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COMPLETE SPECIFICATION

Improvements in or relating to Water Gas Shift Catalyst Preparation

We, STanparp O DEVELOPMENT CoM-
paNy, a corporation duly organized and
existing under the laws of the State of
Declaware, United Sietes of America, of

5 Elizabeth, State of New Jersey, United States
of America, do hereby declare the invention,
for which we pray that a patent mzy be
granted tous, and the method by which it is
to be performed, to be particularly desceibed

10 jn and by the following statement -

The present invention rclates to the
preparation of hydrogen by the reaction
hetween a hydrocarbon, usttally methane,
and steam in the presence of & reformer

15 catalyst to produce mixtures of H, and
CO, ‘and the treaiment of this gascous
mixture with furiher quantities of steam in
the presence of a carbon monoxide converter
catalyst. More specifically, the present in-

20 vention relates to an improved process fur
the preparation of a carbon ~ monoxide
converter catalyst whercin is obtained 2
catalyst having a more rugged natore and a
higher activity than those hitherto produced.

25 in the manufacture of hydrogen by the
reaction of stcam with hydrocarbons et
elevated temperatures, it is well known to
carry out the process in two stages, wherein
in the first stage, methane or other gaseous

30 hydrocarbons are reacted with preferably
an excess of steam in the presence of well-

- known reformer catalysts containing nickel
or cobalt, gromoted with magnesia, alumina,
thoriz and similar oxides, and supparted,

35 if desired, on an inert base, The tempera-
tures usnally employed are in the order of
1200°-1400° F. and higher, and as o result of
the Teaction, H, CO, and CO are obtained
and, because of the high temperature required

40 to promote the reformation of methane, the
“ratio of CO to CO, in the product is high.
In order to increase the yield of i, the
reaction mixture js passed from the first

[ Price 25, 8d.]

stage to a second stage, which is operated
at a much lowes tempersture, in the ncigh- 43
borhaod of abont B800° F,, and forther
guantities of sicam are gemcrally added
to the gas. In this stage the carbon mon-
axide pruduced in the first stage is converted
to carbon dioxide. and additional hydrogen 50
in accordance with the water-gas shift
reaction, and the second stage is catalyzed
by CO converter ratalysts rich in iron
oxide, admixed with one or more of a vatiety

of uther metals or metal oxides. Since 50
carhon monoxide conversion is limited by
water-gas shil{ equilibrium considerations,
complete conversion of €O to €0, is not
realized.

Where hydrogen of a higher purity is60
required, the gas from the water-gus shift
reaction, efter condensation of the excess
water vapor and removal of the carbon
dioxide, can be mized with additional steam,
heated to an elevaicd temperature and 65
passed over another quanlity of carbon-
Imonoxide conversion cafalyst. This resuits
in conversion of a major portion of the
residual carbon monoxide to carbon dioxide -
with the formation of additional hydrogen. 70
1f an even higher purity is requircd the abave
procedure can again be repeated after re-
maval of the carbon dioxide, The carbon
monoxide can also be remioved by absorption
in a selective solvent, usually a solution of 75
a copper salt, or it may be hydrogenated to
methane by passing the gas over 2 saitable
catalyst, These additiomal steps would be
simplified or made unnecessary if an active
cutalyst were available which would promote 80-
the water-gas shift reaction at a sufficiently
low temperaturve, -

Onas of the problems associated with
carbon monoxide converter caialysts is
their tendency to be fragmented and erushed 85
under the reaction conditjons, resuiting in

Price 45 64
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formgtion of fnes, dustincss, and other
undesirable condifions, preventing this use
under conditions of high gas velocities, thus
setiously limiting plant throughputs,

5 The gmt steps 1i ené cuslomary process
of Pprepuring convertcer catalyst coosist in
impregnating iron oxide with 2 solution of
a prometer, such as chromic nifvate, to form
g slurry, which is then heated in a fumace

10 to drive off the water and to decompose the
nitrates to oxides, The oxides are then
wetted with water and exiruded to the desired
size, The pellets so formed are then dded
in a steam heated oven at ‘about 300°-

12 310° F. to remove the moisture.

Converter catalysts prepared by the general
%ymcesa as-outlined above possess a rather

ow crushing resistanice or side strength..

By side sirength reference is had to. the
20 testing methed whergin a pellet is laid on its
side and the force necessery fo crush and
digintegrate the Iatter is determined in a
conventional catalyst cmshing machine,
The , dried pellets are found to have an
25 average side strengih of ahout 10 pounds,
which is far too low for the catalyst to hold
up under plant operating conditions, To be
employable on a comunercial scele, this side
strength must be jnereased up ta at least
30 45 pounds for a §* pellet, and the higher
strength the better.
Neither catalylie activity aleme nor phy-
sieal compasition of a catalyst pef sg is a
criterion of the snitability of a given sub-

85 stence or mmixture for usc in the procegs.
The ehoice of catalyst is governed by a
varfety of ctors of which eatalytic activity.

is but one of importanee, apd the robustness
of the material and economy of ifs prepara-
40 tion are of equal significance. Thus, in a
recent articly hy Choistain and Boyd in
Chemical Engincering, May, 1849, if was
shows that though thres of the five principal
commercizl carbon monoxide rconversion

45 catalysts were af comparable compusifion,”
commercial practice has shown that their -

performance is different and this difference
is attributed to the method of mannfacture
ratbher than lo any small difference in
50 compoesition. The. anthors conclude that
the method of manpufacture has a large
Influence on the activity of a catalyst, and
is & major factor in determining the physical
properties, Thus, size of catalyst particles
55 must be such that the allywable pressure
drop across the catalyst bed will not he
exceeded undar operating conditions. Haw-
ever, some catalysts, when subjected ta
relatively high spaca velocities, are partially
60 reduced to a dust which accumidates in the
" catalyst bed, Channelling of the gas fow,
inereased pressure drop snd unsafisfactory
cotiversion of carben monoxide result from
dusting, and eveniuelly the operation has

to be interrupted and the catafyst either 65
removed and screencd, or discerded and.
replaced with fresh catalyst, '

rior t¢ the present invention, it has been
found that the physical Tesistaznce to dis-

“integration, as measured in terms of sids 70

strength, could be' substantielly increased .
by subjecting the dried catalyst, prepared

- by impregnating iron oxide with a solution

of chromic nitrate to form a slurry which is
then heaied in a furnace to drive off water 79 -
and decompose nitrates into oxides, to a
masting process in the presence of a stream

of air. The effect of this roasting was not
only to increase the strength of the catalyst
but also fo decompose completely, salts, B0
guch, as nitrates. In general, the heat lreat-
ment was carried out for about 8 hours at
about 1050°F. The table below indlcates
the effect of this hieat {reatment with air at
ineseasing temperature levels, all carried out 85
in pereds of 8 hougs.

Temperature of Avcrage
Treatment Side

in Air Strength .
200° F, 20 S0

1000° F. 44

1100° I7, . a7

1200°F, ] 54

1300° F. ’ 55

1600° F, 44 85

The gbove data indicate that a treating
temperature of greater thap 1000°F. and
less than 1600° F. is necessary to produce
catalyst of safficient mggedness,

‘Tt hass alse been found, however, as 3 100
resulf of much experimental and commercial
operation that the aciivity of the converfer
catalyst, as measuxed in terms of percentugs
of CQ in. the exit gas from the CO conversion
1unif, decreases ag the tempersature of heaf 105
treatment increases, the following table

- showing in a general way the manner in

which this decrease takes place,

Temperature of
Treatment %% of COIn 110
in Ajr Exit Gas
950° . 1.4-1.6%,
1000° F. 16-1.7%
1100° F, 1.8-2.14,
1600° T, 2.2-2.6% 115

Thus, at those activatien teruperatures
resuliing in highly active catalyst, the
catalyst has a low side strength. When
side strength is raised, activity falls.

When CO is presemt in the hydrogen 120
leaving the converter and thehydrogen is
employad in hydrogenation processes, the CO
will be converted fo CH,. Because of the -
enormous guantities of hydrogen thns mann-
factured and thons employed, the methane 125
eoncentration will rapidiy build up to such
a high degree that, in the hydrogenation
process, some of the pas will continually
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have tq be bicd off that nrdinarily would be
recycled, and thus relatively small differences
in CO content of the hydrogen gas feed to &
hydrogenation process can have a very

5 appreciable effect on the operating cost.
For this reason, the importance of reducing

_the CO content even by as little as 0.1-0,3%,
of the total converter cfffuent canmot be
overemphasized.

10 It is thus apparent that in accordance
with prior art proctice, a compronise must
be effected belween the higher catalyst
treating temperatures favoring increased
catalyst strength, and the lower temperatures

15 favoring increased activity, In gemersl, a
tpmperature of 1050° F. is employed, resulting
ip an average side strength of about 45 and
an activity, as expressed in % CO in cifinent
from the converter, of about 1.8 to 2.0.

90 Besides the problem of activity and
durability of the converter catalyst prepared
ay indicated above, the method of preparation
of such = catalyst, which consists of about
939, Te,Oq and 7% Cry0y is tedious and

25 lengtly, requiring, as it dues, seven distinct
steps, namely (I} impregnation, 82) drying
and decomposition of nitrates, (38) wetting
for extrusion, (4) extrusion, (5) drying
(6) activating, and (7) screening. Tutrther-

50 more, the decomposition of mirates poses
the problem of disposing of the objeciivnable
oxides of nitrogen, for wiich there must be
made suitable provisions. It is highly
desirable, thersfore, to produce a CC con-

35 verter cutalyst which may be prepared in a
more simple fashion, and which will be more
stable to heat and show higher conversion
lovels and better durability characteristics
than the conventional catulyst prepared, as

40 outhined above, from jron oxide and chromic
nitrate.

1t is, therefore, the principal object of the
present invention to preparc an exceptionally
zctive carbon monoxide conversion catalyst
45in a form having a much greater physical
strength and showing a greatly decreased
tendency towards dusting than convention-
afly prepared catalysts,
Tt is also an object of the present invention

50 to prepare 2 better conversion catalyst for
CO comprsing chromium and iron by 3
process considerably more simplified than
conventional processes.

A further object of the invention is {0

B5 prepare a carbon monogide conversion
catalyst which is more stable to heat and to
water than those prepared hitherto.

Other and further objects of the invention
will appear from the description hereinafter.

60 It has now been found that an exception-
ally rugged and active converter catalyst
comprising iron and chromium may he
prepared in 3 considerably mere simplified
tanner than possible bitherto, by employing

chromium troxide instead of chromium 65
nitrate and by a process of operation described
more fully below. The conventional
process starts with a mixture of chromium
niteate and ted iron oxide; the improved
process employs CrO,, instead of chrominm 70
hitrate. Since the amount of water required
to dissolve the necessary amount of Cr0Oyg is
smaller than the amaunt requited to dssolve
the necessary amount of Cr{NQ,), and since
the smount of water used to dissolve the 75
CrQ, may be adjusted to exactly the amount
required for extrusion, the proeess of the
imrvention is simplificd by the elimination of
a wetting and drying step. The sotubility
of Cx(NQy), in water Is substantially less than 80
that of chrominm trioxide, in terms of fotal
amount of chromium that may he dissolved.

Turthermore, in accordance with the
process of the present iuvention the decgm-
position of the nitrates, with accompanying 85
problems of disposing of the objeciionable
oxides of nitrogen, is elininated. There is
obtained a catalyst consisting essentially of
axides of iran and cheominm which is sgb-
stantially identical in composition with the 90
catalysi prepared by conventional means,
bui which, becanse of its manner of prepara-
tion, is considerahly superior in activity aud
durability te the conventionally prepared
ponverter catalysi. a5

Tn biief the improved progess inwolves
forming a mixture or shury of ferric axide,
chrominm trioxide and water, extruding
such mixture and.activating the extruded
material at an elevafed temperature to con- 100
vert chroinium trioxide to chramic oxide,

Ti i¢ preferred to carry out the activation
treatment at a temperature in the upproxi-
mate range of 1000-1300° F. and desirably
for a period of epproximately 8 hours. 105
Catalysts prepared accarding to the mvention
may have the desituble characteristics of a
pellet crushing sirength of at least 80 pounds

as hersinafter defined and a catalyst activity
fevel corresponding to substantially equili- 110
brum carbon mionoxide conversion in the
tomperaturs range of 800-000° F. .

The crushing strength of the improved
catalyst is delermined by means aof a simple
apparatus consisting of a horizontsl bar 115
supported from below by a fulcrum placed
at o point which is ene-third of the way along
the bar. Below ihe bar and half-way
between, the fulerum and that end of the bar
which is furthest from the fulorum, is pro- 120
vided a platform which is movable up and
down with respect fo the bar, Weights are
also provided for loading both ends of the bar
wherehy the bar may be balanced hori-
zontally or cansed to bear dovm on & catalyst 125
pellet placed on the platform. In operation
The bar is made perfestly level by ihe
addition of counterseights to the end of the
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'-ba.r'_néa.rest to the fu]_c-mm'. A cylindrical |

catalyst pellet 8/16 inch in diameéter and
3{18 inch in length is then placed upon the
platfarm with ite axis horizontal and at right
5angles to the bar. The platform is then
iaised wnfil the dpper rounded surface of
the pellet -touches - the underside -of the

horizontal bar. That end of the bar fiwthest

. Trom the fulcrum i¥ then loaded with weights
10 antil the peliet is ¢rushed, and the crushing

strength of the pellet is designated as twice’

the -weight in pounds of the weights added
to the end of the bar forthest from the
foleTo in order o crosh the pellef. Thusa

" 15 reference in this Specifitation to = catalyst -
trength of say X

having a pellet crushing s

pounds means that the catalyst has physical

propeitics such that when formed inte a

cylindrical pellet 3/16” jn diameter and

20 3/16" in length, such pellet cxhibiis a

* - crushing strength of X poiinds when measured
in the mamnner described ahove.

" In order to illustrate the inveantion, below ..
are sct forth specific examples describing the -

. 25 improvement in catalyst preparaion.. Ex-,

ample 1 deseribes the conventional . process .

for preparing a catalyst consisting essen-’
tally of 93% Ve, 0 and 7% Cr0, while:

:  Exédmple IT describes a process for preparing -
" 80 the catelyst of the present inventien which,.
"though ~having substantislly the same.-

chemical composition, has far superipr;
propertics. . -
. Ex I -

35 A batch of CO -conye;sion'cata.lyst was,

grepa’red by impzregrating in a mixer about

?0 puunds of red iton oxide (Fe,0.) with'
11.5
.. Itiakes this large amount of water to dissolve
- 40 the chromic nitrate, However, this mixture
is too wet to extrode and tdo dry to feed
rerdilyto the Herreshoff furnace. Accordingly,

five gallons of water were added to make a
glurry, which was conveyed to a Herreshoff

45 fornace, wheredn it was heated at -about
580°F, In this stage, substantielly all of
the water is driven off and most of the

. nitrates’ are decomposed {o oxides, How-

ever, in this drying step, about 849, of the
180 material is lost out of the furnace stacks as-

a fine powder,

The -resulting mixture consisting of about
93% iron oxide and 7% chroumium oxide is.

then wetted with water In a mixer to facilitate:

55 extrusion, approximately 7 gallons water/300 .
pounds of oxides ‘hemmg required. After.

extrugion dnd pelleting, the pellets are-dried
with steam at about 300° I., to remove most
-of the moisture and to prevent cracking of the
80 pellets - on subsequent heating at higher

temperatures, The. dried pellets are then

activated in an atmosphere of &ir in an
clectric formace for zbout eight hours at

" remove fines.

of chromit nitrate {509 solution),”

Exampla ITT.

1050° K. ‘Thege are the Hime dnd tem- -
peratties requoired fo decompose thoroughly 85
all the nitrates and to make the pellets -
sufficiently- strong, imparting an average

-side strengih of about 50 pounds. The

pellets after activation were screenmed 1o
B C70

Exanrrre IT

As-an’ example of preparing catalyst in
accofdance ‘with fhe preseni imwentivn,
dbout 150 pounds of red-iron oxide (Fe,0y);
30 poonds chromium trioxide {CrOg) and 75
5.5 gallons of water were made into a paste
in ¢ mixer and, efter thorough mixing,
ancther 130 pounds of irom nmxide were
‘blended in and mixed well, The resulling
material was next extruded and pelleted to 86
the destréd size, pellets of about 3{16"-3/4"
being the vgval plant size. It may be noted
here that, for the same consistency, the
chromium trioxide containing mafefial was
more readily extruded than the conventional 85
type material, and thos, a drier material may |
be extruded than by the old process, eliminat- -

+ing the necessity of a separate low fempera-

tuge drying step prior to acivation. The
pellets were dried and activated ini an electric 90
furnace for 8 hours at -1100° F., which tem-
perature was found to give the best activity
and strength, and at which temperature
CrQy is converted into Cr,0,.  After activa-
tion the pellets were screened to remove 85
fines. The elimination of the drying step
_beefﬁre extrusion eliminated dust Josscs as
Wi . ST

‘Comparing the two processes, therefore, .

(it can be seen that in accordance with the 100

present invention,-three steps are elimimated.

0ld Process New Process
(1) Impregnation in (1} Inipregnation in
Mixer . Mixer -
(2) Drying in Furn- (2) Exfrusion 105
ace at 550°F, (3} Activation at ’
(3) Wetting for ex- - 1100°F.
: trusion in {4) Screening
Mixer G e
%4}-Ex’cmsion S s 110
5) Drying at 300° F.
{6) Activation at 1050° ¥,
(7} Screenin

~ A comparison uf uctivity of the two types
of .catalyst is given in the table bhelow in 115

Lo Examere III -

* Catalysts prepared by both processes were
tested for acfivity In a carbon menoxide
conversion unit. As feed gus, CO, CO,, 120
H, and steam, representing the effluent -
from a prior methane reforming nnit mixed
with steam, were employed. '
_Comparison of Activity of Water-Gas

Shift Catalyst : - 125
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7%, CryOg; 93% Fe, O

Caialyst Mfg. Pro- 0ld
cess
p Vol. Catalyst

New

45cc. (4-8 45cc. (4~

. mesh) 8 mesh)
Wt. Catalyst 60 Grams 75 Grams
Tulet Gas, litres/Hr. 20
Stearn, litres/Hr. .. 66
Tnlet Gas, V/V{Hr... 445
10 Steam, V/V IIx. 1473
Temperature, °F. .. ]15
Feed Gas Conposition
9, CO Vol % 30.6
a7 £O, Vol. Y%, 8.3
i3 a7, H, Vol. % 81.1
Exit Gas
%, CO 2.0 14
es CO, 27.8 25.6
%% H, 70.4 70.0
) Examris 1V

Ty show that these high activitics are

obtained consistently, the table below shows

. the CO efffiuent from composites from com-

mezcial plant production, employing the new
25 catalyst.

Sample of, €O in Effluent
March 8-6 1.4
March 11-13 13
March 18-20 1.3

80 At the temperature level of 800°-900° F.,
which is most desirable for operating the
. water gas shift, or carbon monoxide con-

version Teaction, the equilibrium value in
terms of unconverted CO 1s about 1.2%.

With the conventional commercial 35
catalysts under commercial operafing con-
ditions, the CO in the effluent is in the
neighborhoed of 2.0-2.5%. '

Examples [11 and IV clearly indicate the
superior activity of the conversion catalyst 40
prepared in_accordance with the present
invention. Besides the examples cited, mum-
erous other examiples may be given.

As airezdy indicated, it is necessary fo
heat comverter catalyst to. relatively high 45
temperatures in order to obiain the nacessary
physical strength for commerciai use ; other-
wise, the particles will fall apart in the plant,
with incfficient operation resulting. How-
ever, it has beep. found that heating the 50
caielyst may impair activity and, as already
shown with comventional catalyst, a come’
promise must be reached between activity
and physical strength; that is, above a
certain temperature level, about -1000°- 5]
1100° F., increasing the temperature -of
activation increases the stre but mark-
edly decreases the activity. With the new
catalyst, however, activation may be carried
out at considersbly higher temperatures 60
without accompanying loss in  activity.
Thus, in the following table it may be seen
that catalyst from the improved process has .
not only a greater heat stability but also
greater physical strength than that prepared 65
by the conventicnal process.

Convertional Catalyst 7 New Catalyst
Peiict Crushing Pellet Crushing
Activation Strength e, CO Strength o CO
70 TemperatureF. {Average) in Product (Average) in Product
900 20 Lbs. — — —
850 -— — 40 1.8
1640 44 —
1050 — — g3 .- 1.4
75 1100 57 2.0 82 14
1350 — — o0 1.3
1200 5 — :
1250 — — B8 1.7
1300 55 — — —_
80 1600 44 2.2 - —

These data show not only the greafer heat
stability of the new catalyst, but also its
greater strength.

Thus to summarize, the advantages of a

85 Cr,0,—Tre O, catalyst prepared in accordance
with the present invention over a conven-
tionally prepared catalyst ave as follows

{1} Better activity.

(2) Betier physical strength.

50 (3} Catalyst does not break down when

weakened,

wet with water ; sometimes in the operation
of plants for carfying out the water-gas
shift reaction, the catalyst may become
wetted with water, and it is important that
the particles be able to withstand this wetting 85
trentment without . physical disintegration.
It has heen demonstrated that the improved
catalyst docs not lose physical strength when
wetted, while the unimproved is seriously
. 100

L e e e m—————
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(4) Better heat stablhty . '
(8) Less expansive catalyst in’ Lezms -of
chemicals, Jabor aud transportation.
(8) Bettergas for hydmgena,ﬁon processes,
6 as it contains less CO, -
(7} By eliminating. the convenfional wet-

ting and dryiug steps, 3.8—4% losses of

- material arc prevented. .
(8)- Since the mixénre produced in (he

10 modified procedite is not as wet at the time )
of extrusion as. that -produced by older

pracesses, the extrided catalyst from the

modified process can be sent at once to the -
activation furnace w:thout going through a-

15 pre]mnnary drying step.

Numerous mndxﬁcahons of the invention
arc readily apparént to those skilled in the
art, Thus, small variations in the ratios of
the components of the findl catalyst, or in

. 20 the ratic of chromium trioxide and iron
oxide’ fed intially, are wzthm the scopt: of
the invention. |

Thus, in sccordance with the preseni-
invention, there is obtained "a water gas

25 shift “catalyst which, when employed in a

carbon monoxide conversion zone' opers.ted

in the. neighborhood of abont 800°-800° F.,

reduces the CO -content of the effiuent from.

. a methane or natural gas reforming zone to

. 80 substantially equilibrium proportions, This

catalyst combines a high activity- thh an
excepumal dr.grc,c of ruggedness :

What we claim i 1§ fam

1. A -process for the Dreparalion of an’
85 impioved catelyst adapicd.tc promote the,
shift- reaction which rcomprises.

water, gas
mixing ferric oxide, chramium trioxide and

water, exiruding the resulting mizture, and..

“activaling the cxtruded material at elevated
40 temperatures to convert i.:hmmmm tricxide
to chromic oxide, -

9. A process accorduig o Clm.m 1, wherein i

said extraded material is pelleted.
3A
45wa.ter gas shift ca.ta.lyst containing fernc

process .4f preparing an nnproved'

omda and, chrom:c oxlde whmh comiprises
forming a slurry of ferric, oxide, clwomium -
trioxide, and waterma.mlxmgzone adding -
a further- quantity of ferric oxide tn said
shury to produce a material smitable for 50
extiuding, - extruding the Iatter, pelleting

‘said exfruded materiol and activating said
- pellets in the presence of air at an elevated

temperature to convert. chrommm trioxide
to chromic nxide,

4, A process according to any one of-
Cliims 1--3, wherein said activation is carried

55

“out af temperatoxes in’ ihe . approximate

range ‘of 1000°-1306"F.,; preferably” for a
period of approximately 8 hours. . 60
- 5. A process according to any one of the
prcceﬂmg claims, wherein the proportions
of “ferric .oxide and chromduin tricxide
employed are such as to yield a final catalyst
product comprising a major proportion of 65
ierric oxide and a minor proportion of chrm:mc '
axide,
6. Aprocess according 1o Claim 5, wherein

gaid proportions are such as to-vield a
-catalyst comisisting essentially of approxzi- 70

mately 989, Fe,O, snd approximately 7%

’ Crgo

7. A catalyst whenever prepared by a
proesss according o any one of the preredmg
claims,

8. An nnproved procesa for converung a

%fseous mixtire comprising CO, €O,, and

into a product rich in hydmg&n and low
in ca.rbon monoxide which comprises passing.

‘zaid mixture and additional stewm’ throughBO
"4 carbon menoxide conversion zome in the

presence of a CO converter catalyst according

to Claim 7.
8. A - process accordmg to Claim &
wherein said gascous mixture passed to the 85

.CONVEIsion Zome comiprises eﬁlnent from a -
. methane reformin )
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