
CHAPTER I 
INTRODUCTION

A ro m a tic s , in c lu d in g  ben zene , to lu en e , e th y lb e n z e n e , and  x y len e  are 
w id e sp re a d  u sed  as  feed s to ck s  for n u m ero u s  ch em ica l in d u s tria l p ro cesses . N o rm a lly  
th e  c a ta ly tic  re fo rm in g  o f  h eav y  n ap h th a  and  a ro m a tiz a tio n  o f  lig h t p a ra ffin s  are th e  
m a in  ro u te s  fo r p ro d u c in g  a rom atics (R an s le y  et a l. , 1978). N ev e rth e le ss , b o th  
p ro c e sse s  re lie d  o n  th e  n o n ren ew ab le  re so u rce s  o f  c ru d e  p e tro le u m  oil and  coal. D ue 
to  th e  d e p le tio n  o f  fo ss il fuel reso u rces an d  th e  r is in g  o f  e n v iro n m e n ta l con cern , the 
p o ss ib ility  to  u se  su s ta in ab le  sources has g a in ed  m o re  a tte n tio n . T h ere  are v ario u s  
a lte rn a tiv e  sou rce’s, re p o rte d  as feedsto ck  fo r p ro d u c in g  a ro m a tic s , in c lu d in g  bu t no t 
lim ite d  to  m e th a n o l (N iu  et a l ,  2014 ), e th an o l d e riv ed  fro m  b io m a ss  (B orgh t et a l ,
2 0 1 5 ), an d  iso b u ty l a lco ho l (Y u et a l ,  20 1 2 ). H o w e v e r  th e  p o ss ib ility  to  
e c o n o m ic a lly  a p p ly  th e se  p rocesses is still a  m a tte r  o f  d isp u te .

D u rin g  th e  la s t 10 years, m an y  re se a rc h  a ttem p ts  h av e  b een  d ev o ted  to  the  
p ro d u c tio n  o f  b io fu e ls . A m o n g  them , b io d ie se l fro m  tra n se s te rif ic a tio n  o f  v eg e tab le  
o il is o n e  o f  th e  m o s t p re fe rred  a lte rn a tiv e  fu e ls  an d  th e  c o n su m p tio n  ra te  has been  
in c re a se d  s ig n if ic a n tly  (C h ew  et a l ,  20 0 8 ). A s a  co n se q u e n c e , th e  fin d in g  so lu tio n  to  
e lim in a te  th e  u p c o m in g  increase  in  w aste  b y -p ro d u c ts  has a lso  b een  a top  p rio rity  in 
b io d ie se l in d u s try . In  o rd e r to  m ake th e  b io d ie se l c o m p e te d  eco n o m ica lly  w ith  
p e tro le u m  d iese l; th e  b y -p ro d u c t from  th e  b io d iese l p ro d u c tio n  h as  b een  in te res ted  as 
an  a lte rn a tiv e  fe e d s to c k  fo r p rod ucing  ch em ica ls . In  th is  w o rk , w e  fo cu s  on tw o ty p es 
o f  b io d ie se l b y -p ro d u c t;  palm  fa tty  ac id  d is tilla te  (P F A D ) an d  g lycero l. P alm  fa tty  
ac id  d is til la te  (P F A D ) is a b y -p ro d u c t from  th e  s team  d is til la tio n  o f  c rude  p a lm  oil 
w h ile  g ly ce ro l is a  b y -p ro d u c t from  th e  tra n se s te rif ic a tio n  to  p ro d u c e  b iod iese l.

H ere in , w e  rep o rted  the co n v ers io n  o f  p a lm  fa tty  ac id  d is tilla te  (P F A D ) and  
g ly ce ro l to  a ro m a tic s . D ue to its shap e  se lec tiv ity  an d  su itab le  ac id  p ro p erties , 
H Z S M -5  c a ta ly s ts  sh o w ed  the su p erio r c a ta ly tic  p e rfo rm a n c e  in  c o n v e rtin g  b io m ass  
d e r iv e d  fe e d s to c k  to  a ro m atic s  (Y u et a l ,  20 1 2 ). B ro ad ly  sp e a k in g , the  in co rp o ra tio n  
o f  Z n  o n  H Z S M -5  ca ta ly s t s ig n ifican t im p ro v e s  a ro m a tic s  y ie ld  by  p ro m o tin g  the  
d e h y d ro g e n a tio n  ac tiv ity . T he p resen ce  o f  d iffe re n t Z n  sp ec ie s  on  Z n /H Z S M -5  
c a ta ly s ts  w as  p ro v e d  to  strong ly  d ep en d  on  th e  p re p a ra tio n  m e th o d s  (B ern d t et a l ,
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1996). The aqueous phase ion-exchange o f solution zinc salt with HZSM -5 catalysts 
would lead to two types o f zinc at exchange sites: ZnOH+ at isolated A1 center and at 
two closely located A1 centers. Under high reaction temperature the dehydroxylation 
over later species resulted in the exchangeable Zn2+ species (Biscardi et a l ,  1998). In 
addition, by using incipient wetness impregnation method not only zinc at exchange 
site but also ZnO was found (Almutairi et a l ,  2 0 1 2 ). Many researchers have 
summarized that in contrast with ZnO, Zn at exchange site cannot be completely 
reduced even at 9 0 0  ° c .  Despite that, Triwahyono and co-workers showed that the 
thermal treatment o f Zn/HZSM-5 under hydrogen atmosphere resulted in the 
recovery o f protonic acid site, enhancing the isomerization o f 77-pentane 
(Triwahyono et a l ,  2 0 1 1 ). For a decade that many researchers have attempted to 
identify which types o f Zn species that enhanced the aromatization reaction. 
However, the understanding is still under controversy.

On the whole, this research was divided into four parts. Part I and II have 
been devoted to investigate the effect of the conventional Zn species, (ZnOH)+ and 
ZnO species, in the transformation of glycerol and palm fatty acid distillate (P F A D ) 
to aromatics. The evolution of the conventional Zn species, (ZnOH)+ to the new 
active Zn species, was studied by pre-treating Zn/HZSM -5 catalysts under high 
temperature o f inert and hydrogen atmosphere. The generation o f the new Zn species 
was also tested for its activity in the conversion o f 77-pentane to aromatics, illustrated 
in part III. Even though the purpose of this research is to enhance the aromatics yield, 
among the aromatics compound, /7-xylene is very considerable because of its 
increase in demand for producing terephthalic acid, feedstock for producing 
polyester fibers and plastic bottles. Thus the designing o f catalyst that provides the 
highly selective of/7-xylene formation was also studied in this work. In the final part 
(part IV ), the understanding from the previous parts was applied to design the Zn 
promoted PIZSM-5 catalysts that exhibited the highly selectivity in the 
transformation o f 77-pentane to /7-xylene. EXAFS, XANES, and XPS were used to 
investigate the formation o f different Zn species.


	CHAPTER I INTRODUCTION

