .2  S u rface A re a  A n a ly ze r  (AS-1)
N 2 adsorption-desorption isotherm s w ere obtained at - 1 9 6 ° c  

on a Q uantachrom e A utosorb-1. Sam ples w ere d egassed  at 1 0 0 ° c  during 12 h in a 
vacuum  furnace prior to  analysis. Surface areas w ere  calculated u sin g  the B E T  
equation. T he pore size  distributions w ere constructed based on Barrett, Joyner and 
H alenda (B JH ) m ethod u sin g  the adsorption branch o f  the nitrogen isotherm .

4 .3 .3 .3  F o u rier  Transform  In fra red  S p e c tro sc o p y  (FT-IR)
T he FT -IR  spectra o f  B T N , organo B T N  and organo acid- 

treated B T N  w ere obtained u sin g a N ico le t  N ex u s  6 7 0  FT-ER spectrom eter in  the  
frequency range o f  4 0 0 0 -4 0 0  cm "1 w ith  32  scans at a resolu tion  o f  2 cm"1. K B r p ellet 
technique w a s  applied in  the preparation o f  pow der sam ples. T he incorporation o f  
organic group into silicate  netw ork is in vestigated  by u s in g  FTIR.

4 .3 .3 .4  T h erm ogravim etric  A n a ly s is  (TGA)
T herm o-gravim etric an alysis (T G A ) w a s perform ed to  m easure

the thermal stab ility  o f  the p o ly (D V B )H IP E s. T G A  o f  both  neat and p o ly (D V B )H IP E  
n an ocom p osites w ere perform ed u sin g  a M ettler T o led o  T G A /S D T A  8 5 l e  instrum ent. 
E xperim ents w ere carried out under n itrogen  gas atm osphere. S am p les w ere cut into  
sm all p ieces w e ig h  about 2 - 5  mg. Then the sam ples w ere  loaded o n  the platinum  pan  
and heated to  6 0 0 ° c  from  4 0 ° c  at a heating rate o f  1 0 °c /m in . O ne steps degradation  
w a s observed during testing, and the d ecom p osition  tem perature w as recorded  
corresponding to  50%  d ecom p osition  o f  the material.

4 .3 .3 .5  D iffe ren tia l S can n in g  C a lo r im e try  (D SC )
T he glass transition tem perature o f  p o ly (D V B )H IP E s w a s  

determ ined u sin g  a Perkin-E lm er D S C  7 instrum ent. T he sam ple w a s  first heated  from  
3 0 ° c  to  2 5 0 ° c  and coo led  dow n at a rate o f  1 0 °c /m in  under a N 2 atm osphere w ith  a 
f lo w  rate o f  10 m l/m in. T he sam ple w a s  then reheated to  2 5 0 ° c  at th e sam e rate.



11อสบุflกทาง สํๅ14ท4ๅ14ynoriï^{(ๅf)J
ร)พาลงกรfihjw-nyioๅลัย 21

4 .3 .3 .6  S can n in g  E lec tro n  M ic ro sc o p e  (SEM )
Scanning electron  m icroscop y w as perform ed on  JEO L/JSM  

5200  M od el to ob serve surface m orp h ology o f  p o ly (D V B )H IP E s. T he sp ecim en s  
w ere coated  w ith go ld  under vacuum  b efore observation  to  m ake them  electrica lly  
conductive.

4 .3 .3 .7  X -ra y  F lu o rescen ce  (XRF)
C hem ical com p osition s o f  B T N , organo B T N  b efore and after 

treated w ith  3N  HC1 solu tion s w ere obtained u sin g O xford M o d el E D 2 0 0 0  X -ray tube  
w ith  silver as a filter, operate at vo ltage 35  k v .

4 .3 .3 .8  T ransm ission  E lec tro n  M ic ro sc o p e  (TE M )
T ransm ission  electron  m icroscop y  w a s  a lso  used  in  th is  

studied to  observe the m orphology o f  the p oly(D V B )H 3P E  n an ocom p osites. T E M  
m icrographs w ere taken on  a T ecnai G 2 Sphera electron  m icro scop e w ith  an 
accelerating v o ltag e  o f  80 k v  to observe the pore structure and secondary pore in  the  
cell w a ll o f  p o ly (D V B )H IP E s. M icrographs w ere  recorded at m agn ifications o f  
8 0 0 0 0 x  and 150000X  m agnification. T E M  sam p les w ere prepared by em b ed din g  
p oly(D V B )H IP E  n an ocom p osites in a support resin  and section in g  on  an ultra-thin  
m icrotom e. The thin section s w ere supported on 30 0  m esh  copper grids.

4 .3 .3 .9  U n iversa l T estin g  M ach in e  (L L O Y D )
A  L loyd s U n iversal T esting M ach in e (L lo yd s/L R X ) equipped  

w ith  a 50 0  N  load ce ll w a s used  to  m easure m echanica l properties in  com pression . 
The sam p les w ere loaded  at a rate o f  1 .27  m m /m in. Sam ples o f  2 5 .4  m m  in diam eter  
and 2 5 .4  m m  in height w ere used  for tested  o f  each  p o ly (D V B )H IP E s. The sam p les  
w ere loaded  until a d isp lacem ent o f  70  percent o f  the height o f  the exam in ed  sam p le  
w a s reached.

4 .3 .3 .1 0  C O 2 G a s  A d so rp tio n
Study o f  CO 2 gas adsorption cap acities o f  p o ly (D V B )H IP E  

filled  w ith  acid-treated clay w ere carried out u sin g  a p ilo t ga sifica tio n  unit at the  
faculty o f  chem ical tech n o lo g y  C hulalongkorn university . S am p les w ere  cut in to  
sm all p ieces  w e ig h  about 1 -2  g. Then th e sam ples w er e  loaded  in to  sam ple tube 2 x 2 5  
cm . C 0 2 3 m l/m in  and H e 17 m l /min w ere f lo w e d  through the sam p le at room
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tem perature. The residue o f  C 0 2 w as m easured by a G as C hrom atography instum ent, 
co lu m n  used Shim adzu 20 1 4 , f lo w  rate 35 m L/min.

4 .4  R e su lts  an d  D iscu ss io n

4.4.1 C haracterization o f  acid-treated clay  and organo acid-treated c lay
4 .4 .1 .1  Su rface a rea s o f  a c id - tre a te d  c la y

The surface area o f  acid-treated clay w as characterized u sin g  BET. 
T able 4.1 sh ow s surface area o f  B T N  before and after treated w ith  1 .5N , 1 .7N , and 
3 .ON HC1 solution s. T he surface area o f  B T N  w as found to increase w ith  increasing  
concentration  o f  HC1 so lu tion s up to 3 .ON HC1. Therefore, 3 N  HC1 so lu tion  w as the 
m ost su itable concentration for treating clay m inerals in  order to  obtain  h ig h  surface  
area. T h is is consistant w ith  results observed  by V enaruzzo e t a l [ 8 ],

T a b le  4.1 Surface areas o f  B T N  b efore and after treated w ith  HC1 so lu tion s

S a m p le S u r fa ce  a rea  (m 2/g )
B T N 13.28
B T N  treated w ith  1 .5N  HC1 2 9 .3 8
B T N  treated w ith  1 .7N  HC1 3 4 .7 6
B T N  treated w ith  3 .ON HC1 6 2 .3 6

4 .4 .1 .2  M o d ifica tio n  o f  a c id - tre a te d  ben ton ite  a n d  ch em ica l co m p o sitio n s
C lay is  hydrophilic in  nature and w ill separate from  organic p h ase o f  

H IPE. T herefore, m od ifica tion  o f  c lay  is  n ecessary to increase its h yd rop h ob icity , so  
that it w ill not separate from  the organic phase o f  H IPE. T his research  used  D O A M  o f
1.5 C E C  as a surfactant for m od ify in g  the acid-treated B T N . The structural 
characteristics o f  B T N , organo B T N  and organo acid-treated B T N  w ere characterized  
u sin g FTIR , X R D , and X R F . A n important structural change o f  c la y  w as ob served  
before and after acid treatment.

The p resen ce o f  surfactant in the clay  w as ev id en ced  b y  FTIR  
spectrum  o f  B T N , w hich  is  show n in Figure 4 .1 (a ). FTIR spectra o f  organo B T N  and
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o rg a n o  a c id -tr ea ted  B T N  (F ig u re  4.1  (b -c ) )  s h o w s  s tr e tc h in g  v ib r a tio n  o f  th e  
u n sa tu ra ted  k e to n e s , and  th e a sy m m e tr ic  and sy m m e tr ic  s tr e tc h in g  v ib r a tio n s  o f  
a lk a n e s  arou n d  1 7 0 0 , and  2 9 0 0  c m '1, r e sp e c t iv e ly  w h ic h  are c h a r a c te r is t ic s  p e a k s  o f  
th e  su rfac tan t te m p la te s .

Figure 4.1 F T IR  sp ec tra  o f  (a ) B T N , (b ) o rg a n o  B T N , an d  ( c )  o rg a n o  a c id -tr ea ted  
B T N .

Table 4.2 C h e m ic a l c o m p o s it io n s  o f  B T N , 3 N  HC1 treated  B T N , o r g a n o  B T N , and  
3 N  HC1 trea ted  o rg a n o  B T N . (o ct: c a tio n s  in  oc ta h ed ra l p o s it io n : A l ,  M g , F e  an d  T i)

Sample S i02 AI2O3 MgO Fe20 3 T i02 Si/oct
% % % % % molar

B T N 7 7 .7 7 6 9 .9 3 8 1 .0 2 3 2 .1 9 7 0 .3 6 7 4 .9 5 7
3 N  HC1 treated  B T N 8 7 .9 6 2 5 .6 3 9 0 .4 2 1 0 .9 8 5 0 .4 0 0 1 0 .0 6 3

O rga n o  B T N 8 0 .5 0 5 1 0 .2 6 6 1 .0 4 3 2 .3 0 1 0 .3 9 1 4 .9 5 5
3 N  HC1 treated  o rg a n o  B T N 8 7 .9 7 2 7 .1 7 2 0 .5 1 5 1 .2 0 6 0 .4 3 2 8 .6 3 9

T a b le  4 .2  s h o w s  c h e m ic a l c o m p o s it io n s  o f  B T N , 3 N  FfC l treated  
B T N , o r g a n o  B T N , a n d  3 N  HC1 treated  o rg a n o  B T N . T h e  S i/(A 1 + M g + F e + T i)  m o la r  
ra tio s  o f  th e  B T N  an d  o rgan o  B T N  w e r e  in cre a sed  a fter a c id  trea tm en t. T h e  a c id
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trea tm en t o f  c la y  r e m o v e d  an im p ortan t a m o u n t o f  oc ta h ed ra l c a t io n s  in  th e  fo l lo w in g  
order: A l> F e > M g > T i .  T h e  c la y  stru ctu re d e c o m p o s it io n  r e su lte d  in  in c r e a s in g  
s p e c if ic  su r fa c e  area  o f  B T N  from  1 3 .2 8  m 2/g  to  6 2 .3 6  m 2/g .

2 Thata

Figure 4.2 X R D  p attern  o f  (a ) B T N , (b )  o rg a n o  B T N , and  (c )  o rg a n o  a c id -tr ea ted  
B T N .

A  c o r r e sp o n d in g  X R D  p attern s (F ig u r e  4 .2 (a ) ,  (b ) , and  (c ) )  s h o w  th e  
p r e s e n c e  o f  th e  (0 0 1 )  r e f le c t io n  p e a k  w h ic h  is  th e  b a sa l s p a c in g  o f  c la y . F ro m  F ig u r e  
4 .2 (a ) ,  th e  b a sa l s p a c in g  o f  B T N  w a s  1 .5 4 4  nm . F o r  o rg a n o  B T N  (F ig u r e  4 .2 (b ) ) ,  th e  
d o o i  p e a k  w a s  o b se r v e d  at a lo w e r  a n g le  th an  th at o f  B T N  an d  th e  b a sa l s p a c in g  w a s  
4 .0 4 2  n m . A fte r  a c id  trea tm en t (F ig u re  4 .2 (c ) ) ,  d o o i  p eak  w a s  o b s e r v e d  at a  lo w e r  
a n g le  th an  th at o f  B T N  and th e  b a sa l s p a c in g  w a s  3 .9 0 6  n m  w ith  d e c r e a se d  in  p e a k  
in te n s ity , T h e  in te n s ity  o f  ( 0 0 1 )  r e f le c t io n  w a s  red u ced  an d  m o r e  a m o r p h iz e d  
m a te r ia ls  w a s  o b se r v e d  w ith  th e  in c r e a se  o f  th e a c id  c o n c e n tr a t io n 9. T h e r e fo r e , fro m  
F T IR  sp e c tr a  and X R D  p attern , its  w e r e  c o n fir m e d  that s u c c e s s fu l  m o d if ic a t io n  o f  
a c id -tr e a te d  B T N  w a s  a c h ie v e d .
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4 .4 .2  C h a ra cter iza tio n  o f  p o lv (D V B )H lP E s  f i lle d  w ith  a c id -tr ea ted  c la y
4.4.2.1 M orphologies and surface areas

S E M  m icro g ra p h s (F ig u r e  4 .3 )  s h o w  m o r p h o lo g ic a l ch a r a c ter is tic s  
o f  p o ly (D V B )H I P E s , p rep ared  u s in g  a su rfactan t m ix tu re  o f  6 .3  w t%  o f  S P A N 8 0 , 0 .4  
w t%  o f  D D B S S , and 0 .3  w t%  o f  C T A B  (S 8 0 D C I )  f i lle d  w ith  d iffe r e n t ac id -trea ted  
c la y  c o n te n t.

T h e  v o id  s iz e s  and in te r c o n n e c tin g  w in d o w  s iz e s  o f  th e  o b ta in e d  
m a ter ia ls  w e r e  fo u n d  to  in c r e a se  w ith  in c r e a s in g  c o n te n t o f  a c id -tr ea ted  c la y  ad d ed . 
T h e se  r e su lts  c o u ld  b e  d u e  to  th e  in c r e a s in g  o f  a c id -tr ea ted  c la y  c o n te n t  resu lts  in  th e  
s y s te m  o f  p o ly (D V B )H I P E  b e c o m in g  u n sta b le , le a d in g  to  m o r e  b r ittle  an d  th u s  
re su ltin g  in  lo w e r  su r fa c e  area ( l is te d  in  T a b le  4 .3 )  and d e c r e a se  v o lu m e  a d so rb ed  
(S e e  F ig u r e  4 .4 ) .

Figure 4.3 S E M  m icro g ra p h s o f  S 8 0 D C I  filled  w ith  d ifferen t a c id -tr ea ted  c la y  
co n te n t ( พ t% ); (a )  0; (b ) 1; ( c )  3; (d ) 5; ( e )  10; and ( f )  15.
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Table 4.3 S u rfa ce  a rea s , c u m u la t iv e  p ore v o lu m e s , and a v e r a g e  p o re  d ia m e te r s  o f  
S 8 0 D C 1  f i l le d  w ith  d iffe r e n t a m o u n t o f  a c id -tr ea ted  c la y  co n te n t (w t% )

Sample Surface areas 
(m2/g)a

Cumulative pore volumes 
(cm3/g)b

Average pore diameters
( m ) ‘

0  w t% 5 5 0  ±  11 0 .2 7  ±  0 .0 0 6 1 .35  ± 0 . 0 0 6
1 w t% 501 ±  10 0 .2 4  ±  0 .0 0 7 1 .4 9  ± 0 . 0 0 7
3 w t% 3 7 2  ± 2 7 0 .1 9  ± 0 .0 0 3 1 .3 6  ± 0 . 0 0 2
5 w t% 3 5 3  ± 4 0 .1 8  ± 0 .0 0 1 1 .3 6  ± 0 .0 0 1
10 w t% 3 4 6  ±  2 0 0 .1 8  ± 0 .0 0 8 1 .3 6  ± 0 .0 0 3
15 w t% 2 51  ± 7 0 .1 3  ± 0 .0 1 2 1 .3 7  ± 0 . 0 0 5

a F rom  B E T  trea tm en t o f  N 2 a d so rp tio n  data. 
b F rom  BJFI trea tm en t o f  N 2 a d so r p tio n  data.

Figure 4.4 V o lu m e  a d so rb ed  fo r  S 8 0 D C I  f i l le d  w ith  d iffe r e n t a c id -tr e a te d  c la y  
co n te n t (w t% ).
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In 1 9 8 6 , S c a m e h o rn  stu d ied  th e  e f fe c t  o f  a d d ed  n o n io n ic  su rfactan t  
o n  p r e c ip ita tio n  o f  a n io n ic -c a t io n ic  su rfactan t m ix tu r e s  at e q u ilib r iu m , and  su g g e s te d  
that n o n io n ic  su rfac tan ts  ca n  e n h a n c e  m ic e l le  fo r m a tio n  w ith  e ith e r  a n io n ic  
su rfac tan ts  or w ith  c a t io n ic  su rfac tan ts . T h e r e fo r e , it w a s  p o s s ib le  th at n o n io n ic  
su rfac tan ts  c o u ld  a ls o  e n h a n c e  th e  fo rm a tio n  o f  m ic e l le s  in  m ix e d  a n io n ic -c a t io n ic  
s y s te m s . A s  th e  c o n c e n tr a t io n  o f  a d d ed  n o n io n ic  su rfactan t in c r e a se s , th e  te n d e n c y  for  
p r ec ip ita te  is  r e d u c e d , e x c e p t  at h ig h  c o n c e n tr a t io n s  o f  a n io n ic  or c a t io n ic  su rfac tan ts  
[1 0 ] . T h e r e fo r e , it w a s  p o s s ib le  to  c h a n g e  the su rfactan t m ix tu r e  ra tio s  to  in c r e a se  th e  
e m u ls io n  s ta b ility  o f  p o ly (D V B )H I P E  sy s te m  b y  in c r e a s in g  ra tio  o f  n o n io n ic  
su rfac tan t (S P A N  8 0 ) , and d e c r e a s in g  ra tios o f  a n io n ic  an d  c a t io n ic  su rfac tan ts  
(D D B S S  and C T A B ).

T h e  c h a n g e s  in  d iffe r e n t su rfac tan t m ix tu re  ra tio s  (p rep ared  u s in g  a 
su rfac tan t m ix tu r e  o f  9 .5  w t%  o f  S P A N 8 0 , 0 .3  w t%  o f  D D B S S ,  and  0 .2  w t%  o f  
C T A B ) (S 8 0 D C I I ) ,  an d  d iffe ren t a c id -tr ea ted  c la y  co n te n t ca n  b e  e x p la in e d  u s in g  
S E M  m ic r o g r a p h s  o f  th e  o b ta in e d  p o ly (D V B )H I P E s  ( s e e  F ig u r e  4 .5 ) .

Figure 4,5 S E M  m icro g ra p h s o f  S 8 0 D C II  f i l le d  w ith  d if fe r e n t  a c id -tr ea ted  c la y  
c o n te n t (w t% ); (a ) 0; (b ) 1; (c )  3; (d ) 5; (e )  10; an d  ( f )  15.

» ๙
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P o ly H IP E s  prep ared  u s in g  a  su rfactan t m ix tu r e  o f  9 .5  พ t%  o f  
S P A N 8 0 , 0 .3  w t%  o f  D D B S S ,  and 0 .2  w t%  o f  C T A B  ( ร 8 0 D C II) . T h e  v o id  s iz e s  and  
in te r c o n n e c t in g  w in d o w  s iz e s  w ere  fo u n d  to d e c r e a se  w ith  in c r e a s in g  c o n te n t  o f  a c id -  
trea ted  c la y  a d d ed . T h e s e  resu lts  c o u ld  b e  d u e  to  th e  in c r e a s in g  o f  a c id -tr e a te d  c la y  
c o n te n t  w h ic h  r e su lte d  in  th e  s y s te m  o f  p o ly (D V B )H I P E  b e c o m in g  m o re  s ta b le . T h e  
a c id  trea tm e n t o f  c la y  m in e r a ls  r e m o v e d  th e o cta h ed ra l la y er  c a t io n s  o f  b e n to n ite  c la y ,  
r e su lt in g  in  in c r e a s in g  in  p o r o s ity  an d  a c id ic ity  o f  b e n to n ite  c la y , le a d in g  to  h ig h e r  
su r fa c e  area  ( l is te d  in  T a b le  4 .4 ) .  It w a s  e v id e n t  fro m  th e  v o lu m e  a d so rb ed  o f  
p o ly (D V B )E IIP E  (S e e  F ig u r e  4 .6 )  th at a d so rp tio n  w a s  in c r e a se d  w h e n  th e a c id -tr ea ted  
c la y  w e r e  a d d ed  [1 1 ] , T h is  in turn an  in c r e a se  in  B E T  su r fa c e  area  an d  v o lu m e  
a d so rb ed  o f  p o ly (D V B )E H P E s  a fter  a c id  trea tm en t in f lu e n c e d  to  g e t  a  larger  
a d so r p tio n  o f  C O 2 g a s  [8 ].

A t 15 w t%  o f  a c id -tr ea ted  c la y  c o n te n t, su r fa c e  a rea  d e c r e a se d . T h is  
w a s  p r o p a b ly  d u e to  e m u ls io n  b e c o m in g  u n sta b le  and  th e  v o id  s iz e  o f  
p o ly (D V B )H I P E  in c r e a se d  (S e e  F ig u r e  4 .5 )  a lso  th e  a m o u n t o f  th e  a d d ed  a c id -tr ea ted  
c la y  w a s  h ig h , re su lte d  in  th e  a g g lo m e r a tio n  o f  th e  c la y  p a r t ic le s  a s  s h o w n  in  F ig u re  
4 .7 .

Table 4.4 S u rfa ce  a rea s, c u m u la tiv e  p ore v o lu m e s , and  a v e r a g e  p o r e  d ia m e te r s  o f  
S 8 0 D C I I  f i l le d  w ith  d iffe r e n t a c id -trea ted  c la y  c o n te n t  (w t% )

Sample Surface areas
(m2/g)a

Cumulative pore volumes
(cm3/g)b

Average pore diameters 
(ท'ท)b

0  w t% 1 98  ± 9 0 .1 1 + 0 . 0 0 4 1 . 5 1 + 0 . 0 0 7
1 w t% 2 3 7  ±  12 0 .1 3  +  0 .0 0 5 1 .3 8  +  0 .0 0 7
3 w t% 2 5 3  +  15 0 .1 4  +  0 .0 0 7 1 .3 7  +  0 .0 1 6
5 w t% 2 6 2 +  10 0 .1 4  +  0 .0 0 5 1 .3 6  +  0 .0 0 6

10 w t% 5 2 3  +  2 0 0 . 2 1 + 0 . 0 2 0 1 .3 6  +  0 .0 0 3
15 w t% 3 4 6 +  18 0 .1 7  +  0 .0 0 5 1 .4 3  +  0 .0 9 5

a F ro m  B E T  trea tm en t o f  N 2 a d so rp tio n  data. 
b F ro m  B J H  trea tm en t o f  N 2 a d so rp tio n  data.
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Figure 4.6 V o lu m e  a d so rb ed  fo r  S 8 0 D C II  f i l le d  w ith  d iffe r e n t a c id -tr e a te d  c la y  
c o n te n t  (w t% ).

(a) (b ) (c)

(d) (e)

Figure 4.7 S E M -E D X (S i)  m ic r o g r a p h s  o f  S 8 0 D C II  f i l le d  w ith  d if fe r e n t  a c id -tr e a te d  
c la y  c o n te n t (พ t% ): (a ) 1% ; (b ) 3% ; (c )  5% ; (d ) 10% ; ( e )  15% .
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Figure 4.8 T y p ic a l e x a m p le  o f  N 2 so rp tio n  iso th erm  for  p o ly (D V B )H I P E  s a m p le s  in  
T a b le  4 .3  an d  T a b le  4 .4 .

A  ty p ic a l e x a m p le  o f  th e  ty p e  o f  N 2 s o r p tio n  iso th e r m  fo r  
p o ly (D V B )H I P E  n a n o c o m p o s ite s  is  d isp la y e d  in  F ig u r e  4 .8 ,  N 2 so r p tio n  iso th e r m s  o f  
a ll  p o ly (D V B )H I P E  sa m p le s  l is te d  in  T a b le  4 .3  a n d  T a b le  4 .4  are m e s o p o r o u s  
m a te r ia ls  ( ty p e  IV ). B E T  iso th erm  a c c o r d in g  to  th e  B D D T  c la s s if ic a t io n .

4.4 .2 .2  Thermal p roperties
T G  a n a ly s is  o f  p o ly (D V B )H I P E s , p rep a red  fr o m  d iffe r e n t m ix tu r e  

o f  su rfac tan ts  w ith  d iffe r e n t a m o u n t o f  a c id -tr ea ted  c la y  c o n te n t, w a s  carried  o u t to  
m e a su r e  th e  th erm al s ta b ility  o f  th e  p o ly (D V B )H I P E s  w ith  th e  tem p era tu re  ra n g e  
b e tw e e n  4 0 - 6 0 0 ° C  and  h e a t in g  rate o f  1 0 ° c /m in . T G A  th erm o g ra m  o f  tem p era tu re  
a g a in st  p e r c e n t w e ig h t  lo s s  are sh o w n  in  F ig u re  4 .9 .  It w a s  o b s e r v e d  fro m  th e  
th erm o g ra m  th at d e c o m p o s it io n  b e h a v io r s  o f  a ll p o ly (D V B )H I P E  w e r e  in  th e  fo rm  o f  
a o n e  s tep  d e g r a d a tio n  p r o c e s s , and  h e n c e  d e c o m p o s it io n  tem p era tu re  rep o rted  th e  
tem p era tu re  c o r r e sp o n d in g  to  5 0 %  d e c o m p o s it io n  o f  th e  m a ter ia l. T h e  th erm a l  
d e c o m p o s it io n  tem p era tu re  (T d) and r e s id u e  y ie ld  (% ) w e r e  l is te d  in  th e  T a b le  4 .5 ,  
an d  th e  D T G  c u r v e s  o f  s a m p le s  a s  sh o w n  in  F ig u re . 4 .1 0 .
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Figure 4 .9  T G A  th erm ogram s o f  (a ) S 8 0 D C I, and (b ) S 80D C II.
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Figure 4.10 D T G  c u r v e s  o f  (a ) S 8 0 D C I , and  (b ) S 8 0 D C II .
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Table 4 .5  T h erm al d e c o m p o s it io n  tem p era tu re  (Td) and r e s id u e  y ie ld  (% ) o f  S 8 0 D C I  
and S 8 0 D C II  f ille d  w ith  d iffe ren t am ou n t o f  a c id -tr ea ted  c la y  c o n te n t  (w t% )

Sample S80DCÏ S80DC1I
Td CO Residue Yield (%) rn f c ) Residue Yield (%)

0 w t% 4 4 4 .7 6 1 8 .0 4 4 3 .9 9 1 8 .0
1 w t% 4 4 6 .4 7 2 3 .9 4 4 3 .0 7 2 0 .9
3 w t% 4 5 0 .7 0 2 8 .4 4 4 5 .1 3 2 2 .7
5 w t% 4 5 1 .4 9 2 8 .4 4 4 8 .4 4 2 9 .0

10 w t% 4 5 1 .3 6 2 8 .6 4 5 4 .8 9 3 5 .2
15 w t% 4 5 9 .6 7 4 2 .4 4 6 2 .0 3 4 4 .1

It w a s  o b serv ed  th at th e  d e c o m p o s it io n  tem p era tu re  o f  
p o ly (D V B )H I P E  n a n o c o m p o s ite s  sh ifted  t o  a h ig h  tem p era tu r e  w ith  in c r e a s in g  a c id -  
trea ted  c la y  co n ten t. R e s id u e  y ie ld  fo r  p o ly (D V B )H I P E  n a n o c o m p o s ite s  are h ig h e r  
th an  n ea t p o ly (D V B )H I P E s  and d e p en d ed  o n  th e  a c id -tr e a te d  c la y  co n ten t. T h is  
resu lt, in d ic a te d  th at th e  in co rp o ra tio n  o f  c la y  n a n o p a r tic le s  in to  p o ly (D V B )H I P E  
o ffe r s  a s ta b iliz in g  e f f e c t  a g a in st d e c o m p o s it io n : p r o te c tin g  fro m  th erm a l d e g r a d a tio n  
b y  k e e p in g  th e  p o ly d iv in y lb e n z e n e  ch a in s  and  th e  o r ig in a l m o le c u la r  stru ctu re in ta c t  
w h ic h  r e su lts  in  in c r e a s in g  d e c o m p o s it io n  tem p era tu re  and r e s id u e  y ie ld  o f  th e  
o b ta in e d  p o ly H I P E s 12.

T h e  g la s s  tra n sitio n  tem p era tu re  (T g) o f  th e  p o ly (D V B )H I P E s  f i l le d  
w ith  and w ith o u t  a c id -trea ted  d a y  w a s  in v e s t ig a te d  b y  u s in g  D S C  w ith  th e  
tem p era tu re  ra n g e  b e tw e e n  3 0 -2 5 0 ° C  and h e a t in g  ra te  o f  1 0 °cy m in . It w a s  fo u n d  th at  
n o  g la s s  tra n sitio n  tem p era tu re  ca n  b e  d e te c te d  fro m  b o th  n e a t p o ly (D V B )H I P E s  an d  
p o ly (D V B )H I P E  n a n o c o m p o s ite s  ( s e e  F ig u r e  4 .1 1 ) .  B e c a u s e , in  p rep a ra tio n  o f  
p o ly (D V B )H I P E s , D V B  w a s  u se d  as a c r o s s lin k in g  a g e n t  as w e l l  a s  a m o n o m e r  in  th e  
o r g a n ic  p h a se . S o , h ig h  d e g r e e  o f  c r o s s lin k in g  o f  D V B  w a s  o b ta in e d  le a d in g  t o  
a b se n c e  o f  a  g la s s  tra n sitio n  tem p era tu re  (T g). T h e se  o b s e r v a t io n s  w e r e  c o n s is te n t  
w ith  th e  r e su lts  fro m  m a n y  w o r k s 13'15, w h ic h  in d ic a te d  th at n o  g la s s  tra n sitio n  
tem p era tu re  (T g) w a s  d e te c te d  d u e  to  th e  h ig h  d e g r e e  o f  D V B  le a d  to  h ig h  d e g r e e  o f  
cr o ss lin k in g .



34

Figure 4.11 D S C  th erm o g ra m s o f  a) n e a t p o ly (D V B )H I P E  b ) p o ly (D V B )H I P E  
n a n o c o m p o s ite .

4.4 .2 .3  M echanical p roperties
4.4.2.3.1 Com pressi ve Response

M e c h a n ic a l p r o p erties  o f  p o ly (D V B )H 3 P E s , p rep ared  fro m  
d iffe r e n t m ix tu r e  o f  su rfactan ts  w ith  d iffe r e n t a m o u n t o f  a c id -tr e a te d  c la y  c o n te n t, 
w e r e  carried  ou t. T h e  sa m p le s  w e r e  lo a d e d  u n til a d is p la c e m e n t o f  7 0  p e r c e n t o f  th e  
h e ig h t  o f  th e  e x a m in e d  sa m p le  w a s  rea ch ed . T h e  c o m p r e s s iv e  s tr e s s -e x te n tio n  c u r v e  
fo r  n eat p o ly (D V B )H I P E  and p o ly (D V B )H I P E  n a n o c o m p o s ite s  a s  s h o w n  in  F ig u r e
4 .1 2 .
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Figure 4 .1 2  C o m p ressiv e  S tress-E xten sion  cu rves o f  (a) S80DCI, and (b ) S80DCII.
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T h e  cu r v e s  s h o w  th ree  s ta g e s  o f  d e fo rm a tio n ; in itia l lin ea r  
b e h a v io r , lin e a r  p la tea u  r e g io n , and  f in a lly , d e n s if ic a t io n . T h e  in it ia l s lo p e  is  u se d  to  
c a lc u la te  c o m p r e s s iv e  m o d u lu s  o f  p o ly (D V B )H I P E  and  th e  in te r se c t io n  p o in t  b e tw e e n  
th e  in itia l s lo p e  and th e  p la tea u  s lo p e  is  u se d  to  c a lc u la te  c o m p r e s s iv e  stren g th . T h e  
c o m p r e s s iv e  m o d u lu s  an d  c o m p r e s s iv e  stren g th  w e r e  l is te d  in  th e  T a b le  4 .6 .

Table 4.6 C o m p r e s s iv e  m o d u lu s  (M P a ) an d  C o m p r e ss iv e  s tren g th  o f  S 8 0 D C I  and  
S 8 0 D C II  f i l le d  w ith  d iffe r e n t a m o u n t o f  a c id -trea ted  c la y  c o n te n t (w t% )

S80DCI S80DCII
Sample Compressive

Modulus
(MPa)

Compressive
Strength

(MPa)

Compressive
Modulus

(MPa)

Compressive
Strength

(MPa)
0 w t% 2 .5 9 ± 0 .1 5 0 .1 3 ± 0 .0 4 2 . 6 Ü 0 . 2 7 0 .1 3 ± 0 .0 2
1 w t% 2 .8 7 ± 0 .1 5 0 .1 6 ± 0 .0 3 2 .7 3 ± 0 .0 9 0 .1 7 ± 0 .0 1
3 w t% 2 .9 0 ± 0 .1 4 0 .1 7 ± 0 .0 1 2 .9 0 ± 0 .0 6 0 .1 8 ± 0 .0 1
5 w t% 3 .5 0 ± 0 .1 6 0 .2 4 ± 0 .0 2 3 .0 0 ± 0 .1 0 0 .2 2 ± 0 .0 4

10 w t% 2 ,8 0 ± 0 .0 8 0 .1 5 ± 0 .0 1 2 .7 3 ± 0 .0 8 0 .1 6 ± 0 .0 4
15 w t% 2 .0 7 ± 0 .1 0 0 .1 4 ± 0 .0 2 1 .9 9 ± 0 .1 6 0 .1 4 ± 0 .0 4

S 8 0 D C I  w ith o u t a d d ed  a c id -tr ea ted  c la y  s h o w e d
c o m p r e s s iv e  m o d u lu s  a n d  c o m p r e s s iv e  s tren g th  o f  2 .5 9  and  0 .1 3  M P a , r e s p e c t iv e ly .  
T h e  c o m p r e s s iv e  m o d u lu s  and  c o m p r e s s iv e  stren g th  o f  ร  8 0 D C I  f i l le d  w ith  0  to  5 w t%  
a c id -tr e a te d  c la y  c o n te n t , in cre a sed  fro m  2 .5 9  to  3 .5 0  and  0 .1 3  to  0 .2 4  M P a ,  
r e s p e c t iv e ly  an d  d e c r e a se d  to  2 .0 7  and  0 .1 4  M P a  w h e n  a c id -tr ea ted  c la y  c o n te n t w a s  
15 w t% . A d d it io n  o f  5 w t%  o f  a c id -tra ted  c la y  in to  p o ly (D V B )H I P E  in c r e a se s  its  
c o m p r e s s iv e  m o d u lu s  a n d  c o m p r e s s iv e  stren g th  a b o u t 3 5 %  and  8 5 % , r e s p e c t iv e ly .

S 8 0 D C II  w ith o u t  ad d ed  a c id -tr ea ted  c la y  s h o w e d
c o m p r e s s iv e  m o d u lu s  an d  c o m p r e s s iv e  s tren g th  o f  2 .6 1  and  0 .1 3  M P a , r e s p e c t iv e ly .  
T h e  c o m p r e s s iv e  m o d u lu s  and  c o m p r e s s iv e  stren g th  o f  S 8 0 D C II  f i l l e d  w ith  0  to  5 
w t%  a c id -tr e a te d  c la y  c o n te n t, in c r e a se d  fr o m  2 .6 1  to  3 .0 0  an d  0 .1 3  to  0 .2 2  M P a , 
r e s p e c t iv e ly  an d  d e c r e a se d  to  1 .9 9  and 0 .1 4  M P a  w h e n  a c id -tr ea ted  c la y  c o n te n t  w a s
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15 % w t. A d d it io n  o f  5 w t%  o f  a c id -tr a ted  c la y  in to  p o ly (D V B )H I P E  in c r e a se s  its  
c o m p r e s s iv e  m o d u lu s  and c o m p r e s s iv e  stren gth  a b o u t 15%  and 70% , r e sp e c t iv e ly .

It is  o b se r v e d  th at b o th  th e  c o m p r e s s iv e  m o d u lu s  and  
c o m p r e s s iv e  stren g th  are h ig h e r  fo r  p o ly (D V B )H I P E  n a n o c o m p o s ite s .  
P o ly (D V B )H I P E  n a n o c o m p o s ite s  ex h ib ite d  im p r o v e m e n t in  th e  m e c h a n ic a l  
p r o p erties  o f  th e  r e su lt in g  m a ter ia ls  su c h  as c o m p r e s s iv e  m o d u lu s  an d  c o m p r e s s iv e  
stren g th  w h e n  co m p a re  to  th e  n ea t p o ly (D V B )H I P E s 12. T h e  m a x im u m  im p r o v e m e n t  
w a s  o ccu rred  w ith  5 w t%  o f  a c id -tr ea ted  c la y  w a s  a d d ed  to  p o ly (D V B )H I P E  m atrix . 
T h e h ig h  a sp e c t  ratio  and la r g e  su r fa c e  area o f  a c id -tr ea ted  c la y  p r o v id e  th e  b e tter  
stress  tra n sfer  b e tw e e n  p o ly (D V B )E H P E  m atr ix  and a c id -tr e a te d  c lay , w h ic h  
co n tr ib u ted  to  th e  im p r o v e m e n t o f  m e c h a n ic a l p e r fo r m a n c e 16’17. T h is  s itu a tio n  c o u ld  
b e  o b ta in e d  b y  th e  a d d it io n  o f  a c id -tr ea ted  c la y  w ith  g o o d  d isp e r s io n  in to  th e  
c o n tin u o u s  p h a se  o f  p o ly (D V B )E Q P E  n a n o c o m p o s ite s .

T E M  m icro g ra p h s o f  p o ly (D V B )H I P E  n a n o c o m p o s ite s  in  
F ig u r e  4 .1 3 ,  s h o w  th a t b o th  in terca la ted  and e x fo lia te d  d isp e r se d  th ro u g h  o u t  
p o ly (D V B )F H P E  m atrix . H o w e v e r , T E M  m icr o g r a p h  w ith  h ig h  m a g n if ic a t io n  
( x  1 5 0 0 0 0 ) ,  in d ic a te d  th a t th e  w e l l  d isp e r s io n  o f  a c id -tr e a te d  c la y  th ro u g h  
p o ly (D V B )H I P E  m atr ix  w e r e  o b ta in e d  and r e su lte d  in  th e  b e tter  s tress  tra n sfer  
b e tw e e n  tw o  p h a se s . M o r e o v e r , A t 10  to  15 w t%  o f  a c id  trea te d  c la y  c o n te n t,  
c o m p r e s s iv e  m o d u lu s  and c o m p r e s s iv e  s tren g th  w e r e  d e crea sed  b e c a u s e  th e  a m o u n t  
o f  th e  a d d ed  a c id -trea ted  c la y  w a s  h ig h , and r e su lte d  in  th e  a g g lo m e r a tio n  o f  th e  c la y  
p a rtic les .
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Figure 4.13 H ig h -r e so lu t io n  T E M  im a g e s  o f  p o ly (D V B )H D P E  n a n o c o m p o s ite .

4.4 .2 .4  A dsorption  capacities
C O 2 g a s  a d so rp tio n  o f  p o ly (D V B )H I P E , p rep ared  fro m  d iffe r e n t  

m ix tu r e  o f  su rfac tan ts  w ith  d iffe r e n t a m o u n t o f  a c id -tr e a te d  c la y  c o n te n t , w a s  carried  
o u t u s in g  a p ilo t  g a s if ic a t io n  u n it  at th e  D e p a r tm e n t C h e m ic a l T e c h n o lo g y  
D ep a r tm en t, F a c u lty  o f  S c ie n c e , C h u la lo n g k o r n  u n iv e r s ity  w ith  f lo w  C O 2 3 ก าไ /กฑํก
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an d  H e  17 m l /m in  th ro u g h  th e  sa m p le  at r o o m  tem p era tu re . T h e  C 0 2 g a s  a d so rp tio n  
c a p a c it ie s  w e r e  l is te d  in  T a b le  4 .7 .

Table 4.7 C 0 2 g a s  a d so r p tio n  ca p a c ity  (m m o l/g )  o f  S 8 0 D C I  and  S 8 0 D C I I  f i l le d  w ith  
d iffe r e n t a m o u n t o f  a c id -tr ea ted  c la y  c o n te n t (พ t% )

Sample S80DCI S80DCII
0  w t% 1 5 .9 2 .4 3
1 w t% 1 8 .2 7 .9 7
3 w t% 7 .3 4 6 .0 0
5 w t% 6 .4 5 7 .0 6

10 w t% 2 .7 7 1 2 .3
15 w t% 1.13 8 .4 2

S 8 0 D C I  w ith o u t  a d d ed  a c id -tr ea ted  c la y  s h o w e d  C O 2 g a s  a d so rp tio n  
c a p a c ity  o f  1 5 .9  m m o l/g . T h e  C 0 2 g a s  a d so rp tio n  c a p a c ity  o f  S 8 0 D C I  f i l le d  w ith  a c id -

trea ted  c la y  w a s  fo u n d  to  d e c r e a se s  w ith  in c r e a s in g  c o n te n t  o f  a c id -tr e a te d  c la y  ad d ed .
S 8 0 D C II  w ith o u t  a d d ed  a c id -tr ea ted  c la y  s h o w e d  C 0 2 g a s  

a d so r p tio n  c a p a c ity  o f  2 .4 3  m m o l/g . T h e  C 0 2 g a s  a d so r p tio n  c a p a c ity  o f  S 8 0 D C II  
f i l l e d  w ith  a c id -tr ea ted  c la y  w a s  fo u n d  to  in c r e a se s  w ith  in c r e a s in g  c o n te n t  o f  a c id -  
trea ted  c la y  a d d ed , and d e c r e a se s  to  8 .4 2  w h e n  a c id -tr ea ted  c la y  c o n te n t  w a s  15 w t% .

T a b le  4 .8  s h o w s  su r fa c e  area a n d  C 0 2 g a s  a d so r p tio n  o f  
p o ly (D V B )H I P E s  b e fo r e  an d  a fter  treated  w ith  3 N  HC1 so lu t io n s .
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Table 4.8 C O 2 g a s  a d so rp tio n  c a p a c ity  (m m o l/g )  o f  S 8 0 D C I  f i l le d  w ith  o r g a n o  c la y  
an d  a c id -tr ea ted  c la y  ( พ t% )

Sample
S80DCI filled with organo clay S80DCI filled with acid-treated clay

Surface area 
(m2/g)

CO2  gas adsorption 
capacity (mmol/g)

Surface area 
(m2/g)

CO2  gas adsorption 
capacity (mmol/g)

0 w t% 5 4 9 .6 1 5 .9 5 4 9 .6 1 5 .9
1 w t% 4 9 9 .4 4 .21 5 0 1 .3 1 8 .2
3 w t% 4 6 9 .2 4 .5 3 3 7 2 .4 7 .3
5 w t% 4 4 7 .9 3 .9 2 3 5 3 .4 6 .4

10  w t% 1 4 1 .3 2 .6 8 3 4 6 .4 2 .8

P o ly (D V B )H I P E  f ille d  w ith  1 to  5 w t%  o f  o rg a n o  c la y . T h e  su r fa c e  
area  c lo s e d  to  p o ly (D V B )H I P E  f i l le d  w ith  a c id -tr ea ted  c la y , bu t C O 2 g a s  a d so rp tio n  
c a p a c it ie s  o f  p o ly (D V B )H I P E  f i l le d  w ith  a c id -tr ea ted  c la y  s h o w e d  h ig h e r . T h e r e fo r e ,  
th e  C O 2 g a s  a d so r p tio n  o f  p o ly (D V B )H I P E  in c r e a se s  a fter  a c id  trea tm en t. A l l  sa m p le  
o f  p o ly (D V B )H I P E s  f i l le d  w ith  a c id -tr ea ted  c la y  e x h ib ite d  h ig h e r  a d so r p tio n  c a p a c ity  
o f  C O 2 g a s  w h e n  co m p a r e  w ith  n e a t p o ly (D V B )H I P E . A c id  trea tm en t o f  o r g a n o  c la y  
c a n  im p r o v e  th e  g a s  a d so rp tio n  o f  C O 2 d u e  to  in c r e a s in g  th e  su r fa c e  area , a c id ity  and  
c h a n g e s  o f  th e  c h e m ic a l c o m p o s it io n  in  th e  in ter la y er  w h e n  c o m p a r e d  w ith  
p o ly (D V B )H I P E  f i l le d  w ith  o r g a n o  c la y .

T h e  c o rre la tio n  o f  C O 2 g a s  a d so rp tio n  c a p a c ity  b y  S 8 0 D C I  and  
S 8 0 D C II  w ith  th e  su r fa c e  area  a s  sh o w n  in  F ig u re  4 .1 4 . A  la r g e  s p e c if ic  su r fa c e  area  
w a s  p r e fe r a b le  fo r  p r o v id in g  a  la r g e  a d so rp tio n  ca p a c ity .
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Figure 4.14 C O 2 g a s  a d so rp tio n  ca p a c ity  w ith  th e  su r fa c e  area  o f  S 8 0 D C I , and  
S 8 0 D C II .

4.5 Conclusions

T h e  c la y  a fter  acid  trea tm e n t s h o w e d  h ig h e r  s p e c if ic  su r fa c e  area  th an  b e fo r e  
a c id  trea tm en t. T h e  c h e m ic a l c o m p o s it io n , th e  stru ctu re and  th e  te x tu r e  o f  th e  c la y  
and o rg a n o  c la y  a fter  a c id  trea tm e n t in flu e n c e d  th e  s p e c if ic  su r fa c e  area  o f  th e  c la y .  
C la y  trea ted  w ith  a c id  w i l l  b e  in co rp o ra ted  in to  p o ly H IP E  p o ly m e r  to  in c r e a se  su r fa c e  
areas, im p ro v e  m e c h a n ic a l an d  th erm al p r o p er tie s  o f  p o ly (D V B )H I P E .

S u rfa ce  areas o f  S 8 0 D C I  d e c r e a se d  fro m  5 5 0  to  2 5 1  m 2/g .  C o m p r e s s iv e  
m o d u lu s  o f  th e  o b ta in e d  p o ly (D V B )H I P E s  in c r e a se d  fro m  2 .5 9  to  3 .5 0  M P a  w ith  0  to  
5 w t%  a c id -tr ea ted  c la y  c o n te n t, and d e c r e a se d  to  2 .0 7  M P a  w h e n  a c id -tr e a te d  c la y  
c o n te n t  w a s  15 w t% . D e c o m p o s it io n  tem p era tu re  o f  S 8 0 D C I  in c r e a se d  fr o m  4 4 4 .7 6  to  
4 5 9 .6 7  °c.

S u rfa ce  a rea s o f  S 8 0 D C II  w ith  0  to  10  w t%  o f  a d d ed  a c id -tr e a te d  c la y  
in c r e a se d  fro m  1 9 8  to  5 2 3  m 2/g . C o m p r e ss iv e  m o d u lu s  in c r e a se d  fro m  2 .6 1  to  3 .0 0  
M P a  w ith  0  to  5 w t%  a c id -tr ea ted  c la y  co n ten t. S u r fa ce  area  and  c o m p r e s s iv e  
m o d u lu s  w e r e  d e c r e a se d  to  3 4 6  m 2/g  and  1 .9 9  M P a  w h e n  a m o u n t o f  ad d ed  a c id -

X  S80DCI 
■  S80DCII
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trea ted  c la y  c o n te n t  w a s  15 w t% . D e c o m p o s it io n  tem p era tu re  o f  S 8 0 D C II  in cre a sed  
fr o m  4 4 3 .9 9  to  4 6 2 .0 3  °c.

C O 2 a d so rp tio n  te s t s  w e r e  carried  o u t  o n  th e  o b ta in e d  p o ly (D V B )H 3 P E  and it 
w a s  fo u n d  th a t C O 2 a d so rp tio n  w e r e  b e tw e e n  2 .4  to  1 8 .2  m m o l/g . H ig h e s t  a d so rp tio n  
w a s  o b ta in ed  fr o m  S 8 0 D C I  w ith  1 w t%  a cid -trea ted  c lay .
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