CHAPTER 1

INTRODUCTION

1.1  Why MTO Processes?
Presently, the rapid of the petroehemical industry becomes necessary to
subsist human life beca om petrochemical substance,
especially light olefins e and propylene is predicted
for the future. Most of li racking of naphtha consisting
of Cs-Cy, alkanes.' Thi ostly process. Accordingly, a
number of investigations to" ightoteft ns from other sources have been studied. It was
. a': r‘:::" 3 g s
found that, the methanol conversioh-toolefins om a €atalyst is an attractive process to produce
it f "!".-‘ :L S
light olefins. SR

Nowadays, a V chemical industry, which

diminishes the cost of amrocess and increases the yield ofaoducts. Zeolites were used as

catalysts in peﬁluiElJ‘ ﬁuqﬂ gﬁﬁfwlﬂmrﬂﬁm as shape and size

selectivity, high §urface area, strong acidity and their nature as heterogeneous catalysts.
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catalysts.qZSM-S zeolite having MFI structure becomes attractive, as its three-dimensional
pore structure is considered to be responsible for its long life as catalyst and slow deactivation
rate by coke.’

ZSM-5 zeolite is a microporous aluminosilicate material. The aluminum ingredient in
the MFI structure is responsible for the formation of strong acid sites producing more

gasoline and aromatics than olefins in methanol conversion to olefins (MTO)’ due to a strong



hydrogen shift function, resulting in valuable intermediate compounds, light olefins. The
latters are easily hydrogenated into chemically stable and undesired light paraffinic
hydrocarbons. Thus, the decrease of strong acidity of ZSM-5 can be achieved by replacing Al
with other transition metals. This results in increasing the yield of light olefins. The methanol
conversion to olefins on the resulting material, for example Fe-MFI, produces greater yield of

light olefins and no aromatics and its rate of deactivation is slow. Therefore, Fe-MFI was

increase the yield of light olefins. Howeve

preferred as a new MTO catalyst in order fo;solve the problem of coke deposited and to
%‘\ &

ite a few reports on Fe-MFI catalyst
for MTO process.
This project aims to yiithesis of Fe-MFI catalyst and their

activities in the MTO re

1.2 Objectives
1.2.1 To synthesize ] ._. <] [F1 with various Si/Fe ratios (the Si/Fe ratios

in gel of 90, 30 and 10).

1.3 Related w

The Mob%:uﬁlﬁllﬂamimaﬂjhw efficient catalyst
for the quﬁ«ﬁﬂ Tmﬁﬁui ,?cqn ﬂ pr)é‘o'ﬂoons in gasoline

range andywas commercialized as the Methanol to Gasoline (MTG) process. In relation to the
MTG conversion, the importance of light olefins as intermediates in the conversion of
methanol to gasoline, the so-called methanol to olefins (MTO) emerged.**

A number of investigations have been made for methanol to olefins over several kinds
of mixed feedstock together with several kinds of catalysts, for example using methanol only
or mixed with hydrocarbons as reactants and using various molecular sieves as catalyst. Some

of the prominent studies and the modified zeolites are reviewed below.
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Coupled Methanol Hydrocarbon Cracking (CMHC) with liquid and gaseous
hydrocarbons as the co-feed on H-ZSM-5 at high temperatures (400-700°C)"* was
investigated. It was found that the yield of olefins depended on the type of hydrocarbons. An
i-butene used as the co-feed produced higher conversion of methanol and higher yield of
olefins than other hydrocarbons such as n-butane, n-hexane, cyclohexane, and naphtha
because double bond of i-butene did not break. Nevertheless, the yield of olefins decreased

when time on stream increased becaus»

eactivation by coke deposited in the pore of a

catalyst. In addition, decreasi and using pure methanol as reactant’

..#

aromatics but also to enh

of coke deposited. Alsog¥co ' of methanc afieeted by temperature, such as it

decreased from 99% to . - pe > de om 290 to 260°C at time on

zeolites, such as the small pore z66 tes: chabazitel erio ite, zeolite T, ZSM-34, ZK-5,' the

P 1A
large  pore zeolit_ei:‘ mﬂﬁgffﬁ@’ z
L
silicoaluminophosphai

mordenite.” F urthermore,

SAPO-18 (AEI), SAPO- A), S/ e spﬂ)—n (AEL),"” SAPO-5 (AFI),
and SAPO-31( i \ff S a%( in this reacti SM-5 zeolite was well
known as a caﬁzu oﬁrﬂ ﬂtﬂol mﬂﬁojrﬁj the gasoline range. A
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metallosiljcates, which having MFI étructure. However, the acid properties of zeolites may
also affect the yieid of light olefins and the catalyst lifetime in methanol conversion because
the reaction proceeds on the acid sites of catalyst.

The methanol conversion on four SAPO-n molecular sieves (SAPO-17, SAPO-18,
SAPO-34 and SAPO-35)" at a weight hourly space velocity, WHSV of 0.5 h”', the reaction

temperature of 400°C was studied. For the time on stream between 10 and 250 min, the

selectivity towards C,-C4 olefins decreased in order SAPO-34 > SAPO18 > SAPO-17 >>



SAPO-35. Also, the lifetime of catalysts decreased in order: SAPO-18 > SAPO-17 > SAPO-
34 >> SAPO-35, while their deactivation rate decreased in order: SAPO-35 >> SAPO-17 >
SAPO-34 > SAPO-18. Moreover, selectivities to ethylene and propylene were found as a
function of structure type, silica content, chromium location, and chromium concentration in
methanol to olefins over SAPO-11, SAPO-34 and SAPO-35 with and without chromium
incorporated at a WHSV of 125 h', and the reaction temperature of 400°C."” The
deactivation rate decreased in order: SARQ-85 >> SAPO-34 > SAPO-11. The selectivity

towards C,-Cy4 olefins decreased in ord: . /‘&)\PO-H >> SAPO-35. Furthermore,

incorporation of chromiumwinto~the ¥ m-n increased the lifetime and

selectivity towards ethylen shromitmi_incorporation by ion exchange.

through coke formation also o€cu réd & addition, the influence of metal incorporation other

. . . o FE .
than silicon and aluminum Jmﬂ"thg‘:ﬁgmgw rk-of+S -34 on methanol conversion was
| il

investigated.'® Using | SAPO=34; F

methanol conversion at Eas—hou y SV, B 1000 h™', and the temperature

of 450°C. The ti iﬁ hylene increaséd’in order: Ni-SAPO-34 > Co-SAPO-34 >
Fe-SAPO-34 >§£1‘1 .ﬁeﬁszl‘ eicm:.llnailes decreased with an
T TR TV T oo
comparedjwith other catalysts. Consequently, the significant improvement of selectivity to
ethylene was achieved by the incorporation of Ni into the framework of SAPO-34 (Ni-
SAPO-34).'%%

Tsoncheva and Dimitrova® studied methanol conversion to hydrocarbons on
aluminosilicates, (amorphous silica-alumina, MCM-41, H-beta and ZSM-5) and

metallosilicates (H-B-beta and H-Ti-beta), at a WHSV of 1.5 h', and temperatures from 400

to 490°C. For aluminosilicates, the yield of methane and the yield of C,-Cs olefins increased



with increasing the reaction temperature for MCM-41, H-beta and ZSM-5, while amorphous

silica-alumina was inactive. Besides, ZSM-5 produced highest the yield of C,-Cs olefins. It
was explained that the pore system of ZSM-5 improved light olefins formation. In case of
metallosilicates, the yield of methane also increased when increasing the reaction temperature
for B-beta and Ti-beta. Ti-beta produced high yield of C,-Cs olefins, but no C,-Cs olefins for

B-beta due to the reduced Brensted acid sites of sample. In addition, H-MCM-41 and

hydrocarbon amount was
ions.
t. Therefore, improvement of
drocarbons was studied using
H-beta with various con in i ined\b imination of the parent sample

lumination led to catalysts which

were more resistant to deactivation-th e -beta. In addition, a feed rate was found
"l_;‘llﬁ.r..n' - .fl" = . .
influénce on M g and deactivation rate. The

to have a remarkab
§

conversion of methangl#vas high and deactivation rate was slc Bbvich increasing the feed rate.
Moreover, in order to mtain a long-life zeolite catalyst'ar conversion of methanol to

hydrocarbons, ﬁ) 3 W?WWOT ﬂﬁred by leaching with
[ggr;t condmons

hydrochloric acidjat dif] The optlmum acid concentratlon was 8 mol.dm™,
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was relatéd to the weakening of acid strength by dealumination. In addition, it was found that
H-ZSM-5 used in methanol conversion was also subjected to dealumination by water
produced during this reaction.” The catalyst lifetime, however, increased after repeated use in
methanol conversion to gasoline cycles. This was attributed to a decreased rate of coke
formation in catalyst containing lower densities of acid sites as a result of a repeated use.
Barrer' studied the effect of zeolite structure on the yield of olefins for methanol

conversion at the reaction temperature of 370°C. The small pore zeolites, ERI, cannot easily



accommodate aromatics and therefore yield mainly lower olefins, while the medium-pore
zeolites, ZSM-5 and ZSM-11, produced primary aromatics, light olefins and paraffins and
some non-aromatic Cs  product, depending on the conversion level. Wide-pore zeolites,
ZSM-4 and MOR, gave high yield of heavy aromatics and paraffins. Over the medium-pore
zeolites the largest aromatic molecule produced was essentially durene (1,2,4,5-
tetramethylbenzene) and although the wide-pore zeolites permitted further alkylation, they
also exhibited a high selectivity to cok Wthh resulted in a short catalyst life.

j= studled / sts, such as ZSM-5, Chabazite, and

SAPO-34 for methanol cw Oleds awture of 400°C. It was found that

conversion of methanol de ery slow deactivation of ZSM-5

Nowaz et a

is catalyst. Chabazite, which is
ch faster than ZSM-5 (10-ring)

a2
due to the size of chann i O herefore, ZSM-5 was attractive

Methanol conversion t u‘- : f ZSM-=5'%ith Si/Al ratios of 50, 100, 200 and 400

was investigated.” It was fou nd“l&i; 'lw ' d of IPAL Dl ns depended on the Si/Al ratios of

ZSM:5, the reaction terfiperatire and part fite ofmethanol. H-ZSM-5 with the Si/Al

ratio of 200 produced t@highest' yie clins at th&mperature of 480°C compared

to H-ZSM-5 w E‘t ased when the reaction
temperature deﬂﬂ iﬁﬂﬁiﬂﬁ also creased when the partial
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ZSM-5 h@s an influence on catalytic activity.” 6 Rapid and slow crystallization methods for
synthesis of ZSM-5 with the Si/Al ratio of 40 were performed and the resulting materials
were used as catalysts for methanol conversion to olefins at a GHSV of 1100 h', and the
reaction temperature of 300°C. It was found that the ZSM-5 prepared by the rapid
crystallization method produced more light olefins, and low paraffins and aromatics, than

ZSM-5 prepared by the slow crystallization method. Rapid crystallization method increased

the catalytic activity for methanol conversion to olefins because Al was more highly dispersed



in the crystals and acid sites were formed more effectively. Moreover, the crystal size of

ZSM-5 affected the catalytic activity.”’ Increasing in crystal size showed a decreased of
conversion of methanol. Besides using ZSM-5 only on methanol conversion, also composite
catalysts comprising physical mixtures of the ZSM-5 with group 13 oxides (y-ALO;, B-
Ga,0s3, In,O5 and T1,05) were used as catalysts.28 At the condition studied at a WHSV of 1.5

h”', the reaction temperature of 400°C, and the time on stream of 30 min, the composite

Inui et al? studied the metf e o on a series of novel metallosilicates
having the MFI struﬁxre Th@‘ Ea synthesized by replacing the Al

ingredient with variou§ metals, fo N Jn , La, Ni, Zr, Ti, Fe, Co, and

Pt. The metallosilicates Jth Si/metal ratio of 3200 were usm as catalysts for the methanol

conversion at aﬁluﬁ ﬁ wg qiT §O°C It was shown that

Fe-silicate, Co-sili¢ate, and Pt-silicate exh1 1ted the h1 est se]ectnvnty to hght olefins and low
) AR INE e
Accordmg to the mechanism of methanol conversion, low activity for the formation of
aromatics was very important for obtaining high selectivity to light olefins. Influence of the
reaction temperatureé (295-370°C) on the methanol conversion on Fe-silicate with the Si/Fe
ratio of 3200 was studied as well. It was found that the selectivity to light olefins rapidly
increased when the reaction temperature increased from 295 to 320°C, and insignificantly
increased when the reaction temperature rose from 320 to 370°C. Moreover, NH;-TPD

profiles of Fe-silicate with Si/Fe of 12 and H-ZSM-5 showed that the acid strength for



Fe-silicate was weaker than H-ZSM-5. In accordance with this change in acid strength, the
selectivity to light olefins on Fe-silicate was considerably higher than H-ZSM-5. Furthermore,
Fe sources (Fe** and Fe'") for synthesis of Fe-silicates affected the crystallinity, acidity and
catalytic activity.”® Methanol conversion to hydrocarbons on Fe-silicate (II) and Fe-silicate
(IIT) with the Si/Fe ratio of 12, and Fe-silicate (III) with the Si/Fe ratio of 25 at a GHSV
2000 h™', the reaction temperature of 300°C was investigated. It was found that %conversion

of methanol and selectivity to light olefins

increased in the following order: Fe-silicate (III)

)/Fe ratio of 12 > Fe-silicate (I) with

the Si/Fe ratio of 12. The m and aromatics more than the Fe-

silicate (III). This is reaW strengt - id sites on the Fe-silicate (II) is higher

than that on the Fe-silica

with the SifFe ratio of 25 > Ealll

Martin et al.** studi s . ons at a WHSV of 0.8 h™', the

reaction temperature of 4 ‘o g H-ZSM-5 with Si/Al ratio of
22, Fe-silicate with Si/Fe r % o _' h Si/Al of 50 and Si/Fe ratio of 50 as
catalysts. Fe-silicate produced a E@nc} t olefins at high conversion of methanol
than the Fe-ZSM-5 and H-.Z::SN‘[-'JSJﬁ%Lé)} in the order of acid strength as

the cata&ts played an important role as
well. Fe-silicate g r yield of l t olefins than Fe-silicate
with Si/Fe ratmq ﬁ ?ﬂﬁﬁﬁ:ﬁ n ncreased when the Si/Fe
ratio dﬁ WAT aj ﬂ)ﬂnﬁym wmq? ngr“[ é’ EiM-S, Fe-silicate

and Fe*"®xchanged H-ZSM-5 at different conditions (a WHSV of 2.9 h™', and the reaction

methanol conversion to' eﬁns

temperature of 350°C) were also investigated.”’ For H-ZSM-5 catalysts with the Si/Al ratios
of 10, 57 and 104, there were no difference in the selectivity to light olefins though the
selectivity to paraffins increased when the Si/Al ratio decreased. For all catalysts investigated,
the order of selectivity to light olefins increased as follows: H-ZSM-5 <.Fe'" exchange
H-ZSM-5 < Fe-silicate < Fe-ZSM-5. Since Fe-silicate produced less selectivity to paraffins, it

was an attractive catalyst for methanol conversion to olefins. This was in agreement with



another study using catalysts as H-Fe-silicate with the Si/Fe ratio of 36 and H-AI-ZSM-5 with

Si/Al the ratio of 43 at a WHSV of 2.9 h™, and the reaction temperature of 350°C.”
H-Fe-silicate produced higher yield of light olefins and less yield of paraffins than H-Al-

ZSM-5. This was due to the fact that H-Fe-silicate had weaker acidity than H-Al-ZSM-5.
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