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7.3.4 Deactivation Characteristics of H-mordenite and HY-

zeoclite

Since the selectivity for iso-butane obtained when CO
hydrogenation was carried out over RuNa-mordenite was found
to be not significantly different from that obtained oﬂ
RuNaY, it was suspected that the fast deactivation of the
strong acid sites on the mordenite-based catalyst was the
reason for not obtaining higher iso-butane yields on that
catalyst. In order to investigate the deactivation
characteristic of the acid sites present in these two
zeolites, 1-butene reaction was carried out on the acidic
form of these zeolites, HY and H-mordenite. The yield of
isopa?affins from the transformation of olefins on acid
sites can be taken as a measure of the oligomerization,
polymerization, hydrogen transfer, and cracking activity of
these catalysts. Thereforé, the fo:mation,rate of isobutane
on H-mordenite and HY-éeolite is chosen here to illustrate
the deactivation characteristics of these two catalysts (see
Figures 7.3 and 7.4). It can be seen that the activity for
isobutane formation on H-mordeni#e, which was initially
much higher than on HY, dropped rapidly to zero in the first
few minutes of reaction, while on HY, a relatively constant
activity was maintained for a much longer period.

The rates of formation of cis-2-butene on both HY énd

H-mordenite are included in Figures 7.3 and 7.4 to
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Figure 7.3 Iso-butane (M) and Cis-2-butene (® ) Formation
Rates vs Time-on-Stream on HY
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Figure 7.4 Iso-butane (i) and Cis-2-butene (@ ) Formation
Rates va Time-on-Stream on H-mordenite
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illustraﬁe how the isomerization activity varies with time-
on-stream. Although the cis/trans ratio remained practically
constant at its equilibrium value over the whole reaction
period, the catalyst activities for isomerization increased
as the oligomerization-cracking reactions decreased. After
less than 10 min of reaction, the reaction path on BH-
mordenite. shifted completely from the oligomerization-
cracking reaction path, usually observed in the presence of
strong acid sites; to double bond migration and cis-trans
isomerization which can occur even on very weak acid

It may also be observed that even after
several hours of reaction, the activity of both catalysts
for isomerization was still at its highest value, sﬁggesting
that the protons which serve ;s reaction sites for the
isomerization reactions can be furnished by the
carbonaceous fesidues forming during feaction. o

These results,‘ suggest thaiithe strong acid sites,
active for the oligomerization and cracking reactions of
clefins, deactivate much more:fépidly in mordenite than in
Y-zeolites. Therefore, when the results of CO hydrogenation
over the various zeolite-supported catalysts are compared
after 5 ﬁin of reaction, it m;y'ﬁé‘assumed that the strong
écid sites on zeolites such as tﬂé mordenite are already in
an advanced deactivation -staﬁe.: resulting in poorer

selectivities for isoparaffins.
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7.4 Conclusion

This work has established that the bifunctional nature
of the zeolite-sdpported F-T catalysts can play i
significant role in the selectivities of these catalysts in
CO hydrogenation. The acidity of the zeolite has hardly any
effect on TOF for CO hydrogenation, suggesting. that the
electronic properties of the metal are unaffected by the
acidity strength of thg support under reactiop_ conditions.
Hence, proposals about‘ metal ~support interactions being
responsible for variaﬁions in product selectivities from CO
hydrogenation on zeol}te—supported F-T catalysts seem
unlikely. Instead, aci&‘sites in the zeolite can account
for selectivity differences introduced as a result of
secondary reactions Qf the primary olefinic F-T products,
such as isomerization. oligomerization, cracking, hydrogen
transfer, and coke fo:ﬁation. As illustrated schematically
in Figure 7.5, the re}at%ve impoftance of these acid-
catalyzed reactions ‘i; a'fﬁnctioh of the strength of the
zeolite acid sites,- which.itsélf is a function of the Si/Al
ratio of the =zeclite. lThe%ei\secondary reactions -which
convert rapidly,ﬁhe pfimary F-T pfoducts are at the origin
cof the major variafionsl in'the selectivities of +the

zeolite~supported F—T catalysts with the zeolite acidity.
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7.0 SUMMARY

Zeoliies offer enormous potential in the search fsr
means by which the product selectivity of F-T catalysts may
be costrblled.- Besides their shape-selective properties,
their ion-exchange cspabilities permit preparation of highly
dispersed zeoiite—supported metal catalysts having also acidr
sites. The properties of these acid sites can be varied and
adapted to--specific needsA by changing the nature and
concentration of the.neutralizing‘cationst - |

Previous results for'zeolite—supported Ru prepared by
ion-exchange suggested a possible effect of the nature and
concentration of the neutralizing cations in the zeoclite on
the catslytic properties of the metal. The interpretation
of these fesults were complicated by the fact that a series
of zeolites wiﬁh different Si/Al ratios and different- Ru
particle .sizes waslused; In this study, a series of RuY
catalysts prepared from NH,Y, LiY, NaY, KY, RbY, and CsY
zeolites by ion-exchange with ruthenium hexammine chloride
and having comparable metal particle dismeters were used to
investigate the role of tHe‘neutfalizing cations in CO
hydrogenation.

| Is order to prepafe catslysts with similar metal
dispersions. the influence of the ;decompbsition/reduction
method on metal dispersion of Y-zeolite-supported Ru

catalysts preparéd by ion-exchange was studied.
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Decomposition of the metal precursor using a dynamic high
vacuum resulted in higher dispersions of the metal +than
found when decomposition was carried out in flowing inert
gas. This is especially the caée for Y-zeolites containing
neutralizing cations other than sodium or potassium. This
'appears t6 be related to the more efficient removal of water
from the zeolite under vacuum as well as the uniformity of
Ru distribution in the zeolite cfystallites.

ﬂsing catélysts with similar metal'dispersions, it was
found that the nature of the group IA cations has little
effect on chemisorptive properties and on the activity and
chain growth probability in CO hydrogenation on Ru.
However, the nature of thé cations produced changes in
secondary reactions of primary olefinic products as a result
of differences produced during catalyst preparation in Ru
distribution in the zeolite cfystallites and of
modifications in the acid sites geﬁerated during reduction
of the Ru.

The effect of neutraliiihg cationé on the secondary
reactions of the primary‘produéts'f;om CO hydrogenation over
ion-exchanged zeolite-supported Ru catalysts was further
investigated using zeolites 'having thel different alkali
cations (Li*, "Na*, K*, Rb*,  Cs) but no metal sites. The
transformaticen of  oléfins (bropylene and butene) on the

zeolites, under similar conditions to those used for CO
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hydrogenation, was studied in order to_unde:stand the effect

of the various constituents of the support, i.e., the
Brgnsted acid sites generated during catalyst preparation
and the alkali cations, on possible secondary reactions of

the primary olefinic products. It was established that

secondary.acid-catalyzaé reactfons of these primary products

can play a major role in shaping product selectivity during.
CO hydrogenation over zeolite-supported catalysts. Depending
on the concentration and the strength of the acid sites,

various competitive ra#ction paths can berobserved‘for the
transformation of the olefinic compounds. These include

is&merization, oligomerization, cracking, and hydrogen
traﬁsfer.

The strength of.the acid sites was found to be a strong
function of +the nature of the ﬁeutralizing alkali cations
remaining in the zeolite. The.presence of Li* produced the
strongest acid sites resulting’in more oligomerization over
LiHY than even HY. Acid site strength decreased with
molecular weight of the alkali cation used.

The‘ effect of zeolite gcidity on the p;oduct
distribution in CO hydrogenatipn ocver ion-exchanged zeolite-
supported Ru catalysts was linvestigated further using
zeolites with different Si/Al ratios. CO hydrogenation over
RuNaX,. RuNaY, RuKL, and  RuNa-mordenite and the
transformation of 1-butene on the zeolites without the

metal, under similar conditions to those used for Co
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hydrogenation, were studied in order to understand the
effect of the Si/Al ratio on possible ;econdary reactions of
the primary clefinic prodﬁcts of F-T synthesis. In
conclusion, this study has established the importance of the
bifuncti&nal properties of zeolite-supported F-T catalysts
in modifying catalyst selectivity. This modification is
achieved by varying the strength qf the zeolite acid _sites
which are the most important active centers for éecondary
reactions of the primary olefinic F-T products. Depending
on the strength of the acid sites, a fdﬁction of the Si/Al
ratio and the remaining group IA cations, various
competitive reaction paths can be observed for the
transformation of the olefinic compounds, resulting in

particular product distributions.



