PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6.

F25K 1/00 Al

(11) International Publication Number:

(43) International Publication Date:

WO 99/67587

29 December 1999 (29.12.99)

(21) International Application Number: PCT/US99/14338

(22) International Filing Date: 24 June 1999 (24.06.99)

(30) Priority Data:

60/090,640 us

25 June 1998 (25.06.98)

(71) Applicant (for all designated States except US): PROCESS
SYSTEMS INTERNATIONAL, INC. [US/US}; 20 Walkup
Drive, Westborough, MA 01581-5003 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): O’BRIEN, John, V.
[US/US]; 6 Olde Colony Drive, Shrewsbury, MA 01545
US).

(74) Agent: CROWLEY, Richard, P.; 901 Main Street, P.O. Box
901, Osterville, MA 02655-0901 (US).

(81) Designated States: CA, MX, US, European patent (AT, BE,
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE). :

Published
With international search report.

(57) Abstract

A system and process for the production of
synthesis gas with a specific H2CO ratio, for example, 8
0.7 to 1.2 and a low residual methane content, for
example, less than 5 percent (5 %). Excess hydrogen
from the syngas feed steam is removed by a membrane
(11) as a permeate (23) and the retentate gas (26)
cryogenically (13) separated.

(54) Title: CRYOGENIC AND MEMBRANE SYNTHESIS GAS PRODUCTION

HYDROCARBON
FEED

20
SYNGAS PRODUCTION

22
e,

STEAM/METHANE REFORMER
OR

10 PARTIAL OXIDATION
CO, REMOVAL
21
23
MEMBRANE / H,
! SYSTEM PERMEATE
24 2
MOLECULAR /4
SIEVE BEDS CO2 & H20
12 ~ 2
TREATED
{ SYNGAS 97
CRYOGENIC /[ cH
PROCESS 4
13 ;\\-23
PRODUCT

HYCO SYNGAS




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG

BR
BY

CF
CG
CH
CI

CN
Cu

DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Céte d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
Fi
FR

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Israel

Tceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LY
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI

SK
SN
SZ
TD
TG

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




5

10

15

20

25

30

WO 99/67587 PCT/US99/14338

CRYOGENIC AND MEMBRANE SYNTHESIS GAS PRODUCTION

Reference to Prior Application

This application incorporates by reference and claims the
benefit of U.S. Provisional Patent Application Serial
No. 60/090,640, filed June 25, 1998.

Background of the Invention

Synthetic natural gas or syngas comprises a gaseous
mixture derived from carbon sources and contains chiefly
hydrogen (H,) and carbon monoxide (CO) together with 1low
amounts of other gases.

Synthetic gases of varying and controlled H,/CO molar
ratios are employed in various petrochemical processes, such
as the production of methanol and oxo alcohols, aldehydes,
acids, and other chemical compounds. One type of synthetic
gas is produced by the reaction of steam and methane in a
reformer, which reaction provides a synthesis gas, after
carbon dioxide removal, of about a H,/CO molar ratio of
three (3) and a residual methane content of up to about five
percent (5%).

It is desirable to produce a synthesis gas of a selected
and lower H,/CO molar ratio for use 1in particular
petrochemical processes, such as a molar ratio of about
0.9 to 1.0 and also with a lower methane content.

U.S. Patent No. 5,832,747, issued November 10, 1998,
hereby incorporated by reference, discloses a wholly cryogenic
process for the cryogenic adjustment of the hydrogen and
carbon monoxide molar ratio of a syngas, typically of even
molar ratio. The process comprises partially condensing, in
a cold box, at least a portion of the gaseous feed mixture and
then separating the partially condensed feed mixture in a
phase separator, to provide a gaseous product stream of a
different H./CO molar ratio than the gaseous feed. The
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process includes warming the resultant product stream without
any further cryogenic separation.

It is desirable to provide a new and improved process and
system for providing from a syngas, a product gas of a defined
selected H,/CO molar ratio and a low methane content.

Summary of the Invention

The invention comprises a system and process for the
production of a synthesis gas having a specific H,/CO molar
ratio, such as in the range of 0.7 to 1.2 and a low residual
methane content. The system and process comprises employing
a combination of membrane separations to remove excess
hydrogen from the syngas feed, and the subsequent cryogenic
separation of excess methane to provide a gaseous product
stream with a selected H,/CO molar ratio; for example, of
about 0.7 to 1.2 or other selected H,/CO ratio, and where
applicable, a methane content of less than about 1.5 percent
(1.5%).

In one embodiment, syngas from a steam-methane reformer
system with a high molar ratio of H,/CO, and with residual
methane, is treated to remove carbon dioxide. The syngas is
then heated, typically with steam, and introduced into a
semipermeable membrane unit or system. Excess hydrogen is
removed as a permeate gas and a retentate or treated gas
stream of the desired H,/CO molar ratio withdrawn; such as,
but not limited to: 0.7 to 1.2, or such other ratio as
required in the particular petrochemical process in which the
syngas is to be employed. The excess permeate hydrogen gas
may be recompressed and employed for and in subsequent
cryogenic cold boxes or employed for other purposes. The
retentate gas contains undesirable high amounts of methane,
which is removed by cryogenic fractionation or as a bottoms
stream, while the syngas (H,/CO) of desired H,/CO molar ratio
is withdrawn as an overhead stream.

The membrane removal of excess hydrogen or other excess
gases from the syngas feed stream is accomplished by one or

2
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more semipermeable membrane systems, or units in series or in
parallel with the particular semipermeable membrane material
selected for the particular gas to be removed as an excess
gas; such as, but not 1limited to: polymeric and metal
membranes.

There are a wide variety of membrane materials and
designs employed to remove hydrogen gas as a permeate gas.
The membrane may comprise hollow fibers or tubes, flat sheets,
or spiral wound membranes. Generally, the excess hydrogen
removed as a permeate is at a pressure of about 100 psig and
may be recompressed for other uses in the process or in other
processes.

The system and process shall be described in a particular
embodiment directed to the treatment of a syngas feed streanm
from a steam-methane transformer, with the object to produce
a H,/CO molar ratio of about 0.9 and with a low residual
methane content of 1.5 percent (1.5%) or lower. However, it
is recognized that other syngas treatment streams may be used
and other molar ratios obtained by employing a combination of
a membrane separations to remove hydrogen from or adjust the
feed gas stream composition, followed Dby cryogenic-
fractionating of the retentate gas stream, to remove high
boiling point materials like alkanes, such as methane, and to
recover an adijusted H,/CO molar ratio product stream.

Brief Description of the Drawings

Fig. 1 is a block flow, illustrative diagram of the
system and process of the invention; and

Fig. 2 is a schematic process and system illustration of
the production of a synthetic natural gas with a H,/CO molar
ratio of about 0.9 from a steam-methane reformer.

Description of the Embodiments

In Fig. 1, the process steps are numbered by the
10+ series, while the streams are numbered by the 20+ series.

The hydrocarbon feed 20 may be gaseous, of the form
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natural gas or liquid, NGL (Natural Gas Liquid) components,
ethane or heavier alkanes, or a liquid distillate.

The feedstock, after flowing through the syngas
production system 10 comprises a mixture of H,, CO, CO, and
CH,. This system may be a steam reformer or a partial
oxidation process.

The CO, 22 is removed and vented to the atmosphere or
recycled to Syngas Production System 10 to increase the carbon
yield of the process.

The raw syngas 21 then enters the membrane system 11,
where excess hydrogen is removed as a permeate stream 23. By
adjusting the backpressure on stream 23, the quantity of
hydrogen removed can be varied, and thus, the plant can
operate to achieve the desired H,CO ratio.

The H,/CO ratio adjusted syngas 24 now flows to a set of
molecular sieve beds 12, where the residual CO, and water
vapor are removed 25, so the treated syngas 26 has less than
0.1 ppm of either component to avoid blockages due to
formation of solids in the downstream cryogenic process.

The cryogenic process 13 employs a distillation column to
produce an overhead vapor product 28, whose methane content is
reduced to an adequate level, typically 1-1/2 to 2-1/2 percent
for its subsequent usage. The methane 27 is removed in the
column bottoms stream and sent for use as fuel gas or recycled
to the reaction step 10.

These process steps: 10, 11, 12, and 13 are operated at
the same pressure level in the range of about 200 to 500 psig,
typically 300 to 400 psig.

Fig. 2 1is one embodiment of the cryogenic methane
rejection process 13. Process equipment embodiments are
referred to by the 100+ series. Process streams embodiments
are referred to by the 200+ series.

In the following example of this process configuration,
specific process conditions are provided. These process
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conditions can be adjusted by those skilled in the art to

accommodate changes in feedstock and product requirements.
The treated syngas 26 comes from the molecular sieve

beds 12, where CO, and water vapor have been removed to low

5 residual values below 0.1 ppm. The conditions of the relevant
process streams are listed in the following Table:
TABLE
Stream 200 220 217 213
Composition, Mol %
H2 42.50 47.48 0.00 0.00
CO 47.80 50.69 23.18 23.18
CH4 9.40 1.50 76.77 76.77
N2 0.30 0.33 0.05 0.05
Total: 100.00 100.00 100.00 100.00
Flow, Ib.mol/hr. 1000.0 894.9 105.1 457.0
Temp. °F 104 84 104 84

Pressure, psig

10

L2
(@)Y
(O8]

350 140 5.0

Feed gas stream 200 enters the multistream heat exchanger
100 through passage 100B, where feed gas stream 200 is
partially condensed, emerging as stream 201 at -242°F and
4 percent (4%) molar liquid. This stream 201 enters the
distillation column 102 operating at 355 psig. This
column 102 contains trays as vapor/ligquid contacting
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devices 102B shown 1in dashed lines, and a reflux drun
contained by a solid plate 102A at the top of the column.
There is a bottom reboiler 100F and a side reboiler 100E
contained in heat exchanger 100.

The hydrogen/carbon monoxide stream 210 has the methane
fractionated from it by the reflux condenser 103. The tower
top stream 204 is extracted below plate 102A and enters
passage 103A of reflux condenser 103, where the tower top
stream 204 is partially condensed to stream 205, which flows
to the reflux drum section above plate 102A contained in
column 102. The liquid is separated and returns to the tower
as reflux stream 206. The column overhead vapor product is
stream 202.

The liquids flowing down the column 102 are stripped of
H, and CO by the bottom and side reboilers 100E and 100F to
produce bottoms stream 203 of low residual CO content, thereby
maximizing the recovery of CO in the overhead product
stream 202. This overhead stream 202 1is reheated in
exchanger 100 in passage 100A, and exported as the product
HYCO (hydrogen/carbon monoxide mix) syngas stream 220.

The column 102 bottoms stream 203 is depressurized to
132 psig, entering vapor/liguid separation drum 105. Recycle
stream 219 combines with it prior to drum 105. The vapor
stream 207, at -199°F, 1is expanded isentropically in
expander 104A to stream 210. The liquid stream 208 from
drum 105 is depressurized to 6.6 psig as steam 209.
Streams 209 and 210 are combined to form the refrigerating
stream 211 in passage 103B in heat exchanger 103. The
emerging stream 212 is reheated stream 213 in passage 100D in
exchanger 100.

The reheated stream 213 compressed in the expander 104A
driven compressor 104B from 5 to 10 psig to form compressed
stream 214 and then in subsequent electric motor 106B driven
compressor 106A to 145 psig to form stream 215. Aerial
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aftercooler 107 reduces the temperature of the gas stream 216
to 104°F.

The gas stream 216 is split into methane stream 217 from
the cryogenic process and recycled stream 218 which is
recycled to the cryogenic process for the purpose of supplying
the refrigeration for the cycle.

The recycled stream 218 is partially condensed in
passage 100C of exchanger 100 to stream 219 at -202°F and
20 percent (20%) liquid. The stream 219 enters drum 105 and
closes the refrigeration balance for the systen.

The recycled stream 218 contains CO from the bottoms
stream 203 of column 102 in an amount adequate to provide
adequate temperature differential in reflux condenser 103.
This CO is also lost in the methane product stream 217.

A method of reducing or avoiding this CO loss 1is by
injecting nitrogen into the refrigeration cycle, shown and
employed to stream 214. Alternative locations where this
method may be employed are to streams 213 or 218 depending on
the pressure of the nitrogen stream. This injected nitrogen
is purged from the cycle with the methane stream 217. It
cannot contaminate the HYCO product, since the column pressure
of about 355 psig is higher than the refrigeration cycle
pressure of about 140 psig.

In this cryvogenic process, the distillation column 102
operates at the syngas feed pressure, the product HYCO syngas
stream 220 emerges at the system pressure drop lower pressure
level. The example is shown with the feed gas stream 200 at
363 psig. The operating pressure of the system can be in the
range of 200 to 500 psig.
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Claims
What is claimed is:

Claim 1. A process for adjusting the molar ratio of
H,/CO and reducing the methane level in a syngas feed stream
which contains hydrogen, carbon monoxide and methane, and
which process comprises:

a) removing excess hydrogen from the syngas feed
stream by a semipermeable membrane, to provide an excess
hydrogen permeate stream and a retentate syngas stream of
selected H,/CO molar ratio and methane:;

b) cryogenically separating the methane from the
retentate syngas stream; and

c) recovering a syngas product stream of selected
and lower H./CO molar ratio and lower the methane content than
the syngas feed stream.

Claim 2. The process of claim 1 wherein the syngas feed
stream comprises a gas feed stream from a steam-methane
reformer.

Claim 3. The process of claim 1 wherein the syngas
product stream has a H,/CO molar ratio of about 0.7 to 1.2.

Claim 4. The process of claim 1 wherein the syngas
product stream has a methane content of 1less than about
1.5 percent (1.5%).

Claim 5. The process of claim 1 wherein the syngas feed
stream comprises a H,/CO ratio of about 3 and has a methane
content of about 3 to 15 percent.

Claim 6. The process of claim 1 which includes
compressing the permeate hydrogen and recovering the
compressed hydrogen.

Claim 7. The process of «claim 1 which includes
cryogenically separating the retentate gas stream, by cooling
the retentate gas stream in a multistream heat exchanger, and
separating the cooled stream in a cryogenic fractionating
column into methane as a bottoms stream, and the H,/CO of
required molar ratio as an overhead product stream.

8



10

15

20

25

30

35

WO 99/67587 PCT/US99/14338

Claim 8. The process of claim 7 which includes employing
the methane bottoms stream as a refrigerant for an overhead
condenser to the fractionating column.

Claim 9. The process of claim 8 which includes employing
the methane bottoms stream as a refrigerant in the multistream
heat exchanger.

Claim 10. A system for the adjusting of the molar ratio
of H,/CO in a syngas feed stream to a lower H,/CO ratio and
with low methane content, which system comprises:

a) a steam-methane reformer to provide a syngas
feed stream;

b) a semipermeable membrane system to provide a
permeate stream of excess hydrogen and a retentate stream of
selected lower H,/CO molar ratio;

c) a multistream heat exchanger to cool the
retentate stream, and a H,/CO product stream employing a
recovered methane stream;

d) a cryogenic fractionating column to separate a
cooled retentate stream into an overhead product stream of a
selected and lower H./CO ratio, and a methane bottoms stream
for use in the multistream heat exchanger;

e) a means to withdraw a cooled H,/CO molar ratio
product stream from the multistream heat exchanger; and

£) a means to withdraw a methane stream.

Claim 11. A system for adjusting the H,/CO molar ratio of
a syngas feed stream to a lower ratio and less than about
1.5 percent (1.5%) methane content, which system comprises:

a) a semipermeable membrane means to separate to
syngas feed stream into a permeate stream of excess hydrogen
and a retentate stream of selected H,/CO molar ratio and
methane; and

b) a cryogenic separating means to separate the
retentate stream into a methane stream and a syngas product
stream of a selected and lower H,/CO molar ratio and less than
about 1.5 percent (1.5%) methane.

9
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