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"This invention relates to a process for the re-
generation of catalysts which have become con-

taminated with the metals or oxides thereof of

the iron group; i. e., iron, nickel and cobalt.

Catalysts free from iron, nickel or cobalt or
compounds of these metals reducible by CO under
the conditions under which the resction is con-
ducted, are used in carrying out numeroys types
of chemieal reacticns, particularly reactions in
which carbon monoxide and hydrogen or & mate-
rial containing hydrogen is contacted with the
catalyst, The following are examples of re-
actions employed for the production of oXygenat-
ed crganic compounds and of catalytic materials
which are known to be suitable as contact agents
for these reactions:

1. The reaction of an alcohol with carbon mon-
cxide to form an acid; e. g, the reaction of
methano! and carbon monoxide to form. acetic
acid or an arid containing a greater number of
carbon atoms than acetie acid. Suitable cata-
lysts are those containing hydrated tungsien
oxide disclosed in U, 8. P, 1,998,220, which issued
April 16, 1935, to Ralph L. Brown, or acid salts
of phosphorie, borie, or silicic acids as disclosed
in U. 8. P. 1,863,119 of June 19, 1934 to Henry
Drreyfus.

2, The reaction of hydrogen when carbon mon-
oxide to form methanol or other oxygenated or-
ganic compounds,
action are combinations of zinc oxide and chro-
mium oxide as disclosed in U, 8. P, 1,558,559 of
Gctober 27, 1825, to Alwin Mittasch et al.; cop.
ber as disclosed in U. 3. P, 1,681,750 of August
21, 1928 to Henry A Sterch; zine or the oxide or
carbonate thereof or zing and cepper or their
oxides or carbonates as described in U. 8. p.
1,746,781 of February 11, 1930 to Wilbur A. La-
zier; zint or manganese chromite as described in
U. 8. P. 1,746,782 of February 11, 1230, to Wilbur
A. Lazier,

3. The dehydrogenation and dehydration of
crganic substances: e, €., the production of
formaldehyde and of methyl alcchol from formic
acid. A suitahle catalyst for this reaction is
2inc oxide as disclosed in U. 8. P, 1,668,838 of
May 8, 1928, to Grover Bloomfield, -

The invention is not limited, however, to these
specific reactions or catalysts but is applicable
to the regeneration of any catalysts which are
active for the catalysis of gases when free from
the metals of the irop group and compounds
thereof reducisle by carbon monoxide under the
conditions of the catalysls, and which have Le-
come contaminated with iron, nickel or cobalt or

Suitable catalysts for this re-
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& compound thereof which is reducible by carbon
monoxide, such as the oxide of the metal, The
Process of this invention ig particularly useful,
however, as a method for the regeneration of
catalysts which have become contaminated with
iron or iron oxide during use as contact bodies for
the reaction of carbon monoxide with hydrogen

- OF materials containing hydrogen to form an [3.4°08
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genated organie compound and, accordingly, will
be hereinafter described particularly in its appli-
cation to such catalysts, although not limited
thereto.

In the production of oxygenated organic com-
pounds such as methanot and acetic acid from
carbon monoxide ang hydrogen or methanol, it
has been found the synthesis reaction may initial-
Iy proceed smeothly and with good yields of the
desired products but in the course of time there
is a progressive decrease in the efficiency of the
reaction and there may even be a sudden practi-
cally complete loss of activity of the catalyst,
Furthermore, there may be 3 progressive increase
in the amounts of undesirable by-products re-
sulting from side reactions, such as the forma-
tion of hydrocarbons or other equally undesirable
products.

One cause of the loss in activity of the catalysts
for the synthesis of the desired bxygenated or-
ganic compounds and Increase in the amounts of
undesired by-products is contamination of the
catalyst with iron as, for example, with iron
oxide or carbonate dust which may accidentally
get Into the synthesis apparatus or with metallic
iron resulting from corrosion of iron alloys used
for the synthesis apparatus and consequent de-
bosit of products of corrosion in the catalyst.
Where gases containing - carbon monoxide are
contacted with surfaces consisting of an alloy of
& ferrous metal at elevated temperatures the car-
bon monoxide may react with the ferrous meta]
{o form the corresponding metal carbonyl, which
is vaporized into the gas on its way to the catg-
lyst, In the catalyst, at the high temperatures
at which it is maintained, the carbonyl may be
decomposed to deposit its metal constituent in
This causes a loss in the activity
of the catalyst as .the amount of metal of the
iron group accumulating therein increases,

It is an object of this invention to brovide g
brocess whereby the catalysts which have be-
come contaminated with a metal of the iron group
may be regenerated in Dlace in the synthesig ap-
baratus. In commercia] operation of any cata-
Iytic process it is highly undestrable ang greatly
Increases the breoduction costs if it is necessary to
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cool off the eatalyst converters, remove the cata-
lyst charge therefrom and recharge with new
catalyst ot regenerated catalyst., The tlme ele-
ment involved in having to let the large commer-
cial units used in catalytic synthesls cool down
so as to permit of their being opened and then
placed under pressure and reheated $o get back
to the conditions required for synthesis, involves
a perlod not of hours bhut of a day or more dur-
ing which operation of the converter is suspended.
When the synthesls is carried out under high
pressures, it is undesirable to have to open up
the converter and again close it and make it gas-
tight under the high pressures. It is, therefore,
of great significance to provide a procedure in
which it is unnecessary to remove the catalyst
from the apparatus or to change greatly the tem-
perature and pressur. :onditions in the converter
and yet be able to regeaerate effectively and re-
store to activity the contaminated catalyst.

I have discovered that a catalyst contaminated
with a metal of the iron group may be freed of
the contaminating metal by maintaining the
catalyst at 100° C. to 300° C. and flowing In
direct contact therewith a gas contalning carbon
monoxide in which the partial pressure of carbon
monoxide Is at least 50 atmospheres and which
contains an amount of ferrous metal carbonyl
less than the equilibrium concentration of the
metal carbonyl in the gas at the temperature at
which the gas is contacted with the catalyst.
Under these conditions of temperature and gas
composition, the carbon monoxide in the gas
reacts with the metal of the iron group in the
catalyst to form fhe corresponding metal car-
bonyl and that carbonyl is vaporized and swept
from the catalyst in the sitream of gas flowing
therethrough.

In carrying out the process of this invention I
may use a gas containing more than 60% carbon
monoxide by volume on a dry basis and pref-
erably a gas containing 0% or more carbon
monoxide. Furthermore, it i3 preferred the car-
bon monoxide gas be contacted with the con-
taminated catalyst at a carbon monoxide partial
pressure of about 204 to 300 atmospheres and at
a temperature of about 200° C. However, the
catalyst may be readily freed of the contaminat-
ing metal of the iron group by treatment with &
gas in which the partial pressure of carbon
monoxide 1s about 200 to 300 atmospheres at tem-
peratures of 100° to 300° C. The gas may be
flowed through the catalyst at space velocities of
500 or higher (calculated as volumes of dry gas
at S. T. P. per unit volume of catalyst per hour).

The process of this invention is particularly
useful In connection with precesses for the syn-
thesis of oxygenated organic compounds from
gases containing carbon monoxide which are
contacted with the catalyst at temperatures
above 300° C. In such processes precautions are
taken to prevent iron ¢arbonyl from belng present
in the gas introduced into contact with the cata-
Iyst. It frequently occurs, however, that small
quantities of iron carbonyl get into the gases
and at the high temperatures reigning in the
catalyst are decomposed and iron deposited.
When the carbon monoxide partial pressure in
these synthesis gases ix at least 50 atmospheres,
in order to remove deposited iron from the cata-
Iyst in accordance with the process of this in-
ventlon, the catalyst temperature is lowered to
100° to 300° C., preferably to 200° C., while con-
tinuing passage of the carbon monoxide gas
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decrease in temperature (without other change
in the procedure) will be effective to remove the
iren from the catalyst, after which the catalyst
may be talsed to synthesis temperatures and the
synthesis procedure continued, In the improh-
able case in which the incoming carbon monoxide
gas containg sufficlent iron carbonyl so that
the gas is at or above equilibrium concentration
of the carbonyl at the temperature of 100° to 300°
C. to which the catalyst is reduced, the amount of

carbonyl In the gas should be decreased so that

the gas will effectively react with the iron in the
catalyst. The desired decrease in carbonyl con-
tent of the gas may be accomplished by main-
taining the gas at or below atmospheric temper-
ature or by heating it to temperatures above
300° C. to decompose carbonyl in the gas prior
to contaciing the gas with the catalyst at tem-
peratures of 100° to 300* C.

As pointed out above, the regeneration treat-
ment of the catalyst which has been contam-
inated during use for the treatinent of gases con-
talning carbon monoxide may dlffer only from
the conditions maintained during the catalysis of
the gases In a lowering of the temperature at
which the catalyst is maintained, It is pre-
ferred, however, during this regeneration treat-
ment not to supply to the catalyst the constit-
uenis in the synthesls gas which react with the
carbon monoxide during the synthesls reaction.
During the regeneration treatment these other
constituents of the gas merely serve as diluents
for the carbon monoxide, thereby decreasing its
effectiveness in regenerating the catalyst.

It 1s apparent from the foregoing the temper-
ature and carbon monoxide concentration In &
gas which will be effective for regeneraiing a
catalyst which has become contaminated with
iron, nickel, or cobalt in a precedent catalysis of
a carbon monoxide gas by contact with the
catalyst will be related to and one cor both wili
differ from the conditlons under which the
catalysis procedure is carried out, When in the
catalysis step & temperature above 300° C. is
employed, in the regeneration step the tempera-
ture is lowered to approach materially closer to
a temperature of 200° C, than the temperature
employed In the-catalysis step and to be In the
range of 100° C. to 300° C, With respect to the
carbon monoxide concentration in the gases, in
carrying out the regeneration step the gas passed
in contact with the catalyst is preferably, though
not necessarily, one containing an increased con-
centration of carbon monoxide as commpared with
the catalysis gas.

The apparatus in which the hot gases are con-
tacted with {he catalyst both in the synthesls and
in the regeneration steps 1s preferably con-
structed of a metal other than one belonging to
the iron group (. e., iron, cobalt or nickel) or
of an alloy of a metal of the iron group which Is
substantially more resistant to corrosion by and
reaction with carbon monoxide to form a car-
bonyl than iron and carbon steel. Among ferrous
alloys suitable for construction of the apparatus
in which the hot gases are contacted with metal
surfaces of the apparatus are the alloy steels
containing a high proportlon of molybdenum,
tungsten, chromium or mangenese, For example,
chrome iron alloys contalning 28% or more
chromium, the remainder principally iron, may
be employed for construction of the apparatus.

The followlng examples are illustrative of
methods of carrying out the process of this In-

through the catalyst. In sll practicsl cases this T8 vention but the Invention is not limited thereto:
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Erampie I~—Oxygenateq erganic compounds
are synthesized by the proceduwre of Example IV
of my Ux_lited States Patent 1,998,220 which is-

addition thereto aluminum oxide, berylium ox-
ide and bismuthp oxide, is placed in g converter
capable of withstanding the temperature and
pressure conditions of operatton, A gas contain.
Ing the foliowing proportions of Ingredients 6.8
mols CO, 4.6 mols hydrogen, 1 mo) methanol, and
4 mols water vapor i3 contacted in the converter
Wwith the catalyst under a pressurs of 300 atmos-
bheres, a temperature of about 385° C, ang gt a
space velocity of 4000, Before contacting with

slred catalyst operating temperature of about
385° C. The interior surfaces of the converter

prior to coritaet with the catalyst comie into cope
tact are formed of & 28% chrome iron alloy.
After operating this synthesis procedure for g
beriod of time it wil] be noted the efficiency of the
catalytie conversion hes fallen off ang more of

885 consisting of a mixtyre
of 990% carhon monoxide and 109, hydrogen to
which about 0,045 volume of steam
€as is added. The resulting gas containg abayut
86% carbon monoxide, 9.59 hydrogen and 459
steam by volume,
tial pressure of carbon monoxide in this gas is
about 260 atmospheres, This gas is Dpassed
through the catalyst under 300 atmospheres pres-
Sure at 2 space veloclty of 4300, caleulated gg li-
ters of dry gag per hour per
the same time the supply or
changers is reduced so that
200° C, and at this temperature Is contacted with
the catalyst. The gas leaving the catalyst is
bassed to storage from which it may subsequently
be withdrawn and used to brepare the raw gas
for a later synthesis of Ooxygenated organic com-
pounds by contact with the regenerated catalyst,
under the above synthesis conditions, After
the catalyst has been treated to regenerate it
In the manner described for about 5 hours, the
Tegenerating gas is substituted by the above syn-
thesis gas, the space velocity and temperature
are adjusted to conform to the above synthesis
conditions and the synthesls of oxygenated or-
ganic compounds is proceeded with. It will be
found that by the described regeneration freat-
ment the activity of the catalyst for the synthesis
of the oxygenated organic compounds has been
materlally increased and the amount of side re-
actions has been decreased.

Ezample II-—The synthesis of oxygenated or-
ganic compounds is carried out in accordance
with the process of Example V of my above
United States Patent 1,998,220, In this synthesis
brocedure a tungsten oxide-aluminum oxide-
beryllium oxide-bismuth oxide catalyst 15 used for
the synthesis of oxygenated organic compounds
from a gas having a composition corresponding
to 9.1 mols CO, 2.3 mols Hi, 1.0 mol methano]

At 300 atmoespheres, the par-
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and 4 mols water Vapor, under & pressure of 680
etmospheres, a space velocity of 16,000 and g
temperature of about 395° C, When the catalyst
shows a substantial decrease in activity for the
formation of oxygenated organic compounds or
increase in the amounts of undesired by-products
formed, the above gas ixture s substituted by
Exampie I ghove and the
temperature of tha catalyst reduced tg 200* C.,
the pressure on the gas contacted with the cata-
lyst reduced to 300 atmospheres and the space
2a8 through the cata-

In this process the Dartial pressure of carhon
monoxide in the synthesis gBases is about 380
atmospheres and in the regeneration gas is aboyt
260 atmospheres, The effective regeneration
condition is the reduction In the temperature at
which the gases are contacted with the catalyst
from 395° C. of the synthesis operation to the
200° C, of the regeneration treatment, The use
of a lower total Pressure, and hence lower car.
bon monoxide partial pressure, for Tegeneration
than in the synthesls step ig primarily an eco-

Example III.—The synthesis of methano] is
carried out employing reduced normal zine chro-
Mate as catalyst. The synthesis gases consist of
about 67% Hz and 33% CO &t s pressure of 200
atmospheres and pass the catalyst at & tempera-
ture of about 320° C. The partia] pressure of
carbon monoxide in - this Eas is about 65 atmos-
pheres, When after prolonged operation, the

generation gas is 180 atmospheres, After treat-
ment in this manner tor about 3 hours, the syn-
thesis procedure is resumed by substituting the
synthesis gag containing 679% H; ang 33% CO for
the regenerating gas, and by ralsing the temper-
ature to 320° C. :

Numerous changes and modifications in the
specific procedures et forth in the shove exam-
ples may be made without departing from the
scope of this invention,

The advantages of the regenergtion procedures

tures,

mencing the catalysis step the catalyst may be
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relatively quickly brought up to operating tem-
perature. The effective life of a catalyst is great-
iy prolonged by lts repeated regeneration when-
ever it shows a substantlal loss in activity In the
catalysls step. The amount of side reactions
leading to undesirable by-products may be main-
tained substantially at a minimum rate through-
out the entire life of the catalyst.

The presehce of steam In the gas used for
regenerating the catalyst may be found advan-
tageous in some cases. Thus, steam may be
employed when it is found desirable to prevent
the formation of carbon In regenerating the
catalyst. The steam may be mixed with the car-
bon monoxide used for regenerating the catalyst
in amounts such that the partial pressure of wa-
ter vapor In the carbon monoxide gas is at least 1
atmosphere. The gas may, if desired, be sub-
stantially saturated with water vapor at the tem-
perature and pressure of contact with the cata-
lyst,

I claim:

1. In a process for the catalysis of & gas to
promate a chemical reaction therein by direct
contact with a catalyst substantially free from
metals of the iron group and compounds of said
metals which are reducible by carbon monoxide
under the conditions of the catalysls of said gas,
wherein ¢contamination of the catalysi with ma-
terial from the group consisting of the metals
of the iron group and cdmpounds thereof re-
ducible by carbon monoxide and resulting loss
of activity of the catalyst occurs during passage
of the catalysis gas In contact with the catalyst.
that improvement which comprises regenerating
the activity of the catalyst thus contaminated
by heating the contaminated catalyst at 100° to
300° C. and flowing ln direct contact with the
thus heated catalyst a gas containing carbon
monoxide in which the carbon monoxide partial
pressure is at least 50 atmospheres and which
contaihs sn amount of carbony! of a metal of
the iron group less than the equilibrium con-
centration of the metal carbonyl in said gas con-
taining carbon monoxide at the temperature at
which the gas i3 fiowed in contact with the con-
taminated catalyst, thereby removing from said
catalyst the metal of the Iron group contami-
nating the catalyst.

2. In @ process for the catalysis of a2 gas to
promote a chemical reaction therein by direct
contact with a catalyst substantially free from
metals of the iron group and compounds of sald
metals which are reduclble by carbon monoxide
under the conditions of the catalysis of said gas,
wherein contamination of the catalyst with ma-
terial from the group consisting of the metals
of the iron group and compounds thereof re-
dueible by carbon monoxide and resulting loss of
activilty of the c¢atalyst occurs durlng passage of
the catalysls gas ln contact with the catalyst,
that improvement which comprises regenerating
the activity of the catalyst thus contaminated
by heating the contaminated catalyst at 100° to
300° C. and flowing in direct contact with the
thus heated catalyst a gas containing carhon
monexide In which the carbon monoxide partlal

. Pressure ia 200 to 300 atmospheres and which
coniaing an amount of oarbonyl of a metal of
the iron group less than the equilibrium con-
centration of the metal carbonyl In sald gas
containing carbon monoxide at the temperature
at which the gas is flowed in cobtact with the
contaminated catalyat,- thereby removing from

10

13

20

5

30

35

40

55

80

70

2,276,021

sald catalyst the metal of the iron group con-
taminating the catalyst.

3. In a process for the catalysis of a gas to
promote & chemical reaction therein by direct
contact with a catalyst substantially free from
iron and compounds thereof which are reducible
by carbon monoxide under the condltions of the
catalysis of sald gas, wherein contamination of
the catalyst with material from the group con-
sisting of iron and compounds thereof reducible
by carbon monoxide and resulting loss of ac-
tivity of the catalyst occurs during passage of
the catalysis gas in contact with the catalyst,
that improvement which comprises regenerating
the activity of the catalyst thus contaminated by
heating the contaminated catalyst at about 200°
C. and flowing In direct contact with the thus
heated catalyst a gas containing carbon mon-
oxide in which {he carbon monoxide partial pres-
sure i3 200 to 300 atmospheres and which con-
tains an amount of iron carbonyl less than the
equilibrium concentration of iron carbonyl in said
gas contalning carbon monoxide at 200° C,, there-
by removing from sald catalyst the Iron con-
taminating the catalyst.

4, In a process wherein an oxygenated organic
compound is formed by passing a catalysis gas
containing carbon monoxlde and a hydrogen- .
containing material reacting therewith to form
said oxygenated organic compound in contact
with a catalyst at temperatures above 300° C. and
pressures at which the partial pressure of carbon
monoxide in the gas contacted with the catalyst
is at least 50 atmospheres, said catalyst being
substantially free from metals of the fron group
and compounds thereof which are reducible by
carbon monoxide under the conditions of eatal-
ysis of sald gax, and wherein after prolonged
contact of the catalyst with sald gas the catalyst
becomes contaminated with materia]l from the
group consisting of the metals of the iron group
and compounds thereof reducible by carbon mon-
oxide, that improvement which comprises inter-
rupting the catalysis procedure and regeneraling
in situ in the apparatus whereln said gas Is cata-
lyzed the activity of the contaminated catalyst
by lowering the temperature of the contaminated
catalyst to between 100° C. angd 300° C, and flow-
ing in contact with the contaminated catalyst a
gas In which the partial pressure of carbon mon-
oxide 1s at least 50 atmospheres, thereby remov-
ing from the catalyst metal of the iron group
contaminating it, and thereafter resuming the
passage of the catalysls gas in contact with the
catalyst under the conditions heretofore de-
scribed.

5. In a process wherein an oxygenated organic
compound 1s formed by passing a catalysis gas
contalning carbon monoxide and a hydrogen-
containing material reacting therewith to form
sajd oxygenated organic compound in con-
tact with a catalyst at temperatures above 300°
C. and pressures at which the partial pressure
of carbon monoxide in the gas contacted with
the catalyst is at least 50 atmospheres, said cata-
lyst belng substantially free from iron and com-
pounds thereof which are reducible by carbon
monoxide under the conditions of catalysis of
sajd gas, and wherein after prolonged contact of
the catalyst with said gas the catalyst becomes
contaminated with material from the group con-
sisting of iron and compounds thereof reducible
by carbon monoxide, that improvement which
comprises Interrupting the catalysis procedure
and regenerating in site in the apparatus where-
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in said gas is catalyzed the actlvity of the con-
taminated catalyst by lowering the {emperatyre
of the contaminateq catalyst to about 200° C.
and flowing in contact with the contaminated
catalyst a gas in which the percentage of carbon
Imonoxide iz higher than In said catalysis gas
and the partial pressure of carbon monoxide is
at least 50 atmospheres, thereby removing from
the catalyst iron contaminating it, and there-
after resuming the passage of the catalysis gas
in contact with the catalyst under the eanditions
heretofore described.

6. In a process for the syuthesis of methanol
wherein a catalysis gag containing earbon mop-
oxide and hydrogen is passed in contact with &
catalyst promoting the reaction of the hydrogen
and carbon monozxide to form sald methanol at s
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femperature above 300° ¢, and whereln after pro-
the catalyst with saig gas

the catalyst procedure and regenerating in gity in
the apparatus wherein salg Bas 13 catalyzed the
actlvity of the contaminated catalyst by lowering
the temperature of the catalyst to about 200° C.
and flowing in contact with the catalyst a gas
in which the partial pressure of carbon monoxide
is about 200 atmospheres, therehy removing from
the catalyst iron contaminating it, and there-
after resuming the passage of the catalysis gas
in contact with the cefalyst under the conditions
heretofore deseribed.

RALPH LYMAN BROWN.




