CHAPTER II
LITERATURE REVIEWS

Since Mobil's announceme wMTG process [10] based on ZSM-5
zeolite [11], a lot beratory  ha ﬁ ;leveloped. Some of the more

prominent studied and ~anodifie eoiiles are summarized below.

The conversion g over . ZSM-5'zeolites was investigated by
7 . : tion path. This reaction
path has been confirmgd i Aois I'?\n workers [12-15].

Methanol conve 2ty of, ‘'small pore zeolites has been
reported by Chang et al, ' 9:838%'C\\ the products, restricted largely
to the C-C, range, w Caiail ';‘ he presence of significant
amounts of methane on some g :-a-:-'a-- en symptomatic of coke laydown.

The converSipn methanol ight) olefins over various
Aty ‘ by Cobb et al.[17] and

cation-exchanged cita

Singh et al. [18,19]. Bm'x teams of 1nvestigators olﬂrved short-term catalyst
deactivation d ﬁ t%’ t t egenerable. Cobb et
. observed a\ji ﬁ?‘s& ﬁe cﬂgr}lﬁﬁ was attributed to
structur, ﬁ\ ﬁJm the x-ray
pattemﬁtﬁv‘al aﬁ \flim uﬂ\ﬁ'}] ﬁi’ Qj deactivation

in a three month study comprising 21 regenerative cycles. It was

speculated that the discrepancy may have been due to differences in
ion-exchange procedures.
Singh et al. contended that their method of  preparation led to an

"ultrastavle form of chabazite".



Wunder and vLeupold [20] report that selectivity to ethene and
propene is significantly enhanced over a mixture of chabazite and erionite
when these zeolites are Mn-exchanged. A methanol/water mixture (30 vol.%
H,0) was reacted at 400 “C. The product was 66.3% C,-C, olefins.

Whittam and Spencer [21] report that "zeolite MCH", which has an

X-ray pattern similar to herse tructural with chabazite) but with
line broadening due to tive for converting methanol to
C, -C, hydrocarbons at ! : Cl consists mainly of ethene(16.6
vol.%), propene (41.2%) 7 .

Inui et al. [2 1 an erionite-offretite catalyst by rapid

crystallization in the tatramet mium hydroxide. Methanol

1000 h" and gave ethan: mal éne (327 mol%), butene (19.2 mol%),
methane (4.6 mol%) propar 54 )and C™(7.5 mol%)at complete
conversion. » -

The mﬂuex@iﬁ
dimethylether fM

ic sites in zeolite Y on

;.-_“?“f'! by Cormerais et. al.

[24]. A series of zeolims cotaimng varying concermations of Na and KX ions
was prepared. agif I ' yridine adsorption-
desorption at @i jﬁﬂﬁ%ﬁﬁﬁﬁ methylether reacted
only when t tot umb ml 7 it as less than
16 .4, an[a':I ﬁrll'iﬁﬁsi , gﬁﬁiﬁﬂl tcEj;tain pyridine
at temperatures at least as high as 450 °C.

The catalytic dehydration of methanol by synthetic H-mordenite was
studied by Swebb and Gates [25] at 99.5-240 °C . Olefins were detected at
240 °C; however, deactivation was rapid.

Natural mordenite, exchanged with various cations, was found by

Zatorski and Krzyzanowski [26] to be highly active for methanol conversion



to C, -C, hydrocarbons at 350-500 °C, but to have a short life-time.

Mordenite and ZSM-4 were investigated by Chang et al. [27] for
methanol conversion. Included for comparison are results from small pore
erionite and intermediate pore ZSM-5 and ZSM-11.

Chang and Silvestri [1] report that olefins are intermediates in the

conversion of methanol to aro 'Wr ons over zeolites. And also Chang
et al.[28] found that olefin. f o) e decoupled from aromatization

via a combination of talyst acidity.

Wu and Kaedi S ethiylene was the major primary
hydrocarbon produce ersion. The olefin mixtures
isolated under various g ted to the chain-growth
kinetics as described rood to excellent correlation
coefficients were found ersions of methanol. This is

"f': olefin selectivity and

the effective lifespan m zeolite catalysts prepared mlith seed crystals were

increased in ¢ ?j cat. t.se rystals.
Kaedinﬂnﬁ eﬁ(&‘ﬂﬁilﬁﬁﬂtﬁﬂ fﬁtalytic and physical
properties of  phosphorus- ifile -57 ite . Both. t report  that
phosph%sﬁoiié gﬁﬁﬁaﬁ%fjﬁ mgjhajﬂc;-cj ) and

subsequently a smaller yield of saturated aliphatics and aromatics than the
parent zeolite in the methanol conversion reaction.
Derouane et al. [33] were the first to study the reaction in situ by using

®C NMR of static samples.They observed three very broad signals and derived

information on the relative numbers of CH CH,-, CH,-O, etc. groupings.



The effect of reaction conditions has been studied by Chang et al.
Aromatization can be suppressed in favor of alkene formation via a
combination of high temperature and low catalyst acidity.

Dehertog and Froment [34] report that H-ZSM-5 ion-exchange with

Cs’ did not result in an increased shape selectivity, while phosphorus

W

modification mcreased the yi
and low partial pressures ()
.

significantly. At high temperature

hlgh selectivities towards light

alkenes. _ “‘%

The effects of s ’ Hposition, aging time, reaction temperature,
and reaction time \\\ 2-ZSM-5 were investigated
by Kim and Alm [3 - ca -1 ' ed high selectivity towards
lowv molecular weigh ‘ \\\ ol conversion reaction, and

para- selectivity in the xylén @gﬁ .n

*?'qri 3 ';'
Effect of magnesium in £he conwv 'n of methanol on chryso-zeolite or
zeolite ZSM-5 catalysts was _ ' “Tevesque et al.[36]. Chryso-zeolite
ZSM-6 catalysts, whichew re prepared fron sers, were found to be

active and very selegtive |

"pure" zeolite ZSM- gThe amount of I agnesmnmextracted from the fibers
before the zeoli ﬂiﬁd e particle size, the
selectivity aﬁ ﬁrﬁﬂﬁ %ﬂﬂrﬁhﬁ properties of the
catalys ﬁ the®'magnesium led
to cataa ﬁﬂi\ﬁi sz; tl\lfnjﬁ ﬁﬁ ’lﬁ rmal reaction

conditions.

Ikai et al. [37] studied H-ZSM-5 pelletized and modified with

thanol when compared to a

o -Caa(PO 4)2 and HPO 42' as a catalyst for methanol conversion. The catalyst
life was significantly longer than that of the parent HZSM-5 in the conversion
of methanol to light olefins at high temperatures. The modification

decreased catalyst deactivation due to both coking and dealumination. The



«-Ca(PO,), and  non-stoichiometric hydroxyapatite transformed from
a-Ca, (PO ), were considered to reduce the acid sites on the external surface
of HZSM-b crystals and to supply HPO 42' gradually, resulting in
extension of the catalyst life.

Wang et al[38] studied the effect of acidity of H-ZSM-5 type zeolite

on conversion of alkenes and a asoline and aromatics. Conversion

the acid strength distribution

-‘
and the reactant chain leagth. n-Paraffins are much less reactive than

-olefins over the relatiyelf’” cid - site lt, reactivity is enhanced by
small amounts of ole s 1 s show “much higher reactivity, and
give more C.° - :- 5 with higHer aromatics content than
n-paraffins. It is co - moderate acid strength is
preferred for : \ o0 high-octane gasoline.
Kaliaguine et al. ,-.:‘- I studie dhemical modification of
H-ZSM-5 by adsorptlon of "- 7 ) sphorus complexes. Phosphorus
was shown to -. :,_,.W,‘,,__,,_- __ ient  po mng of Bronsted acid

e )
sites irrespective of“the pr: odiim. The metallic surface

was found to be asse iated with the reactions of*methanol decomposition

and possibly .

Martin E“?ﬂ?uﬁgmmd conversion j]methanol and C,
hydroc im temperatures
up to 9 ﬁﬂgaaiﬂﬁmﬂ yields of approxunaﬂy 06-11 kg

lower olefins kg cat” h" were obtained. _

Magnoux et al[41] studied location of coke formed on hydrogen
offretite during n-heptane cracking at 450 °C. The deactivation of H-OFF
occures through pore blockage of coke content. With a low content the small
molecules located in the gmelinite cages occupy about 40% of the volume

and block the access of n-heptane to their acid sites whereas with a high



content the highly polyaromatic molecules located on the outer surface block
the access of n-heptane to all the inner acid sites.

Wilson et. al. [42-43] studied a new class of microporous inorganic
solids.The‘ novel aluminophosphate molecular sieves have been synthesized

without silica. They were similar to zeolites in some properties. They might

find many uses as adsorb
catalyst supports.

Kaiser[44] disclo ,-17 for the interconversion

of propylene to eth o propylene and butenes,

and of 1-butene to e

Garska and T dth \e by-product streams from pyrolytic

sfi I 'g‘ “monolefins and diolefins, can be

hydrocarbon cracking

treated to hydrogena e“f‘%ﬁfjﬁg aromatize ' the aliphatics with
.ai.ﬁ:' s -*
aluminophosphates as cat =

Lok et. al. [46-47] diseq family of silicoalumino-

& e e

- silicon, &l inum, and phosphorus.

t"'

phosphate material 5-
The catalytic prop ﬂ'i.a n-butane cracking

could be classme as milding acidic, some wi unique pore selectivity

properties. O ﬁﬂ%{ y more active than
alumlnophosmeﬁ‘genif Ej Ss ac 1\Whan zeortle analoques.

WLAI(PIS PN N i
catalytlcq conversm ﬂWT rlg

to lower alkenes was Investigated. The
resultant H-type catalyst HSAPO-34 was found to be of much higher selectivity
and stability than erionite and erionite-offretite zeolites.
Inui et. al. [49] studied the preparation of silico-aluminophosphates
within 4 hours of hydrothermal treatment by the rapid crystallization method.
The SAPO materials were highly effective for the selective conversion of

methanol to light olefins, such as ethene, propene, and butenes. It is shown



10

that these SAPO were more weakly acidic than typical H-ZSM-5 but more
strongly acidic than H-Fe-silicates.

Synthesis of SAPO-41 and SAPO-44 and their pe.rformance as acidic
catalysts in the conversion of methanol to hydrocarbons was investigated by

Chen and Thomas [50]. Crystalline samples of medium pore SAPO-41 and small

ectively use of diethylamine and
cyclohexylamine as temp ates. SA er void volume and stronger
framework acidity than ‘l“" 4 herea ., e.product of methanol conversion
on SAPO-41 are domian By di : - in products on SAPO-44
are ethene and propefe. Neye s less active than SAPO-34

(which possesses a jar S e QRK & ~ ucture to SAPO-44) and suffers
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