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This invention relates to the re-activation of
catalyst masses which have become fatigued or
poisoned in gas reactions. It relates especially
to the re-activation of catalysts employed for the
synthesis of methanol or other oxygenated organ-
ic compounds from mixtures of carbon monoxide
and hydrogen or from reactions between carbon
monoxide (or mixtures containing carbon mon-
oxide or carbon monoxide and hydrogen) upon
vapours of aliphatic alcohols, esters or ethers such
for instance as methylalcohol, methyl formate, di-
methylether or methylacetate. The invention has

particular reference to the activation of certain

catalysts termed hereinafter for convenience
oxidic catalysts.

By the term oxidic catalysts we mean catalysts
composed of or containing one or more metal ox-
ides, basic oxides or acidic oxides, As instances
of such catalysts may be mentioned zine oxide
alone or in admixture with metals such as copper
or zine, mixtures of zine oxide and chromium ox-
ide.

The catalysts employed for the synthesis of
oxygenated organic compounds (e. g. from mix-
tures of gases or vapours comprising carbon mon-
oxide e. g. from mixtures of carbon monoxide and
hydrogen) show a gradual decline of activity after
8 certain working period, and this loss of activity
appears to be largely attributable to impurities in
the gas mixture, especially to sulphur compounds,
or to the accumulation of tarry matter formed
from minute amounts of high molecular by-
products of the gas reaction.

According to the invention we have found that
the catalyst masses, and especially the oxidic cai-
alysts, may be reactivated in g highly satis-
factory manner by subjecting them ¢o the action
of hydrogen, or of a gas mixture rich in hydrogen,
at temperatures not substantially exceeding those
employed in the catalytic operation . g. the
synthesis of the oxygenated organic compound or
compounds. Preferably the reactivation is per-
formed under pressure.

In performing the invention for the reactiva-~
tion of catalysts employed for the synthesis of
oxygenated organic compounds from gases con-
teining or comprising carbon monoxide and hy-
drogen, we may employ pure hydrogen or any
gas mixtures rich in hydrogen, particularly gas
mixtures containing over 75% of hydrogen.
Where however a mixture of carbon monoxide and
hydrogen is employed for the re-activation such
mixture should be richer in hydrogen than that
employed for the synthesis of the oxygenated or-
ganic compound.
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The reactivation of the cafalyst can conven-
iently be performed in the apparatus employed for
the synthesls of the oxysenated organic com-
bound or compounds, pure hydrogen or it may be
a gas mixture richer in hydrogen being circu~
lated or passed through the apparatus in place of
the mixture of carbon monoxide and hydrogen
employed for the synthesis; the temperature dur-
ing the reactivation being preferably kept at or
below the temperature employed for the synthesis
and the pressure employed for the synthesis being
preferably maintained during the reactivation.
The activation may in fact readily be performed
by temporarily changing the gas supply during
the synthesis, a gas richer in hydrogen (or even
pure hydrogen) being passed or circulated in
place of the normal mizture of CO and H, the
temperature and pressure conditions of the syn-
thesis being kept substantially the same during
reactivation,

Catalysts reactivated by the process of the in-
vention regain a very substantial amount of thelr
catalytic power, in fact in some cases we have
found their catalytic power to be actually superior
to the original catalyst.

The reactivation of a mixture of chromium
oxide and zinc oxide employed in the synthesis
of methanol may be mentioned as an instance
of highly useful application of the invention.
When employed for the synthesis of methanol
from gas mixtures containing traces of sulphur;
this catalyst after use for a period of some
weeks shows a distinct falling off in catalytic
power and is found to have a considerable amount
of sulphur in the surface layer. Treatment of
this fatigued catalyst with hydrogen or a gas
rich in hydrogen (e. g. containing 80 to 90%
of hydrogen) in the manner above desciibed
quickly restores the catalytic activity. Conven-
iently the reactivation may be applied to the
fatigued catalyst without interrupting the man-
ufacturing operation, the passage of the nor-
mal gas mixture (e. g. containing about 66%
hydrogen and 33% CO) being temporarily
stopped and a gas mixture containing a higher
percentage of hydrogen (e. g. about 80 to 90%
hydrogen and 109 to 15% CO) being passed in
contact or circulated over the catalyst to effect
the reactivation, the temperature and pressure
conditions during the reactivation being simi-
lar to those employed during the synthesis. ‘The
catalyst may of course be maintained at the de-
sired temperature during the reactivation by
any suitable means. Conveniently in cases where
the hot reaction gases serve to supply the heat
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by heat exchange for the synthesis, the tempera-
ture can be maintained during the reactivation
by suitable adjustment of the heat exchange
devices, as the gases react exothermically, though
to a less degree, during the reactivation.

By the simple eéxpedient of changing the gas
supply in the manner above described as and
whenever the catalyst shows signs of decreased
activity, the catalyst can be kept in good condi-
tion for very long periods of time without stop-
ping the plant.

The following example serves to illustrate one
convenient form of execution of the invention it
being understood that it is given only by way
of illustration and is in no way limitative.

Example

A methanol catalyst consisting of zinc oxide
and chromium oxide and employed for the syn-
thesis of methanol from a gas mixture contain-
ing 66% hydrogen and 33% CO, at 370° C. and
at 100 atmospheres pressure, was found after
two months -working to synthesize about only
15 the amount of methanol under the same con-
ditions. This catalyst was fully reactivated by
tresting it for 3 hours with a gas mixture con-
taining 80% hydrogen and 10% CO at 100 at-
mospheres pressure at 370° C.

In performing the invention for the reactiva-
tion of catalysts employed for the synthesis of
oxygenated organic compounds from mixtures
of aliphatic alcohols, esters or ethers (e. g. meth-
ylalcohol, methyl acetate, methyl formate, di-
methyl ether) and carbon monoxide (or gases
containing the same), the reactivation may be
performed by passing in contact with the catalyst
pure hydrogen or a gas rich in hydrogen in place
of the vapours employed for the synthesis. If
mixtures containing hydrogen are employed for
the reactivation they should be richer in hy-
drogen than the vapours employed for the par-
ticular synthesis. Conveniently the reactiva-
tion may be effected by changing the gas sup-
ply and temporarily passing hydrogen or a gas
mixture rich in hydrogen over the catalyst in
place of the reaction mixture employed for the
synthesis, the conditions of temperature and
pressure employed for the synthesis being con-
veniently maintained during the reactivation.

Where vapours alone (e. g. methyl formate)
are employed for the synthesis of the oxygenated
organic compound the reactivation may be ef-
fected by passing hydrogen or a gas mixture rich
in hydrogen in contact with the catalyst in place
of the vapour submitted to the synthesis, and in
this case also the conditions of temperature and
pressure employed for the synthesis may con-
veniently be maintained during the reactivation.

Whilst the process of the invention is especial-
ly suitable for the reactivation of oxidic cata-
lysts it may be applied with advantage to the re-
activation of any catalysts employed for the syn-
thesis of oxygenated organic compounds.

Whilst the process of the invention may be
applied with particular advantage to the re-ac-
tivation of catalysts employed for the synthesis
of oxygenated organic compounds it can be ap-
plied to the reactivation of other catalyst masses
which have become contaminated or poisoned
by sulphur or like impurities.

What we claim and desire to secure by Let-
ters Patent is:—

1. Method of reactivating oxidic catalyst
masses used in the production of oxygenated
organic compounds from reaction migtuyres com-

prising carbon monoxide as an essential reactant,
which comprises subjecting said masses them-
selves to the action of a gas rich in hydrogen at
temperatures not substantially exceeding those
employed in the catalytic reaction.

2. Method of reactivating oxidic catalyst
masses used in the production of oxygenated
organic compounds from reaction mixtures com-
prising carbon monoxide as an essential reactant,
which comprises subjecting said masses them-
selves to the action of a gas rich in hydrogen
at temperatures not substantially exceeding those
employed in the catalytic reaction and at sub-
stantially the same pressure as that employed
in the catalytic reaction.

3. Method of reactivating oxidic catalyst
masses used in the production of oxygenated or-
ganic compounds from reaction mixtures com-
prising carbon monoxide as an essential reactant,
which comprises subjecting said masses them-
selves to the action of a gas containing at least
75% hydrogen at temperatures not substantially
exceeding those employed in the catalytic reac-
tion. )

4, Method of reactivating oxidic catalyst
masses used in the production of oxygenated or-
ganic compounds from reaction mixtures com-
prising carbon monoxide as an essential reactant,
which comprises subjecting said masses them-
selves to the action of a gas containing at least
75% hydrogen at temperatures not substantially
exceeding those employed in the catalytic reac-
tion and at substantially the same pressure as
that employed in the catalytic reaction.

5. Method of reactivating catalyst masses com-
prising zinc oxide used in the production of
oxygenated organic compounds from reaction
mixtures comprising carbon monoxide as an es-
sential reactant, which comprises subjecting said
masses themselves to the action of a gas contain-~
ing at least 75% hydrogen at temperatures not
substantially exceeding those employed in the
catalytic reaction and at substantially the same
pressure as that employed in the catalytic reac-
tion. .

6. Method of reactivating oxidic catalyst
masses used in the production of oxygenated or-
ganic compounds from reaction mixtures com-
prising carbon monoxide and hydrogen, which
comprises subjecting said masses themselves to
the action of a gas richer in hydrogen than that
employed in the catalytic reaction at tempera-
tures not substantially exceeding those employed
in the catalytic reaction.

7. Method of reactivating oxidic catalyst
masses used in the production of oxygenated or-
ganic compounds from reaction mixtures com-
prising carbon monoxide and hydrogen, which
comprises subjecting said masses themselves to
the action of a gas, containing at least 75% of
hydrogen, and richer in hydrogen than that em-
ployed in the catalytic reaction at temperatures
not substantially exceeding those. employed in
the catalytic reaction and under a pressure sub-
stantially the same as that employed in the
catalytic reaction.

8. In a process for the catalytic production of
oxygenated organic compounds from a gas mix-
ture comprising oxides of carbon and hydrogen,
the step of passing, intermittently with said gas
mixture, a gas richer in hydrogen than said gas
mixture in contact with the oxidic catalyst mass
employed for the catalytic process at tempera-
tures and pressures not substantially higher than
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ghose employed for the catalytic process, for the
durpose of reactivating the catalyst.

- 9. In a process for the production of oxygenat-

d organic compounds from a reaction mixture
§ ceomprising oxides of carbon and hydrogen, the

®tep of passing intermittently with said gas mix-
re a gas containing at least 75% hydrogen and
d_‘icher in hydrogen than said gas mixture in con-
dact with the oxidic catalyst mass employed for
0 Ghe catalytic process at temperatures and pres-
res substantially the same as those employed
gr the catalytic process for the purpose of re-
activating the catalyst.
1C. In a process for the production of oxy-
5 nated organic. compounds from a reaction
Jnixture comprising oxides of carbon and hydro-
~gen, the step of passing intermittently with said
as mixture a gas containing at least 75% hydro-
Efn and richer in hydrogen than said gas mixture
0 in contact with the zinc oxide containing catalyst
-fass employed for the catalytic process at tem-
peratures and pressures substantially the same
as those employed for the catalytic process for
the purpose of reactivating the catalyst.

11. In a process for the catalytic production
of oxygenated organic compounds from a reac-
tion mixture comprising carbon monoxide and the
vapors of aliphatic compounds, the step of pass-
ing, intermittently with said reaction mixture, a
)} gas containing at least 75% hydrogen in contact

w1

3

with the oxidic catalyst mass employed for the
catalytic process at temperatures and pressures
not substantially higher than those employed
for the catalytic process, for the purpose of re-
activating the catalyst.

12. In a process for the catalytic production
of oxygenated organic compounds from a reac-
tion mixture comprising carbon monoxide and
the vapors of aliphatic alechols, the step of pass-
ing, intermittently with said reaction mixture, a
gas containing at least 75% hydrogen in contact
with the oxidic catalyst mass employed for the
catalytic process at temperatures and pressures

not substantially higher than those employed

for the catalytic process, for the purpose of re-
activating the catalyst.

13. In a process for the catalytic production of
oxygenated organic compounds from a reaction
mixture comprising carbon monoxide and the
vapors of aliphatic alcohols whose hydroxy! hy-

_drogen has been replaced by an alkyl or an acyl
‘group, the step of passing, intermittently with

said reaction mixture, a gas containing at Ileast
75% hydrogen in contact with the oxidic catalyst
mass employed for the catalytic process at tem-
peratures and pressures not substantially higher
than those employed for the catalytic process,
for the purpose of reactivating the catalyst.
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