
(12) STANDARD PATENT (11) Application No. AU 2004200380 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Process and catalyst for treatment of synthesis gas 

(51) International Patent Classification(s) 
B01J 23/34 (2006.01) C01B 3/00 (2006.01) 
B01D 53/86 (2006.01) C01B 3/16 (2006.01) 
B01J 23/656 (2006.01) C01B 3/48 (2006.01) 
B01J 23/68 (2006.01) C01B 31/18 (2006.01) 
B01J 23/889 (2006.01) C10K 3/02 (2006.01) 

(21) Application No: 2004200380 (22) Date of Filing: 2004.02.03 

(30) Priority Data 

(31) Number (32) Date (33) Country 
PA 2003 00160 2003.02.05 DK 

(43) Publication Date: 2004.08.19 
(43) Publication Journal Date: 2004.08.19 
(44) Accepted Journal Date: 2009.09.17 

(71) Applicant(s) 
Haldor Topsoe A/S 

(72) Inventor(s) 
Nielsen, Poul Erik Hojlund;Schiodt, Niels Christian;Lehrmann, Peter 

(74) Agent / Attorney 
Watermark Patent & Trademark Attorneys, 302 Burwood Road, Hawthorn, VIC, 3122 

(56) Related Art 
WO 2003/082461 A 
EP 1136441 A2 
DE 4303715 Al



25 

ABSTRACT 

A process for the treatment of synthesis gas to increase 

5 content of hydrogen and/or carbon monoxide in the gas com

prising the step of contacting the synthesis gas with a 

catalyst comprising oxides of manganese and zirconium, 

which metals are present in a molar ratio Mn/Zr of between 

0.05 to 5.00.
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FIELD OF THE INVENTION 

The present invention pertains to the water gas shift-reac

tion and to materials suitable as water gas shift cata

5 lysts. The water gas shift reaction (in short: the shift 

reaction) is a gas phase equilibrium reaction: 

CO (g) + H20 (g) = CO2 (g) + H2 (9) 

10 The reaction equilibrium is of central importance for any 

process that involves synthesis gas; i.e. steam reforming, 

the ammonia synthesis, hydrogen and reducing gases produc

tion etc.  

15 Thus, an effluent stream from a steam reforming process may 

be enriched in hydrogen by contacting the stream with a 

catalyst that promotes the shift reaction.  

The water gas shift reaction may also be used in the re

20 verse fashion for the production of carbon-monoxide by hy

drogenation of carbon dioxide. Production of carbon monox

ide is usually carried out by minimising the amount of wa

ter in the process gas and by equilibrating the water gas 

shift reaction at a high temperature.  

25 

It is our intention that the present invention may find use 

in the production of hydrogen and in -the production of car

bon monoxide.
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BACKGROUND OF THE INVENTION 

The shift reaction is exothermic and low temperatures fa

vour CO-conversion. Thus, the lower the temperature, the 

5 more a synthesis gas will be shifted towards CO2 + H2 pro

vided that the gas is contacted with a sufficiently active 

shift catalyst. Due to the exothermicity of the shift reac

tion, however, the synthesis gas is usually equilibrated in 

at least two steps, the first step being operated at a 

10 higher temperature than the second step. It is thus common 

practice to distinguish between carrying out the shift re

action at low temperature (typically 180-3000 C, low tem

perature shift) and at high temperature (typically 300

5000C, high temperature shift).  

15 

The current catalyst of choice for high temperature shift 

is iron oxide, usually in admixture with chromium oxide.  

This catalyst, however, has the disadvantage that it forms 

methane if the synthesis gas has too low steam content com

20 pared to the content of carbon - in other words, if the 

oxygen/carbon ratio is below a certain critical value, 

which is a function of temperature. At temperatures above 

5000C, some methane formation is always observed. Further

more, the catalyst deteriorates very fast at 5000C and 

25 above.  

The catalyst materials of the present.invention are com

prised by a microscopic mixture of manganese oxide and zir

conium oxide (Mn-Zr oxide) optionally with other oxidic 

30 promoters and optionally with metal promoters.
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The catalyst materials of the present invention have the 

advantage of having very high stability and extremely high 

selectivity for the water gas shift reaction (i.e. no hy

drocarbon formation) and may therefore replace or supple

5 ment the traditional iron-based catalysts. When the materi

als of the present invention are promoted with copper, a 

significant boosting of the activity is achieved. Promotion 

of the Mn-Zr oxides with metallic silver has a similar 

though less pronounced effect of boosting the activity.  

10 

Another advantage of the catalysts of the present invention 

compared to traditional high-temperature water gas shift 

catalysts is that these materials have superior adhesion 

properties towards other ceramic materials as well as to

15 *wards metals. The catalysts of the present invention are 

therefore highly suitable for the manufacture of catalysed 

hardware, which may find use in stationary as well as auto

motive units in which a water gas shift active catalyst is 

desired.  

20 

It is well known that manganese oxide and zirconium oxide 

separately have some activity for catalysing the water gas 

shift reaction. It is highly surprising, however, that 

there is a strong synergistic effect between these oxides.  

25 Thus, a microscopic mixture of manganese oxide and zirco

nium oxide has a much higher catalytic activity than any of 

the pure oxides, especially after a short time on stream.  

As is demonstrated in the examples of the present invention 

under comparable conditions at 4500C pure manganese oxide 

30 has a conversion of 41-42%, pure zirconium oxide has a con

version of 9-11%, while mixed manganese-zirconium oxide 

catalyst has a conversion of 58-60%. In all-cases the equi-
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librium conversion amounts to 65% under the conditions of 

operation.  

The synergistic effect of manganese oxide and zirconium ox

5 ide is particularly surprising in view of the fact that 

similarly prepared Mg/Zr and Mn/Ti oxides have very low ac

tivity. In fact, the Mn/Ti oxide has even lower activity 

(8-16% conversion under the same conditions as in the above 

examples) than pure manganese oxide. The Mg/Zr oxide has 

10 slightly higher activity (14-17% conversion under similar 

conditions as in the above examples) than pure zirconium 

oxide, but this is due to the fact that magnesium oxide it

self is a more active catalyst for the shift reaction than 

zirconium oxide.  

15 

Furthermore, the mixed manganese-zirconium oxide catalysts 

have the surprising advantage of being extremely selective.  

As is demonstrated in the examples of the present inven

tion, even exposure of these materials to dry synthesis gas 

20 does not result in any appreciable formation of methane. At 

a GHSV of 10000 Nl/g/h only 100 ppm methane was formed 

(0.01%) at 500 0 C and 1000 ppm methane (0.1%) at 600*C. In 

fact, the selectivity may prove to be even higher, since 

even microscopic impurities of a number of transition met

25 als under these conditions would result in methane forma

tion.  

DESCRIPTION OF PRIOR ART 

30 Industrial water gas shift is described in several publica

tions, e.g. L. Lloyd et al in M. V. Twigg (ed.) "Catalyst 

Handbook" Manson Publ., 1996; K. Kochloefl, Ch. 3.3 in G.
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Ertl, H. Kn6tzinger and J. Weitkamp (eds.) "Handbook of 

Heterogeneous Catalysis" Vol 4, Wiley-VCH, 1997; and J. R.  

Rostrup-Nielsen & P. E. Hojlund-Nielsen in J. Oudar &-H.  

Wise (eds.) "Deactivation and Poisoning of Catalysts". Mar

5 cel Dekker, 1985.  

For industrial high temperature water gas shift, the cata

lysts used at present are based on iron as the active metal 

component. The preferred formulation has long been an iron

10 chromium catalyst as disclosed in e.g. US Patent No.  

4,861,745. In EP 0634990 B1, chromium-free high temperature 

shift catalysts are claimed, but these catalysts are still 

based on iron as the active metal. Iron based catalysts are 

also mentioned in EP 062410 Bl.  

15 

The use of manganese oxide in combination with certain 

other components is known from the literature. Thus, F. M.  

Gottschalk and G. J. Hutchings Applied Catalysis 51, 127

139 (1989), reports on the performance of cobalt manganese 

20 oxide, copper manganese oxide and iron manganese oxide as 

water gas shift catalysts. Their study, however, only re

lates to the use of these materials at temperatures below 

4000C. Furthermore, their study does not concern the mixed 

manganese-zirconium oxides as water gas shift catalysts, 

25 which is the object of the present invention.  

Mixed manganese-zirconium oxides are known from the litera

ture from a completely different perspective, namely as 

sorbents for removal of NO and NO2 . This subject is treated 

30 in a number of papers, I. Matsukuma et al Applied Catalysis 

B 37, 107 (2002), K. Eguchi et al Applied Catalysis B 16, 

69 (1998), K. Eguchi et al Journal of Catalysis 158, 420
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(1996), K. Eguchi et al Bulletin of the Chemical Society of 

Japan 68, 1739 (1995). This field is not related to the wa

ter gas shift reaction.  

5 Various oxidic compounds have been claimed as catalysts for 

the water gas shift reaction at temperatures above 400 0C in 

ZA 2001/3424. Among these are zirconium oxide and manganese 

oxide supported on other oxides. However, this patent is 

not concerned with mixed Mn/Zr oxides. Furthermore, the ac

10 tivity of the catalysts of the present invention is far 

higher - without compromising the selectivity - than any of 

the catalyst compositions claimed in the above patent. Fi

nally, the synergistic effect between manganese oxide, MnO 

and zirconium oxide, ZrO2 , which gives rise to an optimum 

15 in activity for a relatively narrow range of composition of 

these materials, is highly surprising.-As proved in the ex

amples of the present invention this synergistic effect is 

thus not present between magnesium oxide and zirconium ox

ide although MgO is known to resemble MnO in chemical and 

20 physical behaviour.  

SUMMARY OF THE INVENTION 

It is the object of the present invention to provide a 

25 catalyst for catalysing the water gas shift reaction at 

high temperatures essentially without formation of hydro

carbons.  

The present invention may be used to enrich a synthesis gas 

30 in hydrogen and/or to enrich the synthesis gas in carbon 

monoxide. By means of the invention, it is possible to con

trol production of hydrogen and carbon monoxide by control-
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ling the temperature and the amount of steam in the synthesis gas.  

According to one aspect of the invention, there is provided a process for the 
5 treatment of synthesis gas to increase the content of hydrogen and/or carbon 

monoxide in the gas comprising the step of contacting the synthesis gas with a 

catalyst comprising oxides of manganese and zirconium, wherein the metals are 
present in the catalyst in a molar ratio Mn/Zr of between 0.05 to 5.00 and the 
oxides constitute of at least 50% by weight of the catalyst in its reduced form.  

10 
In a specific embodiment of the invention, the catalyst is furthermore promoted 
with copper, the content of which - by weight of Cu in the reduced catalyst - is 

between 0.1% and 8.0%, more preferably between 0.1% and 4.0%.  

15 In further a specific embodiment of the invention, the catalyst may have the form 
of pellets, extrudates, a monolithic or geometrical body and it may be applied as a 

coating of the tube wall through which the synthesis gas to be treated is 

transported.  

20 In one particular embodiment of the invention, the catalyst is confined to an 

adiabatic zone, operating at a temperature of between 4000C and 10000C, more 

preferably between 5000C and 9000C.  

In another particular embodiment of the invention, the catalyst is confined to a 
25 zone which is cooled in the direction of the process gas flow, in such a way that 

the inlet temperature is between 5000C and 10000C, more preferably between 

7000C and 9000C, and the exit temperature is
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between 400 0 C and 800*C, more preferably between 400 0 C and 

7000C.  

DETAILED DESCRIPTION OF THE INVENTION 

5 

The following examples serve to demonstrate the advanta

geous properties of the manganeses/zirconium oxide cata

lysts in terms of activity, selectivity and stability to

wards the water gas shift reaction.  

10 

EXAMPLES, general procedure 

The composition of the catalysts A-W of the present inven

tion including comparative catalysts are listed in Table 7.  

15 The catalysts A-H contain only Mn and Zr metal ions, except 

for residual K, which is also listed in Table 7. The cata

lysts I and J are included for comparison. Catalyst I con

tains Mg and Zr, while catalyst J contains Mn and Ti. The 

catalysts K-O contain ions of Zr, Mn and another oxide 

20 forming metal, while catalysts Q-V contain Zr, Mn and ei

ther Cu or Ag. The catalysts P and W are commercial water 

gas shift catalysts included for comparison.  

The following procedure and process parameters were used in 

25 all examples unless otherwise stated.  

In a copper lined, tubular reactor (outer diameter 9.53 mm, 

inner diameter 4.6 mm) embedded in a self venting oven, 

1.00 g of catalyst was arranged in fixed bed manner. The 

30 loaded catalyst was in the form of grains of the size frac

tion 0.71-0.85 mm. Dry gas and steam were admixed at a tem

perature of 2000C and the chosen reaction pressure before
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entering the reactor. The reaction pressure was typically 

25 barg. The dimensions of the reactor allowed for the gas 

to be further heated to the desired temperature before 

reaching the catalyst. The temperature was controlled ex

5 ternally and monitored by a thermocouple on the reactor 

outside the centre of the catalyst bed. At a position after 

the catalyst zone the exit gas was cooled and depressurised 

to ambient conditions. The water in the exit gas was con

densed in a separate container, while the remaining dry gas 

10 was analysed continuously for CO and CO2 by means of a BI

NOS infrared sensor, thus monitoring the effect of the 

catalyst on the gas composition during heating and cooling.  

The temperature of the reactor was raised at a rate of 4*C 

min' starting from approximately 200 0 C until a temperature 

15 Thold Of typically 500*C was reached. During this heating 

period, the contents of CO in the dry exit gas (measured 

continuously by means of the BINOS apparatus) was used for 

obtaining the CO-conversion as a function of temperature.  

The dry exit gas was regularly analysed by Gas Chromatogra

20 phy (GC) at the hold temperature allowing for measurement 

of CO, CO2 , H2 , CH4 , higher hydrocarbons and Ar. Ar was used 

as an internal standard. Mass balances (C, H and 0) calcu

lated on the basis of GC-data and the weight.of the con

densed water were accurate within + 5%.  

25 

The dry feed gas was introduced at a rate of typically 10.0 

Nl h- with the composition 74.4% H2 , 12.6% CO, 10.0% CO2 , 

3.0% Ar, while water was fed at a rate of typically 4.25 g 

h- corresponding to a steam/dry gas ratio of 0.53 to 0.54.  

30 

The catalyst was left on stream at the hold temperature for 

12-24 hours. While still on stream, the reactor was cooled
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to 200-300 0 C and again heated to Thold in order to measure 

the activity of the spent catalyst. In some cases, the 

catalyst was repeatedly cooled and heated.  

5 Tables 1-3 list the observed CO-conversions for the various 

catalysts at four different temperatures. The maximum con

version as dictated by the equilibrium composition is in

cluded in each case.  

10 Example 1 

Catalyst A was tested according to the above general proce

dure.  

During the first heating period, the CO-conversion was 6% 

15 at 400 0 C with a maximum conversion of 79% at that tempera

ture (in Table 1 written as 6 (79)). At 4250 C, 4500 C and 

4750C the conversion (equilibrium conversion) was observed 

to be 11(79)%, 20(69)% and 30(63)%, respectively. The tem

perature was stabilised and the effluent gas was regularly 

20 analysed by GC. The first GC-analysis obtained within one 

hour at 5000 C confirmed the equilibrium composition of the 

gas with respect to H2 , CO and CO2 and showed no hydrocar

bon formation. After 19 hours on stream, the effluent 

stream was still found to be in equilibrium and free of hy

25 drocarbons. The temperature was decreased to 2200C and then 

raised again at a rate of 4*C/min. The conversions were 

found to be 10(79)%, 21(79)%, 36(69)% and 49(63)%, respec

tively at 400 0 C, 425 0 C, 4500 C and 4750C.
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Examples 2-6 

The catalysts B, C, D, E and F were.tested according to the 

procedure described in Example 1. The results are given in 

Table 1. Also with these catalysts, equilibrium conversion 

5 was maintained at 500 0 C and no hydrocarbon formation was 

observed.  

These examples demonstrate the effect of variation of the 

Mn/Zr ratio. When taking both activity and stability into 

10 consideration, catalysts C and D are the most preferable.  

Examples 7-10 (comparative examples) 

The catalysts G, H, I and J were tested according to the 

procedure described in Example 1, the results are in Table 

15 1.  

Catalyst G is pure zirconium oxide and catalyst H is pure 

manganese oxide. Catalyst I is a mixed magnesium-zirconium 

oxide with a Mg/Zr ratio of 0.38; i.e. the same composition 

20 as catalyst C, but with magnesium substituted for manga

nese. Similarly, catalyst J is a mixed manganese-titanium 

oxide with a Mn/Ti ratio of 0.38. Thus, titanium has been 

substituted for zirconium in this catalyst.  

25 It is very-surprising to find that these comparative cata

lysts all have very little activity compared to catalyst C 

and other of the mixed Mn/Zr oxides.  

Example 11 

30 Catalyst E was tested according to the procedure described 

in Example 1, except for the difference that Thold was 

650 0 C. As expected, the initial conversions are very close
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to the previous test (Example 5) of catalyst E; the dis

crepancy being due to experimental uncertainties. The con

versions after 21 hours on stream are lower than the con

versions of Example 5 due to the higher value of Thold.  

5 

Example 12 

Catalyst D was tested as described in Example 1 except for 

the difference that the total pressure was varied between 2 

barg and 25 barg. The results are given in Table 1.  

10 

This example serves to demonstrate that these catalysts may 

be used within a wide range of operating pressure.  

Examples 13-17 

15 The catalysts K, L, M, N and 0 all contain an additional 

oxidic promoter; see Table 7. The catalysts were tested as 

described in Experiment 1. Catalyst K was repeatedly heated 

to 500*C and cooled in order to measure the activity loss.  

20 Results are reported in Table 2. It is seen that the rela

tive loss in activity with catalyst ageing may be improved 

upon by addition of oxidic promoters such as yttrium, nio

bium and other.  

25 Example 18 

Catalyst K was tested in the same manner as described in 

Example 1 apart from the following differences. The cata

lyst, in an amount of 0.15 g, was admixed with grains of 

dead-burned alumina in an amount of 0.85 g of the same size 

30 fraction as the catalyst. The surface area of the alumina 

was 6 m2/g, and the alumina alone was found to have no 

measurable activity below 6000 C. The dry gas flow was 11
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Nl/h, while the steam/dry gas ratio was 0.35. The catalyst 

was heated to a temperature of 600 0 C at a pressure of 3 

bara and kept on stream under these conditions for 137 

hours, while measuring the CO-conversion regularly. The re

5 sults are given in Table 3.  

The activity loss is surprisingly modest considering the 

very high temperature. Furthermore, the catalyst deactiva

tion seems to stop after some 60 hours on stream.  

10 

Example 19 

This example was carried out as described in Example 18 

with the difference that the temperature was 5500C.  

15 Examples 20-23 

These examples serve to demonstrate the very high selectiv

ity of the mixed Mn-Zr oxide catalysts for shift catalysis.  

The catalysts D, E and B were tested in the same manner as 

20 described..in Example 1 except for variation of the 

steam/dry:gas ratio and the operation temperature Thol. Ex

amples 20rand 21 demonstrate that methane formation after 

an induction period is below the detection limit of 15 ppm.  

At these-high temperatures, methane production is very sig

25 nificant with a traditional iron-based high-temperature 

shift catalyst; see Comparative Example C22.  

In Example 23 (see Table 4A), catalyst B is tested in dry 

synthesis gas at 5000C, 5500C and finally at 6000C, which 

30 for a normal, iron-based catalyst would result in excessive 

hydrocarbon formation. With the Mn-Zr catalyst, however, 

hydrocarbon formation is very low even under these condi-
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tions. This example forms the basis for the second possible 
use of the.present invention, namely as a process for car
bon monoxide production. The C02 -conversion was found to be 
close to equilibrium at all three temperatures.  

5 

Examples 24-30 

These examples were carried out as described in Example 1.  
Catalysts Q-S contain copper in varying concentrations as a 
metallic promoter component, while catalysts T-V contain 

10 silver.  

The results given in Table 5 clearly demonstrates the bene
ficial effect of addition of silver and in particular cop
per to the Mn-Zr catalysts of the present invention. No 

15 methane formation was observed at any point with catalysts 
Q-V.  

Examples 31-34 

These examples serve to demonstrate the increased oxygen 
20 tolerance of a Cu-promoted Mn-Zr oxide catalyst as compared 

to a commercial Cu-Zn-Al type low-temperature water gas 
shift catalyst. The experiments were carried out as fol
lows. The reactor set-up was the same as in the previous 
examples. The reactor was loaded with 0.5 g of catalyst ad

25 mixed with 0.5 g inert alumina of the same particle size 
fraction. The reactor was pressurised with synthesis gas to 

a total pressure of 3 bara. The reactor was heated to 150 0C 
in dry synthesis gas at 10 Nl/h. Then 5.3 Nl/h steam was 
added to the process gas. The reactor was heated on stream 

30 to a temperature Tredox and left for one hour on stream.
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After this initial procedure, the catalyst was submitted to 

a number of redox-cycles with alternating air-gas and syn

gas exposure by the following procedure. The process gas 

stream was shut off and replaced by a flow of 10 Nl/h dry 

5 air for 15 minutes. The air was shut off and replaced by 

synthesis gas (10.0 Nl/h) and steam (5.3 Nl/h), while main

taining the temperature at Tredox. The temperature was then 

decreased to 280*C in the case of catalyst S and 2000C in 

the case of the commercial Cu-Zn-Al oxide catalyst for 

10 measurement of the CO-conversion.  

The activities are listed in Table 6 as % CO-conversion and 

' relative CO-conversion after each redox-cycle.  

15 Comparing Example 31 with Example C33, it is clear that the 

Cu-promoted Mn-Zr oxide catalyst S has a significantly 

smaller activity loss than the Cu-Zn-Al oxide catalyst even 

though the operation temperature Tredox is 800 C higher in the 

case of the Cu-promoted Mn-Zr oxide catalyst than in the 

20 case of the Cu-Zn-Al catalyst. The same trend is seen when 

comparingg.Example 32 with Example C34.
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Table 1 

Activity of unpromoted MnO-ZrO2 and comparative catalysts 

Ex. Cata- P T h vid Mn/Zr TOS % CO-conv % CO-conv % CO-conv % CO-conv 
lyst barg 0c ratio hours at 4000C at 425"C at 450"C at 4750C 

(max % CO (max % CO (max % CO (max % CO 
conv) conv) conv) conv) 

1 A 25 500 0.06 1 6(79) 11(74) 20(69) 30(63) 

25 20 10(79) 21(74) 36(69) 49(63) 

2 B 25 500 0.19 1 27(76) 50(71) 60(66) 59(60) 

25 16 22(79) 37(74) 57(69) 62(64) 

3 C 25 500 0.38 1 54(76) 64(71) 58(65) 58(60) 

25 19 34(76) 55(71) 60(65) 57(60) 

4 D 25 500 0.44 1 56(76) 64(71) 65(65) 59(60) 

25 19 34(76), 50(71) 59(65) 58(60) 

5 E 25 500 0.78 1 23(79) 42(74) 60(69) 62(63) 

25 16 16(79) 33(74) 50(69) 58(64) 

6 F 25 500 2.58 1 31(79) 54(74) 63(69) 61(63) 

25 16 10(79) 22(74) 38(69) 54(64) 

C7 G 25 500 0.00 1 4(76) 7(71) 11(66) 17(60) 

25 19 3,76) 5(71) 9(65) 14(60) 

C8 H 25 500 1.00 1 15(76) 25(71) 41(65) 50(60) 

25 19 7(76) 19(71) 42(65) 46(60) 

9 25 500 Mg-zr 1 4(76) 9(71) 17(65) 31(60) 

25 19 3(76) 7(71) 14(65) 25(60) 

ci 7 1 25 500 Mn-Ti 1 12(76) 15(70) 16(65) 19(60) 

25 20 3(75) 5(70) 8(65) 11(59) 

11 E 25 650 0.78 1 24(79) 44(74) 60(69) 62(64) 

25 21 7(79) 14(74) 24(69) 36(64) 

12 D 2 500 0.44 1 23(76) 35(71) 44(65) 50(60) 

2 500 23 14(76) 26(71) 35(66) 44(60) 

25 500 26 37(76) 56(71) 56(65) 59(60) 

5 500 49 22(76) 37(71) 48(66) 53(60) 

15 500 56 33(76) 49(71) 57(65) 56(60) 

25 500 . 79 34(76) 53(71) 59(65) 57(60)
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Table 2 

Activity of catalysts containing oxidic promoters 

Ex. Cata- Promoters steam/dry TOS % CO-cony % co- % CO- % CO-conv 
lyst gas hours at 400*C conv COnv at 4750C 

(max % CO at 425 0 C at 450 0 C (max % CO 
conv) (max % (max % conv) 

CO conv) CO conv) 
13 K Y 0.53 1 47(76) 61(71) 62(65) 57 (60) 

0.53 19 37(76) 54(71) 59(65) 55(60)

0.53 37 28(76) 47(71) 56(66) 55(60) 

0.53 68 30(76) 49(71) 56(65) 55(60) 

0 .53 92 28(76) 48(71) 56(65) 56(60) 

0.53 112 27(76) 46(71) 55(65) 56(60) 

14 L Fe 0.53 1 45(76) 59(71) 61(65) 58(60) 

0.53 is 34(76) 51(71) 59(65) 57(60) 

15 M Nb 0.53 1 27(75) 40(70) 51(65) 49(65) 

0.53 39 26(76) 41(70) 51(65) 55(59) 

16 N Cr 0.53 1 51(75) 62(70) 62(65) 58(60) 

0.53 20 37(75) 51(71) 59(65) 58(59) 

17 0 Li 0.53 1 45(76) 60(71) 62(65) 58(60) 

0.53 19 18(76) 32(71) 47(65) 53(60)
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Table 3 

Activity of catalyst K at high temperature, 
low steam content, high GHSV and low pressure 

5.  
Ex. Cata- steam/dry THoid TOS % CO-conv 

lyst gas (oC) hours at THOId 
(max % CO con

version) 
18 K 0.35 600 5 35(35) 

0.35 600 11- 34(35) 

0.35 600 17 34(35) 

0.35 600 23 33(35) 

0.35 600 29 32(35) 

0.35 600 59 30(35) 

0.35 600 89 29(35) 

0.35 600 99 29(35) 

0.35 600 101 30(35) 

0.35 600 113 29(35) 

0.35 600 125 29(35) 

0.35 600 129 28(35) 

0.35 600 137 29(35) 

19 K 0.35 550 3 35(42) 

0.35 550 6 33(42) 

0.35 550 18 30(42) 

0.35 550 38 28(42) 

0.35 550 74 27(42)



19 

Table 4 

Variation of steam content 

Ex. Cata- P Thold steam/ TOS % Co- % Co- % Co- % CO- ppm 

lyst barg , dry hours conv conv conv conv Methane 
C at 4000 C at 4250C at 4500C at 4750C 

gas (max % (max % (max % - (max % at Thold 
CO-conv) CO conv) CO conv) CO conv) 

20 D 25 500 0.30 1 36(59) 43(53) 43(46) 39(40) < 15 

19 28(60) 40(53) 43(46) 39(40) < 15 

21. E 25 650 0.54 4 24(79) 44(74) 60(69) 62(64) 210 

21 7(79) 14(74) 24(69) 36(64) <15 

C22 P 25 650 0.34 1 54(59) 53(53) 46(46) 39(39) 35000 

5 

NM = Not Measured.  

Table 4A 

10 

Ex. Cata- P Thold steam/ TOS % CO at % CO2 at % C0 2 - ppm ppm 

lyst barg c dry hours Thold Thold conv. Methane Ethane 
at Thold 

gas (max % at Thold at Thold 
CO2 conv) 

23 B 25 500 0 1 16.55 5.62 44(45) 100 0 

B 25- 550 0 2 17.29 5.02 50(52) 290 20

B 25 600 0 4 17.81 4.45 56(59) 990 120
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Table 5 

Activity of Cu- and Ag-promoted catalysts 

Ex. cata- pro- steam/ Dry cat. T hold TOS % Co- % Co- % Co

lyst moter dry gas amount *C hours conv conv conv 
at 350*C at 375*C at 4000C 

M gas flow (g) (max % (max % (max % 

(Nl/h) . co- co- co
conv) conv) conv) 

24 Q 1.1% Cu 0.54 10 1 500 1 74(89) 77(85) 76(81) 

0.54 10 _ 500 19 12(88) 21(85) 34(81) 

25 Q 0.54 10 1 400 1 68(88) 74(85) 75(80) 

0.54 10 400 19 60(88) 68(85) 71(80) 

26 R 3.7% Cu 0.53 10 1 400 1 85(88) 82(85) 78(80) 

0.54 10 400 19 85(88) 82(85) 78(80) 

27 S 7.89 Cu 0.53 10 1 400 1 85(88) 82.(85) 78(80) 

0.54 10 400 19 85(88) 82(85) 78(80) 

28 S 7.89 Cu 0.53 10 1 400 1 86(88) 82(85) 79(80) 

0.53 10 400 17 85(88) 82(85) 78(80) 

0.53 10 400 89 83(88) 82(85). 77(80) 

0.53 10 400 113 79(88) 81(85) 78(80) 

0.53 10 400 137 75(88) 76(85) 75(80) 

29 T 1.2% Ag 0.53 10 1 400 1 14(88) 23(85) 38(80) 

0.53 10 400 19 13(88) 23(85) 38(81) 

30 U 14.0% Ag 0.53 10 1 400 1 21(88) 32(85) 46(80) 

0.53 10 400 19. 21(88) 32(85) 44(81) 

31 V 8.3% Ag 0.53 10 1 400 1 27 41(85) 55(81) 

0.53 10 400 19 27(88) 39(85) 52(80) 

0.53 10 400 37 22(88) 32(85) 45(80)
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Table 6 

Activity of Cu-promoted catalysts 
after exposure to air 

5 

Ex. cata- promoter T redox No of re- % CO conv % CO conv relative 
lyst (M) *c dox cy- at 200 0C at 280 0C CO-conver

cles (max % CO (max % CO sion 
conversion) conversion) 

32 S Cu (7.8) 280 1 - 78(93) 100 

280 2 - 73(93) 94 

- 280 3 - 72(93) 92 

280 4 - 69(93) 88 

33 S Cu (7.8) 350 1 - 85(93) 100 

350 2 - 64(93) 75 

350 3 - 61(93) 72 

350 4 - 56(93) 66 

C34 W Cu/Zn/Al 200 1 83(98) - 100 

200 2 70(98) - 84 

200 3 63(98) - 76 

200 4 61(98) - 73 

C35 W Cu/Zn/Al 300 1 82(98) - 100 

300 2 59(98) - 72 

300 3 52(98) - 63 

300 4 47(98) - 57 

300 5 44(98) - 54
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Table 7 

Catalyst compositions 

Cata- %Mn %Zr M' %M' Alkali %Alkali 

lyst 

A 2.5 68.8 7 K <0.01 

B 6.8 60.5 - - K NM 

C 12.6 54.9 - - K 0.09 

D 14.4 53.8 - - K 0.01 

E 21.1 44.8 - - K NM 

F 41.0 26.4 - - K 0.01 

G - 71.5 - - K NM 

H 67.5 - - - K NM 

I - 60.6 Mg 6.2 K 0.19 

J 12.1 - Ti 44.5 K NM 

K 11.8 52.3 Y 2.3 K 0.09 

L 13.0 45.1 Fe 2.7 K 0.13 

M 11.6 50.7 Nb 7.4 K 0.04 

N 11.1 53.5 Cr 2.9 K NM 

0 12.0 55.2 - - Li 0.60 

P Commercial Fe/Cr/Cu catalyst for 

high-temperature WGS.  

Q 14.9 45.6 Cu 1.1 K 0.09 

R 11.9 48.3 Cu 3.7 K 0.02 

S 12.4 44.4 Cu 7.8 K 0.21 

T 13.1 47.1 Ag 1.2 K 0.21 

U 13.0 45.8 Ag 4.0 K 0.60 

V 12.1 43.2 Ag 8.3 K 0.69 

W Commercial Cu/Zn/Al catalyst for 
low-temperature WGS.  

5 

NM = Not Measured
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Comprises/comprising and grammatical variations thereof when used in 

this specification are to be taken to specify the presence of stated features, 
integers, steps or components or groups thereof, but do not preclude the 
presence or addition of one or more other features, integers, steps, components 

5 or groups thereof.
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CLAIMS: 

1. A process for the treatment of synthesis gas to increase the content of 
hydrogen and/or carbon monoxide in the gas comprising the step of contacting 
the synthesis gas with a catalyst comprising oxides of manganese and zirconium, 

wherein the metals are present in the catalyst in a molar ratio Mn/Zr of between 

0.05 to 5.00 and the oxides constitute of at least 50% by weight of the catalyst in 

its reduced form.  

2. A process as claimed in claim 1, wherein the catalyst further comprises 

a metallic component selected from copper, silver, gold, palladium and platinum 

and/or metal oxides selected oxides of transition metals from Group 3 to 8 of the 

Periodic Table and the lanthanicles.  

3. A process as claimed in claim 2, wherein the metallic component is 

copper.  

4. A process as claimed in claim 2, wherein the metal oxides are selected 

from oxides of yttrium, titanium, vanadium, niobium, chromium, iron, cerium, 

lanthanides and mixtures thereof.  

5. A process as claimed in claim 1, wherein the catalyst is in form of a thin 

layer supported on a geometrical body placed in at least part of a passageway 

through which the synthesis gas is transported.
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6. A process as claimed in claim 1, wherein the cata

lyst is in form of a thin layer supported on at least part 

of inner wall of a passageway through which the synthesis 

gas is transported.  

5 

7. A process as claimed in claim 1,.wherein the cata

lyst is in the form of pellets, extrudates, tablets, mono

liths and geometrical bodies.  

10 8. A process as claimed in any one of the preceding 

claims, wherein the synthesis gas is an effluent stream se

lected from catalytic steam reforming of hydrocarbons, 

autothermal steam reforming of hydrocarbons, secondary 

steam reforming of hydrocarbons and gasification of hydro

15 carbons, gasification of coal or fuel-processing for the 

production of energy.  

DATED this 3rd day of February 2004 

HALDOR TOPSOE A/S 

WATEllMARK PATENT & TRADE MARK ATTORNEYS 
290 Burwood Road 
Hawthorn, Victoria 3122 
Australia


	Bibliographic Page
	Abstract
	Description
	Claims

