
C O N C L U S IO N S  A N D  R E C O M M E N D A T IO N S
C H A P T E R  I X

9.1 C o n c lu s io n s

In  th is  w o rk , th e  in fluences o f  tim e -o n -s tre a m  (T O S ) o n  the  product 
d is tr ib u tio n  o f  m ic ro p o ro u s  zeo lite s  and th e ir h ie ra rch ica l m e so p o ro u s  m ateria ls , and 
the e ffec t on  th e  a d d it io n  o f  the  h ierarchical m e so p o ro u s  m a te r ia ls  in the second 
layer o n  p ro d u c in g  la rg e  hy d rocarbo n  m o lecu le s , w ere  s tu d ie d  in  b io -e thano l 
d eh y d ra tio n .

T h e  h ie ra rc h ic a l m eso p o ro u s  M S U -S  w ith  B e ta  an d  Z S M -5  seeds W’ere 
su c c e ss fu lly  sy n th esized  by  u s in g  T E A O H , and  T P A O H  as a s tru c tu re  d irecting  
tem p la te , re sp e c tiv e ly , an d  u s in g  C T A B  as a su rfa c ta n t M o re o v e r , th e  resu lts  from  
v a ried  T O S  in b io -e th a n o l d eh y d ra tio n  o f  H Z S M -5  sh o w e d  th e  d e c rem en t in p ropane 
se lec tiv ity  in  th e  o p p o s ite  w ay  w ith  ethy lene, p ro p y le n e , an d  m ix e d  C-4 due to the 
d eac tiv a tio n  b ro n sted  ac id  site , needed  for the h y d ro g e n  tra n s fe r  reac tio n , w hereas 
MSU-Szsm- 5  e x h ib ite d  h ig h  e th y len e  se lec tiv ity  a lo n g  T O S . F u rth e rm o re , the oil 
co m p o s itio n s  fro m  H Z S M -5  still gave h eav ie r  f ra c tio n s  su c h  as C 9 and  C 10+ 
a ro m a tic s , re su lt in g  in  th e  in c reasing  am ou n t o f  k e ro s e n e  fra c tio n  w h ereas c  10+ 
a ro m atic s  se le c tiv ity  fro m  MSU-Szsm-5  decreased  w ith  in c re a s in g  T O S  because  the 
coke  d e p o s itio n  in  th e  m e so p o re  o f  MSU-Szsm-5  c a n  p re v e n t th e  fu rth e r  reac tio n  o f  
e th y len e  to  h ig h e r  h y d ro ca rb o n s , resu lting  in th e  d e c re a se  o f  gas o il fraction . In 
ad d itio n , H Z S M -5  p ro v id e d  a  low er am o u n t o f  c o k e  d e p o s itio n  because  the 
p o ly a ro m a tic s  c a n n o t be fo rm e d  in its m o d era te  p o re  size . T h e  s tru c tu re  H Z SM -5 
and  MSU-Szsm- 5  w ere  n o t d e s tro y ed  during  b io -e th a n o l d e h y d ra tio n , b u t MSU-Szsm-5  

b eg an  to  be  d e a lu m in a te d  a fte r  3 days T O S . O n  th e  o th e r  h an d , the  ethy lene 
se lec tiv ity  o f  H B eta  ra p id ly  in c reased  after 8 h o u rs  T O S  d u e  to  th e  deac tiv a tio n  o f  
s tro n g  ac id  s ites  w h e rea s  fo r MSU-Sbea, e th y len e  w as  th e  m a jo rity  a lo ng  T O S. 
M o reo v er, p -x y le n e  an d  C 10+ arom atic  frac tio n  in  th e  o il fro m  H B eta  ten ded  to 
d ecrease  b ec a u se  p o ly a ro m a tic s  can  be co n d en sed  in  th e  p o re  o f  H B eta , w hich 
cau sed  co k in g . F u r th e rm o re , MSU-Sbea p ro v id e d  th e  h ig h  se le c tiv ity  o f  no n 
a ro m atic  fra c tio n  th a t w as  m o stly  com p osed  o f  C i 6 o le fin s , w h ic h  tended  to
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tra n s fo rm  in to  Cg an d  C 10+ a ro m atic  f rac tio n s  v ia  a ro m a tiza tio n  w ith  in c reas in g  T O S . 
A lth o u g h  the  s tru c tu re  o f  H B eta  w as n o t d es tro y ed  du ring  b io -e th a n o l d eh yd ra tion , 
b u t it w as fu lly  d ep o s ited  by cok e  a fte r  1 day  T O S and  b eg an  to  be d ea lu m in a ted  
a fte r  3 day's T O S  w h e rea s  M S U -S bea still had  h igh  su rface  a rea  and  po re  vo lu m e  
w ith  no d ea lu m in a tio n  a fte r  3 days T O S .

F u rth e rm o re , the  re su lts  fro m  th e  tw o co n secu tiv e  lay ers  o f  m ic ro p o ro u s  
H B eta  o r H Z S M -5  zeo lite  and  th e  h iera rch ica l m e so p o ro u s  M S U -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 s  sh o w ed  th a t bo th  o f  th e  ad d itio n a l secon d  
lay er o f  MSU-Szsm-5  an d  MSU-Sbea n e ith e r  p ro d u ced  m o re  o il y ie ld  n o r h eav ie r  o il 
frac tio n s . M o reo v er, MSU-Szsm-5  and  MSU-Sbea p ro m o ted  th e  d ea lk y la tio n  and  
tran sa lk y la tio n  o f  la rge  h y d ro ca rb o n s  p ro d u ced  from  the  first lay er o f  H Z S M -5  or 
H B eta  su ch  as C 9 an d  C 10+ a ro m a tic s  in to  m ix e d  xy lenes, re su lt in g  in  the  in crease  o f  
lig h te r  frac tio n  o f  oil su ch  as g aso lin e  an d  kerosen e . A d d itio n a lly , b o th  o f  the  tw o 
c o n secu tiv e  layers o f  ca ta ly s ts  a lso  gave  ล higher ratio o f  BTEX /O il. BTEX /A rom atics, 
and xylenes/BTEX than th e  s in g le  lay er an d  se lec tiv e ly  p ro d u ced  to lu e n e  and  xy lenes.

9.2 R e c o m m e n d a t io n s

A cco rd in g  to  th e  re su lts , it c an  be  n o ticed  th a t in  case  o f  p ro d u c in g  m o re  
n o n -a ro m a tic  frac tio n , m o s tly  c o m p o se d ' o f  o le fin s and  a lk an es , the  im p o rtan t 
p a ram e te rs  are tim e -o n -s tre a m , p o re  s ize , and  acid ity . S o , fu rth e r  in v es tig a tio n  
sh o u ld  be co n d u c ted  in  th e  o p tim u m  co n d itio n  fo r the  p ro p e r  a c id ity , and  tim e-o n - 
s tream  by usin g  m e so p o ro u s  ca ta ly s ts  w ith  a la rge  pore  size , w h ic h  can  en h an ce  th e  
d iffu s io n  o f  large m o lecu le s .
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