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m e s o p o ro u s  z e o lite  c o m p o s ite  c a rr ie r . B io re so u rc e  T e c h n o lo g y . 1 1 5 ,2 0 8 -2 1 4 .

Z h e n g , H ., H a n , L ., M a , H ., Z h e n g , Y ., Z h a n g , H ., L iu , D ., a n d  L ia n g , ร . (2 0 0 8 )  
A d s o rp tio n  c h a ra c te r is t ic s  o f  a m m o n iu m  ion b y  z e o lite  13X . J o u rn a l o f  
H a z a rd o u s  M a te r ia ls . 1 5 8 (2 -3 ) , 5 7 7 -5 8 4 .



A P P E N D IC E S

A p p e n d ix  A  R eten tio n  T im e  an d  C a lib ra tio n  C u rv e  o f  G lu co se , A c id s , an d  
S o lv en ts  by H P L C

T h e  q u a n t i ty  o f  g lu c o s e , a c id s  a n d  s o lv e n ts  p ro f i le  o f  f e rm e n ta t io n  p ro c e s s  
w e re  d e te rm in e d  b y  H P L C  e q u ip p e d  w ith  a  r e f r a c t iv e  in d e x  d e te c to r  (S e r ie s  2 0 0  
L C /S /N 2 9 1 N 5 0 6 0 5 0 8 ,  P e rk in  E lm e r )  u s in g  a n  A m in e x - H P X  8 7 H  c o lu m n  (3 0 0  m m  
x 7 8  m m , B io - R a d  L a b , U S A )  a n d  a  g u a rd  c o lu m n  (3 0  m m  X 4 .6  m m , B io -R a d  L a b , 
U S A )  u n d e r  th e s e  f o l lo w in g  c o n d i t io n s :  f lo w  ra te  0 .6 0  m l/m in ,  m o b i le  p h a s e  0 .0 0 5  
M  o f  H 2 S O 4 a n d  c o lu m n  te m p e ra tu re  w a s  f ix e d  a t 6 0  °C . T h e  r e te n t io n  t im e s  o f  
g lu c o s e , a c id s  a n d  s o lv e n ts  s h o w n  in  T a b le  A l .  F o r  a c id s , th e re  c o n s is ts  o f  b u ty r ic  
a n d  a c e t ic  a c id . F o r  s o lv e n ts  a re  c o n s is ts  o f  a c e to n e , b u ta n o l ,  a n d  e th a n o l .  In  o r d e r  to  
d e te rm in e  th e  q u a n t i ty  o f  g lu c o s e  a n d  p r o d u c ts ,  c a l ib r a t io n  c u rv e  o f  e a c h  s u b s ta n c e  is 
n e c e s s a r y .  F ig u r e  A l  s h o w s  th e  c a l ib r a t io n  c u rv e  o f  g lu c o s e , a c id s ,  a n d  s o lv e n ts .

T a b le  A l  R e te n t io n  t im e  o f  s u b s ta n c e s

S u b s ta n c e s R e te n t io n  t im e  (m in )

G lu c o s e 9 .2 4

A c e tic  a c id 1 5 .0 7

B u ty r ic  a c id 2 1 .0 9

A c e to n e 2 1 .8 9

B u ta n o l 3 7 .1 9

E th a n o l 2 2 .3 9
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Calibration curve of glucose Calibration curve of acetic acid

Area Area

Calibration curve of butanol Calibration curve of ethanol

Area Area

F ig u re  A 1  C a l ib r a t io n  c u rv e  o f  g lu c o s e , a c id s , a n d  s o lv e n ts .  S y m b o ls ;  (a )  
c a l ib r a t io n  c u rv e  o f  g lu c o s e , (b )  c a l ib r a t io n  c u rv e  o f  a c e t ic  a c id , (c )  c a l ib r a t io n  c u rv e  
o f  b u ty r ic  a c id , (d )  c a l ib r a t io n  c u rv e  o f  a c e to n e , (e  ) c a l ib r a t io n  c u rv e  o f  b u ta n o l ,  a n d
(f)  c a l ib r a t io n  c u rv e  o f  e th a n o l.
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A p p en d ix  B R eten tio n  T im e  an d  C a lib ra tio n  C u rv e  o f  A c e to n e -B u ta n o l  
E th a n o l by G C

F o r  th e  f e rm e n ta t io n  s te p  th e  s a m p le s  p r o d u c ts  a c e to n e - b u ta n o l - e th a n o l  b y  
Clostridium beijerinckii T IS T R 1 4 6 1  a t  d i f f e r e n t  t im e s  o n  s t r e a m  w e r e  c o l le c te d  a n d  
d e te c te d  b y  G a s  C h ro m a t ro g r a p h y  a t th e  p e t ro le u m  a n d  p e t ro c h e m ic a l  c o l le g e , 
C h u la lo n g k o rn  U n iv e rs i ty .  In  o rd e r  to  d e te rm in e  th e  q u a n t i ty  o f  a c e to n e - b u ta n o l-  
e th a n o l  in  p ro d u c t ,  th e  c a l ib r a t io n a l  c u rv e  o f  a c e to n e - b u ta n o l- e th a n o l  is  r e q u ire d . 
F ig u re  B 1 s h o w s  th e  c a l ib r a t io n  c u rv e  o f  s ta n d a rd  a c e to n e - b u ta n o l - e th a n o l  u n d e r  
v a r io u s  c o n c e n t r a t io n s  in  th e  r a n g e  0 .5  g/1 to  2 g/1 u s in g  p r o p a n o l  a s  a n  in te rn a l 
s ta n d a rd .

Calibration curve of acetone Calibration curve of butanol

Calibration curve of ethanol

Ratio (area ethanol pel area propanol)

F ig u re  B1 C a l ib r a t io n  c u rv e  o f  a c e to n e - b u ta n o l- e th a n o l .  S y m b o ls ;  (a )  c a l ib r a t io n  
c u rv e  o f  a c e to n e , (b )  c a l ib r a t io n  c u r v e  o f  b u ta n o l ,  a n d  (c )  c a l ib r a t io n  c u rv e  o f  
e th a n o l .
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A p p en d ix  c  Im m o b ilized  C ells  F erm en ta tio n  on  U n trea ted  Z eo lite

F ig u re  C l  s h o w s  th e  p H  p ro f i le  o f  im m o b il i z e d  c e l ls  f e rm e n ta t io n  o n  
u n tr e a te d  z e o l i te .  T h e  in i t ia l  p H  w a s  a b o u t  7 a t  0 th h o u r  a n d  p H  w a s  s ig n if ic a n t ly  
in c re a s e d  a t 12th h o u r . A f te r  12 th h o u r  it s h o w e d  th e  d r a m a t ic a l ly  d e c r e a s e  o f  p H  
p ro f i le  a n d  c o n s ta n t  a f te r  72  h o u r . T h e  h ig h  p H  v a lu e  m ig h t  b e  th e  e f fe c t  f ro m  
b a s ic i ty  o f  z e o l i te  1 3 X  le a d in g  to  in a p p ro p r ia te  in i t ia l  p H  to  o p t im iz e d  th e  g ro w th  
ra te s  o f  Clostridium g e n u s  w h ic h  s h o u ld  b e  in  th e  ra n g e  o f  6 .5 - 6 . 8  ( T a s h ir o  et al, 
2 0 0 4 ; S c h m id t  a n d  W e u s te r -B o tz ,  2 0 1 2 ; K u m a r  et a l, 2 0 1 3 ) . T h is  m ig h t  b e  r e s u l t in g  
to  th e  lo w  g lu c o s e  c o n s u m p t io n  a n d  lo w  s o lv e n ts  p ro d u c t io n  c o m p a re  w i th  f re e  
m o b i l iz e d  c e l ls  f e rm e n ta t io n  a s  s h o w n  in  F ig u re  C 2  a n d  C 3 , r e s p e c tiv e ly . H e n c e , 
th e re  h a s  to  h a d  a c id  t r e a tm e n t  p r o c e s s  fo r  z e o l i te  in  a  p r e p a r a t io n  s te p  to  n e u tr a l iz e  
z e o l i te  b e fo re  u s in g  a s  a  c e ll  c a r r ie r .

F ig u re  C l  p H  p r o f i le  o f  im m o b il i z e d  c e lls  f e rm e n ta t io n  o n  u n tr e a te d  z e o l i te .
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F ig u re  C 2  G lu c o s e  p ro f i le  o f  im m o b il i z e d  c e l l s  f e rm e n ta t io n  o n  u n t r e a te d  z e o l i te .

F ig u re  C 3  S o lv e n ts  p r o d u c t io n  o f  im m o b il i z e d  c e l ls  f e rm e n ta t io n  o n  u n tr e a te d  
z e o l i te .
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A p p en d ix  D  S c a n n in g  E lec tro n  M icro sco p e  (S E M )

F ig u re  D 1 -D 4  s h o w s  th e  m a te r ia ls  s u r fa c e  b e fo re  c e ll  im m o b i l i z a t io n  o f  
e le c t ro n  m ic r o s c o p e  a t  m a g n if ic a t io n  x i o o o ,  x 3 0 0 0 , a n d  x 5 0 0 0  fo r  b r ic k , a c t iv a te d  
c a rb o n , u n tr e a te d  z e o l i te  a n d  t r e a te d  z e o l i te ,  r e s p e c tiv e ly .

F ig u re  D 1  S c a n n in g  e le c t ro n  m ic r o s c o p e  im a g e s  o f  b r ic k  b e f o r e  th e  im m o b i l i z a t io n ;
(a )  m a g n if ic a t io n  x i o o o ,  (b )  m a g n if ic a t io n  x 3 0 0 0 ,  (c )  m a g n if ic a t io n  x 5 0 0 0
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(c )

Figure D2 Scanning electron microscope images of activated carbon before the
immobilization; (a) magnification xiooo, (b) magnification x3000, (c) magnification
x5000
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(c )

Figure D3 Scanning electron microscope images of untreated zeolite before the
immobilization; (a) magnification xiooo, (b) magnification x3000, (c) magnification
x5000
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TM3000_0556 NL 04.3 x5.0k 20 um

(c)

Figure D4 Scanning electron microscope images of treated zeolite before the
immobilization; (a) magnification xiooo, (b) magnification x3000, (c) magnification
x5000
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F o r  F ig u re  D 5 -D 7  s h o w s  th e  m a te r ia ls  s u r fa c e  w ith  c e ll  im m o b i l i z a t io n  o f  
e le c t ro n  m ic r o s c o p e  a t  d i f f e re n t  m a g n if ic a t io n  fo r  b r ic k , a c t iv a te d  c a r b o n , u n tr e a te d  
z e o l i te  a n d  t r e a te d  z e o l i te ,  r e s p e c tiv e ly .

F ig u re  D 5 S c a n n in g  e le c t ro n  m ic r o s c o p e  im a g e s  o f  b r ic k  a f te r  th e  im m o b i l i z a t io n  a t 
d i f f e r e n t  m a g n if ic a t io n .
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F ig u re  D 6  S c a n n in g  e le c t ro n  m ic r o s c o p e  im a g e s  o f  a c t iv a te d  c a rb o n  a f te r  th e  
im m o b i l i z a t io n  a t d i f f e r e n t  m a g n if ic a t io n .
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F ig u re  D 7  S c a n n in g  e le c t ro n  m ic r o s c o p e  im a g e s  o f  z e o l i te  a f te r  th e  im m o b i l i z a t io n  
a t  d i f f e r e n t  m a g n if ic a t io n .
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C U R R IC U L U M  V IT A E

N am e: M r. R a p e e p h a t  V ic h v u v iw a t
D ate  o f  B irth : A u g u s t  0 2 , 19 8 9
N a tio n a lity : T h a i
U n iv ers ity  E d u ca tio n :

2 0 0 8 - 2 0 1 2  B a c h e lo r  D e g re e  o f  S c ie n c e  in  C h e m ic a l  T e c h n o lo g y  
D e p a r tm e n t ,  F a c u l ty  o f  S c ie n c e , C h u la lo n g k o rn  U n iv e rs i ty ,  B a n g k o k , T h a i la n d . 
W o r k  E x p er ien ce:

A p r i l - M a y  2 0 1 1  P o s i t io n :  I n te r n s h ip  s tu d e n t
C o m p a n y : G o ld  F ie ld  R e f in e ry  C o ., L td .

P ro ceed in g s
1. V ic h u v iw a t ,  R .; L u e n g n a ru e m itc h a i ,  A .; a n d  W o n g k a s e m ji t ,  ร . (2 0 1 4 , A p r i l  2 2 )  

B io b u ta n o l  P ro d u c t io n  b y  I m m o b il iz e d  Clostridium beijerinckii T IS T R  1461 
o n to  P o ro u s  M a te r ia ls .  P ro c e e d in g s  o f  T h e  5 th R e s e a r c h  S y m p o s iu m  o n  
P e tr o c h e m ic a l  a n d  M a te r ia ls  T e c h n o lo g y  a n d  T h e  2 0 lh P P C  S y m p o s iu m  o n  
P e tr o le u m . P e tr o c h e m ic a ls ,  a n d  P o ly m e r s , B a n g k o k , T h a i la n d .
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