
CHAPTER HI 
EXPERIMENTAL

3.1 Materials

3.1 .1  M onom er
D ivinylbenzene (D V B ) w as supplied by M erck.

3 .1 .2  Solvents
T oluene (T ) and H ydrochloric acid (HC1) w ere supplied by Lab Scan. 

Ethanol (E tO H ) w as supplied by Carlo Erba. Isopropanol w as supplied by Etalma.
3 .1 .3  Surfactants

Sorbitan m on ooleate  (S P A N 80 ) and D od ecylb en zen esu lfon ic  acid, 
sodium  salt (D D B S S ) w ere supplied by Sigm a. C etyltrim ethylam m onium  
[C i6H 3 iN +(C H 3) 3] brom ide (C T A B ) and 2,5-d im ethoxy-4-(n )-am ylam phetam ine  
(D O A M ) w ere  supplied by Fluka.

3 .1 .4  Clay M inerals
B en to n ite  (B N ) w a s  supplied  by Thai N ip p o n  Chem ical Industry C o., 

Ltd. The cation  exchange capacity (C E C ) o fB T N  is 43 m m ol/lO O g o f  clay.
3 .1 .5  Initiator

Potassium  persulfate (K 2 S2O 8) w as supplied by Fluka.
3 .1 .6  Stabilizer

Calcium chloride dehydrate (CaC l2*2 H 2 0 ) w as supplied by Fluka.

3.2 Equipment

3 .2 .1  X -ray D iffractom eter (XRD 1
X -ray d iffractom eter (X R D ) w as u sed  to ob serve the d -va lu e  o f  

organoclay, and acid-treated clay and to  investigate  the crystal structure o f  
nan ocom p osites. X -ray d iffraction patterns w ere m easured on  a R igaku M od el D m a x  
2 0 0 2  diffractom eter w ith  N i-filtered  Cu K a radiation operated at 4 0  k v  and 3 0  m A . 
The pow der sam ples w ere  observed on  the 2 9  range o f  1 .8-20  d egree w ith  scan  speed  
2  d egree/m in  and scan step o f  0 . 0 2  degree.
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3 .2 .2  Surface A rea A nalyzer (S A A )
N 2 adsorption-desorption isotherm s w ere obtained at -196°c on a 

Q uantachrom e A u toso rb -1 . Sam ples w ere  degassed  at 1 0 0 ° c  during 12 h in a vacu u m  
furnace prior to analysis. Surface areas w ere calculated u sin g  the B E T  equation. The 
pore s ize  distributions w ere constructed based on  Barrett, Joyner and H alenda (BJH ) 
m ethod u sin g  the adsorption branch o f  the nitrogen isotherm .

3 .2 .3  Fourier Transform  Infrared Spectroscopy fFT -IR )
The FT -IR  spectra o f  organoclays and acid-treated clay w ere obtained  

using a N ico le t N ex u s  6 7 0  FT -IR  spectrom eter in the frequency range o f  4 0 0 0 -4 0 0  
cm ' 1 w ith  32  scans at a resolution o f  2 cm '1. K Br pellet technique w a s applied in the 
preparation o f  p ow der sam ples. The incorporation o f  organic group into silicate  
netw ork is investigated  by using FTIR.

3 .2 .4  Therm ogravim etric A n a lysis  (TGA1
Therm o-gravim etric analysis (T G A ) w as perform ed to  m easure the  

therm al stability o f  the p oly(D V B )H IP E s. T G A  o f  both neat and p o ly (D Y 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. Sam ples w ere cut into  
sm all p iece s  w e ig h  about 2 - 5  mg. Then the sam ples w ere loaded  on  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 as observed  during testing, and the decom p osition  tem perature w as recorded  
corresponding to 50%  d ecom position  o f  the material.

3 .2 .5  D ifferen tia l Scanning Calorim etry (D S C )
The g lass transition tem perature o f  p o ly (D V B )H IP E s w a s  determ ined  

u sin g  a P erkin-E lm er D S C  7 instrument. The sam ple w as first heated from  3 0 ° c  to  
2 5 0 ° c  and coo led  d ow 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 the sam e rate.

3 .2 .6  Scanning E lectron  M icroscop e (SE M I
Scanning electron  m icroscop y w a s  perform ed on  JEO L/JSM  5 2 0 0  

M od el to observe surface m orp h ology o f  poly(D V B )F H P E s. The sp ecim en s w ere  
coated w ith  go ld  under vacuum  b efore observation to  m ake them  electrica lly  
conductive.
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3 .2 .7  X -ray F lu orescen ce (X R F )
C hem ical com p osition s o f  organo clay and acid-treated c lay  w ere  

obtained u sin g  O xford M od el E D 2 0 0 0  X -ray tube w ith  silver as a filter, operate at 
v o lta g e  35 k v .

3 .2 .8  T ransm ission  E lectron  M icroscop e (T E M -)
T ransm ission  electron  m icroscopy w as also u sed  in  this studied to  

ob serve the m orp h ology o f  the p o ly (D V B )H IP E  nan ocom p osites. T E M  m icrographs 
w ere taken on  a T ecnai G 2 sphera electron  m icroscop e w ith  an accelerating vo ltage  
o f  80  k v  to  observe the pore structure and secondary pore in  the ce ll 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. TEM  sam ples w ere prepared by em bedding polyH IP E  
n an ocom p osites in a support resin and section in g  on an ultra-thin m icrotom e. T he thin  
section s w ere  supported on  300  m esh  copper grids.

3 .2 .9  U niversal T esting M achine (L L O Y D )
A  L loyd s U niversal T estin g M ach in e (L lo yd s/L R X ) equipped w ith  a 

50 0  N  load ce ll w as u sed  to  m easure m echanical properties in  com pression . The  
sam p les w ere loaded  at a rate o f  1.27 m m /m in. S am p les o f  2 5 .4  m m  in diam eter and
2 5 .4  m m  in h eight w ere u sed  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 ined  sam p le w a s  
reached.

3 .2 .1 0  c c >2 G as A dsorption
Study o f  C O 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 gasification  unit at the C hem ical 
T ech n o log y  D epartm ent, Faculty o f  S c ien ce , C hulalongkorn un iversity . 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 ere  loaded  into sam ple  
tube 2 x 2 5  cm . C O 2 3 m l/m in  and Ele 17 mL/min w ere  flow ed  through the sam ple at 
room  tem perature. The residue o f  C O 2 w as m easured by a G as C hrom atography  
instum ent, colum n used  Shim adzu 2 0 1 4 , f lo w  rate 35 mL/min.
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3.3 Methodology

3.3 .1  Preparation o f  A cid-treated  Clay
N a-b en ton ite  clay w a s  s lo w ly  added to  3 N  HC1 solution s, stirred and 

m aintained at 11 0 °c  for 3 h. The clay/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 ash ed  w ith  d istilled  w ater several tim es and 
dry until constant w e ig h t w as obtained and grind, l 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 mL o f  H 2O w ere  added to  acid-treated clay so lu tion  for 
m od ified  clay. Then stirred so lu tion  for 3 h until transparent, added w arm  w ater and 
filtered, and w ashed  by soxh let overnight w ith  ethanol (V en aru zzo  etal., 20 0 2 ).

3 .3 .2  Preparation o f  P o lv (D V B )H IP E  filled  w ith  A cid-treated  Clay
The cellu lar m aterials w ere prepared by first d isso lv in g  organic phase  

containing 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  9 0  m L o f  
distilled  w ater contain ing 0 .2  g  o f  potassium  persu lfate and 1 g  o f  calcium  chloride  
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 2 0  m in  and p laced  in  a g la ss bottle. The obtained  em u lsion s w ere  
capped and put in  a con v ection  ov en  at 7 0 ° c  for 48  h to  p olym erize  (B arbetta et al.,
2 0 0 4 ). A fter polym erization , the cellu lar m aterials w ere  rem oved  from  the g lass  
bottles and w ash ed  by soxh let for 6 h w ith  2-propanol. Then the cellu lar m aterials 
w ere returned to  vacuum  oven  to dry at 8 0 ° c  for 48 h (P ak eyan gk oon  et al., 20 0 8 ).

3 .3 .3  C haracteristics o f  A cid-treated  Clay and P o lv fD V B iH IP E s filled  A cid -  
treated Clay:

a. Therm al properties characterizing: T he therm al properties o f
p o ly (D V B )H IP E s filled  w ith  acid-treated clay w ere  studied u s in g  T G A  
and D S C .

b. M orp h ology  characterizing: T he m orp h ology  o f  p o ly (D V B )H IP E s  
filled  w ith  acid-treated clay w a s studied u sin g  SE M  and TEM .

c. Structural characterizing: T he structural characteristics o f  acid-treated  
clay w ere  m easured u sin g  X R D  and FTIR.
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d. C hem ical characterizing: The ch em ica l an a lyses o f  acid-treated clay  
w ere carried out u sin g XR F.

e. M echanical properties analysis: The m echanica l properties o f
p o ly (D V B )H IP E s filled  w ith  acid-treated clay  w ere  studied u sin g  
L L O Y D /L R X .

f. Surface area analysis: T he surface area o f  p o ly (D V B )H IP E s filled  w ith  
acid-treated clay w a s analyzed  u sin g  A utosorb-1.

g. A dsorption  analysis: S tudy o f  to x ic  ga ses adsorption properties o f  
p o ly (D V B ) H IPE filled  w ith  acid-treated clay w ere  carried out u sin g  a 
pilot gasification  unit at the F acu lty o f  C hem ical T ech n o lo g y  
C hulalongkorn university.
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