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

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 (zeolite) com-
ponents.1)-6) It has been considered that light

paraffins are produced via the subsequent hydro-

genation of light olefins as intermediate products
over the methanol synthesis catalyst. There have

been few reports regarding the direct synthesis of

light olefins over such catalysts.

Recently, we have also studied the direct synthesis

of light olefins from synthesis gas under various

reaction conditions with different dual-functional

catalysts7)-9) 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 patent10). The
atomic ratio of Si to Al in the zeolite was 120. It

was protonated in hydrochloric acid solution (1N)
and calcined in air at 500℃ for 6h. Zn-Cr oxides

catalyst was prepared according to the method

reported by Ogino et al. using chromic acid aqueous

solution and zinc oxide powder.11) 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

gas was passed through beds of activated carbon

and molecular sieve 5A. All transfer lines were

kept at about 150℃ by heating tapes to prevent

condensation of the reaction products. The effluent

gas was directly fed to sampling valves of a Yanaco
AG-1000TFH auto gas chromatograph for analysis.
Carbon monoxide conversion and carbon-based
selectivity (excluding CO2) were calculated by using
argon as an internal standard9).

When the reaction was carried out over the Zn-

Cr oxides catalyst at 300℃ and at a space velocity

(SV) of 1,000h-1 under a pressure of 40kg/cm2,
the reaction products were methanol and a trace
amount of methane with a CO conversion of about
9%. 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℃ and at SV of 5,000h-1 under

pressures of 5-40kg/cm2. The reaction products

on this catalyst system were hydrocarbons, and
neither methanol nor dimethyl ether were detected.
The C2 and C3 hydrocarbons produced were mainly

paraffins, when the pressure of the second reactor
was above 20kg/cm2. This fixed-bed unit is the
two-stage system, so that the C2 and C3 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* To whom correspondence should be addressed.
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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,
C2H4-H2 and C2H4-He, were passed over the H-
ZSM-5 zeolite catalyst. The results obtained are
illustrated in Fig. 2. In case of the C2H4-H2
system, the C2H6 yield increased remarkably by
raising the reaction temperature. About 95% of
C2H4 was converted to C2H6 at 545℃. On the

other hand, in case of the C2H4-He system, the
C2H6 yield increased slightly. Only about 10% of
C2H4 was converted to C2H6 at 550℃. Therefore,

it seems that most of C2H6 obtained in the C2H4-H2

system is produced by the hydrogenation of C2H4.

Moreover, in order to investigate the effect of

impurities contained in the H-ZSM-5 zeolite, the

catalysts before and after the C2H4-H2 reaction were

carefully analyzed by X-ray fluoresence spectrometry

and inductively coupled argon plasma emission

spectrometry. Only a trace amount of Fe was

detected in the catalyst. The other metals were

far below the detection limit of the Shimadzu

ICPS-50 inductively coupled argon plasma emission

spectroscope. The amount of Fe detected in the

catalyst before and after the C2H4-H2 reaction were
0.0065wt% and 0.0072wt%, 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 C2H4 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-

pounds8). These iron-modified crystalline silicas with
BET surface area of about 350m2/g had a well
defined crystalline ZSM-5 type structure, as dem-
onstrated by X-ray diffraction patterns and scan-
ning electron micrographs. Fe(II) did not replace
a portion of the silicon atoms in the crystal lattice
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℃, as they were inactivated above 450℃. 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 (C2H4+C2H6+C3H6+C3H8) selectivity of both

Fig. 1 Results of the Direct Conversion of Synthesis

Gas to Hydrocarbons in a Two-stage System

Reaction conditions:
the first reactor (Zn-Cr oxides)

P=40kg/cm2, SV=1,000h-1, T=300℃

the second reactor (H-ZSM-5)
SV=5,000h-1
○ ●: T=500℃, □ ■: T=400℃

The reaction gas was composed of 30mol% CO, 60mol%
H2 and 10mol% Ar as an internal standard for analysis.

Fig. 2 Results of C2H4-H2 and C2H4-He Reactions

over H-ZSM-5 Zeolite Catalyst

Reaction conditions: P=40kg/cm2, SV=5,000h-1
The reaction gas was composed of 2.5mol% C2H4,
50mol% H2 (or He) and 47.5mol% Ar.

C2H6 Yield=[C2H6]/[Ar]/[C2H4]0/[Ar]0×100

[C2H6], [Ar]: the concentration in the effluent gas
[C2H4]0, [Ar]0: the initial concentration in the

reaction gas
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catalysts were observed. Moreover, the amount of
Fe in the catalyst prepared from the Fe(II) com-

pound was 2.18wt%. 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
0.815wt%, 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 C2H4 and H2 in the ratio of
1:1.86 was contacted with Zeolon-500 at 392-

418℃, the reaction products was primarily paraffins

with a conversion of 20-65%.12) They also con-

cluded that the zeolite component was active in

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 "C1 Chemistry Project", a
National Research and Development Program of
Agency of Industrial Science and Technology,
Ministry of International Trade and Industry (M.
I.T.I.), Japan.

Fig. 3 Results of CO Hydrogenation over Iron-modified

Crystalline Silica Catalysts

Reaction conditions: P=10kg/cm2, SV=1,000h-1

The reaction gas was composed of 45mol% CO, 45

mol% H2 and 10mol% Ar.

○●: the catalyst prepared from an Fe(II) compound

□■: the protonated catalyst prepared from Fe(II)and

Al compounds.
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要 旨

H-ZSM-5ゼ オ ラ イ ト上 で の オ レ フ ィン の 水素 化

佐 野 庸 治†1), 萩 原 弘 之 †1), 岡 部 清 美 †1), 岡 戸 秀 夫 †2)

斉 藤 健 二 †2), 高 谷 晴 生 †1)

†1) 化学技術研究所工 業触媒 部, 305茨 城県筑波郡谷田部町東1-1

†2) 丸善石油化 学(株), 104東 京 都中央区八丁堀

H-ZSM-5ゼ オ ライ トのオ レフ ィン水素化能を調べ るため,

1段 目の反応管にZn-Cr系 メタ ノール合成触媒, 2段 目の反

応管にH-ZSM-5 ゼオ ライ トを 充てん した2段 反応装置 を用

いて, メタノールを経由す る合成 ガスか らの炭化水 素合成 を検

討 した。1段 目の反応圧を40kg/cm2と し, 2段 目の反応圧

を5～45kg/cm2と 変化 させた ときの結果 をFig. 1に 示 す。

2段 目の反応圧が20kg/cm2以 上 では, エタ ン, プロパ ンは生

成 したが, エチ レン, プロ ピレンは全 く生成 しなか った。 この

ことは, これ らパ ラフ ィンがH-ZSM-5ゼ オ ライ ト上で 水素

化あ るいは水素移行反応に よ り生成 した ことを示唆 してい る。

この違いを 明らかにす るためC2H4-H2, C2H4-Heの2種 類

の混合 ガスをH-ZSM-5ゼ オ ライ トに 導入 した (Fig. 2)。

C2H4-H2系 では, エタ ン収率は反応温度 と共 に著 しく増 大 し,

545℃で は導入 した エチ レンの95%が エ タンとして検 出され

た。 一方, 水素移行反応に よるパ ラフ ィン生成 の可能性 を調べ

るため行 ったC2H4-He系 では, 550℃で 導入 したエチ レンの

10%が エタンと して検 出され た。 したが って, C2H4-H2系 で

生成 したエタンの大部分は エチ レンの水素化 に より生成 した こ

とに なる。

また, Fig. 3に は, 不純物 の影響 を調べ るため, Feを 導 入

したZSM-5型 ゼオライ トを用 い て 合成 ガスの転化反応 を行

った結果 を示す。Fe(II) より調製 したZSM-5型 ゼオ ライ ト

の生成物 はオ レフ ィン指 向であ った。Fe(II) とAlよ り調製

し, プ ロ トン化 した酸 点を もつH-ZSM-5型 ゼオ ライ トの生

成物はパ ラフ ィン指 向であった。

以上 の結果 より, H-ZSM-5ゼ オライ トは オ レフ ィン水素化

能を有 していると結論 した。
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