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ABSTRACT

Process for the production of a hydrogen rich gas without
formation of hydrocarbons comprising water gas shift con-

version of a gas containing carbon monoxide and steam at a

temperature of between 400°C and 850°C in the presence of a

catalyst, which catalyst comprises one or more of the ele-
ments Mg, Mn, Al, Zr, La, Ce, Pr, and Nd, being able to

form basic oxides, and mixtures thereof.
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FIELD OF THE INVENTION

The present invention 1s related to the water gas shift re-

sction carried out at a temperature of at least 400°C. The
water gas shift reaction (in short: the shift reaction) 1s

a gas phase equilibrium reaction:

CO (g) + HO (g) = COz (g) * Hz ()

The reaction equilibrium is of central importance for any
process that involves synthesis gas; 1l.e. steam reforming,
the ammonia synthesis, hydrogen and reducing gases produc-
tion etc. 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.

BACKGROUND OF THE INVENTION

The shift reaction is exothermic and low temperatures fa-
vour CO-conversion. Thus, the lower the temperature, the

more a synthesis gas will be shifted towards CO; + Hz, pPIro-

vided that the gas is contacted with a sufficiently active

shift catalyst. It is common practice to distinguish be-
tween carrying out the shift reaction at below 300°C (typi-
cally 180-300°C, low temperature shift) and above 300°C

(typically 300-500°C, high temperature shift). The lower

the temperature, the higher the CO-conversion achieved. On

the other hand, it is beneficial to convert part of the CO

generate super heated steam. Por these reasons, in many 1n-
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dustrial plants that produce and/or utilise hydrogen, it 1s
common practice to have a high-temperature shirft unit for
bulk CO-conversion and super heated steam generation fol-
lowed by a low temperature shift unlt to ensure a more CoOm-

plete CO-conversion.

To optimise formation of super heated steam, conditions for

the high temperature shift unit may preferably be even

higher than 500°C, since the effluent stream of a steam re-

forming process is typically at a temperature of above

800°C at the exit of the steam reforming unit. At such high
temperatures, however, the conventionally used lron-
chromium shift catalysts suffer from rapid deactivation and
loss of selectivity due to Fisher-Tropsch synthesis, re-
sulting in the formation of hydrocarbons, particularly

methane.

For some applications, instead of forming super heated
steam, recuperation of the shift reaction heat for driving

another (endothermic) chemical reaction 1s desirable. An

example of such other reaction is steam reforming. A POSS1-
ble application of the present invention related to this

matter would be in so-called heat exchange reforming units.

A related issue of high importance in synthesilis gas 1ndus-
try is the steam/carbon ratio (S/C ratio) of the synthesis
gas. It is very desirable to perform the steam reforming
reaction at as low a S/C ratio as possible from the point
of view of process economics. On the other hand, the lower
the S/C ratio, the higher the hydrocarbon by-product forma-
tion in the following shift unit by the conventional iron-

chromium catalysts. Therefore, the industrial practice con-
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cerning synthesis gas conversion has been to settle with a
certain minimum S/C-ratio and a certailn upper temperature

limit of operation of the high temperature shift unit.

Yet another important matter relates to the temperature at
which the shift reaction is equilibrated. It 1s well known
that hot carbon monoxide containing gases have a severe
corrosive effect on many of the typical alloys, which are
used as construction materials in industrial plants. The
corrosion phenomenon is broadly known as metal dusting and
is observed as such accompanied by the formation of pit
holes in the materials in contact with the gas. The metal
dusting problem is most pronounced in materials, which are

in contact with the CO-containing gases at temperatures of

between 500°C and 650°C. Thus, the possibility of equili-

brating the water gas shift reaction at a temperature above

650°C would result in decreased corrosiveness of the gas

due to the lower content of carbon monoxide.

DESCRIPTION OF PRIOR ART

Industrial water gas shift is described in several publica-
tions; e.g. L. Lloyd et al in M. V. Twigg “Catalyst Hand-
book” Manson Publ., 1996 and J. R. Rostrup-Nielsen & P. E.
Hzjlund-Nielsen in J. Oudar & H. Wise “Deactivatlion and

Poisoning of Catalysts” Marcel 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-
chromium catalyst as disclosed 1in e.g. US Patent No.

4,861,745. In EP 634,990 Bl, chromium-~-free high temperature
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shift catalysts are claimed, but these catalysts are still

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

also mentioned in EP 062,410 Bl.

EP patent application no. 0,189,701 discloses a sulphur re-
sistant Shift catalyst based on oxides of molybdenum, vana-
dium or wolfram, and includes a promoter based on cobalt
and/or nickel, and a support material based on cerium- Or
zirconium oxide. This catalyst can be employed at tempera-
tures of 200-300°C, and improved hydrogen selectivity 1s

obtained.

There is no indication in the EP document that use of this
catalyst leads to the suppression of methane production.
Furthermore, application of this catalyst above 400°C would
lead to excessive methanation due to the presence of cobalt

Oor nickel.

EP patent no. 0,205,130 and US patent no. 5,128,307 dis-
close catalysts based on copper for low temperature Shift
reactions. The presence of various basic metal oxides act-
ing as promoters from Group 1 and magnesium, calcium and
barium leads to the suppression of by-products. K;O 1s men-

tioned as being preferable.

At temperatures above 350°C, copper is deactivated and can-
not be used as a catalyst. This is due to the increased mo-
bility of copper at these temperatures, and this mobility
leads to copper being sintered. The catalyst 1is thus deac-
tivated. The various basic compounds mentioned functilion as
promoters and do not have any catalytic activity. They

therefore cannot be related to any reactant conversion.
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US Patent No. 4,598,062 teaches that the addition of magne-
sium compounds to iron-chromium high temperature shift
catalysts results in improved mechanical strength and less
hydrocarbon by-product formation. Basically, however, this
is a modification of the iron-chromium catalyst since the
patent claims a catalyst composition with no more than ©%

magnesium oxide.

Magnesium oxide as a promoter for the Fe/Cr catalyst 1is
disclosed in US Patent No. 4,933,313, This patent also
claims decreased formation of hydrocarbon by-products. The
examples are carried out at a temperature of 360°C and a
S/C ratio of 2.5; thus at much less severe conditions than

the examples disclosed in the present 1nvention.

Similarly, alumina 1s claimed as a minor catalyst constitu-
ent in US Patent Nos. 5,021,233 and 4,503,1062. Finally,

copper spinels have been mentioned as high-temperature

shift catalysts in EP 42,471 Bl and copper-iron spinels and
related copper-iron mixed oxides are disclosed 1in US patent
No. 4,524,058,

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a proc-

ess for producing a hydrogen rich gas by contacting an ef-

fluent gas from a steam reforming unit with a basic metal

oxide catalyst at high temperatures, preferably from 400°C
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to 850°C, with significantly less hydrocarbon by-product
formation than may be accomplished by contact with a con-
ventional iron-chromium high temperature shift catalyst.

The invention is 1in particular useful in the following in-

dustrial applications:

i. Increased formation of super heated steam in industrial

plants, which produce synthesis gas.

1i. Increased energy efficiency in synthesis gas production

by transfer of at least a part of the heat formed by
eguilibrating the shift reaction, to the synthesis gas
producing unit, which may be part of e.g. a hydrogen

plant, an ammonia plant and/or a fuel processing unit.

iii. Operations at lower steam/carbon ratios in steam re-

forming units without hydrocarbon by-product formation

in a subseqguent high temperature shift unit.

iv. Decreased risk of metal dusting in construction materi-

als being 1n contact with synthesis gas by conversion

of a part of the carbon monoxide in the synthesis gas

at a temperature of at least 500°C.

The catalysts employed 1n the process according to the in-
vention can also be used in heat exchanger catalysed hard-
ware. Heat exchanger catalysed hardware has the advantage

of providing an improved heat transport away from the cata-

lyst without excessive pressure drop.

The process according to the invention can be a process

wherein the carbon monoxide and steam contain gas 1S an

effluent stream from a gasification process. The catalyst



e et Nt ol MR R B M I A 2 A R TS Py M 2 G S TR P, T g T MWL S e T e e ae A .

CA 02345515 2008-11-24

6a

can be in the form of a monolith. The catalyst can form at
least part of the inner surface of the tube through which
feed gas 1s transported. The catalyst can form at least
part of the inner surface of the heat exchange through
which feed gas 1s transported.

DETAILED DESCRIPTION OF THE INVENTION

The scope of the present invention 1s to perform the water
gas shift reaction at very high temperatures and/or at low

steam/carbon ratio without concomitant formation of hydro-
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carbons, with improved energy efficiency due toO increased
formation of super heated steam and/or recuperation of the
reaction heat of the shift reaction, and less COrrcsiveness

of the synthesis gas.

A range of materials has been tested as catalysts for the

water gas shift reaction in the temperature region from

400°C to 650°C and in some cases from 400°C to 750°C. Some

of them have been tested at various steam/carbon ratios and

various space velocities. Usually, at such high tempera-
tures, hydrocarbon formation becomes excessive and catalyst
deactivation occurs. This was confirmed with a conventional
iron-chromium high temperature shift catalyst and with sev-
eral catalysts containing compounds of transition metals

such as iron, cobalt, copper etc.

Therefore, it was surprising that with catalysts comprised
by basic oxides of main group metals, rare earth metals or
mixtures thereof in crystalline or amorphic form, signifi-
cant CO-conversion was observed while essentially no hydro-
carbons were formed, and with some of the catalysts little

or no deactivation was observed.

Oone of the most active catalysts was a catalyst comprised
by magnesium oxide stabilised with alumina (catalyst B).
Even at a very low steam/carbon ratio, no detectable amount

of hydrocarbons was formed within 24 hours on stream at

650°C. For comparison, with the conventional iron-chromium

high temperature shift catalyst, at similar conditions, the
contents of methane in the effluent gas amounted to ap-

proximately 3.5%. Catalyst B was also tested at a tempera-

ture of 750°C with no detectable hydrocarbon formation.
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Even more surprising 1s that thils catalyst does not seem tO

deactivate significantly after 17 hours on stream at 750°C.

Catalysts that were found to be active for promoting the
shift reaction without forming hydrocarbons were oxides of
magnesium, manganese, aluminium, zirconium, lanthanum, ce-
rium, praseodymium and neodymium and mixtures of these met-
als, as will be demonstrated in the following Examples 1-19
and 32. Common to these oxides i1s that they are basic and
that they do not contain transition elements in an oxida-
tion state lower than the group number. For comparison, 1n
Example 20, a catalyst which is well known to carry only
acidic sites (the zeolite H-ZSM5) is demonstrated to be
completely inactive, while in Example 21 as the potassium
ion-exchanged zeolite K-ZSM5 (thus transformed to a more
basic catalyst) 1is catalytically active. Although the ac-
tivity is low - presumably due to steaming of the catalyst
resulting in loss of surface area - ion-exchanging ZSMo> re-
sults in the formation of an active catalyst. Thus, without
the wish to connect this invention to any particular the-
ory, we have indicated that the activity of non-transition
metal catalysts for equilibrating the shift reaction 1s due

to basic sites on the catalyst.

The basic oxide catalysts have also the advantage of being
tolerant towards sulphur, which element 1s often found 1in

natural gas as hydrogen sulphide and organic sulphides.

For the sake of comparison, a number of catalysts based on
transition metals were tested under similar conditions. Ex-
amples 22-31 demonstrate that although a somewhat higher

conversion, particularly at lower temperatures, 1s achileved
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with catalysts containing transition metals such as Cu, Fe,
Cr, Mn and Co, methane formation 1s always observed wilth
these catalysts. A typical industrially used iron-chromium

high temperature shift catalyst is included in these exam-

ples.

Of these transition metal based catalysts, catalyst N con-
taining Mn is preferred since the amount of methane 1s very

limited (Example 30).

The effect of decreasing the steam/carbon ratio 1s demon-

strated in Examples 33-305.

The effect of increased GHSV is illustrated by Examples
36-38.

An overview of the materials used as catalysts for the wa-
ter gas shift reaction 1in the following examples 1s shown
in Table 1 and Table 2. The catalysts comprise catalyst A
(spinel, MgAl,04), catalyst B (magnesia, MgO stabilised
with alumina), catalyst C (zirconia), catalyst D 3 wt/wt
Mg on MgAl,04), catalyst E (10% La on MgAl,04), catalyst F
(5% La on MgAl,O4), catalyst G (H-ZSM>J), catalyst H (K-
7SM5) , catalyst I (chromium stabilised ZnO), catalyst J
(chromium stabilised Fe304, industrial iron-chromium high
temperature shift catalyst), catalyst K (15 W on MgAl,04) ,
catalyst L (1% Cu on MgAl04), catalyst M (1% Co on
MgAl,O4), catalyst N (1l Mn on MgAl,04), catalyst O (lz Fe
on MgAl,04), catalyst P (3% wt/wt Mg on zirconia) and cata-
lyst Q (10% mixed rare earths on MgAl,04; the mixture con-

tains approximately 5.2% Ce, 77.8% La, 7.0% Nd, 8.8% Pr).




10

15

20

25

30

S e e v Wwdmmnmwumﬁﬁ&mpa!wmmhyquq._— L R N T TV

CA 02345515 2008-11-24

10

The catalysts D, E, ¥, K, L, M, N, O, P and Q were prepared
by incipient wetness impregnation according to the dry im-

pregnation method with aqueocus solutions of metal nitrate

salts on spinel, dried for 8 hours at 120°C and calcined at

680°C for 2Z hours.

All catalysts were grained in a mortar and sieved. The

fraction 0.85-1.70 mm was used in all cases.

Example 1

In a copper lined, tubular reactor (outer diameter 9.53 mm,
inner diameter 4.6 mm) embedded 1n a heating device, 1.00 g
of catalyst A (bed volume 1.45 ml) was arranged in fixed

bed manner. Dry gas and steam were admlxed at a temperature

of 200°C and a pressure of 25 barg before entering the re-
actor. The dimensions of the reactor allowed for the gas to
be further heated to the desired temperature before reach-
ing the catalyst. The temperature was controllied externally
and monitored by a thermocouple on the reactor outside the
centre of the catalyst bed. At a position after the cata-
lyst zone the exit gas was cooled and depressurised to am-

bient conditions. The water 1n the exlit gas was condensed
1ln a separate contalner, while the remaining dry gas was
analysed continuously for CO and CO; by means of a BINOS
infrared sensor, thus monitoring the effect of the catalyst
on the gas composition during heating and cooling. The dry
exlt gas was also reqgularly analysed by Gas Chromatography
(GC) allowing for measurement of CO, CO,, H,;, CHi, higher

hydrocarbons and Ar. Ar was used as an internal standard.

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

min™' starting from between 200°C and 300°C until a tempera-

*

Trade-mark
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ture of approximately 650°C was reached. During thils heat-
ing period, the contents of CO in the dry exit gas (meas-
ured continuously by means of the BINOS apparatus) was used
for obtaining the CO-conversion as a function of tempera-
ture. The dry feed gas was introduced at a rate of 10 N1
h™! with the composition 74.4% H,, 12.6% CO, 10.0% COz, 3.05%
Ar, while water was fed at a rate of 3.96 gﬁhd. The Gas
Hourly Space Velocity (GHSV) in this experiment thus

amounts to 6900 h™* calculated on basis of dry gas flow.

The CO-conversion at 500°C was 22.9%. The theoretical CO-

conversion at equilibrium at this temperature and gas com-

position is 50.9%. At 575°C the conversion was 29.6% and

the maximum conversion 34.2%. After having reached a tem-

perature of 650°C (CO-conversion = 13.1%, equilibrium) the

temperature was stabilised and the effluent gas was regu-

larly analysed by GC. The first GC-analysis obtained within

one hour at 650°C confirmed the equilibrium composition of
the gas with respect tO H,, CO and CO,, and showed methane
content of 57 ppm. No higher hydrocarbons were observed.
GC-samples were withdrawn regularly for 24 hours, while
maintaining the temperature, flow and feed gas composition.
After this period, the methane content was below the detec-
tion limit (15 ppm) of the GC equipment. After the 24 hour
on stream, the CO-conversion was still 19.15%, equal to the

equilibrium value. The results are summarised in Table 1.

Example 2

This experiment was an exact reproduction of example 1 car-

ried out with a fresh catalyst sample, apart from a

slightly higher water flow of 4.00 g h™. The CO-conversion

at 500°C was found to be 22.3% (51.2% at equilibrium) and
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at 575°C 29.6% (34.5% at equilibrium) thus withln experi-

mental uncertainty the same conversions as 1n Example 1.

Initial methane formation at 650°C was ©0 ppm. The tempera-

ture and feed flow was maintained for 21 hours after which
Time On Stream (TOS) the methane level was measured to be

121 ppm.

Example 3

This experiment is a continuation of example 2 using the

same catalyst sample. The temperature was lowered to 300°C

and immediately heated again as described 1n example 1.

While the temperature was rising, the conversions at 500°C
and 575°C were measured and the results are displayed 1n

Table 1. The deactivation is substantial, but at 650°C the

equilibrium CO-conversion of 19.5% was reached. The methane
level was initially 119 ppm, and this value decreased to

102 ppm after 48 hours total TOS.

The small deviations from one experiment to another on the

equilibrium conversions is due to small variations 1in the

water flow, which was difficult to maintain at a constant

level with a deviation of * 3% with the equipment used.

Therefore, the steam/carbon (S/C) ratio 1s reported for

every example in Table 1.

Example 4

This example is a continuation of example 3 using the same
catalyst sample. The temperature was lowered and raised
again as described in example 3. As seen from Table 1, the

additional 41 hours TOS has resulted in only a slight deac-

tivation. Equilibrium conversion was reached at 650°C. The
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methane level was initially 69 ppm and after 89 hours TOS
was found to be 63 ppm. No higher hydrocarbons were ob-

served.

Example 5
This example was carried out as described in example 1, Dbut
with no catalyst. As shown in Table 1, no CO-conversion

took place and no methane formatlon occurred.

Example 6-31

These examples were carried out as outlined in the previous

examples except for the use of different catalysts. Com-
parative examples are included, with e.g. an industrial

iron-chromium catalyst (catalyst J), a copper-contalning

catalyst (catalyst L) and various transition metal contain-
ing catalysts (catalysts I, K, M, N and O). The results are
reported in Table 1. With all these catalysts, equilibrium

was reached at a temperature of 650°C or less. At the rela-

tively low temperature of 400°C, small but significant CO-
conversion was observed. Thus, with catalyst B (example /),
the CO-conversion was found to be 5.2% (equilibrium value
75.1%) and with catalyst N (example 30), the CO-conversion

was found to be 8.5% (equilibrium 75.1%).

Example 32
This example was carried out as outlined in the previous
examples, but with catalyst P; a 3% Mg on zirconilia. The re-

sults are shown in Table 1. With this catalyst, equilibrium

was reached slightly below 600°C.
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carried out as described 1n previous

variations in steam/carbon ratio and

Table 1.

carried out as explained in the previ-

that the temperature of the reactor was

raised until a temperature of approximately 750°C was

reached. The results are reported in Table 2. The catalysts

tested in these examples are catalyst B and catalyst Q (10%

mixed rare earths on MgAl,0,; the mixture contains approxi-

mately 5.2% Ce, 77.8% La, 7.0% Nd, 8.8% Pr).
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Table 1
e R —
r"-P_:xp Catalyst Approx. |gas S/C |GHSV % CO conv % CO conv CH,4 Time on CH4
NO Compo- |mixt 10° n™! lat s500°C 2t 575°C init. | stream | final
sition |{™*) (max $ CO (max % CO at at at
conversion) conversion) | 650°C 650°C 650°C
(ppm) | (h) (ppm)
1 Catalyst A | MgAl,O, 1 12.18 | 6.9 | 22.9 (50.9) [29.6 (34.2) 57 24 <15
2 Catalyst A | MgAl,O, >.20 1 6.9 | 22.3 (51.2) |29.6 (34.5)| 60 21 121
3 cont . - T 12.20] 6.5 | 6.9 (51.3) |18.6 (34.6)| 119 | 48
4 "~ cont ~ . - i [2.21] 6.9 4.7 (51.4) 114.9 (34.7)
5 | no catalyst i [2.05 0.1 (48.8) [ 0.1 (31.9) 0 0
- | — — N EEUNG—— W — Tp— R — - —
6 Catalyst B MgO i 12.32a] 9.2 | 36.8 (53.4) {32.3 (37.0) 0 19 0
e — - — e er— -
7 cont . - | i [2.35 40.2 (53.6) |33.4 (37.1) 0 100 0
L - _ SR A S S——
8 | cont 39.0 (53.4) |33.3 (36.9) 0 114 0
- I —
S Catalyst C 16.8 (53.06) [25.9 (37.2) 0 19 0
i f——————————————— e ——--—-—-—-——-T-—-——-——-—-—-——- ———-——-—-———r——— g . e aa e s
10 cont - - i 12.36| 13.0 | 16.5 (53.7) |25.9 (37.2) 0 44 0
R _—
-—-————--———*——'———‘T_’_"—,  pa—— . e o S S
11 | Catalyst D | 1% Mg i 12.201 7.0 | 25.7 (51.3) |30.1 (34.6) 0 22 0
T 1 I A S IS E—
12 | Catalyst E | 10% La’ i 12.38| 8.0 | 30.3 (54.0) |33.1 (37.6)| 54 19 29
13 cont — . I 12.36| 8.0 | 21.5 (53.7) [31.6 (37.3)| 14 37 <15
IR N NS S— | S R
14 cont I i | 2.36] 8.0 I 19.3 (53.6) |31.2 (37.2)| <15 86 0
— -— et s S E—— g m— s e
15 cont — . - i 12.36| 8.0 | 18.7 (53.7) [30.8 (37.2) 0 117 0
16 | Catalyst F | 5% La’ T 12341 7.6 [ 29.2 (53.4) |33.2 (37.0)| 42 | 44 | 20
17 cont . - 7.6 | 16.7 (54.0) {30.1 (37.6)| 19 | 60 0
18 “cont - - i 12.38| 7.6 1| 14.7 (53.7) ‘29.1 (37.2) 0 86 0
o L
19 cont — . - i 12.34| 7.6 | 14.1 (53.8) [28.8 (37.4) 0 114 0
20 | Catalyst G | H-2SM5 i | 2.23| 6.5 0.0 (51.8) | 0.1 (35.1) 16 4 15
51 | Catalyst H | K-2SM5 T 1 2.24] 6.6 | 5.8 (51.8) | 7.5 (35.2) | 30 3 20
. N | S B
22 | Catalyst I Zn-Cr 5 1 2.231 9.8 | 47.1 (51.8) {35.9 (35.1)] 148 4 150
_._.———c-)-ﬁnj;g—e— - e S TSI T— T ————— A A S ——— SISO | —— i A ST —————— — —L
23 | cCatalyst J | Fe-Cr T | 2.36| 10.0 | 49.5 (53.7) |34.5 (37.2)| 524 19 290
I | owide | I U I E—
24 cont - - i | 2.341 10.0 | 46.1 (53.4) [34.3 (36.9)| 280 24 177
-
25 cont - " - i 12.34| 10.0 | 45.1 (53.4) [34.1 (36.9){ 175 43 159
26 | Catalyst K 1% W' 1 [2.221 7.0 | 13.3 (51.6) [24.9 (34.9) 24 17 <15
- L I PSSR WU S— — I N S
27 | Catalyst L | 1% Cu’ i 12.36] 7.0 | 50.5 (53.6) [33.5 (37.2) 18 98
o _ - |
28 cont — T 12.361 7.0 | 24.1 (53.7) {30.2 (37.2) 23 n.m.
29 Catalyst M 1% Co' i 2.37 1 7.0 39.8 (53.8) |34.5 (37.4) 5 1350
30 | Catalyst N | 1% Mn'f > .35 | 7.0 | 34.6 (53.6) |33.0 (37.1)]| < 15 3 | 30
31 | Catalyst O 2.36| 7.0 | 34.9 (53.6) {34.0 (37.2) 45 5 133
32 | Catalyst P | 3% Mg" 2.30 | 13.0 | 21.1 (52.9) [32.8 (36.3)I < 15 a < 15 |
N D I R L R et
33 | Catalyst J | Fe-Cr i | 1.51 | 10.0 | 32.2 (37.3) [16.7 (20.0)| 25000 22 35000
oxide . |
34 Catalyst B MgO 1 1.34 9.2 22.7 (32.7) |15.2 (15.4) <15 20 <15
N U E— e R
35 | no catalyst i | 1.34 0.0 (32.9) 0.0 (15.6) 0 16 0
36 | Catalyst B MgO i | 2.33] 18.4 | 34.8 (53.5) [30.8 (37.0) 0 16 0
S ! N
37 MgO i 2.33 | 36.8 | 29.1 (53.3) |29.4 (36.8)|n.m. 4 n.m.
38 MgO i 2.35 | 46.0 | 19.6 (53.5) |26.5 (37.0) | n.m.”™ 4 n.m.
L. N R et ] - "

(*)Gas mixture (i): 74.4 % H,, 12.6 % CO, 10.0 % CO,, 3.0 % Ar

## H##

*impregnated on MgAl,0,, **impregnated on ZrO,, ""'n.m.: not measured

TS Tl TR o) -l o )
1AL~ LA P RN TUP AT AN FIp VTR SR S IR AT C 1550 vt Pl ol ~Ih rarmepal ' widkd PEEcainecn v b AP IR0 (RN S S0 AR T AN SRR 0 Viks bl 3 =iy L. PR AN S ot AR 1 < AT PN A - 3 P M A DA o3 i — b Ak MO MO st hae KA iR oat 4 vl o
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Table 2
- .
| ExXp ' Catalyst Approx. (gas S/C |GHSV % CO conv ¥ CO conv CHq Time on §H4
NO Compo~- [mixt 10° h™' lat s500°C 2t 575°C init. | stream | final
sition |[(*) (max % CO (max % CO at at
| conversion) conversion) | 750°C 750°C 750°C
(ppm) (h) (ppm)
39 | Catalyst B MgO i 12.40| 9.2 | 41.5 (54.3) [35.6 (37.9) 0 17
40 cont ' . 34.2 (37.5) 23 |
41 _—Catafyst Q 10% Ln" 1 2.34 8.0 22.4 (53.4) {32.3 (36.9)| n.m. 1 105
(*)Gas mixture (i): 74.4 % H,, 12.6 % CO, 10.0 % CO,, 3.0 % Ar

°10% mixture of lanthanides on MgAl,O,
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CLAIMS:

1. Process for the production of a hydrogen rich gas
without formation of hydrocarbons comprising water gas
shift conversion of a gas containing carbon monoxide and
steam at a temperature of between 400°C and 850°C in the
presence of a catalyst consisting essentially of zirconium
oxide, magnesium oxide deposited on an aluminum oxide

support, or mixtures thereof.

2 . Process for the production of a hydrogen rich gas
without formation of hydrocarbons comprising water gas
shift conversion of a gas containing carbon monoxide and
steam at a temperature of between 400°C and 850°C in the
presence of a catalyst consisting essentially of (1) alkali
metals and (2) zirconium oxide, magnesium oxide deposited

on an aluminum oxide support, or mixtures thereof.

3. Process of claim 1 or 2, wherein the carbon monoxide
and steam contailning gas 1is an effluent stream from a

gasification process.

4 . Process of claim 1 or 2, wherein said catalyst is in

the form of a monolith.

5. Process of claim 1 or 2, wherein said catalyst forms
at least part of the inner surface of a tube through which
feed gas 1s transported.

6. Process of claim 1 or 2, wherein said catalyst forms
at least part of the inner surface of a heat exchanger

through which feed gas i1s transported.
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