CHAPTER I

INTRODUCTION

1.1 Background
The porous struct es can easily host carbonaceous
residues, which usu of activity by coke formation is

\ thanol conversion to olefins."
’ \ \ ol conversion to olefins (MTO)

and methanol to gasoli .the acid properties of mordenite may also affect

rather rapid with m

High acid-strength

oceeds on the acid sites. The
amounts of the strong acid sites e.g. the
improvement in the catalyst ffefin at he' 2.in coke formation for MTO reaction.
A large pore zeo ‘“‘ _: eﬁns while a medium pore
zeolites like H-ZSM-ro ce g ano co%rsion. The olefin products can
oligomerize to gasoline if the acid strength oficatalyst is in excess, that is the case of ZSM-5.
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formation in those catalysts. Largefpore zeolites such as mordenité.ivas found to have

dur@I m::] a ﬂ ﬂeimu Mn’a-l] Qom El;]oa tIEJ project aims to

study how to prepare mordenite catalysts with controllable Si/Al ratios and their activities for

the MTO reaction.

1.2 Objectives

- To create a precise method of acid leaching for dealumination of mordenite.



- To modify the mordenite catalyst (Si/Al ratio = 11) to various Si/Al ratios.
- To determine the catalytic property of the dealuminated mordenite catalysts for

methanol conversion to olefins.

1.3 Related Work
Light olefins, e.g. ethylene, propylene and butylene are important components for the
or high-quality gasoline is increasing as well

y ucing polymers, and plastics, as well as
manufacturing of fine ch

Acg,rdn xcessive supplies of olefins have
—
become a serious probf-’ I ,‘T-nembutes for effective utilization of

olefins become of great

petrochemical industry, and the dem

because the light olefins are st

anything out of coal or crude oil. The new route is the

of methanol, dimethyl ether

and water, which canm proceeded catalytically to either gﬂoline or olefins, depending on

the catalyst a ﬂ %/ ‘j
The ca th conversion o methanol to lowergljefms 1s a way of convertmg natural
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chemistry. The process originates from Mobil’s process for converting MTG using the
ZSM-5 zeolite as the catalyst, in which olefins were intermediates. Some of the prominent
studies and the modified zeolites are reviewed below.

The . methanol conversion on the H-ZSM-5 catalyst was studied at temperature
400-680°C.>* At higher end of th'ie temperature range, the methanol was converted

completely. The amounts of carbon monoxide, hydrogen and methane increased. The light



olefin was decreased rapidly due to the increase of the coke amount. Recently, metal-ion-
containing zeolites (e.g. containing gallium, vanadium, manganese, nickel and iron) with
pentasil pore structure have been assumed to be potential catalysts for methanol
transformation into olefins with both high selectivity and long lifetime but the catalytic
activity was greatly decreased because of the reduction of acid strength. Hence, comparisons

between H-ZSM-5. Fe-ZSM-5, and Al-Fe-ZSM-5 catalysts were compared in their activity

for methanol conversion at 400°C. Ti onversion of methanol was nearly 100%. The

olefin yields were the highest @ %1-5 The amount of paraffins increased

with increasing alumlnuwn th’ cat e the amount of olefins decreased.
H-ZSM-5 gave lowerﬂ—-‘ r yield in liquid hydrocarbons.

Increasing time on strea nat; n Fe-ZSM-5 was decreased because

Fe-ZSM-5 has acidity | ition, it is reported that coupled
methanol-hydrocarbon ¢ out simultaneously on the same
catalyst and under the sa ocarbons (n-butylene, isobutylene
n-decane, n-hexane, cycloheXane and vlen lene fraction from pyrolysis gases)
and methanol were used as feed 1t ac e optimum ratio was 1:3. The production
of olefins dependch:hn the type of hydrocar specially with the butylene or

olefin mixture givifig'a better olefins y conversion. One reason for

'w i
the higher methanol anersion could be the existence of double bonds in the feed, which

weakens theﬁ ﬁoﬁf amﬁWWS w1 ﬂﬂongatlon of the reaction

time, resultinglin decreasing of olefins because the formation of coke increased in pore
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I\&TG on H-ZSM-5 was studied also at low temperatures (260-290°C).® At 260°C,
maximum conversion of methanol was 25% in 200 minutes, but at higher temperature
(290°C) that was 99% in 15 minutes and the formation of coke was less. The volatile
product hydrocarbons (e.g. paraffins, olefins, aromatics and methane) were less in amount at
higher temperature because the polynuclear or coke-like materials in the pores of H-ZSM-5

were not decomposed at these ranges of temperatures.



The conversions of methanol to hydrocarbons catalyzed by the physical mixtures of
the zeolite H-ZSM-5 with group-13 oxide (»Al,0s, f-Ga,03, In;O3, TL,O) were reported."9
Comparing to using H-ZSM-5 alone at > 400°C, the addition of »Al,0; has no effect
whereas the addition of p-Ga,0; gave a fantastic enhancement in the yield of Cg and Co
aromatic compounds, at the expense of C,-Cy olefins, without affecting the overall

conversion. Both the In,0y/H-ZSM-5 and TI1,0/H-ZSM-5 were inactive. At 300°C, a

remarkable enhancement in the yi lt\f’
p-Ga,O3 or In,0; additio:: @

omatic hydrocarbons was observed for the

) observed for the Tl,O and »Al0Os

presence. In panicuw-gM-S-'m“e a significant enhancement in

catalyst activity at 3M /1 ¥, }wanced the catalytic activity of a

WO;/7AlO; catalystwhe ,05 catalyst. The results were
e point of contact of Ga,O3 and
H-ZSM-5 6r WO;/rA ‘ Mes. M‘ /p-Ga,0s, this new site catalyzes
the formation of aroma; ! § Aq: hereas for WO53/3~Al,05:4-Ga,O3
the new site catalyzes th 01@'_1&* Of ne addition, the deposition of WO; on
H-ZSM-5 (by metal oxide vap‘éﬁ-%eé} ; adelogy) and pure H-ZSM-5 were tested for

A

their catalytic actiy ":-—'— ------- . he "the activity was compared at

equal conversion legs 0 ature foﬂormation of hydrocarbons was

higher over WO3/H-ZSM;5,catalyst than the pure support. Among the products formed over
WOJH—ZS@,ue&il/iaom&smﬁi% EJnrt])ﬂf araffins. The H-ZSM-5
catalyst aveq:llromatic products be€ause its surfaee.contained strong/acid sites while the
Wﬂﬁv:l aa}ltmxﬁmy iﬂ 's]e’s] miﬂg)ﬁﬂanOz/H-ZSM-S
and CuZnZrO,/SAPO-34) were studied for the methanol conversion through CO,
hydrogenation at 400°C." For the SAPO-34 hybrid system, C; hydrocarbons were major
products. In the case of H-ZSM-5 hybrid system, however, the main hydrocarbon was ethane

and neither higher hydrocarbons nor aromatics were formed.



Zeolite ZSM-5 was well known as a catalyst for converting methanol into
hydrocarbons in the gasoline range. The methanol conversion was carried out widely over
various kinds of zeolites such as the small pore zeolites: erionite, zeolite T, ZSM-45,

-3 mordenite."'*'® However,

ZSM-12, the large pore zeolites: zeolite Y, zeolite beta,
the reaction was also carried out on the silico-alumino-phosphate (SAPO) molecular sieves,

they are a new generation of crystalline materials; for example, SAPO-34,'7%

durable activity for this reaction has not been

SAPO-11, 19232431 gAPQ-5 233! GAPO- /

obtained on any zeolite other srl metallosilicats. However, the acid

properties of zeolites ma in methanol conversion, because

t thqcat

the reaction proceeds on

olefins, e because of its h1
) ‘,_, _,J,‘,,.»J * .r

s L '
> SAPO-17 > SAP_D-S) as well as the _s_ éf' its eight-member ring pore

aperture. SAPO-

ong the SAPO series (SAPO-34 > SAPO-18

ed the production of C4-C;

|
olefins with the presence of branched hydrocarbons and a ny small amount of aromatics.”

SAPO-11 (rﬂ ﬂ[ﬁ“ﬂ ﬂ(ﬁ ﬂ(‘s w ?1 SAPO-5) favored the

formation of @romatics, Cs and C6 hydrocarbons but SAPO-11 showed the highest
g LRI A ACE
incorpération of transition-metal ions into framework sites of SAPO molecular sieves is also
interesting.for the design of novel catalysts. Transition-metal-substituted SAPO catalysts,
such as M-SAPO-34 (M = Ni, Co, Cr, Fe),"? M-SAPO-18 (M = Ni, Mg, Zn),"™”
M-SAPO-35 (M = Ni, Cr),'"""” Ni-SAPO-11,"” and Ni-SAPO-17,'7Yhad been investigated for
MTO reaction. The methanol conversion on these catalysts, the selectivity to C,-C,4 olefins

(as to ethylene) and the lifetime were enhanced compared with the non-metal loading



material because of M-SAPO catalysts exhibited lower acidity and acid sites compared with
the non-metal loading catélyst. The highest selectivity to ethylene was obtained using
Ni-SAPO-34 as the catalyst.'"'®

MFI type and SAPO type catalysts were used for methanol conversion reaction to
compare the hydrocarbon distribution of the products.'0 For MFI type catalysts such as
H-ZSM-5 or H-Ga-silicate, the main products were higher hydrocarbons such as aromatics
and Cs+ hydrocarbon. For SAPO-34 SAPO-3, the main product was C,+Cs and Cq4
hydrocarbon, respectively. @Vp
SAPO-34 > SAPO-5 > H@ > HaZ SMS=AH6Ve 300°C, dimethyl ether was formed

as the main product™ cant yield mere obtained from the methanol
N

H-MCM-41. Methane and olefins

C,-C; olefins decreased in the order:

conversion catalyzed b
were mainly obtained g eta-ca 2 y ary, predominantly olefins and
negligible amount of megha ere 1 u : 5 as the catalyst. A considerable
increase of methane in theforder: H-ZSM-5.5Hst M-41 was obtained, despite of
the intimate acidity of the a

The methanol conversion t6-h
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et ..5,‘5:"_,""

studied at two differgntfeed rates: weigh

In the case of the“low feed rate, s complete after a very long

i} = q
period. The initial c;version was lower and the catalyst Was deactivated in a much shorter
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(Si/Al = 45) Were also studied similarly. The mordenite catalyst exhibited a lower initial
¢ o o/
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H-betd. The H-ZSM-5 catalyst exhibited a remarkable resistance to deactivation and no
change in effluent composition. The C,/C; product ratio on the H-beta was not far from 1
but on the mordenite it was above 10 after moderate deactivation. The behavior of H-ZSM-5
is moderaté, with the C,/Cs ratio of about 2.5. The methanol conversion to multi-branched-
chain alipatics was studied at 350°C on HY (Si/Al = 2.4), H-ZSM-5 (Si/Al = 12.5), and

H-MOR (Si/Al =7.5)." The comparison of the acid strength was H-MOR > HY > H-ZSM-5.



The methanol conversion was H-MOR (62.3%) > HY (54.6%) > H-ZSM-5 (40.3%0) but the
deposition -of coke was significant on H-MOR. H-MOR was modified by dealumination
(D-MOR), or dealumination and subsequently 33% Na ion-exchanged (NaD-MOR)." The
methanol conversion was decreased on modified mordenite catalysts but the amounts of coke
deposited on D-MOR (12%) and NaD-MOR (2.5%) were much less than that on H-MOR
(26.4%). However, Na-MOR (fully Na-ion exchanged mordenite) which is generally

inactive for methanol conversion, exhibited some catalytic activity in this reaction. The

yst lifetime in methanol conversion. Light

(C,-C4) hydrocarbons, olefins and vét on the short-lifetime mordenite

(lower Si/Al ratio), cased
%

4 efins
(higher Sl/Al ratio). c rate of fo \‘Q

the catalyst lifetime was i um content.

on the long-lifetime mordenite

O reactions was decreased and
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