
(12) STANDARD PATENT (11) Application No. AU 2002350595 B2
(19) AUSTRALIAN PATENT OFFICE

(54) Title
Process to reduce the temperature of a hydrogen and carbon monoxide containing gas
and heat exchanger for use in said process

(51) International Patent Classification(s)
BO1J 35/02 (2006.01) C22C 30/00 (2006.01)
BO1J 19/02 (2006.01) F22B 1/00 (2006.01)
B32B 15/01 (2006.01) F22B 37/04 (2006.01)
C01B 3/36 (2006.01) F25D 1/02 (2006.01)
C01B 3/38 (2006.01) F28F 19/00 (2006.01)

1/00 (2006.01) F28F21/08 (2006.01)
C22C 19/05 (2006.01) H01M 8/06 (2006.01)
C22C 27/06 (2006.01) B23K 9/04 (2006.01)

(21) Application No: 2002350595 (22) Date of Filing: 2002.10.22

(87) WIPO No: W003/036165

Priority Data

(31) Number (32) Date (33) Country
01204009.3 2001.10.22 EP

(43) Publication Date: 2003.05.06
(43) Publication Journal Date: 2003.07.03
(44) Accepted Journal Date: 2008.01.31

(71) Applicant(s)
Shell Internationale Research Maatschappij B.V.

(72) Inventor(s)
Tio, Thian Hoey;Wolfert, Anthonij;Van Dongen, Franciscus Gerardus;De Graaf,
Winnifred

(74) Agent Attorney
Spruson Ferguson, Level 35 St Martins Tower 31 Market Street, Sydney, NSW, 2000

(56) Related Art
D1: HUSEMANN, VGB KRAFTWERKSTECHNIK, VGB KRAFTWERKSTECHNIK GMBH.
ESSEN, DE, VOL. 79. NR. 9, PAGE(S) 84-87, XP000848551 ISSN: 0372-5715
D2: WO 9531579 A (SANDVIK AB) 23 November 1995
D3: US 4685427 A (SMITH GAYLORD D ET AL.) 11 August 1987
D4: EP 257719 A (SHELL INT RESEARCH) 02 March 1988



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
1 May 2003 (01.05.2003)

S 1111111111111i II1 1111111111111111 1111111111111111111 1111111111 11111111111111111 III
(10) International Publication Number

WO 03/036165 A3PCT

(51) International Patent Classification7 F22B 37/04, 1/18

(21) International Application Number: PCT/EP02/11801

(22) International Filing Date: 22 October 2002 (22.10.2002)

Filing Language: English

(26) Publication Language: English

Priority Data:
01204009.3 22 October 2001 (22.10.2001) EP

(81) Designated States (national): Ah, AG, AL, AM, AT, ALU
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, H, GB, GD, GE, GII,
GM, HR, HU, ID. IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, IT, LUJ, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ. TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY CZ, DE, DK, EE,
ES, H, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK,
TR), OAPI patent (BE, BJ, CE, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:
-with international search report

(88) Date of publication of the international search report:
23 October 2003

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes andAbbreviations" appearing at the begin-
ning of each regular is.sue ofthe PCT Gazette.

(71) Applicant (br all designated States except US): SHELL
INTERNATIONALE RESEARCH MAATSCHAPPIJ
B.V. [NIJNL]; Carel van Bylandtlaan 30, NL-2596 HR
The Hague (NL).

(72) Inventors; and
Inventors/Applicants (for US only): VAN DONGEN,
Franciscus, Gerardus [NL/NL]; Badhuisweg 3, NL-1031
CM Amsterdam DE GRAAF, Winnifred [NL/NL];
Badhuisweg 3, NL-1031 CM Amsterdam TIO,
Thian, Hoey [NL/NL]; Badhuisweg 3, NL-1031 CM
Amsterdam WOLFERT, Anthonij [NL/NL1; Bad-
huisweg 3, NL.-1031 CM Amsterdam 

(54) Title: PROCESS TO REDUCE THE TEMPERATURE OF A HYDROGEN AND CARBON MONOXIDE CONTAINING
GAS AND HEAT EXCHANGER FOR USE IN SAID PROCESS

(57) Abstract: Process to reduce the temperature of a hydrogen and carbon monoxide containing gas by contacting the gas with a
metal alloy surface having a lower temperature than the temperature of the gas, wherein the metal alloy surface comprises between 0
and 20 wt% iron, between 0 and 5 wt% aluminium, between 0 and 5 wt% silicon, between 20 and 50 wt% chromium and at least 
wt% nickel, wherein the metal alloy surface maintains it lower temperature than the temperature of the gas by making use of coolant
water.



,VO 03/036165 PCTIEPO2/118R1
-1-

IS 1198 ECT

PROCESS TO REDUCE THE TEMPERATURE OF A HYDROGEN AND

CARBON MONOXIDE CONTAINING GAS AND HEAT EXCHANGER FOR USE

IN SAID PROCESS

The invention is directed to a process to reduce the

temperature of a hydrogen and carbon monoxide containing

gas by contacting the gas with a metal alloy surface

having a lower temperature than the temperature of the

gas..

Such a process is described in EP-A-257719.

This publication describes a vessel comprising tubes

through which a hot carbon monoxide and hydrogen

containing gas flows. The gas is reduced in temperature

because the temperature of the tube surface has a reduced

temperature relative to the hot gas. The temperature of

the tubes is kept at a lower value because the tubes are

submerged in water. In the cooling process water will

evaporate. By ensuring that fresh water is supplied to

the vessel the temperature of the tubes can be kept at a

lower temperature than the hot gas. The tubes are

typically made from metal alloys comprising substantially

of iron. Iron containing alloys are preferred because of

their mechanical strength in combination with their

relative low cost. Furthermore usage of these alloys

makes it possible to manufacture the complicated tube

structures of an apparatus as disclosed in EP-A-257719.

A disadvantage of the above apparatus is that in use

coke will form on the interior surface of the tubes

because part of the carbon monoxide reacts to carbon and

carbon dioxide. Furthermore part of the surface will

erode resulting eventually in an unacceptable low

mechanical integrity of the tubes. These effects are

especially significant when the amount of steam in the
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hot gas is below 50 vol%. Such a hot CO and H2 containing

gas is for example obtained when performing a partial

O oxidation of natural gas, refinery gas, methane and the
like in the absence of added steam as described in
WO-A-9639354.

It is the object of the present invention to provide

a process to reduce the temperature of the hot gas

Swherein the above described problems such a coke

V) formation and erosion are avoided or at least minimized.
C 10 This object is achieved with the following process.

Process to reduce the temperature of a hydrogen and
carbon monoxide containing gas by contacting the gas with
a metal alloy surface having a lower temperature than the
temperature of the gas, wherein the metal alloy surface

comprises between 0 and 20 wt% iron, between 0 and 5 wt%
aluminium, between I and 5 wt% silicon, between 20 and

wt% chromium and at least 35 wt% nickel, wherein the
metal alloy surface maintains a lower temperature than
the temperature of the gas by making use of coolant

water.

Applicants found that coke formation and erosion can
be reduced when the process according to the invention is
used. Because the alloy layer, which contacts the hot
gas, does not comprise a substantial amount of iron less
coke formation and erosion is observed. A preferred

support layer, which is not in direct contact with the
hot gas, provides the mechanical strength to the metal
alloy surface layer. This is advantageous because this
feature makes it possible to construct for example the
larger diamter tubes as in an apparatus according

to EP-A-257719 in an economical manner.

The metal alloy surface layer comprises

between 0 and 20 wt% and preferably between 0 and 7 wt%

iron, preferably between 0 and 4 wt%, between 0 and 5 wt%
aluminium, between 0 and 5 wt% silicon,
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between 20 and 50 wt% chromium, preferably

between 30 and 50 wt% chromium, and at least 35 wt%

nickel. The nickel content balances the total to 100%.

It has been found beneficial to have at least some

aluminium and/or silicon in the metal alloy surface when

the concentration of steam in the hot gas is lower

than 50 vol%, preferably lower than 30 vol% and more

preferably lower than 15 vol%. Preferably between 1-5 wt%

aluminium and between 1-5 wt% silicon is present in said

alloy layer under such low steam content conditions.

The resulting aluminium oxide and silicon oxide layers

will provide an improved protection against coke

formation and erosion when the conditions become more

reducing at such low steam concentrations. More

preferably next to aluminium and silicon a small amount

of titanium and/or REM (reactive elements) are added to

the metal alloy. Examples of REM are Y203 La203 CeO 2

ZrO 2 and HfO 2 The total content of these added compounds

is between 0 and 2 wt%.

Preferably the metal alloy surface layer is supported

with a metal alloy support layer having better mechanical

properties than said surface layer. The metal alloy

support layer may be any metal alloy having the required

mechanical strength for a particular application.

Typically these metal alloys will contain more iron than

the surface layer, suitably more than 7 wt% and even up

to 98 wt%. Other suitable metals, which can be present in

this metal alloy, are chromium, nickel and molybdenum.

Examples of suitable metal allow support layers are

carbon steels and so called low alloy steels having a

typical Cr content of between 1-9 wt% and Mo content

0.1-2.25 wt%, austenitic stainless steels, for example

the AISI 300 series (examples 304, 310, 316) with a

typical Cr content of between 18-25% and Ni content of

between 8-22%, cast materials, like for example 
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and HP-modified, nickel based alloys, for example

Inconel 600, Inconel 601, Inconel 690 and Incoloy 800 and

ferritic stainless steels, which are Fe based alloys

having a low nickel content, e.g. less than 2 wt% and

a Cr content of above 12 wt%.

The two layers of metal alloys may be prepared by

methods known to one skilled in the art. Preferably the

metal alloy composite is made by means of a building-up

welding method resulting in a weld-mounted multi-layered

metal surface. This method is preferred because it

enables one to make difficult tubular structures, as used

in the heat exchanger, having the metal alloy surface

according to the present invention. Such a method is

characterized in that the desired metal alloy for use as

the surface layer is first atomized by gas atomization to

form a powder of said alloy. Preferably the iron content

of said powder is substantially zero. A layer of the

metal alloy is subsequently applied on the support metal

alloy by built-up welding by plasma powder welding of

said powder. After machining the weld metal a flat metal

alloy surface is obtained. Thickness of the surface metal

alloy may range suitably from 1 to 5 mm and preferably

1 to 3 mm. It has been found that the iron content in the

metal alloy layer may contain iron in a situation wherein

the starting powder did not contain iron. This is due to

migration of iron from the support layer to the surface

layer during the welding step. Care should be taken to

limit the migration of iron to the surface layer such

that the end iron content in the surface layer will be

below 7 wt% and preferably below 4 wt%. The iron

migration effect can be limited by using a low iron-

content support layer, increasing the layer thickness

and/or by applying the layer in more than one step.

A preferred method to perform such a building-up welding

method is described in EP-A-1043084, which publication is
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hereby incorporated by reference. This publication

describes a method to obtain coke resistant furnace

reactor tubes for a steam cracker process, which is aimed

at preparing lower olefins, e.g. ethylene and propylene.

The gas is suitably obtained in a partial oxidation

process of a hydrocarbon feedstock, for example coal,

petroleum coke, residual refinery fractions, bituminous

oils, such as ORIMULSION (trademark of Intevep S.A.

Venezuela), natural gas, refinery gas, associated gas or

(coal bed) methane and the like. In case a gaseous

feedstock like natural gas is used the partial oxidation

is preferably performed in the absence of significant

amounts of added steam, and preferably in the absence of

added steam, as moderator gas. The feedstock to the

partial oxidation may also comprise recycle fractions

comprising hydrocarbons and carbon dioxide as may be

obtained in downstream processes which use the CO/H 2

containing gas as feedstock. An example of a suitable

partial oxidation process is the so-called Shell

Gasification Process as described in the Oil and Gas

Journal, September 6, 1971, pp 85-90. Publications

describing examples of partial oxidation processes are

US-A-4132065, EP-A-291111, WO-A-9722547, WO-A-9639354 and

WO-A-9603345.

The temperature of the hydrogen and carbon monoxide

containing gas is preferably reduced from a temperature

of between 1000 and 1500 OC to a temperature between 300

and 750 OC. The hydrogen to CO molar ratio will depend on

the feedstock of the partial oxidation process.

For example when a solid or liquid feedstock is used

an H2 to CO molar ratio of the hot gas is preferably

between 0.5 and 1.5. When the feedstock is a gaseous

feedstock, like for example natural gas, this ratio is

preferably between 1.6 and 
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In case the feedstock of the partial oxidation is a

solid hydrocarbon feed, for example coal or petroleum

coke, the reduction of the temperature of the resulting

hot gas according to the process of the present invention

is preferably performed at the exterior of water cooled

tubes as placed in a vessel. Examples of such heat

exchanger vessels are described in EP-A-342767 and

EP-A-722999.

In case the feedstock of the partial oxidation is a

liquid or gaseous (at ambient conditions) hydrocarbon

feed as described above the reduction of the temperature

of the resulting hot gas according to the process of the

present invention is preferably performed at the interior

of a conduit. In such an embodiment the metal alloy

surface maintains it lower temperature than the

temperature of the gas in one by contacting the metal

alloy support layer at its free side with coolant water

as for example described in the afore mentioned

EP-A-257719. In such an embodiment the gas is cooled by

passing the gas through one or more conduits, which

conduits are submerged in coolant water as contained in a

vessel in which vessel steam is formed and discharged

from said vessel and wherein the interior of the tubes

consists of the metal alloy surface layer and the

exterior of the tubes consist of the metal alloy support

layer.

The invention is thus also related to a heat

exchanger apparatus suited for lowering the temperature

of a hot gas, comprising a vessel having a compartment

for cooling water, an inlet for the gas to be cooled, an

outlet for cooled gas, an outlet for heated steam and a

collecting space for maintaining generated steam and at

least one primary evaporator tube positioned in the

compartment for cooling water and fluidly connected to

the inlet for the gas to be cooled, and at least one



steam tube for withdrawal of generated steam from the collecting space for maintaining

generated steam and an inlet for fresh water, wherein the interior of the primary

Q evaporator tube material has a metal alloy surface comprising between 0 to 20 wt% iron,

I between 0 and 5 wt%, silican, between 20 and 50 wt% chromium and at least 35 wt%,

s which surface layer is supported by a metal alloy support layer having better mechanical

t properties than said surface layer.

Preferably the above apparatus may suitably comprise at least one secondary tube-

shell heat exchanger vessel, which is used as 'super heater module'. Said extra vessel is

positioned in the compartment for cooling water, such that the generated steam can be

further heated against partially cooled gas from the primary evaporator tube. In this

embodiment the term coolant water as used in the claims refers to water in the gaseous

phase having a cooling capacity relative to the partially cooled gas. An example of such

an apparatus is described in the above-mentioned EP-A-257719. More preferably the

primary evaporator tube is fluidly connected to the tube side of the super heater module

and the steam tube for withdrawal of generated steam is fluidly connected to the shell side

of the super heater module.

The invention will be illustrated by the following non-limiting examples.

Example 1

A gas mixture as produced in a partial oxidation of natural gas and having the

properties as listed in Table 1 was contacted for 4000 hours and at about 6000 C with a

metal alloy surface having the composition as listed in Table 2. The metal alloy surface

was positioned on top of a support layer by the building-up welding method as described

in EP-A-1043084. The support layer was a low alloy steel having the properties of the

metal used in Comparative A (see Table Visual inspection and mechanical inspection

showed no deterioration of the
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metal alloy surface after 4000 hours. Furthermore no coke

formation was observed.

Table 1

CO 33 (mol%)
H2  
H2 0 

C02 

Soot 50-100 ppm

Table 2

Example 1 2 Comparative A

Ni 42 54

Cr 39 25 

Al 3

Fe 15.5 16 97.85 (balance

Ti 0.2 0.2

Mo 2.4 0.9 0.6

Mn 0.9 0.9 0.55

Example 2

Example 1

alloy surface

in Example 1.

was repeated except that a different metal

was used (See Table The results were as

Comparative Experiment A

Example 1 was repeated except that a different metal

alloy surface was used (See Table In contrast to

Examples 1 and 2 heavy coke formation was observed.



The claims defining the invention are as follows:

1. Process to reduce the temperature of a hydrogen and carbon monoxide

Scontaining gas by contacting the gas with a metal alloy surface having a lower

temperature than the temperature of the gas, wherein the metal alloy surface comprises

between 0 and 20 wt% iron, between 0 and 5 wt% aluminium, between 1 and 5 wt%

silicon, between 20 and 50 wt% chromium and at least 35 wt% nickel, wherein the metal

alloy surface maintains a lower temperature than the temperature of the gas by making

use of coolant water.

c 2. Process according to claim 1, wherein the content of chromium is more than

io 30 wt%.

C 3. Process according to any one of claims 1 to 2, wherein the metal alloy surface

comprises between 1 and 5 wt% aluminium.

4. Process according to any one of claims 1 to 3, wherein the metal alloy surface

comprises between 0 and 2 wt% titanium and/or REM.

5. Process according to any one of claims 1 to 4, wherein the metal alloy surface

is supported with a metal alloy support layer having better mechanical properties than

said surface layer.

6. Process according to claim 5, wherein the metal alloy support layer comprises

between 7 and 98 wt% iron.

7. Process according to any one of claims 5 to 6, wherein the metal alloy surface

layer is applied to the metal alloy support layer by means of a building-up welding

method.

8. Process according to any one of claims 1 to 7, wherein the temperature of the

hydrogen containing gas is reduced from a temperature of between 1000 and 15000C to a

temperature between 300 and 750 0C.

9. Process according to any one of claims 1 to 8, wherein the hydrogen

containing gas also contains carbon monoxide in a hydrogen to CO molar ratio of

between 1.6 and 

Process according to any one of claims 1 to 8, wherein the gas comprises less

than 15 vol% steam.

11. Process according to any one of claims 1 to 10, wherein a partial oxidation

process prepares the hydrogen and carbon monoxide containing gas.

12. Process according to any one of claims 5 to 11, wherein the gas is cooled by

passing the gas through one or more conduits, which conduits are submerged in coolant

water as contained in a vessel in which vessel steam is formed and discharged from said



vessel and wherein the interior of the tubes consists of the metal alloy surface layer and

the exterior of the tubes consist of the metal alloy support layer.

13. Heat exchanger apparatus suited for lowering the temperature of a hot gas,

N, comprising a vessel having a compartment for cooling water, an inlet for the gas to be

cooled, an outlet for cooled gas, an outlet for heated steam and a collecting space for

maintaining generated steam and at least one primary evaporator tube positioned in the

compartment for cooling water and fluidly connected to the inlet for the gas to be cooled,

and at least one steam tube for withdrawal of generated steam from the collecting space

Sfor maintaining generated steam and an inlet for fresh water, wherein the interior of the

io primary evaporator tube material has a metal alloy surface comprising between 0 and 

wt% iron, between 0 and 5 wt% aluminium, between 1 and 5 wt% silicon, between 

and 50 wt% chromium and at least 35 wt%, which surface layer is supported by a metal

alloy support layer having better mechanical properties than said surface layer.

14. Heat exchanger according to claim 13, wherein the content of chromium in

the metal alloy surface is more than 25 wt%.

Heat exchanger according to any one of claims 13 to 14, wherein the metal

alloy surface comprises between 1 and 5 wt% aluminium.

16. Heat exchanger according to any one of claims 13 to 15, wherein the metal

alloy surface comprises between 0 and 2 wt% titanium and/or REM.

17. Heat exchanger according to any one of claims 13 to 16, wherein the metal

alloy surface layer is applied to the metal alloy support layer by means of a building-up

welding method.

18. A process as defined in claim 1 and substantially as herein described with

reference to any one of the Examples but excluding the Comparative Example.

Dated 11 December, 2007
Shell Internationale Research Maatschappij B.V.

Patent Attorneys for the Applicant/Nominated Person
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