
CHAPTER VIII
ENHANCING SELECTIVITY OF MIXED XYLENES FROM BIO­

ETHANOL DEHYDRATION FROM USING THE TWO CONSECUTIVE  
LAYERS OF MICRO POROUS HZSM-5 OR HBETA CATALYSTS AND 

THEIR HIERARC HICAL M ESOPOROUS MATERIALS.

8.1 Abstract

T h e  tw o  co n secu tiv e  lay ers  o f  a m ic ro p o ro u s  ca ta ly s t an d  a  m eso p o ro u s  
m a te r ia l w ith  the sam e m ic ro p o ro u s  seed  w ere  s tu d ied , a im in g  to  tra n s fo rm  b io ­
e th an o l in to  m ore heav y  liqu id  h y d ro ca rb o n s . T h e  firs t lay er w as  filled  w ith  e ith e r 
m ic ro p o ro u s  zeo lites H Z S M -5  o r H B eta  w h e re a s  th e  secon d  lay e r w as  filled  w ith  a 
h ie ra rc h ic a l m eso p o ro u s  M S U -S  w ith  e ith e r  c o rre sp o n d in g  Z S M -5  o r B eta  seeds. 
T he  re su lts  illustra ted  th a t b o th  o f  the tw o  c o n se c u tiv e  lay ers o f  c a ta ly s ts  w ith  the  
Z S M -5  an d  B eta  seed c a n n o t in c rease  e ith e r  th e  oil y ie ld  o r th e  la rg e r  h y d ro ca rb o n s  
co m p ared  to  the  sing le  lay e r o f  H Z S M -5  an d  H B eta . F u rth e rm o re , th e  ad d itio n a l 
secon d  la y e r  can  p rom o te  th e  d e a lk y la tio n  and  tra n sa lk y la tio n  o f  la rg e  h y d ro ca rb o n  
m o le c u le s  su ch  as c  1) and  C-10+ a ro m a tic  in to  p e tro c h e m ic a l p ro d u c ts  su ch  as m ix ed  
xy len es . M o reo v er, bo th  o f  th e  tw o  c o n se c u tiv e  lay e rs  fro m  d iffe ren t seed  type gave  
a  h ig h e r  ra tio  o f  B T E X /O il, B T E X /A ro m a tic s , and  x y le n e s /B T E X  th an  th e  s in g le  
lay er o f  th e ir  m ic ro p o ro u s  seed  ty pes. A d d itio n a lly , b o th  o f  MSU-Szsm-5  and  M S U - 
S b e a  at th e  secon d  lay er se le c tiv e ly  p ro d u c e d  m -x y len e .

8.2 In troduction

T h e  decrem en t o f  p e tro le u m  so u rce  is th e  o n e  o f  w o rld ’s en e rg y  p ro b lem s. 
L ack in g  o f  p e tro leu m  re se rv e  d riv es  th e  w o rld  to  f in d  a n o th e r a lte rn a tiv e  so u rce  o f  
energy . B io -e than o l is one  o f  th e  a lte rn a tiv e  so u rc e s  th a t has m an y  a d v an tag es  such  
as red u c e  g reenh ou se  g ases. P u rif ied  b io -e th a n o l c a n  be  b len d ed  w ith  g aso lin e  to  
p ro d u ce  g aso h o l E 10 , E 2 0 , an d  E 85  fo r u ses  in  th e  v eh ic le s . M o reo v er, 
p e tro c h e m ic a l com p o u n d s su ch  as B T E X  are  v e ry  h ig h  v a lu ab le  p ro d u c ts . O n e o f  the
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b est k n o w n  is p -x y le n e  w h ich  is the raw  m a te ria l fo r  m a n u fa c tu r in g  fibers and film s, 
and  the  m o s t im p o rta n t p ro d u c t is p o ly e th y len e  te re p h th a la te  (P E T ).

M an y  ca ta ly s ts  have been s tu d ie d  in the  ca ta ly tic  dehydra tion  o f  b io ­
e th an o l. P re v io u s  re se a rc h  stud ies in v es tig a ted  the  p ro d u c tio n s  o f  light o lefins such  
as e th y len e  (Z h a n g  et a l .  2008; C h en  et al.. 2 0 1 0 ), p ro p y len e -(M en g  et al.. 20 12 ; 
F u ru m o to  et a l .  2 0 1 1 ) and  arom atics ( M a c h a d o et a l .  2 0 0 5 ). P ark  and  Seo (200 9) 
s tu d ied  m e th an o l to  o le fin s  reaction  o v e r  sev era l z eo lite s  u s in g  C H A . L T A . M FI. 
B E A . M G R . an d  F A U . T hey found  th a t B E A . M F I. an d  F A U  w ere se lec tiv e ly  
p ro d u ce  CM an d  a lk y la ro m atics . E th ano l to  g a so lin e  (E T G ) p ro cess  was s tu d ied  by 
Y isw a n a d h a m  e t al. (20 1 2 ) by vary ing  a c id ity  an d  p o ro s ity . T h e  resu lts  sho w ed  th a t 
the n a n o -c ry s ta llin e  Z S M -5  gave h igher g a so lin e  y ie ld  th a n  m ic ro  crysta lline  H Z S M - 
5 d u e  to  its h ig h e r  a c id ity  and  stack ing  o rd e r  o f  m eso p o ro s ity .

A lth o u g h  z eo lite s  have ล p o ten tia l to  tra n s fo rm  e th a n o l in to hy drocarbo ns; 
h o w ev er, b ec a u se  o f  th e ir  m icropo ro us sy stem , th ey  h av e  d iffu s io n  lim ita tion  fo r 
large h y d ro c a rb o n  m o lecu les . So. m eso p o ro u s  ca ta ly s ts  su ch  as M C M -41 on e th ano l 
d e h y d ra tio n  h ad  b een  stud ied . H ow ever, b eca u se  o f  its  p o o r  fram ew o rk  stab ility  and  
p o o r ac id ity , th e  m e so p o ro u s  cata lyst w as n o t c ap a b le  to  use  as the cata lysts  on  
e th an o l d eh y d ra tio n . T o  enhance the  s tab ility  an d  ac id ity  o f  M C M -41 , severa l 
s tra teg ies  h av e  b e e n  investiga ted  su ch  as  p H  a d ju s tm e n t (L in d la r  et a l.  20 00 ), 
ad d itio n  o f  sa lt to  th e  gel du ring  sy n th esis  (L u e c h in g e r  et a l ., 2003) chan ge  o f  
su rfac tan t ty p e  (L in  et a l ,  1997) an d  ev en  u tiliz a tio n  o f  m icro -m eso p o ro u s  
co m p o s ite  c a ta ly s t (L iu  et a l.  2000 , 2 0 0 1 ). S u b se q u e n tly , in  2001 , L iu et al. 
sy n th esized  th e  h ie ra rch ica l m esop oro us M S U -S  w ith  Z S M -5  (M S U -S zsmô) and  
B eta  (M S U -S bea) seed s  w h ich  w ere  the  c o m p o s ite  o f  M C M -4 1  an d  Z SM -5 and  B eta  
zeo lite . T he  re su lts  sh o w ed  that M S U -S mfi an d  M S U -S bea p ro v id ed  the h ig h e r 
h y d ro th e rm a l s ta b ili ty  and  catalytic a c tiv ity  th a n  A l-M C M -4 1 . M oreover, M S U -S  
had  b een  u sed  in  o th e r  reac tions. T rian ta fy  11 id is et al. (2 0 0 7 )  s tu d ied  M S U -S bea fo r 
b io m ass  p y ro ly sis , and  sta ted  that the  M S U -S bea se le c tiv e ly  p ro d u ced  po lycyclic  
a ro m a tic  h y d ro c a rb o n s , an d  provided h ig h e r  a ro m a tic  y ie ld s  th a n  A l-M C M -41 due  to  
its s tro n g e r  a c id  s ites.

F o r th e  ca ta ly tic  dehydra tion  o f  b io -e th a n o l, th e  h ie ra rch ica l m esop oro us 
M S U -S bea a lso  h as  been  stud ied  by  S u jee rak u lk a i an d  J i tk a m k a  (2014). T he
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sy n th esized  MSU-Sbha w ith  th e  S i/A B  ratio  o f  81 p o sse sse d  th e  la rge  p o re  size o f  
about 2 .72 m il an d  the  h ig h  su rface  a rea  o f  a roun d  580  m 2/g . T he  re su lts  from  b io ­
ethano l d eh y d ra tio n  ex h ib ited  th a t e th y lene  w as the  m a jo r  c o m p o n e n t in the gas 
s tream  w h ereas  Cm+ a ro m a tic s  w as the  m ain  c o m p o n e n t in the oil co m p o sitio n , 
fo llow ed  by Cy a ro m a tic s  an d  xy len es . M o reo ver, m e th a n o l d eh y d ra tio n  using  the 
h iera rch ica l m eso p o ro u s  MSU-Szsm-5 w as stu d ied  by R ash id i et al. (2 0 1 3 ) a im in g  to 
p ro d u ce  d im e th y l e th e r  (D M E ). T h e  syn th esized  MSU-Szsm-5 w ith  the  SiCA/AhO.! 
ratio  o f  55 gav e  100 %  D M E  se lec tiv ity  in that te m p e ra tu re  ran g e  o f  200  -  320 °c, 
w h ich  w as h ig h e r  th a n  th a t o b ta in e d  from  A l-M C M -41

F ro m  th e  lite ra tu re s  rev iew , it is ev iden t th a t th e  h ie ra rc h ic a l m eso p o ro u s  
MSU-Szsm-5 h ad  h ig h e r c a ta ly tic  ac tiv ity  and h y d ro th e rm al stab ility ' on  m eth ano l 
deh y d ra tio n  to  D M E  th an  A l-M C M -4 1 . So, in th is w o rk , th e  tw o  c o n secu tiv e  layers 
o f  cata ly sts  w ere  s tu d ie d  o n  th e  p u rp o se  o f  in c reasing  th e  am o u n t o f  heav y  liqu id  
h y d ro carb o n  fro m  th e  ca ta ly tic  d eh y d ra tio n  o f  b io -e th an o l. T h e  first layer w as filled  
by a co m m erc ia l m ic ro p o ro u s  zeo lite ; th a t is. H -B eta  o r  H Z S M -5  w ith  S i/A B  ratio  o f  
37 and  30, in o rd e r  to  p ro d u c e  so m e  hy drocarbo n  c o m p o u n d s . T h en , h y d ro ca rb o n s 
from  the f irs t lay e r w ill be p re fe ra b ly  fu rth e r reac ted  in  th e  h ie ra rc h ic a l m eso p o ro u s  
M S U -S , w h ich  h av e  a  b ig g e r p o re  size , so that h eav y  liq u id  h y d ro c a rb o n s  su ch  as 
kerosen e  and gas oil can  be fu rth e r  p ro d u ced  in à la rge  a m o u n t. T h e  reac tio n  w as 
p erfo rm ed  a t 4 5 0  °c u n d e r  a tm o sp h e ric  p ressu re  for 8 h o u rs .

8.3 E xperim ental

8.3.1 C a ta ly s t P rep a ra tio n
8.3.1.1 Synthesis o f  M S  บ-รZSM-5

10.2 g o f  te trap ro py l a m m o n iu m  h y d ro x id e  (T P A O H , 
40  % w t) w as m ix ed  w ith  79 .26  g o f  d e io n ized  w ater. T h en , 6 .0  g o f  fu m ed  s ilica  and 
0 .34 g o f  so d iu m  a lu m in a te  as a s ilico n  and a lu m in u m  so u rc e , re sp ec tiv e ly  w ere  
sequ en tia lly  a d d ed  in to  th e  so lu tio n  o f  T P A O H  and  d e io n iz e d  w a te r. T he so lu tio n  
w as th en  s tirred  at 50  °c fo r  18 h o u rs  to  form  the  Z S M -5 -se e d  c o n ta in in g  so lu tion . 
A fter that, 9 .44  g o f  C T A B  w ere  m ix ed  w ith  100 g o f  d e io n iz e d  w a te r, an d  m ix ed  
w ith  the  so lu tio n  o f  Z S M -5 -se e d . T h e  final gel w as k ep t in  a  T e flo n -lin e d  au to c lav e
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fo r th e  h y d ro th e rm a l trea tm en t a t 150 ° c  fo r 2 d ay s  to  fo rm  the m eso p o re stru c tu re . 
T h en , th e  f in a l gel w as filtered , w ash ed , and  d ried . T h e  o b ta in ed  w h ite  p o w d er w as 
ion  e x ch an g ed  w ith  0 .1M  N H 4N O 3 in  96 %  e th a n o l at 80 " c  re flu x  tem p era tu re  for 2 
hours. T he  f in a l ca ta ly s t w as d ried , and ca lc in ed  a t 1 ๐c /m in  to 550 ° c  kep t for 10 
ho u rs (L iu  et ต!., 20 01 ; R ash id i et ต!.. 20 1 3 ). T h en , th e  ca lc in ed  MSU-Szsm-5  waร 
p e lle tiz ed , c ru sh ed , and sieved  in to  2 0  - 40 m esh  p a rtic le s  befo re  use in the  reactor.

8. ร.!. 2 Synthesis o f  M S บ-รBEA
To p rep are  the  B E A -seed  so lu tio n , a m ix tu re  o f  A l-(i-B u O fi 

(0 .02  m o l)  an d  T E O S  (0.98 m o l) w ere  ad d ed  to  a s tirre d  so lu tio n  o f  aq u eo u s T E A O H  
(35 w t% , 0 .3 7  m o l)  in  H 2O (20 m o l). A fte r  a g in g  a b o u t 2 h o u rs, the  so lu tio n  w as 
tran sfe rred  in to  a T eflo n -lin e  au to c lav e  an d  h y d ro th e rm a l trea tm en t at 100 ° c  for 3 
ho u rs to  fo rm  B E A -seeds. A fter th a t, the  seed  so lu tio n s  w as added  to  a so lu tio n  o f  
C T A B  (0 .2 5  m o l) in H iO  (127 m o l). T he so lu tio n  w as ad ju sted  to a pH  9.0 by 
su lfu ric  a c id  (0 .1 7  m ol). T he re su ltin g  sy n th esis  ge l w as h y d ro th e rm ally  trea ted  in  a 
T e flo n -lin e d  au to c lav e  at 150 ° c  fo r 2 days to  fo rm  th e  m eso stru c tu re  T he so lu tion  
w as f ilte rd , w ash ed , d ried , and  ca lc in ed  at 2 ° c /m in  to  550  ° c  fo r 4 h o u rs  to  o b ta in  
the  MSU-Sbea ca ta ly s ts  (Liu et ต!., 20 01 ; T ria n ta fy llid is  et al., 2007).

8. ร. 1.3 Com mercial Zeolites
H Z SM -5 zeo lite  (M F I, N E B -form , SiCb/A LCfi =  30 m o l/m o l, 

B E T  su rface  a rea  =  340  m 2/g , Z eo ly st In te rn a tio n a l, U S A ), and  H B eta  zeo lite  (B E A , 
N H 4-fo rm , S iC b/A LC fi =  37 m o l/m o l, B E T  su rfa c e  a rea  =  502 m 2/g , Z eo lyst 
In te rn a tio n a l, LISA) w ere  ca lc ined  a t 500  ° c ,  10 ๐c /m in  fo r 4 hours, and  550 ° c .  
2 ° c /m in  fo r 6  h o u rs  to  get the  H -fo rm  zeo lite . T h e n , th e y  w ere  p e lle tized , c ru shed , 
and  s iev ed  to  2 0 -4 0  m eshes befo re  u se  in th e  reac to r. T h e  ab b rev ia tio n s  o f  ca ta ly sts  
u sed  in  th e  ex p e rim e n t are sho w n  in  T ab le  8.1

8 .3 .2  C a ta ly s t C h arac te riza tio n
T he  su rface  area  (B E T ), p o re  v o lu m e  (H o rv a th  K aw azoe  m e th o d ), and  

p o re  s ize  (B arre t-Jo y n e r-H a len d a  m e th o d ) w e re  d e te rm in ed  based  on  N 2 

p h y s iso rp tio n  u s in g  the  T herm o F iททig a n /s 0 rp 10 m a tic  1990. R ig ak u  T T R A X  III w as 
u sed  in  th e  sm a ll-an g le  m ode to  d e te rm in e  th e  S m a ll A n g le  X -R ay  S ca tte rin g  
(S A X S ) p a tte rn  o f  MSU-Sbea fro m  l° -7 °  w ith  sc a n  sp eed  o f  l7 m in . F o r th e  w ide-
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T able 8.1 N o m e n c la tu re  o f  ca ta ly sts  used in  the  e x p e rim e n ts

a n g le d ,  R ig a k u  S m a r t la b ©  w a s  u s e  to  d e te r m in e  f r o m  5 ° -5 0 "  w i t h  th e  s c a n  sp e e d  o f
5 ° /m in  w it h  th e  in c r e m e n t  o f  0 .0 1 .  T h e  S i /A l  r a t io  o f  th e  s y n t h e s i z e d  M S U - S bea a n d
M S U - S z s m -5 w a s  d e t e r m in e d  b y  X R F .

# of run Catalyst Abbreviation
1 H Z S M -5 HZ

2
H Z S M -5  in  th e  firs t layer and  M S U -S zsm -5 in  th e  
se c o n d  lay er H Z :M S U -Z

3 H B eta HB

4
H B eta  in  th e  firs t layer and  M S U -S bea in  th e  
se c o n d  lay er FIB :M SU -B

8.3 .3  B io -e th a n o l D eh y d ra tio n
99 .5  %  p u rity  b io -e th an o l w as o b ta in e d  fro m  S ap th ip  C o.L td .,. T he 

ca ta ly tic  d e h y d ra tio n  o f  b io -e th a n o l w as p e rfo rm e d  in  a U -tu b e  f ix e d  layer reactor 
u n d e r  a tm o sp h e r ic  p re ssu re  at 45 0  ° c  for 8 h o u rs . T h e  f irs t lay e r w as filled  w ith 1.5 g 
o f  H B e ta  o r  H Z S M -5  an d  c o v e r  w ith  g lass w o o l th en . 1.5 g  o f  a  hierarchical 
m e so p o ro u s  MSL1-S w ith  c o rre sp o n d in g  e ith e r B e ta  o r  Z S M -5  seed  w as p lace  in the 
seco n d  lay er. B io -e th a n o l w as fed  at 2 m l/h o u r an d  m ix e d  w ith  h e liu m  co-fed at 
13 .725 m l/m in . T h e  e th a n o l co n cen tra tio n  w as d e te rm in e d  by  a  G C -F ID  (A gilen t 
6 8 9 0 N ), an d  gas c o m p o s it io n s  w ere  ana lyzed  by  a G C -T C D  (A g ile n t 6890N ). T he 
liq u id  p ro d u c t w as  c o n d e n se d  in  the  co llec to r in  an  ice  b a th . T h en , C S 2 w as used to  
ex trac t th e  o il f ro m  th e  liq u id  p roducts. A fte r  th a t, S IM D IS T  G C  w as used to  
d e te rm in e  th e  tru e  b o il in g  p o in t cu rve  o f  oil. T he  ra n g e  o f  b o il in g  p o in t indicates the  
type o f  p e tro le u m  p ro d u c ts ; < 1 49  ° c  for g aso lin e , 1 4 9 -2 3 2  ° c  fo r  k e ro sen e , 232-343 
° c  fo r g as  o il, 343-371  ° c  fo r lig h t vacu um  gas o il, an d  >371 ° c  fo r  h ig h  vacuum  gas 
oil (D fing  et a l . , 2 0 0 9 ). T h e  oil co m p o sitio n  w as d e te rm in e d  b y  using G as 
C h ro m a to g ra p h  e q u ip p e d  w ith  a  M ass S p ec tro m e try  o f  “ T im e  o f  F ligh t” type 
(G C x G C - T O F /M S ) ( in s ta lle d  w ith  R x i-5 S ilM S  an d  R X i-1 7  c o n se c u tiv e  colum ns). 
T he  c o n d itio n s  w e re  se t as  fo llow s: the in itia l te m p e ra tu re  o f  50  ° c  held  for 30



8.4 R e su lts  a n d  D isc u ss io n
o

8.4.1 C a ta ly s t C h a rac te riz a tio n
R ig a k u  T T R A X  III w as u sed  in the  sm a ll-an g le  m o d e  to  d e te rm in e  

the Sm all A ngle  X -R ay  S ca tte rin g  (S A X S ) p a tte rn  o f  MSU-Sbea fro m  r ' - 7 ° w ith  
scan  speed  o f  l7 m in . F o r th e  w id e -an g le s , R ig a k u  S m artlab ®  w as  u sed  to  d e te rm in e  
fro m  5°-50" w ith  th e  scan  sp eed  o f  5°/m in . T he  resu lts  from  S A X S  sh o w  th a t b o th  
MSU-Szsm-5  and  MSU-Sbea e x h ib it a s tro n g  peak  at [ 1 0 0 J, b u t tw o  p eak s  at [ 1 1 0 ] 
and  [2 0 0 ] un c lea rly  sep a ra te  b ec a u se  the  p resen ce  o f  a lu m in u m  cau ses  a local 
d is to rtio n , and lead s to  less o rd e r  s tru c tu re  o f  MSU-Sbea (L o u re n ç o  et a i .  20 06 ) 
in d ica tin g  a n o n -u n ifo rm  h e x a g o n a l s tru c tu re  (S ch w an k e  et a l ,  2 0 1 3 ) as sh o w n  in 
F ig u re  8.2 (a) an d  (c). M o reo v e r, F ig u re  8.1 (b) and  (d) il lu s tra te  th e  w id e -an g le  
m o d e  X R D  p a tte rn s  o f  H Z S M -5  w ith  MSU-Szsm- 5  an d  H B e ta  w ith  MSU-Sbea- 
resp ec tiv e ly . T he c h a ra c te r is tic  p eak s  o f  H B e ta  zeo lite  are lo ca ted  a t 8 .11° and  22 .82° 
w h ereas  th ose  o f  H Z S M -5  zeo lite  a re  lo ca ted  at 8.27°, 9.17°. 23 .57°, 24.04° and  
24.24°. A lth o u g h  b o th  MSU-Szsm-5  an d  MSU-Sbea have  a b ro ad  re fle c tio n  at ab o u t 
22°-23°, bu t they  can  a lso  be  c o n tr ib u te d  fro m  th e  d iffrac tio n  p e a k s  o f  H Z S M -5  and  
H B eta  (P ark  et ท/., 2 0 1 1 ). T h e  re su lts  f ro m  X R F  sh o w  th a t MSU-Szsm- 5  and  MSU- 
Sbea have  the S i/A B  ra tio  o f  39 .6  an d  7 5 .6 , resp ec tive ly .

m in u te s ,  th e  h e a t in g  r a te  o f  2 °c/min f r o m  50 to  120 °c, a n d  10 °c/min fr o m  120 to
3 1 0 °c w ith  s p l i t  r a t io  o f  5.



Figure 8.1 S A X S  p a tte rn  o f  (a) M S U -S zsm5 and  (b) M S U -S bea, and X R D  p a tte rn  o f  
(c ) H Z S M -5  w ith  M S U -S zsm5, and  (d) H B eta  w ith  M S U -S bea-

N ex t. T ab le  8.2 illu s tra te s  th e  su rfa c e  a rea , p o re  size and  po re  v o lu m e  
o f  th e  h ie ra rch ica l m esop oro us M S U -S  m a te ria ls  w ith  B e ta  and  Z S M -5 seed s  as 
co m p ared  to  th e ir  co rresp o n d in g  m ic ro p o ro u s  zeo lite s , i t  c an  be seen  th a t b o th  M S U - 
SzsM5 an d  MSU-Sbea exh ib it h ig h e r su rface  a rea , p o re  v o lu m e , and  p o re  s ize  th an  
th e ir  c o rre sp o n d in g  m icro p o ro u s  zeo lite  seeds. .
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Table 8.2 P h y sica l p ro p e rtie s  o f  H B eta . H Z S M -5 , MSU-Sbea. a n d  MSU-Szsm-5

C atalysts Surface A rea 
(m 2/g )11

Pore Volume
(cm3/g) b

M icropore 
D iam eter ( A )1’

M esopore 
D iam eter (Â )c

H B eta 502.3 0.26 7.93 -
H Z S M -5 361 0.159 5 .97 -

MSU-Sbea 855 .4 1.20 7.7 29 .0
MSU-Szsm-5 1,028 1.02 8 .97 28 .66

3 D e t e r m i n e d  b y  B E T  m e t h o d  
b D e t e r m i n e d  b y  H .K .. m e t h o d  
c D e t e r m i n e d  b y  B . J . H .  m e t h o d

8 .4 .2  C o n se c u tiv e  L avers  o f  H Z S M -5 and  M S U -S /smô

F o r th e  d eh y d ra tio n  o f  b io -e th an o l, H Z :M S U -Z  e x h ib its  h ig h  e thano l 
c o n v e rs io n  o f  a b o u t 9 9 .2  %, w h ich  is in s ig n ifican tly  d iffe re n t fro m  th a t o f  the  single 
layer o f  H Z . T h e  ad d itio n a l seco n d  layer does n o t g iv e  a h ig h e r  e ith e r  oil y ield  or 
h eav ie r h y d ro c a rb o n s , as co m p ared  to  the s in g le  lay e r o f  H Z . M o reo v er, the 
c o m p o s itio n  o f  o il fro m  H Z :M S U -Z  is illu s tra ted  in  F ig u re  8.2 . T he  se lec tiv ity  o f  C9 

and  C1Q+ a ro m a tic  frac tio n s  is su p p ressed  w ith  u s in g  H Z :M S U -Z  ca ta ly s ts  because  
the  MSU-Szsm-5  in  th e  seco n d  layer can  p ro m o te  th e  tra n sa lk y la tio n  an d  dea lky la tion  
reac tio n  o f  C 9  an d  C 10+ a ro m a tic s  in to  to lu ene , an d  m ix e d  x y len es , re su ltin g  in  the 
in c rease  in  g a so lin e  fra c tio n  fro m  81 %  to 89 % w t as sh o w n  in F ig u re  8.3. 
A d d itio n a lly , F ig u re  8 .4  sh o w s th a t o -xy len e  and m -x y le n e  a re  se le c tiv e ly  p rod uced  
by  the  a d d itio n a l seco n d  layer o f  MSU-Szsm-5 .

๐
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■  HZ
MSU-Z
HZ:MSU-Z

F igure 8.2 O il co m p o s itio n s  fro m  usin g  a  s in g le  lay e r o f  H Z , M S U -Z , and  
co n se c u tiv e  layers o f  H Z :M S U -Z .

100

■  HZ 
MSU-Z 

พ HZ:MSU-Z

Figure 8.3 P etro leu m  frac tio n s  from  u s in g  a  s in g le  layer o f  H Z . M S U -Z . and  
co n se c u tiv e  layers o f  H Z :M S U -Z .
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F ig u r e  8 .4  M ix e d  x y len es  from  u sin g  (a) H Z  an d  (b) th e  c o n secu tiv e  layers o f  
H Z :M S U -Z .

F u rth e rm o re , F ig u re  8.5 d isp lay s  th e  ra tio s  o f  B T E X /O il, 
B T E X /A ro m a tic s , an d  x y len es/B T E X  in  th e  oil fro m  u s in g  H Z :M S U -Z  and H Z . T he 
re su lts  sh o w  th a t H Z :M S U -Z  g ives a h ig h e r  ra tio  o f  B T E X /O il, B T E X /A ro m atics , 
an d  x y le n e s /B T E X  th an  th a t o f  s in g le  lay er o f  H Z S M -5 . M o reo ver, m o st o f  oil 
co m p o n e n ts  a re  p ro d u ced  by the  a ro m a tiz a tio n  o f  h ig h e r  o le fin s  from  H Z S M -5 , and  
th en , th e se  h y d ro ca rb o n s  should  be fu rth e r  g ro w n  in to  th e  la rg er m olecu les in  th e  
large  p o re  o f  M S U -S zsm-5- H o w ev er, M S U -S zsm -5 in  th e  second  layer c an n o t 
p ro d u c e d  m o re  h e a v y  h y d rocarbo ns, S h en  et al. (2 0 0 9 )  s ta ted  that the  ca ta ly tic  
p e rfo rm a n c e s  o f  th e  cata ly sts  are co n s id e ra b ly  in flu e n c e d  b y  th e  ac id ity  and  sp ec ific  
su rface  a rea . N e v e rth e le ss , it p ro m o te s  th e  d e a lk y la tio n  an d  tran sa lk y la tio n  re a c tio n  
o f  C'y an d  Cio+ a to m a tic s  in to  m ix e d  xy len es . A d d itio n a lly , th e  dea lky la tion  an d  
tra n sa lk y la tio n  re a c tio n  o f  C 9+ a ro m a tic s  a re  sh o w n  in  th e  E q u a tio n s  8.1 and  8.2 
be low .

(8 .1 )

(8 .2 )

Cs* Aromatics xylenes
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Figure 8.5 R a tio s  o f  B T E X /O il. B T E X /A ro m atic s , an d  x v le n e s /B T E X  in  oil from  
using  c o n se c u tiv e  lay e rs  o f  H Z :M S U -Z  and  a s in g le  la y e r  o f  H Z .

Dealkylation and Transalkylation of C9+ Aromatics 
in the Second Layer

Figure 8 .6  H y d ro c a rb o n s  p ro d u c tio n  u s in g  the  tw o  c o n se c u tiv e  la y e rs  o f  H Z S M -5  
and  M S U -S zsm-5-



F in a lly , it c a n  be c o n c lu d e d  fro m  F ig u re  8.6 th a t w h e n  b io -e th an o l 
w as d eh y d ra ted  to .e th y le n e , and  th en  w h en  e th y len e  passes th ro u g h  H Z S M -5  at the 
firs t layer, it w as tran sfo rm ed  to so m e  m o n o a ro m a tic s  su ch  as to lu en e , m ix ed  
x y len es , e th y lb en zen e , Cq, and  c  10+ a ro m a tic s . T hen , these  m o le c u le s  passed  th ro ug h  
MSU-Szsm-5  at the seco n d  layer, w h ic h  has a larger pore  s ize  fo r the  fu rth er 
fo rm a tio n  o f  la rger h y d ro ca rb o n s . H o w ev e r, MSU-Szsm- 5  at th e  se c o n d  lay er canno t 
p ro d u ce  la rger h y d ro ca rb o n , bu t it p ro m o te s  th e  d ea lky la tion , an d  tra n sa lk y la tio n  o f  
Cq+ a ro m atic s  in to sm a lle r  m o lecu le s  such  as  to lu en e , and  m ix ed  xy len es .

8.4.3 C o n secu tiv e  L av ers  o f  H B e ta  an d  M S U -S rfa

T he co n se c u tiv e  d o u b le  lay er o f  H B eta  and MSU-Sbea a lso  p ro v id es  a 
h ig h  b io -e th an o l co n v e rs io n  ab o u t 99 .5  % , w h ic h  is in s ig n if ic a n tly  d iffe ren t from  
th a t o f  th e  s ing le  layer o f  H B eta . H B :M S U -B  n e ith e r g ive  a h ig h e r  o il y ie ld  n o r 
h eav ie r  h y d rocarbo ns th a n  th a t o f  s in g le  lay e r o f  HB. F u rth e rm o re , th e  c o m p o sitio n  
o f  oil fro m  H B :M S U -B  ex h ib its  a lo w er se lec tiv ity  o f  Cio+ a ro m a tic s , co n v erse ly  
w ith  Cq a ro m atics  an d  m ix e d  x y len es  se lec tiv ity , as sho w n  in F ig u re  8.7. T he 
d e c rem en t o f  Cio+ a ro m a tic s  a lso  re su lts  in  the  decrease  a m o u n t o f  gas o il frac tio n  
th a t d ecrease  from  28 %  to  15 % , as sh o w n  in  F ig u re  8.8. F u r th e rm o re , F ig u re  8.9 
illu s tra te s  that H B :M S U -B  g iv es a h ig h e r ra tio  o f  B T E X /O il, B T E X /A ro m a tic s  th an  
th a t o f  s in g le  layer o f  H B . b u t lo w er x y le n e s /B T E X . In  ad d itio n . F ig u re  8 .10  sho w s 
that o -x y len e  is a lso  se lec tiv e ly  p ro d u c e d  by MSU-Sbea ill th e  se c o n d  layer. W h en  
b io -e th a n o l w as d eh y d ra ted  to  e th y len e  th a t n ex t passed  th ro u g h  th e  m ic ro p o ro u s  
H B eta . S ub sequen tly , e th y len e  w as tra n s fo rm e d  in to  m o n o a ro m a tic  h y d ro ca rb o n s , 
e sp ec ia lly  m ix ed  xy len es , Cq, and  Cio+ a ro m a tic s  v ia  a ro m a tiza tio n  o f  h ig h e r  o le fin s . 
H o w ev e r, w h en  th ese  h y d ro ca rb o n s  p ass th ro u g h  the  MSU-Sbea in  th e  seco n d  layer, 
th ey  ca n n o t g row  in to  the  la rg e r h y d ro c a rb o n s  as the  ex p ec ta tio n . T h e  ex p lan a tio n  
m ig h t be the sam e as th e  p rev io u s  se c tio n  th a t the ca ta ly tic  p e rfo rm a n c e  o f  the 
ca ta ly s t s tron g ly  d ep en d s o n  sp ec ific  su rface  a rea  and  ac id ity  (S h e n  el a i ,  20 0 9 ) so, 
Cio+ a ro m atic s  can  be u n d e rg o  d ea lk y la tio n  re a c tio n  in to  th e  sm a lle r  m o lecu le s  such  
as Cq a ro m atic s  and  m ix e d  xy len es . A d d itio n a lly , the  d ea lk y la tio n  o f  Cio+ a ro m atic s  
in to  Cq and  m ix ed  x y len es  is sh o w n  in th e  E q u a tio n  8.3 below .
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MS U-B 

HB:MSU-B

F ig u r e  8 .7  O il co m p o s itio n s  from  usin g  a  s in g le  lay e r o f  H B . M S U -B . and 
c o n secu tiv e  lay e rs  o f  H B :M S U -B .

Gasoline Kerosene Gas Oil

■  HB 
MSU-B

■  HB:MSU-B

F ig u r e  8 .8  P e tro le u m  frac tion s from  u s in g  a s in g le  la y e r  o f  H B , M S U -B , and 
c o n se c u tiv e  la y e rs  o f  H Z :M S U -B .
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sa m b

H B :M S U -B

F ig u re  8.9 R a tio s  o f  B T E X /O il. B T E X /A rom atics, an d  x y le n e s /B T E X  in oil from  
usin g  co n se c u tiv e  lay e rs  o f  H B :M S U -B  and  a sing le  lay e r  o f  H B .

F ig u re  8 .10  M ix e d  x y le n e s  fro m  u s in g  (a) H B and  (b) th e  c o n se c u tiv e  lay ers  o f  
H B :M S U -B .

๐



D e a lk y la t io n  of c 10+ A ro m a t ic s

F ig u r e  8 .11  H y d ro ca rb o n s  p ro d u c tio n  u s in g  tw o  co n secu tiv e  lay ers  o f  H B eta  and  
M S U -S bea.

So, it can  be c o n c lu d ed  th a t w h e n  b io -e th a n o l is d eh y d ra ted  to 
e th y len e , an d  th en  w h en  e th y len e  p a sse s  th ro u g h  H B eta  at the  f irs t lay er, it is 
tra n s fo rm e d  in to  som e m o n o a ro m a tic s  su c h  as C 9 an d  c  10+ a ro m atic s  d u e  to  its large  
p o re  s ize  w ith  a s tro n g  ac id ity , fo llo w ed  b y  m ix e d  x y len es, to lu en e , acco rd in g ly . 
T h en , w h en  h y d ro ca rb o n s  fro m  th e  firs t lay e r  p a s s  th ro u g h  M S U -S bea a t the  secon d  
lay er, th e  la rg e  h y d ro ca rb o n s  su ch  as C 10+ a ro m a tic s  are d ea lk y la ted  in  the  secon d  
lay er in to  th e  sm a lle r m o lecu le s  such  as C 9 a ro m a tic s , to lu en e , an d  m ix e d  x y len es  as 
sh o w n  in F ig u re  8.11.

8 .5  C o n c lu s io n s

In  th is  w o r k , th e  s y n t h e s iz e d  h ie r a r c h ic a l  m e s o p o r o u s  M S U - S bea  a n d  M S U -
S z s m -5 w e r e  p la c e d  in  th e  s e c o n d  la y e r  w h e r e a s  th e ir  c o r r e s p o n d in g  m ic r o p o r o u s
z e o l i t e  w a s  p la c e d  in  th e  f ir s t  la y e r . B o t h  H Z : M S U - Z ,  a n d  H B : M S U - B  g a v e  n o



s ig n if ic a n t d iffe re n c e  o n  b io -e th an o l c o n v e rs io n , c o m p a re d  to  th o se  o f  HB, and H Z. 
M o re o v e r , the  in tro d u c tio n  o f  M S U -S bea an d  M S U -S zsm -5 in  th e  seco n d  layer neither 
p ro d u ced  m o re  o il y ie ld  n o r heav ier oil frac tio n . T he  se le c tiv ity  o f  C 1 0 + arom atics 
d ec rea sed  w ith  th e  p re sen ce  o f  the ca ta ly st in  th e  seco n d  lay e r d u e  to the M S U -S bea, 
and  M S U -S zsm -5 in th e  seco n d  layer p ro m o te d  th e  d e a lk y la tio n  an d  transalky la tion  
rea c tio n , w h ich  a lso  re su lted  in the in c rease  o f  lig h te r  oil f ra c tio n  su ch  as gaso line 
and  k e ro sen e . It can  be  ex p la in ed  that the  ca ta ly tic  p e rfo rm a n c e  o f  the  catalyst w as 
s tro n g ly  a ffec te d  by  the  ac id ity  and  sp ec ific  su rfa c e  a rea . F u rth erm ore , bo th  
F IZ :M S U -Z , and  11B :M SU -B  also  gav e  a h ig h e r  ra tio  o f  B T E X /O il, 
B T E X /A ro m a tic s , an d  x y len es/B T E X  th an  th o se  o f  H B . an d  H Z . A s a  resu lt, m ixed  
x y len es  an d  to lu e n e  w ere  se lec tive ly  p ro d u ced  by  bo th  M S U -S bea and  M S U -S Zsm-5 

in  th e  seco n d  layer.

8 .6  A c k n o w le d g e m e n ts

T h is  w o rk  w as  ca rried  ou t w ith  th e  f in an c ia l su p p o rt o f  C e n te r  o f  E xcellen t 
o n  P e tro c h e m ic a l a n d  M ateria ls  T ec h n o lo g y  (P E T R O M A T ). C h u la lon gko m  
U n iv e rs ity , an d  S a p th ip  C o ., L td for b io -e th an o l.
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