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HYDROCARBON SYNTHESIS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention is directed to a novel process for con-
verting carbon sulfides with hydrogen to hydrocarbons,
particularly aromatics, over ZSM-5 type zeolites which
may also contain a metal component having hydrogena-
tion and/or hydrodesulfurization activity. This process
is also directed to a means of providing a new inexpen-
sive route directly from carbon sources to synthetic
fuels.

2. Description of the Prior Art

Various means have been tried to produce hydrocar-
bons in a facile, efficient and inexpensive manner. For
example, CS; has been reacted with hydrogen to yield
H,S and a variety of organic compounds dependent
upon temperature, pressure, catalyst and reaction me-
dium. At higher temperatures, lower hydrocarbons
such as CHy are produced and at lower temperatures
reduction of carbon disulfide produces various organic
sulfur compounds such as CH3SH.

U.S. Pat. No. 4,175,928, for example, relates to a
process for converting organic sulfur compounds into
H,S; a sulfided catalyst having incorporated therein
two metal components such as nickel and molybdenum
is used in the process.

U.S. Pat. No. 3,894,107 relates to the discovery that
hetero organic compounds of the R-X type may be
converted to aromatic hydrocarbons by contacting
such compounds with a crystalline aluminosilicate zeo-
lite. R stands for an aliphatic hydrocarbon moiety and X
stands for a heteroatom such as sulfur, nitrogen, halo-
gen or oxygen.

U.S. Pat. No. 3,894,103 discloses a process wherein
lower aliphatic alcohols, carbonyls, ethers, or analogues
thereof are converted to higher hydrocarbons by con-
tacting such with a crystalline aluminosilicate zeolite
having a silica to alumina ratio of about 60 to 600 to
increase the liquid Cs+ yield.

SUMMARY OF THE INVENTION

It has now been discovered that carbon sulfides such
as CS; or COS when reacted with Ha over ZSM-5 type
zeolites produce highly useful hydrocarbons, especially

- aromatics. The zeolite may or may not contain a metal

component having hydrogenation and/or hydrodesul-
furization activity. Since sulfides such as CS; are readily
produced by the reaction of S with C, CHgor LPG, the
herein embodied process is believed to provide a new,
novel method for synfuels production.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The zeolites useful herein as mentioned previously
are of the ZSM-5 type and include ZSM-5, ZSM-11,
ZSM-12, ZSM-35, ZSM-38, TEA mordenite and other
similar materials and also their hydrogen counterparts
such as HZSM-5, etc. They may also be base ex-
changed, contain ammonium ions or impregnated to
contain a cation complement. Examples of useful metal
components include Co, Co/Mo, Zn, Zn/Pd, Ni, NiW,
and Ni/Mo. Generally speaking, any metal from
Groups II or VIII of the Periodic Table may be useful.
U.S. Pat. No. 3,702,886 describes and claims ZSM-5;
U.S. Pat. No. 3,709,979 describes ZSM-11; ZSM-12 is
described by W. German Offenlegungschrifft No.

—
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2,213,109; U.S. Pat. No. 4,016,245 particularly describes
ZSM-35 and ZSM-38 is particularly described in U.S.
Pat..No. 4,046,859 all of which are incorporated herein
in their entirety. ‘ N o ,

To illustrate the practice of this invention, two
ZSM-5 type catalysts were each used to carry out sépa-
rate réactions wherein CS; was converted to hydrocar-
bons. The reaction conditions and products set-forth-in
the Table below are exemplary only and are not meant
to limit the invention. The temperature and pressure can
vary within wide limits. Preferred is a range of 400° to
1200° F. and a pressure within the range of 100 to 1000
psig. The feed rates used in the reactive process can
vary from 0.5 LHSV (liquid hourly space velocity) to
about 50 LHSV for CS; or COS, and 200 to about
10,000 GHSV (gas hourly space velocity) for Ha.

The specific embodiments and details as mentioned
hereinabove and disclosed below are for the sole pur-
pose of illustrating the invention. It is therefore appar-

“ent to those of ordinary skill in the art that various
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changes and modifications may be made without de-
parting from the scope of the invention.

The feasibility of the novel method embodied herein
and the wide range of hydrocarbons obtained, espe-
cially aromatics, are demonstrated by the data shown in
the Table below:

TABLE
EXAMPLE 1 EXAMPLE 2
Reaction Conditions
CSy, LHSV 1 1
Hp, GHSV 400 400
T, °F. 900 900
P, psig 250 250
Catalyst *HZSM-5 { 50% HZSM-5/A103
509% Co/SiO2**
CS3 Conversion, % 25.6 40.3
HC, wt. %
Ci 52.4 44.7
Cy 9.2 6.1
C2 1.9 —
C3 3.0 3.7
C3 0.3 0.1
iCs 0.2 0.2
nCsy 0.2 0.3
Cs — —
Cs* nonaro — tr
Ag 14 2.6
Ag 59 7.7
Ag 8.2 9.5
Ag 4.6 18.1
Ao 0.3 3.2
At 124 3.8
*prepared in accordance with U.S. Pat. No. 3,702,886
**obtained commercially
The unexpected and surprising efficiency of this pro-

cess, particularly with respect to providing aromatics is
clearly shown in the Table. For example, the HZSM-5
catalysts of the present invention, see Example 1, are
about as effective as a cobalt containing catalyst, see
Example 2, with respect to aromatics. This is most sur-
prising and quite unexpected in view of the fact that
HZSM-5 (Example 1) catalyst had a conversion rate for
CS; of only 25.6% compared to 40.3% for the cobalt
containing catalyst of Example 2. Even more surprising
is the finding that ZSM-5 type materials catalyze the
following reaction: CSz-+3Ho—[CHa]+2H,S in the
absence of a metal hydrogenation component.
We claim:
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1. A process for converting as a reactant carbon sul-
fides selected from the group consisting of CS; and
COS to a hydrocarbon or mixture of hydrocarbons

ranging from Cj to Cy1+ wherein at least 25% thereof >

are Csto Cyj comprising contacting said carbon sulfides
with a ZSM-5 type aluminosilicate zeolite catalyst hav-
ing a constraint index of about 1 to 12 and having a silica
to alumina ratio of at least 12 at about 400° to 1200° F.
and a pressure of about 100 to 1000 psig in the presence
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of added hydrogen to produce a highly aromatic prod-
uct.

2. The process of claim 1 wherein the catalyst is se-
lected from the group consisting of ZSM-5, ZSM-11,
ZSM-12, ZSM-35, ZSM-38 and their hydrogen forms.

3. The process of claim 2 wherein said catalyst is
further comprised of a Group II or Group VIII metal
from the Periodic Table.

4. The process of claim 3 wherein the metals are
selected from the group consisting of Co, Co/Mn, Zn,
ZnPd, Ni, NiW and Ni/Mo.

*

* % *x %
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