
CHAPTER I

INTRODUCTION

1.1 R e s e a rc h  R a tio n a l

C a ta ly t ic  c ra c k in g  is an  im p o r ta n t p ro c e s s  in p e tro c h e m ic a l in d u s try . It in v o lv e s  
3 re a c tio n s  i.e. p ro to n  e x c h a n g e , c ra c k in g , a n d  d e h y d ro g e n a tio n . C o m p e tit io n s  
b e tw e e n  th e s e  re a c tio n s  g iv e  rise  to  d iffe re n t ra tio  o f p e tro c h e m ic a l p ro d u c ts . T h u s , th e  
k n o w le d g e  a n d  th e  p re d ic ta b il ity  o f th e s e  re a c tio n s  a re  v a lu a b le , s in c e  it h e lp s  U S  to  
re d u c e  c o s t a n d  p ro d u c e  p e tro c h e m ic a ls  m o re  e ffe c t iv e ly . Z S M -5 , a ty p e  o f  z e o lit ic  
c o m p o u n d s , h a s  b e e n  u se d  a s  th e  c o m m e rc ia l c a ta ly s t fo r  th is  p ro c e s s  s in c e  w ith  p o re  
d ia m e te rs  o f Z S M -5  m o re  h y d ro c a rb o n s  c o u ld  be a d s o rb e d  a n d  it y ie ld s  h ig h  s e le c t iv ity  
[1 ], เท g e n e ra l, e x p e r im e n ta l g e o m e tr ie s  o f  Z S M -5  a re  n o t a v a ila b le  s in c e  p o s it io n s  o f Si 
a n d  A l a to m s  o f  z e o lite  a re  n o t d is t in g u is h a b le  fro m  th e  d iffra c t io n  a n a ly s is . 
C o m p u ta t io n a l c h e m is try  is th e re fo re  a v a lu a b le  to o l fo r  o b ta in in g  s tru c tu re s  a n d  
p ro p e r t ie s  o f  z e o lite s . T h e  c o m b in a tio n  b e tw e e n  s tru c tu ra l d e ta ils  a n d  e x p e r im e n ta lly  
o b s e rv e d  p ro p e r t ie s  h a s  fu lf il le d  th e  m is s in g  in fo rm a tio n . T h e re  h a v e  b e e n  n u m e ro u s  
th e o re tic a l a n d  e x p e r im e n ta l w o rk s  on th e rm o d y n a m ic s  a n d  k in e tic s  a s p e c ts  o f  th e  
c a ta ly t ic  c ra c k in g  re a c tio n s  [2 -1 1 ], H o w e v e r, th e  m e c h a n is t ic  d e ta ils  o f h y d ro c a rb o n  
c o n v e rs io n  in Z S M -5  a re  ra th e r  c o m p le x  a n d  n o t y e t fu lly  u n d e rs to o d . เท p re v io u s  
s tu d ie s , th e o re t ic a l c a lc u la t io n s  o fte n  u se d  lim ite d -s iz e  c lu s te r  m o d e ls , 1T, 2 T , 3 T , a nd  
5T , w ith  m e th o d o lo g ie s  a n d  b a s is  s e ts  a t th e  in te rm e d ia te  le v e l o f  a c c u ra c y . S m a ll 
c lu s te rs  o f  th e  z e o lite  c a ta ly s t d id  n o t re p re s e n t a u n iq u e  z e o lite  fra m e w o rk , e s p e c ia lly  
th e  lo n g -ra n g e  s ta b il iz a t io n  o f  z e o lite  la tt ic e . R e c e n tly , e m b e d d e d  a n d  p e r io d ic  m o d e ls  
h a s  b e e n  u se d  to  im p ro v e  th e  lo n g -ra n g e  s ta b iliz a tio n  e ffe c t [1 2 ].

เท th is  d is s e r ta t io n , w e  fo c u s e d  on  th e  p ro to n  e x c h a n g e , th e  d e h y d ro g e n a tio n , 
a n d  th e  C -C  b o n d  c le a v a g e  re a c tio n s  o f s m a ll-  to  m e d iu m -s iz e d  a lk a n e s  (C 2 -C 4 ), i.e. 
e th a n e , p ro p a n e , is o -b u ta n e  ( i-b u ta n e ), a n d  n o rm a l-b u ta n e  (n -b u ta n e ) .
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1.2 Zeolites

Z e o lite s  a re  c rys ta llin e  m ic ro p o ro u s  m a te ria ls  [13, 14], Z e o lite  fra m e w o rk  
s tru c tu re s  a re  a lu m in o s ilic a te s , w h ic h  a re  m ad e  o f a lu m in a te  (A I0 45’) and  s ilic a te  (S i0 44 ) 
te tra h e d ra l and  lin ked  to  each  o th e r by sha rin g  oxyg e n  a to m s  a t th e  c o rn e r o f each  
te tra h e d ro n  th a t based  on an in fin ite ly  e x te n d in g  th re e -d im e n s io n a l n e tw o rk  as sho w n  in 
Figure 1.1.

Figure 1.1 T h e  g e ne ra l fra m e w o rk  s tru c tu re  o f ze o lite s  [13]

T h e  fra m e w o rk  n eg a tive  c ha rg es  a re  d e te rm ine d  by th e  n u m b e r o f A I0 2" 
te tra h e d ra l s ites  in th e  s tru c tu re . T he  neg a tive  c ha rg es  a re  b a la nc e d  by c a tio n s  th a t 
o c c u p y  n o n fra m e w o rk  p os itions . T he  g ene ra l fo rm u la  fo r the  c o m p o s itio n  o f ze o lite s  is

M Vn[(A I0 2)x (S i0 2)y]-zH 20

w h e re  M  is th e  c a tion  o f v a le n c y  ท, g e n e ra lly  from  the  g ro up  I o r II ions  suc h  as sod iu m , 
p o ta ss ium , m a g n e s iu m , c a lc iu m , s tro n tiu m  and  barium . M o re ove r, the  c a tio n  o f o th e r 
m eta ls , n on m e ta ls , and  o rg a n ic  c o m p o u n d s  a re  a lso  p o ss ib le  to  b a la nc e  the  c ha rg es . 
T he  s ym b o ls  X and  y  a re  th e  n u m b e r o f te tra h e d ra l a lu m in a te  and  s ilic a te , re sp e c tive ly , z 
is th e  n u m b e r o f w a te r  m o lec u le s  in the  c ha nn e ls  and  c a v itie s  o f z e o lite s . T he  n u m b e r o f 
ac id  s ites  can  be d e te rm in e d  from  th e  X va lue . It is w o rth  n o ting  th a t e ach  z e o lite  has a 
s p e c ific  n u m b e r o f te tra h e d ra  (x+y). Fo r e xa m p le , th e  te tra h e d ra l n u m b e r o f Z S M -5  
e q u a ls  to  96.
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T h e  v a r ie ty  o f z e o lite  m a te r ia ls  is c o m m o n ly  a re s u lt o f  th re e  fa c to rs . F irs t, th e  d iffe re n c e  
in s iz e s  o f c h a n n e ls  a n d  c a v it ie s  is c a u s e d  b y  m a n y  w a y s  o f  th e  c o n n e c tio n  o f th e  
te tra h e d ra . S e c o n d ly , th e  d iffe re n t ty p e s  o f th e  c a tio n s  p re s e n t in th e  s tru c tu re  to 
b a la n c e  th e  n e g a tiv e  c h a rg e  o f  th e  z e o lit ic  fra m e w o rk . F in a lly , th e re  is th e  d iffe re n c e  in 
th e  c o m p o s it io n  o f  a lu m in a te  a n d  s ilic a te  in th e  te tra h e d ra l fra m e w o rk . T h e  s tru c tu re  
ty p e s , n o m e n c la tu re  a n d , th e ir  c h a ra c te r is t ic  o f z e o lite s  a re  c o lle c te d  in th e  ‘A tla s  o f  th e  
Z e o lite  S tru c tu re  T y p e s ’ w h ic h  is c u rre n tly  u p d a te d  a n d  a ls o  a v a ila b le  on  th e  in te rn e t 
[15 , 16].

1 .3  S tru c tu re s  o f Z e o lite s

A  p r im a ry  b u ild in g  u n it is a s ilic a te  o r  a lu m in a te  te tra h e d ro n  w h ic h  is th e  s m a lle s t 
u n it o f a ll z e o lite  s tru c tu re s  [13 , 14, 17]. T w o  p r im a ry  b u ild in g  u n its  a re  c o n n e c te d  b y  
s h a r in g  o x y g e n  a s  s h o w n  in F ig u re  1.2.

F ig u re  1 .2  Z e o lite s  a re  c o n s tru c te d  fro m  tw o  p r im a ry  b u ild in g  u n its  ( S i0 4 
o r  A I 0 4") b y  lin k e d  c o rn e r -s h a r in g  [17 ]

S e c o n d a ry  b u ild in g  u n its  [1 3 ] (S B U ) c o n s is t o f s e le c te d  g e o m e tr ic  g ro u p s  o f 
te tra h e d ra l. T h e re  a re  9 s e c o n d a ry  b u ild in g  u n its , th a t a re  4 , 6, a n d  8 -m e m b e re d  s in g le  
r in g s , 4 -4 , 6 -6 , a n d  8 -8  m e m b e re d  d o u b le  rin g s , a n d  4 -1 , 5 -1 , a n d  4 -4 -1  b ra n c h e d  r in g s  
as illu s tra te d  in F ig u re  1 .3 . S B U  c an  be  u se d  to  d e s c r ib e  a ll o f  k n o w n  z e o lite  s tru c tu re s .
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Figure 1.3 S e c o n d a ry  b u ild in g  u n its  fo u n d  in z e o lite  s tru c tu re s  [13 ]

F o r th e  s tru c tu re  o f  Z S M -5 , th e  S B U  a re  lin k e d  to  fo rm  th e  fra m e w o rk  c o n s is t in g  
o f five  te tra h e d ra l u n its  (p e n ta s il) .  T h e  fra m e w o rk  a p p e a rs  in a c h a in - ty p e  b u ild in g  b lo c k  
o f th e  in te rg ro w th  Z S M -5  a s  s h o w n  in Figure 1.4. T h e  a rra n g e m e n ts  o f th e s e  s e c o n d a ry  
b u ild in g  u n its  a re  m a in ly  fa c to rs  fo r  d e s c r ib in g  s tru c tu ra l d if fe re n c e s  a n d  s im ila r it ie s . F o r 
e x a m p le , th e  d iffe re n c e  b e tw e e n  th e  s tru c tu re s  o f Z S M -5  a n d  Z S M -1 1  in Figure 1.4 is 
th e  c o n n e c tin g  p o in t o f tw o  fra m e w o rk  s h e e ts . T h e  s h e e ts  o f Z S M -5  a re  lin k e d  th ro u g h  a 
c e n te r  o f in v e rs io n  (i), w h e re a s  th e  s h e e ts  o f Z S M -1 1  a re  re la te d  th ro u g h  a m ir ro r  p la n e  
(G )  [1 8 ],
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Figure 1.4 T he  5-1 s e c o n d a ry  b u ild in g  u n it (a) to  fo rm  th e  c ha in  un its  (ช) 
and  s ta ck ing  s e q u e n c e s  o f laye rs  fo un d  in th e  Z S M -5  (c-1 ) and  Z S M -1 1 (c-2 ) s tru c tu re s  
[18]

1.4 ZSM-5 Zeolite

เท 1972  Z e o lite  S o c o n y  M ob il-five  (Z S M -5), w ith  s tru c tu re  c o d e  ‘M F I\  w a s  firs t 
s y n th e s iz e d  by th e  oil c o m p a n y  ‘M o b il’ [19], T he  s yn th e tic  Z S M -5  z e o lite  w a s  o b ta in e d  
from  th e  p ro p o rtio n  o f s ilico n  s ite s  a re  o c c u p ie d  by A l3+. T he  Z S M -5  z e o lite  has  th e  sam e  
fra m e w o rk  s tru c tu re  as s ilica lite . T he  p u re ly  s ilic e o u s  z e o lite , s ilic a lite , c o n s is ts  o f tw o  
p h ase s  d e p en d  on te m p e ra tu re . T he  firs t is the  o rth o rh o m b ic  p h ase  th a t c o n ta in s  12 
in d e p e n d e n t T  s ites . T h e  sec o nd  is m on oc lin ic  phase  th a t c o n ta in s  24  in d e p e n d e n t T
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s ite s  [20], (w h ich  is a sc rib e d  to  a sh ift o f n e ig h b o rin g  (010) p e n tas il laye rs ), as sho w n  in 
Figure 1.5 [18, 20 , 21]. T he  c rys ta l o f s tru c tu re  Z S M -5  has th e  o rth o rh o m b ic  sp a c e  
g ro up  s y m m e try  w ith  (P nm a) la ttice  p a ram e te rs , a = 2 0 .0 2 2 Â , b = 1 9 .8 9 9 Â  and  
c = 1 3 .3 8 3 Â , th a t c o n ta in s  96  s ilicon  and  192 oxyg e n  a tom s  (S i0 2), resu ltin g  in a 
fra m e w o rk  d e n s ity  o f 17.9  T  s ite s /1 0 0 0 Â  [18].

Figure 1.5 D ia g ram m a tic  re p re sen ta tion  o f th e  Z S M -5  s tru c tu re . 
S e c o n d a ry  b u ild in g  b locks  (p e n ta s il laye rs ) illus tra ting  the  12 T  s ites  (a) w h ich  c o m b in e  
to  fo rm  c h a in -ty p e  b u ild in g  b locks  (b). T h e se  p en tas il laye rs  can  c o m b in e  to  fo rm  the  
c ha nn e l sys tem  o f th e  Z S M -5  s tru c tu re  (c). A  d isp la c e m e n t o f th e s e  p e n tas il laye rs  
a long  th e  (010) d irec tion  resu lts  in th e  m on oc lin ic  p h ase  o f th e  z e o lite , and  the  
s u b se q u e n t red uc tion  in s y m m e try  a llow s  fo r 24  in d e p e n d e n t T  s ites  [18]

T he  Z S M -5  s tru c tu re  sh o w s  a m e d iu m -p o re  o p en in g  th a t c o m p o se s  o f a 10- 
m e m b e r ring. T h e  Z S M -5  fra m e w o rk  c o n ta in s  tw o  typ e s  o f c h a nn e ls . O ne  is s tra ig h t th a t
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runs p a ra lle l to  the  b -ax is  o f th e  o rth o rh o m b ic  un it ce ll, and  has e llip tic a l (5.1X5.5Â) 

o p en in g s , w h ile  th e  a n o th e r is s in u so id a l (z ig zag ) and  d ire c te d  a long  the  a -a x is  th a t has 
n e a r-c irc u la r (5 .4 x 5 .6Â ) o p e n in g s  [18], Figure 1.6 e xh ib its  s tru c tu re  o f Z S M -5  and  
sc h e m a tic  o f th re e -d im e n s io n a l channe l.

Figure 1.6 s tru c tu re  o f Z S M -5  (M FI) (a); S c h e m a tic  illu s tra tion  o f the  
th re e -d im e n s io n a l c h a n n e ls ; (b) c o n s is t o f the  s in u so id a l c h a n n e ls  (b -2); run 
p e rp e n d ic u la r to  th e  s tra ig h t c h a n n e ls  (b -1 ); and  pore  o p en in g  s tra ig h t Chanel (c -1 ); 
and  pore  o p en in g  z ig za g  (c-2 ) [13, 17, 18].

1.4.1 Chemical Composition of Zeolite ZSM-5

T he  c h e m ic a l fo rm u la  o f a typ ica l u n it ce ll o f h yd ra te d  N a -Z S M -5  is Na 
ท[A lnS i96.n0 192' 1 6H 20 ] ,  ท < 27. T h e  lo w es t S i/A I ra tio  know n in th e  Z S M -5  la ttic e  is 10. T h e  
lim it on S i/A I ra tio  c a n n o t be lo w e r than  1 in th e  fra m e w o rk . T he  L ô e w e n s te in ’s ru le  
c o n tro ls  p a irs  o f A I0 4" te tra h e d ra  by fo rb id s  A I-O -A I b rid g es  [18].
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1.4.2 Shape Selectivity Properties of ZSM-5 Zeolite

ZSM-5 is known as molecular sieves that possess shape selectivity. 
ZSM-5 plays ล very important role a catalyst they can adsorb molecules of certain 
dimensions while rejecting those of larger dimensions [13, 17, 19]. Shape selectivity is 
separated into 3 types: reactant, product, and transition-state shape selectivity, as 
shown in Figure 1.7 [13].

Reactant shape selectivity represents effectively enter and diffuse inside 
the crystal between linear and branched in Figure 1.7 (a). Product shape selectivity, 
Figure 1.7 (b), for example 0- and m-xylene, cannot rapidly escape from the crystal, and 
undergo secondary reactions to p-xylene that occurs to be the diffusing product 
molecules. Restricted transition-state shape selectivity, Figure 1.7 (c), in case of bulky 
transition state for a certain reaction mechanism that controls the rate constant of 
reaction.
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Figure 1.7 Three types of shape selectivity in zeolites: reactant (a), 
product (ช), and transition-state shape selectivity (c) [13]

1.4.3 Acid Sites of Zeolite ZSM-5

The zeolite acid catalyst is produced by combustion in air called 
calcinations to remove large organic quaternary amine cations occluded during 
synthesis. The obtained material contains alkali cations (e.g. Na+) and some protons as 
shown in Figure 1.8 (a). Direct exchange with acid of alkali cations is also possible, but 
has to be done very carefully otherwise Al atoms will be extracted from the zeolite lattice 
[13]. Ammonium exchange is performed, following by subsequent deammoniation i . e . ,  

thermal treatment releasing ammonia gas and leaving proton, results in the structure 
shown in Equation 1.1 and Figure 1.8 (b).

(NH4)y[(AI02)y(Si02)x.y] - >  [(H-AI02)y(Si02)x.y] + yNH3 (1.1)

Hydroxyl protons (-OH groups) in Figure 1.8 (b) are located on oxygen
bridges connecting a silicon and aluminum tetrahedral acting as Bronsted acid site for



10

charge-compensating cations to the framework anionic charge of zeolites. 
Simultaneously, Bransted acid sites are in equilibrium with Lewis acid both types are 
usually present เท zeolites. Bransted acid sites are transformed to Lewis acid sites by 
dehydration upon heating at high temperature, as shown เท Figure 1.8 (c). This process 
is reversible.

The acid sites on zeolites which act as catalytic sites can be classified 
according to the ability to be proton-donor (Bransted acidity) or electron acceptor 
(Lewis acidity) [13], เท zeolite Bransted acidity is generally believed to be weaker than 
Lewis acidity [13, 16]. The acid strength of the Bransted acid depends on type of the 
substituting metal atoms in zeolites, (Si-OH-T, T = Al, Ga, Fe, ete.). Bransted acid site on 
ZSM-5 zeolites is used in many industrially catalytic processes and had been the 
subject of extensive research e .g . , for hydrocarbon conversion in the petroleum 
industry.

(a)

(b)

(c)

Na Na° \  / ° \  _ /°\ / ° \  / ° \  v/ ° \  /°Ci A r Si Si A r Si/  \  /  \  f \  / ร ่ /  \o o 0 0 ๔ 0  0 0 o ๖
Ammonium ion exchange followed by heating or direct hydrogen ion exchange

X

0/  o

H
° \  / ° \  _ / ° \  / ° \  / ° \  v/ 0n ร y °

/ o  < / 'o  0A 0 0/$10 A
Heating

A

° \  / ° \  - / ° \  1/ ' ° \  / ° \  y ° \  y °5[ Ar sr Si Al Si
๔  6  0  0 o o  0  0 o ù  0 ๖

Figure 1.8 Schematic representations of acidities in zeolites. Calcined
zeolite (a), Bransted acid (b), and Lewis acid (c).
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1.5 Literature Review

Polyolefins are produced from oil components that are the fastest growing 
industrial polymers, and 66.9% of plastics in household waste are polyolefins. However, 
polyolefins are suitable for feedstock recycling to produce valuable hydrocarbon 
products because they consist only of carbon and hydrogen [22], Hydrocarbon 
cracking is the process that higher-molecular-weight hydrocarbons are converted to 
lower molecular-weight hydrocarbons through carbon-carbon bond breaking [23]. 
Hydrocarbons cracking occurs following three general mechanisms: thermal cracking, 
catalytic cracking, and hydrocracking [23]. Ethylene and propylene are the main 
products from thermal cracking (or pyrolysis) of either single or multicomponent 
reactants based on ล hydrocarbon complex mixture called petroleum that is major 
industrial starting material [23-25]. เท 2010, around 130 million tones of the production of 
polyethylene and polypropylene are expected [26]. The main problem of pyrolysis is the 
requirement of high energy (750-900°C) to break down long chain hydrocarbons into 
smaller ones via free radical mechanism. This process needs high cost of fuel and 
generates excessive coke in reactors [23-25]. One of the solutions for the above 
problem is that the use of ล catalyst for the cracking process. Zeolites are the most 
popular hydrocarbon catalytic cracking in the petrochemical industry [27]. The usage of 
catalytic cracking process decreases the requirement of energy (low costs), enhances 
the efficiency in prohibition of coke generation, and increases yields of valuable 
products.

Zeolites are aluminosilicate compounds with various pore structures and Si/AI 
ratios. Famous zeolites such as HZSM-5, ทาordenite, and HY have been proven to be 
particularly effective in catalytic cracking reactions [28-33]. It was reported that the 
zeolite pore size and Bransted acidity are important factors for indicating the catalytic 
efficiency. เท general, the catalytic reactions เท zeolites occur via four consecutive 
physical processes. First, the reactant molecules diffuse through the zeolite pores and 
channels and reach to the active sites. Second, the reactants in a gas phase are 
adsorbed on the interior surface of the catalyst. Next, the catalytic reaction occurs and
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gives products. Finally, the product molecules desorb from the interior surface and 
diffuse from the zeolite pores.

It is necessary to note that many hydrocarbon transformations on zeolites 
proceed with the formation of the same intermediate species, although, the product are 
different depending on the nature of the catalyst and conditions of the process. Further 
transformations of these intermediates lead to either olefins (dehydrogenation) or 
branched alkanes (cracking and condensation) as well as of other reactions, e .g . ,  

isomerization. Examples of these processes are depicted in Figure 1.9 [34],

Figure 1.9 Examples of hydrocarbon transformation processes catalyzed
by zeolites
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It has been widely accepted that the transformation of hydrocarbons over acid 
zeolites proceeds through a chain mechanism where carbénium ions acted as chain 
carriers [35], Carbénium ions may undergo several reactions: deprotonation, hydride 
transfer, isomerization, li-scission, and oligomerization. The stability of the carbénium 
ions increases with the increase of degree of substitution: tertiary > secondary > primary 
> methyl [35], Until 1994, Kazansky and Senchenya proposed that the actual 
intermediates are not carbénium ions, but covalent alkoxide species instead (Figure 
1.10) [36]. These results were based on a b  in i t io  quantum calculations with cluster 
models of zeolites, and they were confirmed by other research groups [8, 36-42], The 
positively charged carbénium ions was proposed to be transition states of the cracking 
reaction originated from the elongation of the alkoxides C-0 bonds. The classical 
carbénium ion theory successfully explains the cracking product distribution, although it 
is not totally complete.

Figure 1.10 The cluster model of zeolite showing the covalently bonded 
ethoxy group [41]

According to the Haag and Dessau [43] monomolecular protolytic mechanism 
and Olah’s superacid chemistry [44, 45], zeolites protonate alkanes at high 
temperatures giving unstable transition states known as carbonium ions. These 
carbonium ions can easily decompose (Figure 1.11) to produce H2 (pathway 1) for 
smaller alkanes and carbénium ions (alkoxides) in pathway 2. The different between two
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pathways, protolytic cracking or dehydrogenation, is the position where the proton 
attacks (C-C or C-H bond of the reacting aikane).

H H

Rt— d:-—  ch2—  r2 I
H

Alkylcarbenium ions or Alkoxides

+ แ2

Rl— c — CH2— R2 rs==ระ
I -Z"H+
H

Proton transfer reaction

R1, ,CH2— r2
rc+

Dehydrogenation reaction-

H A H

R1— c — c —r2I I
H H

Alkylcarbonium ions

R1, H
ZC+ + H—  c — r2 I

H

Z"H+ + R i = c  + H— c — R2

Cracking reaction

Figure 1.11 The carbonium ions transition state structure of protolytic 
cracking and dehydrogenation of alkanes [46]

Another mechanism was introduced by Collins and O'Malley from a similar 
computational study of protolytic cracking of n-butane with an H3SiOAI(OH)SiH3 (3T) 
zeolite cluster model [3]. With the BLYP/3-21G* DFT method, they predicted that the 
transition state (TS) formed by the protonation of one of the C-C bonds in butane 
(C4H 11"'"). เท the TS, the zeolitic proton was located almost in the middle between the C-C 
bond. The location of the proton in this pathway is different from the pathway proposed 
by Kazansky [36]. เท addition, after the C-C bond have been cleaved a shorter alkane 
have been formed, an acid site of the zeolitic framework is regenerated by a proton from
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the alkene production. Therefore, the reaction in this mechanism occurs without the 
formation of a surface alkoxide species.

Figure 1.12 Schematic BLYP/3-21G* transition states for secondary and 
primary protolytic cracking of n-butane using a 3T cluster model for zeolite acid site [3]

Several theoretical calculations were carried out either by using a small cluster 
model, but with high level of methods and basis set, or by using large cluster models or 
periodic model but with intermediate level of methods and basis set to represent a 
particular zeolite framework. For example, the study on the protolytic cracking reactions 
of alkanes which was reported by Rigby e t  a l. were performed using MP2/6- 
31G(d)//HF/3-21G with a 3T cluster model [8], The authors calculated activation 
energies (relative to the adsorbed reactant rather than the gas phase species) for 
ethane, propane, and n-butane and reported values of 78, 68, and 67 kcal/mol, 
respectively. They concluded that the activation energy for n-alkane cracking is 
independent of chain length [2], To study the long range effect of the zeolite lattice 
Zygmunt e t  a l. performed single-point calculations on 18T, 28T, 38T, 46T, and 58T 
cluster models by using optimized geometries of the adsorbed and TS complexes เท the 
5T cluster obtained from HF/6-31G(d) [9]. เท addition, the correction of apparent 
activation energy of ethane cracking was obtained by calculated the electron correlation 
and extended basis set effects at the B3LYP/6-311+G(3df,2p) and MP2-(FC)/6- 
311+G(3df,2p) level. This study identified the long-range stabilizing effect of the zeolite



16

lattice as the most important reason for the large discrepancies between earlier 
theoretical and experimental activation energies.

1.6 Research Objective

Theoretical studies were performed to describe the mechanisms of proton 
exchange and the degradation reactions (cracking and dehydrogenation reactions) of 
light alkanes such as ethane, propane, n-butane, and i-butane in ZSM-5. The result 
could be used as a model for larger alkanes.

เท this dissertation, we focused on protonated intermediates that are possible to 
convert to the transition state of proton exchange, cracking or dehydrogenation 
reactions. The relationship between reaction barriers and transition state structures in 
each reaction are studied. The cluster models and periodic structure are employed for 
the calculations. Cluster models consist of 5T, 20T, 28T, 38T, and 96T that are taken 
from the crystal lattice of ZSM-5. The cluster-size effect to adsorption energies and 
apparent reaction barriers was studied and explained by the density functional 
calculations using DMol3 program mounted on MS Modeling 5.0 package of Accelrys 
Inc. The relative between the chain length of the hydrocarbon and carbon atom position 
of alkanes (primary, secondary and tertiary carbon) with the reaction barrier was
considered.


	CHAPTER I INTRODUCTION
	1.1 Research Rational
	1.2 Zeolites
	1.3 Structures of Zeolites
	1.4 ZSM-5 Zeolite
	1.5 Literature Review
	1.6 Research Objective


