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Olefin Hydrogenation over Zeolite H-ZSM-5
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Conversion of synthesis gas to hydrocarbons was carried out in a two-stage system consisting
of a methanol synthesis reactor followed by a hydrocarbon-forming reactor containg H-ZSM-5

zeolite.

Many patents and publications claim the direct
synthesis of aromatic hydrocarbons and light par-
affins from synthesis gas with dual functional cat-
alysts, which are composed of metal oxides
(methanol synthesis) and acidic
ponents.)~® It has been considered that light
paraffins are produced via the subsequent hydro-
genation of light olefins as intermediate products
There have
been few reports regarding the direct synthesis of
light olefins over such catalysts.

Recently, we have also studied the direct synthesis

(zeolite) com-

over the methanol synthesis catalyst.

of light olefins from synthesis gas under various
reaction conditions with different dual-functional
catalysts?)~% and have suggested that the possibility
of the olefin hydrogenation on H-ZSM-5 zeolite is
present in the above direct synthesis of hydrocarbons.
In order to clarify this possibility, conversion of
synthesis gas was carried out in a two-stage system.
In this paper, it is shown that the hydrogenation
of olefins takes place over the protonated ZSM-5
zeolite.

ZSM-5 zeolite was synthesized by a method
similar to that described in Mobil’s patent'®. The
atomic ratio of Si to Al in the zeolite was 120. It
was protonated in hydrochloric acid solution (IN)
and calcined in air at 500°C for 6 h. Zn-Cr oxides
catalyst was prepared according to the method
reported by Ogino et al. using chromic acid aqueous
solution and zinc oxide powder.!)) The atomic
ratio of Zn to Cr was 2. The reaction was carried
out in a high-pressure fixed bed flow system. The
catalyst was packed into a quartz tube reactor,

which was set in the pressure vessel. The reaction

* To whom corrr;p};;ie”n?er should be addressed.

R &

It was found that the H-ZSM-5 zeolite catalyst was active in olefin hydrogenation.

gas was passed through beds of activated carbon
and molecular sieve 5A. All transfer lines were
kept at about 150°C by heating tapes to prevent
The effluent
gas was directly fed to sampling valves of a Yanaco
AG-1000TFH auto gas chromatograph for analysis.

condensation of the reaction products.

Carbon monoxide conversion and carbon-based
selectivity (excluding CO,) were calculated by using
argon as an internal standard?.

When the reaction was carried out over the Zn-
Cr oxides catalyst at 300°C and at a space velocity
(SV) of 1,000 h-! under a pressure of 40 kg/cm?,
the reaction products were methanol and a trace
amount of methane with a CO conversion of about
99%. Figure 1 shows the results of the conversion
of synthesis gas to hydrocarbons in a two-stage
system consisting of a methanol synthesis reactor
followed by the hydrocarbon-forming reactor con-
taining the H-ZSM-5 zeolite. The reaction con-
ditions of the first reactor (the methanol synthesis
reactor) were the same as those described above.
On the other hand, the reaction conditions of the
second reactor (the hydrocarbon-forming reactor)
were at 300~500°C and at SV of 5,000 h-1 under
pressures of 5~40 kg/cm? The reaction products
on this catalyst system were hydrocarbons, and
neither methanol nor dimethyl ether were detected.
The C; and Cy hydrocarbons produced were mainly
paraffins, when the pressure of the second reactor
was above 20 kg/cm2 This fixed-bed unit is the
two-stage system, so that the C, and C; paraffins
are produced on the H-ZSM-5 zeolite. There is
no doubt that the light olefins are produced as
intermediate products and upgraded to higher hy-
drocarbons through a variety of reaction steps in
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Fig. 1 Results of the Direct Conversion of Synthesis
Gas to Hydrocarbons in a Two-stage System

the conversion of methanol to hydrocarbons over
the zeolite. It is also well known that the hydrogen
transfer reaction to light olefins takes place on solid-
acid catalysts. Therefore, the following two pos-
sibilities can be considered for the production of
light paraffins ; (1) the hydrogen transfer reaction
to light olefins over the H-ZSM-5 zeolite, (2) the
subsequent hydrogenation of light olefins over the
H-ZSM-5 zeolite.

From these viewpoints, two kinds of mixed gases,
C,H,-H, and C,H,-He, were passed over the H-
ZSM-5 zeolite catalyst. The results obtained are
illustrated in Fig. 2. In case of the C,H,-H,
system, the C,H; yield increased remarkably by
raising the reaction temperature. About 959, of
C,H, was converted to C,Hg at 545°C. On the
other hand, in case of the C,H,-He system, the
C,H, yield increased slightly. Only about 109, of
C,H, was converted to Cy;Hg at 550°C. Therefore,
it seems that most of C,H, obtained in the C,H,-H,
system is produced by the hydrogenation of C,H,.
Moreover, in order to investigate the effect of
impurities contained in the H-ZSM-5 zeolite, the
catalysts before and after the C,H,-H, reaction were
carefully analyzed by X-ray fluoresence spectrometry
and inductively coupled argon plasma emission
spectrometry. Only a trace amount of Fe was
The other metals were
far below the detection limit of the Shimadzu

detected in the catalyst.

ICPS-50 inductively coupled argon plasma emission

spectroscope. The amount of Fe detected in the
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Fig. 2 Results of C,H,-H, and C,H,-He Reactions
over H-ZSM-5 Zeolite Catalyst

initial concentration in the

catalyst before and after the C,H,-H, reaction were
0.0065 wt%, and 0.0072 wt9,, respectively, so that
it may be neglected completely in comparison with
the amount of Al

From these results, it is considered that the hy-
drogenation of C,H, takes place on the H-ZSM-5
zeolite, i.e. the acidic sites of the H-ZSM-5 zeolite.
This concept can be supported by the following
fact. The modified crystalline silicas were prepared
from an Fe(II) compound or Fe(II) and Al com-
pounds®). These iron-modified crystalline silicas with
BET surface area of about 350 m?/g had a well
defined crystalline ZSM-5 type structure, as dem-
onstrated by X-ray diffraction patterns and scan-
Fe(II) did not replace
a portion of the silicon atoms in the crystal lattice

ning electron micrographs.

and was present in an enveloped form with the
crystalline silica. Therefore, the catalyst prepared
from the Fe(II) compound had no acidic nature.
On the other hand, the catalyst prepared from
Fe(II) and Al compounds had the acidic nature
derived from Al, when the catalyst was protonated
in hydrochloric acid solution. Hydrogenation of
CO was carried out over these catalysts at 300~
450°C, as they were inactivated above 450°C. The
typical results are shown in Fig. 3. The reaction
products of the catalyst prepared from the Fe(II)
compound were mainly olefins and those of the
catalyst prepared from Fe(II) and Al compounds
were mainly paraffins, though small differences in

the (C,H,+ CoHg+C;H+ CgHy) selectivity of both
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Fig. 3 Results of CO Hydrogenation over Iron-modified
Crystalline Silica Catalysts

catalysts were observed. Moreover, the amount of
Fe in the catalyst prepared from the Fe(II) com-
pound was 2.18 wt9%,. In the protonated catalyst
prepared from Fe(II) and Al compounds, the atomic
ratio of Si to Al and the amount of Fe were 20 and
0.815 wt9%, respectively.

From the above results, it was concluded that the
H-ZSM-5 zeolite catalyst is active in olefin hy-
drogenation. Recently, Anthony et al. found that
when the mixture of C,;H, and H, in the ratio of
1 : 1.86 was contacted with Zeolon-500 at 392~
418°C, the reaction products was primarily paraffins
with a conversion of 20~659,.12)
cluded that the zeolite component was active in

They also con-

Aim¥adk
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olefin hydrogenation.

However, the detailed mechanism of the hydro-
genation over the zeolite could not be clarified from
the present work because of the limited data. A
further study is now being carried out and the
results will be reported in another paper.

This work is a part of “C,; Chemistry Project”, a
National Research and Development Program of
Agency of Industrial Science and Technology,
Ministry of International Trade and Industry (M.
I.T.1.), Japan.
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