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This invention relates to a method for the production of.
catalysts of improved activity for the reaction of carbon monoxide with
steam to produce carbon dioxide and hydrogen, and to an impreved type
of catalyst composition.

Catalysts composed of iron oxide and magnesium oxide, pro-
moted by the addition of a sﬁall quantity of potassium bichromate, have
been used for carrying out the so-called water gas reaction for many
years. These catalysts are usnally prepared by mixing the iron oxide
and magnesium oxide with a water solution of potassium bichromate to
form a paste which is dried to a powder of about 5% water content by
neating at 100-140° . and then formed into pellets by compacting in an
automatic tablet-forming machine to preduce an autogencus bond. The
tablets so cbtained have a ph&sical strength corresponaing to an
average orushing welight of abbui 20 1bs. for tablets of 3/8" diameter,
This strength inereases slightly ddring,the initial period of use of
the catalyst.

It is a principal object of the present invention to provide

|l an improved method of manufacturing catalysts of the above type, which

method will produce pellsted catalysts combining the advantages of

high activity and greater mechanical strength. A further important ad-

vantage 1s the production- of catalysts which have a leong effective
life, éven when used with gases. that contain impurities that would re-

\ .
duce the activity of the prior art catalysts degcribed above.
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The eatalysts of our invention, like those that have pre-
viously been used, contain iron oxide together with about 10% - 100%
of its weight of magnesia as their pringipal constituents. The preseny
invention, however, employa an adsorbent type of magnesium oxide known
commercially as Mactive magnesia." By employing this pype of magnesia
and by modifying the manufacturing procedure as will subsequently be
described, we have obtained catalysts combining improved activity with
greater mechanical strength.

The active magnesia which we employ is obtained by calcining
precipitated magnesium hydroxide at a relati#aly low temperature or, -
if higher calcination temperétures_are uged, for a relatively short
time. Ordinariiy the precipitéted magnesium hydroxide is calelned on
a temperature-time schedule varying from 300-400° C. for 4 hours to
625-750° ¢. for 0.5 hour. The resulting products are most readily
identified by the fact that they possess definita.iédiné numbers, in-—
dlcative of their ability tﬁ adsorb lodine from a-carbon'tetrachloride
solution thereof. Theaé iodine walues witl vﬁry from aboﬁt 25, in the
case of a magnesia calcined for 4 houré at 3004,00O C., to 150 or more

wherl a calcination at 750° ¢. for 0.5 hour is used. The iodine value

“1s determined in the usual manner by shaking a weighed sample of the

caleined magnesia with an 0,1 N solution of iodine in carbon tetfam

chioride, bransferring an aliguot portlon of the supernatant lodlne .
solurion to a measured quantlty of 0.03 N potassiuvm iedids in ethanol
and titrating with 9tandard 0. 05 N sodlum thlosulfate. ‘The iodine
number is caleculated by subtractlng the amount of thlosulfate used
from the amount reqqued for an equal quantlty of the orlginal icdine
solution and muitiplying the result by 250 times the normality of the

sodium thiosulfate. : f
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1 In carrying out the process of our invention we first prepare
2 |la uniform dry mixture of the powdered active magnesia with an iron
2 Goxide (Feg‘Og) which is preferably of pigment grade having an average
¢ | particle size of less than one micron diameter. Into this mixture we
5 incorporate uniformly about 3-40% of magnesium chromate. This may be
6 [ done by adding an agueous solution of chromic acid con;c.ai_ning about
7 || 2-50% of 01‘0-3, based on the weight of the magnesia, which redcts
8 | readily with a portion of the active magnssia present.' in the dry mix—
9 ture. Alternatively an equivalent amount of a separately prepared
10 | magnesium chromate solution may be added; in this casé, the amount of
i dry magnesia mixed with the iron oxide is reduced accordingly. In
12 ) gither case an amount of water is .added ,. usually within the range of .
13 | about 50-100% on the weight of the magnesia, which is Qufficient to
14 || nydrate all of the magnesla and, in addition, to provide a free mois—

15 || ture content of about 3-10% in the finished mixture. This excess

18 | poisture accelerates the hydration of the magnesia, prave_nt,s dust
1 formation and aids J.n producing a granglar powder that is easily
18 pelleted on an automatic pelleting machine.
19 4 _ Some of the free moisture of the composition reacts with The

20 'mégnesia before pelleting; the degree of hydration of the magnesia at

%l tnis polnt is usually about 20~35%. The matorial is then a frée- .

22 | flowing powder, and in this condition it is pressed into pellets in a
3 tabletting machine which is preferably of the automatic type.-
24 “ .
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the porogity and activity of the catalyst as a whole.

'o:cjfde., of an active form of alumina such ay bauxite, alumina gel and
‘the-like. A gel of freshly precipitsted hydrated alumina may alsoc be-

‘used in like amounts, as it is-converbed into active alumina during

540828
- o

The catalyst pellets from the tabletting machine are aged or
conditioned 1ln a closed container in order to complete the reaction be-
tween thelr water content and the magnesium oxide and magnesium chro-
mate with the formation of a set hydraulic cement. This increases
their mechanical strength by a factor of two to five or more and pro-
duces a bond that is not materizilly weakened during the subsequent cal-~
cination. The aging or conditioning may be carried ocut at room tem-
perature during about 5-2k hours or longer, depending on the degree of
mechanical strength desired, or for a correspondingly reduced time at
elevated temperatures up to 100° €., at which temperature only about
30 mingtes is required. After aging the pellets are dehydrated by cal- .
cining them at.500-650° ¢. preferably at 575-625° C. for about 1 hour,

which increases still further the activity of the'magnesia and improves

We have ‘also found that the heat stabiL'Lity of the catalyst
can be improved if desired by incorporating therein a small amount of
alumina. Thls is accomplished by adding to the original ferrous oxide

m.égnesia. mixture about 0.5% to 2%, based on the weight of the iren

the final calcinatilon .oi‘ the catalyst.
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As is noted above, the fommation of magnesium chromate may be
carried out either by addlng a portion of the magnesia to an aqueous

chromic aclid solution or simply by dissolving the desired amournt of

- |cr03 in water and adding the sclution to a uniform mixture of the iron

oxide and magnesium oxide, whereby magnesivm chromate is formed in situ
These mgthods of preparation present the ilmportant additional advantage
that thé introduction of alkali metal compounds such as potassium or
sedium inﬁo the catalyst.is avoided, which is an important factor in
ingreasing the effective life of the catalyst. Our experiments have
shown that. even small amounts of ﬁotassium, for example, will cause the
éétalyst to lose most of ita activity after a few days of use unless
the carbon monoxide gases have been carefully purified. We believe
that this loss of activity is caused by the formation Sf an glkali
metal sulfate coating, which is brought about by reaction of sedimm or
potagsium in tﬁe catalyst with sulfur campaunds in the carbon menoxide
gas. This is indicated by the fact that a prier art catalysi of the

type described above, prepared by mixing potagsium bichranate sclution

Awith: iron oxide and magnesium‘uxide; poisoned very rapidly in a steam—

carbon monoxide gas containing 1000 parts per million of hydrogen sul-
fide; theApoisoned catalyst was found to be encrusted with a coating
copsisting mainly of potassium sulfate.

Tha‘catalysts‘of our inwvention can he operated at tempera—
tures of aboub 450° C. to 600° C.-at space velocitlies on the order of
1800-2200, using an inlet gaS coﬁtaining about 35% of carbon monoxide
and a steam:CO ratic.of_about 2.,5. Under these conditions the exit gas

‘containg from about 2.2 to about 5.5% of carbon monoxide.
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The Invention will be further illustrated by the following
specific example:

A pigment grade Fe,03 having an average particle sizs of
about 0.5 micron was used. A mixture of 200 lbs. of this iron oxide
with 50 lbs. of active magnesia was prepared, the magnesia being a pre-
cipitated magnesium hydroxide that ha& been ‘calcined af 300-400° C. for
about 4 hours.

A solubion of 12 lbs. of Cr03 in 36 lbs. of water was pra~

pared and was added to the magnesia-iron oxide mixture by spraying

slowly with contimious agitatien. Five pounds of powdered graphite
were then added.

in the resulting material all of the visible ‘moisture had
disappeared and a dry and free—flowing powder was obtained., No heating

Was necessary, 'as bthe active magnesia reacted easily with the chramic

acid soluticn to form a mixture of partially hydrated magnesia and

magnegium chromate. The material was then pasaed'throughla.tsn_mesh
screen and was forméd into pellets of 7/16 inch-diameter on a rotary
pelleting machine. The setting on the punches was such as to give an
initial orushing strength of 5-10 lbs.

The pelleted material was placed in a closed container and

‘allowed to age for about 2. hours. Experience-has shown that thia

‘aging st@p is very 1mportant when catalyst pellets of high mechanlcal

strength are desired, as lt helps the hydration of the magnesia and

aids 1n_forming a uniform hydraulic cement bond in the catalyst. The

‘aged pellets were then calcined at 550~650°'C. for about 1-3 houtrs by

contact with hot preducts of combustion in a rotary kiln. After cool-—

ing,‘the'catalyst was ready for use. -
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Tests made on the pelleted catalysts alter conditioning for
25 hours but prior to caleination showed an average crushing strength
of 5% lbs. After calcination the average crushing strength of the
pellets-was 50 lbs.
The catalyst was tested with a carbon monoxide gas having

the following composition:

co 37%

CO2 &%

Oz ' 0.5%

Hz 36%

CHa 0.5%

N2 ' - 0%
Ha3 1000 p.pet.

""Organic sulfides and

tarry materials, about 500 p.p.m.

The steam-to carben monoxide ratic was 2.5:1., and - tempera-—
!turés of 485-500° C. and a space velocity of about, 200C were main- |
;,tai:ned during the first week. The caﬁialyst was then maintained at
545-555° C. during a run of four months, using the same steam Lo gas
;r‘atio and the. same :space velocif.y. The average conve:ré.j.on during t;.his
ruan wad 86.4%; on the last day of thé run the c_onvexl'sion was 86.1%,
"Shawi_,ng that the catalyst had retained its actlvity throughout the

‘entire test.
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THE EMBCDIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLATMED ARE DEFINED AS FOLLOWS:

1. A method of preducing an iron oxide-magnesia catalyst of
high activity and improved mechanical strength which comprises
preparing a mixture of Feaoa, active magnesia, magnesiwm chromate
and sufficient water to hydrate all of the magnesia, compressing
geid mixture into pellets, aging the pellets while retaining their
water content to form therein a set hydraulic cement, and sub-

sequently dehydrating the pellets by calcining them at 500-650°C,

2, A method of producing an iron oxide-magnesla catalyst of

high activity and mpmvéé mechanical atrength which comprises
preparing a mixture of Fe,0q, about 10=100% of active magnesia based
on the weight of the iron oxide and about 3-40% of magnesium chromate
and about 50-100% of water based on the welght of sald magnesia,
compressing the mixture into pellets while retaining therein suffi-
cient water to hydrate all of the magnesls, aging the pellets whils
retaining their water content to form therein a set hydraulie cement,
and subsequently dehydrating the pellets by calcining them at
500-~650°C.

3. A method according to claim 2 in which about 0.5% to 2%

of active alumina, based on the weight of the iron oxide, is

_ incorporated into the mix‘ouré prior to pelleting.

4 A chromium oxlde-activated iren oxide-magnesia catalyst in
the form of pellets of high activity. and .:meroved- mechanical
strength, saild pellets cbnsisting essentially of finely divided
F5203 snd a set hydraulic cegent formed by mixing saild F9203
uniformly with about 10-100% of its weight of active magnesia and
about 3-40% of its waigﬁt. of m#gnesium chromate together with about
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50-100% of water based on the welght of sald magnesia, compressing
the mixture into pellets while retaining therein sufficient water
to ﬁydrate all of the magnesia, aging the pellets while retaining
thelr water content to form therein said set hydraulic cement,

and then dehydrating the pellets by caleining them at 500-650°C.






