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CHAPTER I

1. Motivation
Benzene, toluene, and xylenes are basic raw materials for other 

intermediates in many petrochemical industries (พ ittcoff and Reuben, 1996). 
Benzene is the third most important organic chemical. Over half is used as 
ethylbenzene/styrene-driven. Styrene is a raw material for the production of 
polystyrene and styrene copolymer such as ABS and SAN. The second most 
important use is for cumene for the production of phenol and acetone. Moreover, it is 
basic chemical for the production of the two most important types of nylon. Benzene, 
via cyclohexane, can be converted to adipic acid, which is reacted with 
hexamethylenediamine to give nylon 66. Benzene can also be converted to 
caprolactam, the raw material for nylon 6. บ.ร. benzene sources and its demands in 
1995 are shown in Figures 1 and 2, respectively.
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Figure 1 Sources of benzene in the United States in the early 1990s.
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Figure 2 M a jo r  u ses  o f  b e n z e n e  in th e  U n ited  S ta te s  in the  ea rly  1990s.

X y le n e s  a re  a lso  im p o rtan t raw  m ate ria l. T h ere  are  3 x y le n e s  i.e. ortho -, 
m eta-, an d  p a ra -  x y len es . A m o n g  th e m ,/ ;o ra -x y le n e  is the  m o st im p o rta n t b ecau se  it 
can  be c o n v e rte d  to  p u rif ie d  te rep h th a lic  ac id  (P T A ) fo r the  p ro d u c tio n  o f  p o ly e s te r  
fibers. m -X y le n e  o ccu rs  in la rg est q u an tity , bu t it has on ly  sp e c ia liz e d  uses. So, it is 
iso m e riz e d  to  m o re  p -x y le n e . O -X ylene is u sed  fo r th re e  m a in  p ro d u c ts  i.e. 
p la s tic iz e r , u n sa tu ra te d  p o ly e s te rs  an d  a lk y d s . T o lu en e  is less v a lu a b le  o rg an ic  
c o m p o u n d  th an  b en zen e  an d  x y len es . In 1996, ab o u t o n e  fo u rth  w a s  u tilized  in 
h y d ro d e a lk y la tio n  fo r th e  p ro d u c tio n  o f  b en zen e  and  d isp ro p o rtio n a tio n  fo r the 
p ro d u c tio n  o f  b en zen e  and  x y len es. E lev en  p e rcen t w as u sed  as  raw  m ate ria l fo r 
to lu en e  d iiso c y a n a te  (T D I).

T h e re fo re , th e  p ro d u c tio n  o f  the  a ro m a tic s  is v ita l p ro cess , p a rticu la rly  
re fo rm in g  p ro c e ss , w h ich  c o n v e rts  m u ch  lo w er p rice  C 6 to  C 8 p a ra ffin s  to  a ro m atic s .



2. Historical Perspective
In  1939 the  firs t ca ta ly tic  re fo rm in g  p ro cess  u s in g  m o ly b d e n u m  o x ide  

su p p o rted  on  a lu m in a  c a ta ly s t w as  jo in tly  d ev e lo p ed  by S tan d a rd  O il of N e w  Jersey  
(E x x o n ), S ta n d a rd  o f  In d ian a  (A m o co ), and  M.w. K ello g g  C o m p a n y . In 1949, U O P 
in tro d u ced  th e  first p ro cess  (P la tfo rm in g ™ ) u s in g  P t/A lu m in a  as a  d u a l- lu n c tio n  
ca ta ly s t h a v in g  b o th  ac id ic  an d  m e ta llic  sites. T h is  p ro cess  w as  fu rth e r im p ro v ed  by 
C h ev ro n  in  1968 (R ase , 2000). T h e  c a ta ly s ts  u sed  w ere  e ffe c tiv e  for im p ro v in g  the 
o c tan e  n u m b e r o f  heav y  n ap h th a  (C 8 -C 1 0 ). B eg in n in g  in th e  1970s, the  ca ta ly s ts  
w ere  in tro d u c e d  h av in g  o n e  o r m o re  ad d itio n a l m e ta llic  co m p o n e n ts  in c lu d in g  
rh en iu m , ir id iu m , and  tin . T h ese  b im e ta llic  an d  m u ltim e ta llic  c a ta ly s ts  e x h ib it g rea tly  
im p ro v ed  s tab ility  (cy c le  len g th ) and  se lec tiv ity . U n fo rtu n a te ly , th e  c a ta ly s t w ere  
m uch  less  e ffe c tiv e  fo r im p ro v in g  th e  o c tan e  ra tin g  o f  ligh t n a p h th a  (C 5 -C 8 ), d u e  to 
th e ir  low  se le c tiv ity  to  a ro m a tic s  and  th e ir  e x cess iv e  irrev e rs ib le  h y d ro c ra c k in g  o v er 
acid  s ites  to  ligh t h y d ro ca rb o n .

In  1980, it w as fo u n d  th a t P t su p p o rted  on  p o ta ss iu m  fo rm  o f  L zeo lite  
(P t/K L ) e x h ib ite d  e x c e p tio n a lly  h ig h  a c tiv ity  and  se le c tiv ity  fo r « -h ex an e  
a ro m a tiz a tio n  (B ernard ,' 1980). C o m m e rc ia liz a tio n  o f  the  p ro c e ss  so o n  fo llo w ed , 
w ith  C h e v ro n  re se a rch e rs , an n o u n c in g  th e ir  A ro m ax  re fo rm in g  p ro cess . H o w ev er, 
the  d ra w b a c k  o f  th is  c a ta ly s t is its sen s itiv ity  to  su lfu r. T h e re fo re , the  d e v e lo p m e n t o f  
th is  c a ta ly s t in o rd e r  to  w ith s ta n d  in th e  p re sen ce  o f  su lfu r b ecam e  the  m a in  o b jec tiv e  
in th is  a rea . A s m e n tio n e d  p rev io u s ly , x y len es  are  a lso  v a lu a b le  w h en  c o m p a re  to  «- 
a lk an es  feed . B u t, th e re  are  n o t m u ch  lite ra tu re  re la ted  to  th e  a ro m a tiz a tio n  o f  long 
ch a in  a lk a n e s , su ch  as « -o c tan e  b u t th e se  reac tio n s  w o u ld  in d eed  h av e  v ery  im p o rtan t 
in d u stria l a p p lic a tio n . T h e  sp ec ific  in tro d u c tio n s  are  p re sen t in each  ch ap te r.
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3. Scope of Work
In  c h a p te r  II. the  a im  is to  in c rease  su lfu r  to le ran ce  o f  P t/K L  by  p rep a rin g  

the  ca ta ly s t by  v ap o r p h ase  im p re g n a tio n  (V P I) and  a d d in g  ra re  ea rth  e le m e n t (C e 
and  Y b). T h e  ac tiv ity  and  se lec tiv ity  fo r /7-hexane a ro m a tiz a tio n  w ere  te s ted  u n d er 
c lean , su lfu r-, an d  w a te r-co n ta in in g  feeds. A ll th e  fresh  c a ta ly s ts  as w ell as  spen t 
c a ta ly s ts  u n d e r v a rio u s  c o n d itio n s  w ere  an a ly z e d  by  a co m b in a tio n  o f  te ch n iq u es  
in c lu d in g  F T -IR  o f  a d so rb ed  C O . h y d ro g e n  c h e m iso rp tio n , E X A F S /X A N E S . and 
te m p e ra tu re  p ro g ra m m e d  o x id a tio n  (T P O ).

In  c h a p te r  III, th e  P t/K L  (V P I) c a ta ly s t w as  te s ted  fo r its a c tiv ity  and 
se lec tiv ity  for /7-octane a ro m a tiz a tio n  c o m p a re d  to  P t/K L  (IW I) and  P t/S iÛ 2 

ca ta ly s ts . T h e  p ro d u c t d is tr ib u tio n s  w ere  d iscu ssed . T h e  cau se  o f  c a ta ly s t 
d eac tiv a tio n  and  re g e n e ra tio n  w ere  a lso  in v estig a ted . R eac tio n  te m p e ra tu re , w e ig h t 
h o u rly  sp ace  v e lo c ity  (W H S V ), an d  reac tan t feed  w ere  v a ried  to  e x p la in  th e  reac tio n  
p a th w ay s. A g a in , all c a ta ly s ts  w ere  c h a ra c te r iz e d  by sev era l te c h n iq u e s  in c lu d in g  
F T -IR  o f  a d so rb e d  C O , h y d ro g e n  c h e m iso rp tio n , T P O , and  iso -b u tan e  so rp tio n . 1

In c h a p te r  IV , l% P t  w as lo ad ed  on  d iffe ren t la rge  p o re  a lu m in o s ilic a te  
z eo lite s  in c lu d in g  B E A , M A Z , and  F A U . T h e  ac tiv ity  an d  p ro d u c t d is tr ib u tio n  o f  
P t/K -B E A . P t/K -M A Z . and  P t/K -F A U  fo r /7-octane a ro m a tiz a tio n  w ere  in v estig a ted  
co m p ared  to  th o se  o f  P t/K -L T L  an d  P t/S iO i ca ta ly s ts . T he fresh  (red u ced ) ca ta ly s ts  
w ere  a n a ly z e d  by  F T -IR  o f  a d so rb ed  C O , h y d ro g e n  c h e m iso rp tio n , T P D , and  A A S . 
M o reo v er, th e  sp en t c a ta ly s ts  w ere  an a ly zed  by T P O .

C h a p te r  V su m m a riz e s  th e  p re lim in a ry  s tu d y  o f  /7-octane a ro m a tiz a tio n  o v er 
P t-c o n ta in in g  e x tra - la rg e  p o re  a lu m in o p h o sp h a te  zeo lite  i.e. V P I-5  (P t/V P I-5 ). V P I-5  
w as sy n th e s iz e d  an d  a n a ly z e d  by  X R D , S E M , B E T . and  T P D  tech n iq u es . T P O  w as 
a lso  u tiliz e d  to  s tu d y  th e  co k e  fo rm atio n  d u rin g  reac tio n s.

In c h a p te r  V I, c o n c lu s io n s  and  rec o m m e n d a tio n s  are  rep o rted . B esid es  the 
e x p e rim e n ta l d a ta  illu s tra ted  in  ch a p te rs  II to  V. T h ere  are  m o re  in fo rm a tio n  and  
da ta , w h ich  a re  u se fu l fo r fu tu re  s tu d ies. T h e  ad d itio n a l in fo rm a tio n  and  d a ta  w ere  
c o lle c ted  in A p p en d ice s . A p p en d ix  A  su m m a riz e s  d e ta iled  in fo rm a tio n  o f  v a rio u s  
zeo lite s  u sed  in th is  re sea rch . A p p en d ix  B sh o w s the  d u a l-fu n c tio n  m e c h a n ism  for 
ca ta ly tic  re fo rm in g . A p p en d ix  c  su m m arize s  th e  d a ta  ex c lu d e d  in the  p rev io u s  
ch ap te rs . A p p e n d ix  D illu s tra te s  sch em a tic  d iag ram s o f  re a c tio n  te s tin g , h ig h ly
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sen s itiv e  te m p e ra tu re  p ro g ra m m e d  o x id a tio n  an d  h y d ro g e n  c h e m iso rp tio n . T his 
ap p en d ix  a lso  co n c lu d e s  im ag es  o f  D R IF T S  ce ll, E X A F S  ce ll. T e flo n  v e sse l w ith  
m ic ro w av e  o v en . T h e  e lec tro n ic  d iag ram  o f  a u to -sa m p lin g  sy s tem  in v en ted  is also  
inc luded .
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