CHAPTER 11

LITERATURE REVIEWS

the influence uf’( anie the catalyst and on the

The conve. ! bt .:; uethanol \ ZSM-5 zeolites was
investigated by who found the general
reaction path. nfirmed in general by many
workers [6-9].

Rollmann and Wa. Clearly demonstrated that intra-
crystalline coklps shape-£elective process which
was cuntrﬂlled'  he , ‘ e structure and they
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investigated the 1 chu.msns which led to coke formation.

¥ re;tﬂg ﬂ%ﬁ?{ﬂ?ﬂrﬁmu pore zeolites

Chang et al. . At 339-538 °C the products,

S UKL E L Bl 1 e

presenée of significant amounts of methane on some experiments was
symptomatic of coke laydown.

The conversion of methanol to light olefins over various

cation-exchanged chabazites was investigja.te-ﬂ by Cobb et al. [14]

and Singh et al. [15,16). Both teams of investigators observed

short-term catalyst ‘deactivation due to coking, but found the
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catalyst to be regenerable. Cobb et al. observed long-term irrever-
_sib!e deactivation, which was attributed to structural degradation,
based on drastic changes observed in the x-ray pattern. This was
disputed by -Sirtgh et al., who saw no such deactivation in a three-
month study comprising 21 regenerative cycles. It was speculated

that the discrepancy might been due to differences in ion-exchange

'#//l:t their method of preparation

{ i
" —
o w!l over the hydrogen form

procedures. Singh et al
led to an "ultrastav

Ceckiewicz.
of zeolite T. fFibuted to the formation
of nondesorbable colite supercages.
Wunder selectivity to ethene
and propene was r a mixture of chabazite
and erionite when t -;'1‘ ‘changed. A methanol/water
mixture (30 vol.% Hy0) W it 400°C. The product was 66.3%
Co-C4 olefins.

Whittam V ) 7 _7‘7“‘ "zeolite MCH", which

had an x-ray pEtem similar to hersc ite (isostructural with
chabazite) ﬂl‘ﬁ %ﬁw crystal size, was
active fur mn Co- erfﬁona at 300-550 °c.
e T A g 0
and propane (22.4%).

Inui et al. [21,22] synthesized an e:l:;iunite—ufjret_ite cata-
lyst by rapid crystallization in the presence of tetramethyl-
ammonium hydroxide. Methanol (12% in N,) was reacted over the
calcined (540°C) material at 400°C, GHSV 1000 h™! and gave ethane

(25 mol%), propene (32.7 mol%), butene (19.2 mol%), methane (4.6



mol%), propane (6.4 mol%), and Cs* (7.5 mol%) at complete conversion.

Schwartz and Ciric  [23] were the first to achieve
significant methnnol conversion to hydrocarbons over zeolite
catalysts. They reacted methanol over REX and ZnX at 330-390 OcC.
Coke formation was rapid, which might account for the high methane

selectivity.

Topchieva et a. . I ,/&ed methanol deh:,rtlmtmn to
dimethylether over var e & lkay hanged X and Y faujasites.
Interestingly, fiey reported (426°C) was
l-butene.

The influeg of the protonic sites in

zeolite Y on dimeghy cf .t: Ve \ 350°C was investigated
by Cormerais et al | gq' ies o _ Zeolites containing varying
concentrations of s Prepared. The acid strengths
were determined by tiﬁn—demrption at different

temperatures. [fiwas t dim hef. reacted only when the

total number oFf a2 and . *\-' was less than 16.4,

and that the a.cti ient strength to retain
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he Q¢atalytic dahjrdratmn of methanol b}r synthetic H-

mrdeﬂtm awmw qq %ﬂ “Elza E] 99.5-240 ©c,

Olefinsiwere detected at 240°C; however, deactivation was rapid.

sites had to be of suffi1

Natural mordenite, exchanged with various cations, was found
by Zatorski and Krzyzanowski [27] to be highly active for methanol
conversion to Cy-C5 hydrocarbons at 350-500 ©C, but to have a
short life-time.

Catalyst deactivation due to coke deposition was fairly rapid



in small pore and large pore =zeolites. The intermediate pore
zeolites such as ZSM-5, on the other hand, had a high coke
tolerance. Rollmann and Walsh [28] presented evidence that carbon
formation in zeolites was a shape-selective reaction controlled by

pore geometry. This was confirmed by Cormerais et al. [29] and

for methanol conve 1son were results from

nclyd
small pore eriunit _5 and ZSM-11.
TN
Olson et a i \.\
of a new silica—rc A that

Tsuruya et al. [30].

Mordenite and t:gated by Chang et al. [31]

and physical properties

)
g ynthemzed with greatly
uL

ttutes a substitutional
alalytic properties were

dlfferln,g Siﬂzfﬁizj a ‘ s | hils
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series whose phySic
reported and discussg ‘Neir structural and composi-

tional dependance.

water sorption ‘fat 10.006) were showd to vary linearly with

il
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series a pure sil ': ZSM-5. ’
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residues, lgading to agm,g and mod:fn:atmns m the acidic
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of their interconnecting channel networks (ZSM-5, offretite, and

apacity, catalytic activity, and

aluminum conte he end member of the

mordenite), was investigated during the conversion reaction of
methanol to hydrocarbons. For zeolites ZSM-5, it was observed that
carbonaceous residues were primari ly formed on the outer surface of
the crystallites, resulting only in a slight modification of its

molecular shape-selective properties and producing a high resistance



to aging. For offretite and mordenite, by contrast, the channels
were large enough to accommodate carbonaceous residues, which led to
a drastic loss of catalytic activity and a very fast aging.

Chang and Silvestri [5] reported that olefins were interme-
diates in the conversion of methanol to aromatic hydrocarbons over

zeolites. And also Chang efjal; [34] found that olefin formation

could be decoupled freom A 28ido
temperature and low .catalyst acddi :

Wu and Kﬁ 1) | e 4 ethylene was the major
primary hydrocarbogg® paodt - . V _at low conversion. The
olefin mixtures ig@lafed lr.t.ums of reaction were
fitted to the che ith ) ¥ : 5\ a8, described by the Flory
equation. Good to ¢ N etficients were found at

low and medium convegs This was consistent with a

stepwise growth in

propylene, by alkdis of the olefins with fethanol.

,_ the ?lefins, starting with

Inui et & of seed materials on a

zeolite and its ;?rl‘omance c:-f methanol conversion and found that

olefin selﬂﬁ EJ %d‘ﬂ%ﬂ%nﬂﬂ@:ﬂ % zeolite catalysts

prepared with seed cr}’st%ls were mcreﬂsed i comparison to
e AR R S5 8

Knadin,g and Butter [37] and Vedrine [38] studied catalytic
and physical properties of phosphorus-modified ZSM-5 zeolite. Both
teams reported that phosphorus-modified zeolites gave a higher yield
of light olefins (Cy™C4~) and subsequently a smaller yield
of saturated nliphs;tica and aromatics than the parent zeolite in the

methanol conversion reaction.



Derouane et al. [39] were the first to study the reaction in
situ by using 13c NMR of static samples. They observed three very
broad signals and derived information on the relative numbers of
CHy-, CH,-, CH3-0, etc. groupings.

Anderson and Klinowski [40] studied the shape-selective

catalytic conversion of into gasoline on zeolite ZSM-5 by

t at neither 1,2,3- or 1,3,5-

b T

: as _'m.'hem but both were presented -
in the aﬂsurbed ich ¢ \Lrst direct experimental
D ped e } : ‘ethyibenzenes were not
found in the produéts/ bianat '800°C, but all three were
presented in the agSofbs o ) in eons rable concentrations. At
3709C the shape-sel still presented but it was
different because of tje e" ive channel diameters.
Dehertog and orted that H-ZSM-5 ion-exchange
with cs* did (@hraRRuIEN ORI fape -ce 1cct ivity, while
phosphorus modi o '=—C4= significantly.
At high temperatl e nnd Iow part:al pressures of methanol led to

33 “”“‘ﬂ"ﬁ’ﬁl"?ﬂ WFNENT

i and Figoli [42} studmd the effec of pressure on
i et
silica-alumina. The increase in pressure (above atmospheric)
produced a sharp increase in the production of hydrocarbons with
five or more C atoms (Cs*), an increase in the total aromatics
selectivity in the Cs* fraction, and a better catalyst stability.
Small changes were observed in the selectivity for solid aromatics

in the Cs* fraction when pressure increased.



Bragin et al. [43]) reported in 1974 the successful
conversion of ethane into benzene on alumina-supported metal
catalysts. The observed activities and better selectivity were
reported for ethane aromatization on platinum- or pal ladium-

containing pentasil-like =zeolites, again by Bragin and co-workers

lites were claimed to be suitable

ﬂ Chen et al. [46] in 1981.

Chen and T : -Fbrmlng process [47] of
the conversion of‘-!-r-—' g hydrecarbon fraction into gasoline

rich in aromatics on @8\ ¥ype keolite }rsts

[44,45]. Metal-containing Z

catalysts for the ethan

The actual } ~ f'fliuQ cering lifetime, selectivity and
activity were repor id ,i',ffs al 4 8 \uﬁ propane conversion on
a platinum-loaded” H#fasfs st,and have the model of the
a-silicate on the propane
to aromatics cﬂn?ersiﬁu>5 ietien of hydrogen spillover in the
conversion of hydfip | u al ce alysts.

Steinberg<-et al. ud -?%‘l of ethane into

i¥
about 670 K and reached

aromatics on Pt/H*ZSM-5 zeolites started at

- AN NI RG

reaction follbws a blfuﬂtﬁéﬂn&l nechantsm and roceeds via the
ime) ) S G o
consequ ént reactions of the aromatics formed. Hydrogen, although
produced in the reaction, inhibited the complex processes but was
necessary to prevent the coking.
The effects of substrate composition, aging time, reaction
temperature, and reaction time upon the crystallization of Fe-ZSM-5

were investigated by Kim and Alm [50]. Fe-ZSM-5 catalysts showed
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high selectivity towards low molecular weight alkenes in the
methanol conversion reaction, and para-selectivity in the xylene
isomerization reaction.

Foger and Jaeger [51] studied redispersion of Pt-Zeolite
catalysts with chlorine by using K-L, H-L, silanated H-L, H-ZSM-5

and silicalite as suppor treat with chlorine in nitrogen or

The:.r reported that platinum

Mthe formation of strongly

Effect of ma@nef |
zeolite or zeolitef 7 Y& WAS | u&ied by Levesque et al.
[52]. Chryso-zeolite vhich were prepared from
asbestos fibers, e and very selective in the
conversion of methanol wk o a "pure" zmlitle Z5M-5. The
amount of mag €8 i | ' the i ,; s before the zeolite

Y )
hydrothermal s cI€ size, the selectivity
and particularly

catalysts. WM%HWﬂWd by the magnesium

led to catdllysts with contmlled selectw:ty and activity under

WMNWTAV]HW@H

Ikai et al. [53] studied H-ZSM-5 pelletized and modified

the adsurptmnfdescmt on prupert:es of the

with a-Ca3(P04)5 and HP042 as a catalyst for methanol conversion.
The catalyst life was significantly longer than that of the parent
H-ZSM-5 in the conversion of methanol to light olefins at high
temperatures. The modification decreased catalyst deactivation due

to both coking and dealumination. The «-Ca3(PO4)s and non-
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stoichiometric hydroxyapatite transformed from «-Cay(P04), were
considered .to reduce the acid sites on the external surface of
H-ZSM-5 crystals and to supply HPO42~ gradually, resulting in
extension of the catalyst life.

Wang et al. [54] studied the effect of acidity of H-ZSM-5

type zeolite on conversion lbofjedkenes and alkanes to gasoline and

aromatics. Conversion “_ ibution depended closely on
the acid atrength dislzibut; ﬁ reactant chain length.
n-Paraffins ‘were mu ive n c-olefins over the rela-.
tively weaker aci WoE) f but \peachivity was enhanced by small
amounts of olefins @ shiowed, much higher reactivity,
and gave more Cs* ' igher aromatics content
than n-paraffins. & SA o 7 \\ colite with moderate acid
strength was preferrs for =='::-_ i of C3 to Cyp aliphatics to
high-octane gasoline. .

Kaliagui ;,—i___:;_:;_r d chemical modifica-

tion of H-ZSM- "’g' phosphorus complexes.

Phosphorus was shown tc be responmble for very efficient poisoning
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rhodium. TheYmetallic surfgce was found to be assgg iated with the
reacnﬁswq ﬁh&'ﬂ 5% ﬁ:ﬁ] w qua ghu.natmn of
carbon nuxide by hydrogen.

Martin et al. [56] studied coupled conversion of methanol
and C4 hydrocarbons to lower olefins over H-ZSM-5 zeolites catalyst
at temperatures up to 953 K and a WHSV of 3-4 h~1l. High yields of
approximately 0.6-1.1 kgjower olefinsk8cat h~! were obtained.

Magnoux et al. [57] studied location of coke formed on
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hydrogen offretite during n-heptane cracking at 450°C. The deac-
tivation of H-OFF occured through pore blockage of coke content.
With a low content the small molecules located in the gmelinite
cages occupied about 40% of the volume and block the access of
n-heptane to their acid sites whereas with a high content of the

highly polyaromatic molecules Jpgated on the outer surface block the
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