
C A T A L Y T IC  D E H Y D R A T IO N  O F  B IO -E T H A N O L  T O  H E A V Y  
H Y D R O C A R B O N S  U S IN G  G A L L IU M - A N D  G E R M A N IU M  O X ID E

M O D IF IE D  Z E O L IT E S

S a kg r it  S u je e ra ku lk a i

A  T h e s is  S ubm itted  โท P a rt ia l F u lf i lm e n t  o f  the R equ irem en ts  

fo r  the D eg ree  o f  M a s te r  o f  S c ie n ce  

T h e  P e tro le u m  and P e tro ch e m ica l C o lle g e , C h u la lo n g k o m  U n iv e r s it y  

in  A c a d e m ic  Pa rtn e rsh ip  w ith  

T h e  U n iv e r s it y  o f  M ic h ig a n , T h e  U n iv e r s it y  o f  O k la h o m a ,

C a se  W este rn  R e se rve  U n iv e rs ity ,  and In stitu t F ran ça is  du  P é tro le

2014

i n y - [ Q Q o /t



Thesis Title: C a ta ly t ic  D e h yd ra t io n  o f  B io -E th a n o l to H e a v y  

H yd ro ca rb o n s  U s in g  G a lliu m -  and G e rm a n iu m  O x id e  

M o d if ie d  Z e o lite s  

By: S a k g r it  S u je e ra ku lk a i

Program: Pe tro ch em ica l T e ch n o lo g y

Thesis Advisor: A sso c . P ro f. S ir ira t  J itka rn ka

A c c e p te d  by  T h e  P e tro le u m  and P e tro ch em ica l C o lle g e , C h u la lo n g k o rn  

U n iv e rs ity , in  pa rtia l fu lf i lm e n t  o f  the requ irem en ts fo r  the D eg ree  o f  M a s te r  o f  

S c ience .

C o lle g e  D ean

Thesis Committee:

(A sso c . P ro f. A p an ee  L u e n g n a ru em itch a i)

(A ss t. P ro f. Pat S ooksaen )



I ll

A B S T R A C T
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S a kg r it  S u je e raku lka i: C a ta ly t ic  D e h yd ra t io n  o f  B io -E th a n o l to 

H e a vy  H yd ro ca rb o n s  U s in g  G a ll iu m -  and G e rm a n iu m  O x id e  

M o d if ie d  Z e o lite s .

T h e s is  A d v is o rs :  A s so c . P ro f. S ir ira t  J itk a m k a  73 pp. - 

K e yw o rd s : B io -e th a n o l/  D e h yd ra t io n  reaction / G a l l iu m  ox id e / G e rm a n iu m

o x id e / M e so p o ro u se  ca ta ly s ts / M S U - S / H b e a

A t  p resen t, o i l  and p e tro ch e m ica l co n su m p tio n s  are g ro w n  up  ra p id ly , bu t 

pe tro leum  is  a n on renew ab le  energy. So , b iom ass  is  an a ttra c tive  su s ta in ab le  ene rgy . 

F ro m  lite ra tu re  re v iew , m ethano l o r e thano l can  be con ve rted  to g a so lin e  range o f  

h yd ro ca rbon s  v ia  d eh yd ra tio n  and o the r reaction s. It w as  found  that S A P O -3 4  (ร -  

ท!em bered r in g )  p rodu ced  m ore  than 70%  e thy lene  and p ro p y len e  fro m  m ethano l and 

e thano l d eh yd ra tion . H - Z S M - 5  (10 -m em bered  r in g ) w a s  a lso  used as a ca ta ly s t fo r  

m ethano l to g a so lin e  p ro cess  b y  E x x o n  M o b i l  R esea rch  and E n g in e e r in g  C o m p a n y  

because o f  its  shape se le c t iv ity . These  tw o  exam p le s  sh o w  that the p roduc ts  fro m  

dehyd ra tion  are co n tro lle d  b y  the po re  s iz e  o f  ze o lite s . The re fo re , H -B e ta  (12 - 

m em bered  r in g )  and M S U - S / H b e a  (M e so p o ro u s  ca ta lys t), w h ich  have  la rg e r po re  

s iz e  than H - Z S M -5 ,  w ere  used in  th is  w o rk , and they  w e re  expected  to  p ro du ce  

la rg e r h yd ro ca rb on s  than g a so lin e  range o f  h yd ro ca rbon s . T h e  e ffec ts  o f  a c id  d en s ity  

and ac id  strength  in  the p ro du c t d is tr ib u t io n  w ere in ve s t ig a ted  u s in g  v a r io u s  S i/ A b  

ra t io s  o f  H -B e ta  zeo lite s . G a lliu m -  and g e rm a n iu m  o x id e  w ere  a lso  doped  on  the H -  

B e ta  zeo lite s  b y  in c ip ie n t  w etness im p regn a tio n , s in ce  th ey  w ere  fo u n d  to  enhance 

s in g le -r in g  a ro m a tic  fo rm a tio n . T he  ca ta ly s ts  w ere  ch a ra c te r ized  b y  u s in g  X R D ,  

S A A ,  T P D - N H 3 , and T P D - I P A .  A fte rw a rd , the d eh yd ra t io n  o f  b io -e th an o l w as  

pe rfo rm ed , and the p roduc ts  w ere  an a ly ze d  b y  an o n lin e  G C ,  G C -T O F / M S ,  and 

S IM D I S T -G C .  A s  a resu lt, it  w as found  that the h ig he s t o i l  d is tr ib u t io n  w as ob ta in ed  

fro m  us ing  a m odera te  S i/ A l ratio" o f  H -B e ta  (S i/A fz  ra t io  = 37). M o re o v e r , M S U  

m esopo rous ca ta ly s t enhanced  C io + a ro m a tic s  p ro d u c t io n  in  a ke ro sene  range o f  

h yd roca rbons.
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