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PATENT SPECIFICATION

PROVISIONAL SPECIFICATION.

Improvements in or relating to the Treatment of Catalyst Masses.

- We, Britisu CELANESE LIMITED, a
Company incorporated in accordance with
the laws of Great Britain, of Celanese
House, 22 & 23, Hanover Square, London,
W.1, WaLrter DBADER, a citizen of the
Swiss Republic, and Epwarp BoapeEN
TroMAS, a subject of the King of Greatb
Britain, both of the Works of British
Celanese Limited, Spondon, near Derby,
do hereby declare the nature of this
invention to be as follows: —

This invention relates to the re-activa-
tion of catalyst masses which have become
fatigued or poisoned in gas reactions. It
relates especlally to the re-activation of
catalysts employed for the synthesis of
methanol or other oxygenated organic
compounds from mixtures of carbon
monoxide and hydrogen or from reactions
between carbon monoxide (or mixtures
containing carbon monoxide or carbon
monoxide and hydrogen) upon vapours of
aliphatic alcohols, esters or ethers such
for instance as methylaleohol, methyl
formate, dimethylether or methylacetate.
The invention has particular reference to
the activation of certain catalysts termed
hereinafter for convenience oxidic cata-
lysts. :

By the term oxidic catalysts we mean

catalysts composed of or containing one or
more metal oxides, basic oxides or acidic
oxides. As instances of such catalysts
mayv be mentioned zine oxide alone or in
admixture with metfals such as copper or
zine, mixtures of zinc oxide and chrom-
ium oxide.
" The catalysts employed for the syn-
thesis of- oxygenated organic compounds
(e.g. from mixtures of gases or vapours
comprising carbon monoxide e.g. from
mixtures’ of carbon monoxide and hydro-
gen) show a gradual- decline of activity
after a certain working period. and this
loss of activity appears to be™ largely
attributable to impurities in the gas mix-
ture. especially to sulphur compounds. or
to the accumulation of farry matter
formed from minute amounts of high
molecular by-products of the gas reaction.

According to the invention we have
found that the ecatalyvst masses, and
especiallv the oxidic catalysts, may be
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reactivated in a highly  satisfactory
manner by subjecting them to the action
of hydrogen, or of a gas mixture rich in
hydrogen, at temperatures not substan-
tially exceeding those employed in the
catalytic operation e.g. the synthesis of
the oxygenated organic compound or com-
pounds. Preferably the reactivation is per-
formed under pressure.

In performing the invention for the
reactivation of catalysts employed for the
synthesis of oxygenated organic com-
pounds from gases containing or compris-
ing carbon monoxide and hydrogen, 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
cartbon monoxide and hydrogen  is
employed for fhe re-activation such mix-
ture should be richer in hydrogen than
that employed for the synthesis of the
oxygenated organic compound.

The reactivation of the ecabalyst can
conveniently be performed in the appai-
atus employed for the synthesis of the
oxygenated organic eompound or com-
pounds, pure hydrogen or it -may-be a
gas mixture richer in hydrogen being
circulated or passed through the- appar-
atus in place of the mixture of carbon
monoxide and hydrogen employed for the
synthesis; the temperature during 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 tem-
porarily 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 mixture
of 'CO and H; the temperature and pres-
sure- conditions -“of -the synthesis being
kept substantially the same during react-
ivation. ST T R

Catalysts reactivated by the process of
the invention” regain a very substantial
amount of their catalytic power, in fact
in some cases we have found their cata-
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produced originally at 870° C.

The reactivation of a mixture of
chromiym oxide and zine oxide employed
in-the synthesis of methanol may be men-
tioned as an instance of a highly useful
application of the invention.: When em-
ployed for the synthesis of methanol from

gas mixtures containing traces of sulphur,

this catalyst after use for a period of some
weeks shows a distinet 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 hydregen (e.g: containing 80 to 90% of
hydrogen) in the manner above described
quickly - restores the eatalytic activity.
Conveniently -the reactivation may be
appled to the fatigued eatalyst withoutb
interrupting - the - manufacturing opera-
tion, the passage of the normal-gas mix-
ture (e.g. containing abeout 669, hydrogen
and 339 CO} being temporarily stopped
and a gas mixture containing a higher
percentage of hydrogen (e.g. -about 80 to
909 hydrogen and 10% to-15% CO)
being passed. in eentaet or eirculated over
the catalvst to effect the 1'eact1vat10n, the
tempexature and pressure conditions dur-
ing the reactivation being similar to those
employe& during the synthesis. The cata-
Iyst may of course be maintained at the
desired temperature during the reactiva-
tion by any “suitable means. Conveniently
in cases where the hot ¥éaction gases serve
to supply the heat by heat exehange for
the synthesis, the temperature can be
mam‘calned during the reactivation by
suitable adjustment of the heat exchange
devices, as the gases reach e\othelmlcally,
though +to a _less '_ degree, durmg the

Fefzctlvatlon

By the sn:ane expedzent of changlng
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 condition for
very. long periods of time wﬂ;heut s’cop-
ping the plant. -

The. following exainple seivés to iltus-
trate one convenient form of éxecution of
‘the 1nventlon, it bemg uuders’cood that it

-is glven only by way of ‘Hushatlon and

18 in no wav hmlbatlve,_ .
g ExAMPLE.

" A methancl ‘catalyst consisting of " zine
‘oxide and chromium oxide _and which
in a gas
mixture containing 66% hydrogen -and

- 839 CO, at 100 atmospheres pressure, was

found _after
synthesize about only

two months working to
_the amount of

‘taining 909 hydrogen and 109
‘100 atmospheres pressure at 370° C

- pounds

methanol under the same conditions. This
catalyst was fully reactivated by treating
it for 8 hours with a gas mixture con-
CO. at

In "performing the invention: for the
reactivation of catalysts employed for the
synthesis of oxygenated organic com-
from  mixtures of aliphatic
aleohols, esteis or ethers (e.g. methyl-
aleohol, methyl acetate, methyl formate,
dimethyl ether) and carbon monoxide (or
gases eontaining the same),- the reactiva-
tion may be’ performed by passing in con-
tact with the catalyst pure hydrogen or a
gas rieh in hydrogen in place of the
vapours employed for the synthesis. If
inixtures - containing hydrogen are em-
pleyed f01 “the reactivation they should be
richer - hydrogen - than the vapours
enfmloyed for the particular  synthesis.
€onveniently - the - reactivation may be
effected by chauging the gas supply and
temporarily ~ passing halogen or a gas
mixture rich in hydrogen over the cata-
Iyst - in plaece "of the reaction mixture
employed for the  synthesis, the conditions
of temperature and pressure employed for
the. synthesis -being conveniently main-
tained during the re-activation.

Where vapours alone (e.g. methyl for:
mate) afe employed for the S}nthesm of
the oxygenated organic compound the
reactivation may be effected by passing
hydrogen of a gas mixture rich in hydro-
gen in contact with the catalyst in place
of the vapour submitted to the synthesis,
and in thls case also the conditions of
temperafure and pressure ~employed for
the synthesis may conveniently be main-
tamed during the re-activation.

“Whilst” ’r,'he process of the invention is
especially suitable for the reactivation of
oxidic catalysts it may be applied with
advantage to the reactivation of any cata-
lysts employed for the synthesis  of
oxygenated organic ‘compounds.

Whilst the process of the invention
may be_applied with particular advant.ige
to the re-activation of ‘catalysts emploved
for the ~synthésis ~of ~oxygenated organic
comjoun&s # can be applied to the react-
ivation of “other cahhs’f masses  which
have becorhe contaminated or poisoned by
sulphur orlike impurities. =

" Dated this 81st day of May, 1929.

WHITEHEAD & STEPHENS,
Chartered Patent Agents,
Celanese House, 22 & 23, “Hanover Square,
London W 1.
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- COMPLETE SPECIFICATION.

Improvements in or relating to the Treatment of Catalyst Masses.

We, Britisg Cpraness LiMiTep, a
Company incorporated in accordance with
the laws of Great Britain, of Celanese
House, 22 & 28, Hanover Square, London,
W.1,  WarLter BabDER, a citizen of the
Swiss Republic, and Epwarp Boapen
Tromas, a subject of the King of Great
Britain, both of the Works of British
Celanese Limited, Spondon, near Derby,
do hereby declare the nature of this inven-
tion and in what manner the same is to
be performed, to be particularly described
and ascertained in and by the following
statement: — .

This invention relates to the re-activa-
tion of catalyst masses which have become
fatigued or poisoned in the synthesis of
methanol or other oxygenated organic
compounds from mixtures of carbon
monoxide and hydrogen or from mix-
tures of carbon’ monoxide (or mix-
tures containing carbon monoxide or
carbon monoxide and hydrogen) with
vapours of aliphatic alechols, esters or
ethers such for instance as methyl aleohol,
methyl formate, dimethylether or methyl
acetate. The invention has particular
reference to the activation of certain cata-
lysts which are hereinafter for comveni-
ence termed oxidic catalysts.

By the term oxidic catalysts we mean
catalysts composed of or containing one
or more metal oxides, basic oxides or
acidic oxides. As instances of such cata-
lysts may be mentioned zine oxide alone
or in admixture with metals such as
copper or zine;, mixtures of zine oxide and
ehromium oxide. : . s

The catalysts employed for the syn-
thesis of oxygenated organic compounds
{e.g. from mixtures of gases or vapours
comprising carbon monoxide e.g. from
mixtures of carbon monoxide and hydro-
gen) show a gradual decline of activity
after a -certain working period, and this
loss of activity appears -to be largely
attributable to impurities in the gas mix-
ture, 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 espe-
cially - the oxidic catalysts, may be react-
ivated in a highly satisfactory manner by
subjecting them to the- action of hydro-
gen, or of a gas mixture rich in hydrogen,
at temperatures not substantially exeeed-

richer in hydrogen being

ing those cinployed in the cataiytic opera-
tion 1.e. the synthiesis oi the oxygenated
orgamie compound or compounds. Pre-
terabty tue reactivation 1s  performed
under pressure. :

In pertormmg the invention for the
reactivation of catalysts employed for the
synthesis of oxygenated organic com-
pounds from gases containing or compris-
mg carbon monoxide and hydrogen, we
may employ pure hydrogen or any gas
mixtures rich in hydrogen, particularly
gas mixtures contaning over 75% of
hydrogen. Where however a mixture of
carbon monoxide and hydrogen is em-
ployed for the re-activation such mixture
should be richer in hydrogen than that
employed for the synthesis of the
oxygenated organic compound.

The reactivation of the catalyst can con-
veniently be performed in the apparatus
employed for the synthesis of the oxygen-
ated -organic compound or compounds,
pure hydrogen or it may be a gas mixture
circulated or
passed through the apparatus in place of
the mixture of carbon monoxide and
hydrogen employed for the synthesis; the
temperature during the reactivation being
preferably kept at or below the tempera-
ture employed for the synthesis and the
pressure employed for the synthesis being
preferably maintained during the react-

ivation. The - activation may in faet
readily be performed by temporarily
changing the gas supply during the

synthesis, a gas richer in lydrogen (or
even pure hydrogen) being passed or cir-
culated in place- of the normal mixture of
CO and H, the temperature and pressure
conditions of the synthesis being kept sub-
stantially the same during reactivation.

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

The reactivation of a mixture of
ehromium oxide and zine oxide employed
in the synthesis of methanol may be men-
tioned as an instance of a 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 distinet
falling off in catalytic power and is found
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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
909 of hydrogen) in the manner above
described quickly restores the catalytic
activity. Conveniently the reactivation
may be applied to the fatigued catalyst
without “interrupting the manufacturing
operation, the passage of the normal gas
mixture (e.g. - containing about ~ 66%
hydrogen and 83% CO) being temporarily
stopped and a gas mixture containing &
higher percentage of hydrogen (e.g.
about 80 to 909 hydiogen and 10% to
159 CO) being passed in contact or eir-
culated over” the catalyst to effect the

~ reactivation, the temperature and pressure

20

conditions during the reactivation being
similar to those “employed during the
synthesis. The catalyst may of course be
maintained at the desired temperature
during the reactivation by any suitable
means. Conveniently in cases where the
hot reaction gases serve to supply the heat
by heat exchange “for the - synthesis, the
temperature can be maintained during the
reactivation by suitable adjustment of the
heat exchange devices, as the gases reach
exothermically, though to a less degree,
during the reactivation. =~ - i

" By the simple expedient of changing
the gas supply in thé- manner . above

" described as and whenever the .catalyst

50

shows signs of decreased activity, the
catalyst can be kept in good condition for
very long periods of time without stop-
ping the plant. R

The following example serves to illus-
trate one conveniént form of execution of
the invention it being understood that ib
is- given only by way. of illustration and
is in no way limitative. )
© A methanol eatalyst consisting of zine
oxide and ehromium oxide and employed
for the synthesis of methanol from a gas

" ‘mixture containing .669% hydrogen and

839 CO, at 870° C. and at 100 atmo-
spheres . pressure,  was. found .after . two
months working to synthesize about only
% the amount of methanol under the same
‘conditions. This catalyst was fully react-

- ivated by treating it for 8 hours with. a
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gas mixture containing ."909%  hydrogen
and 109 CO at 100 atmospheres pressure
at 370C. .- . . .. .o B
In performing the invention for the
reactivation of catalysts employed for the

“synthesis- of  oxygenated. organic ~com-

pounds * from . mixtures -of - aliphatic
alecohols, esters or ethers (e.g. methyl

__ aleohol, methyl acetate, methyl formate,
dimethyl ether) .and carbon monoxide (or

gases containing the same), the Treactiva-

"~ vapours employed for the synthesis.
“mixtures

tion may be performed by passing in con-
tact with the catalyst pure hydrogen or a
gas rich in hydrogen in place of the
If
containing hydrogen are em-
ployed for the-reactivation they - should
be richer in hydrogen than the vapours
employed for “the ~paiticular &ynthesis.
Conveniently 'the reactivation may be
eéffected by changing the gas supply and
temporarily passing hydrogen or a gas
inixture rich in hydrogen over the -cata-
lyst in place of the reaction mixture
eniployed for the synthesis, the.conditions
of temperature and pressure employed for
the synthesis being - conveniently main-
tained during the re-activation.

Whilst the process of the invention is

especially suitable for the reactivation of
oxidic catalysts it may be applied with
advantage to the reactivation of any ecata-
lysts employed - for the synthesis of
oxygenated organic compounds.
" Having now particularly deseribed and
ascertained the nature of our said inven-
tion and in what manner the same Is to
be performed, we declare that what we
claim is:—"~ =~~~ ]

1. Process for the reactivation of cata-
lysts. employed for the synthesis  of
methianol or " ofher oxygenated organic
compounds ~from mixtures of ecarbon
monoxide and hydrogen, or from mixtures
of carbon monoxide (or mixtures contain-
ing carbon monoxide or carbon monoxide
and hydrogen) with vapours of aliphatic
alecohols, estérs or ethers, said process
comprising subjecting  said - catalytic
masses to the action .of hydrogen or of a
gas mixture rich in hydrogen at tempera-
fures not substantially exceeding those
employed in- the catalytic reaction.

- 9. ‘Process according to Claim 1 and
wherein the reactivation is. applied to
oxidic_catalysts, i.e. catalysts composed
of or _containing one or more metal
oxides, basic oxides or acidic oxides.

8. Process. according to Claim 2 and

“wherein the - reactivation -is applied to

catalysts comprising zine oxide alone or
in. admixture. with metals sueh as copper
or zine or mixtures of zine. oxide and
chromium _oxide. . . i S
~ 4. _Process according to Claim 1, 2 or 3
characterised by the employment for the
reaction of a gas mixture containing 75%
or more of hydrogen. . L

- 5. Process .according to Claim 1. 2, 38
or 4 characterised in that the reactivation
‘is performed under pressure..

.

© 6. Process for the reactivation of cata- -

3 for the synthesis. . of
‘oxygenated .organic compounds from mix-
tures of carbon monoxide and hydrogen
or from mixtures of carbon monoxide (or

Iysts . employed
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mixbures containing carbon monoxide or
carbon monoxide and hydrogen) with
vapours of aliphatic aleohols, esters or
ethers, comprising subjecting said ocata-
Iysts to the action of pure hydrogen or of
a gas mixture richer in hydrogen than
that employed for the synthesis, the tem-
perature for the reactivation being kept
at or below that employed for the
synthesis.

7. Process according to Claim 6 and
wherein the reactivation is performed
under the pressure employed for the
svnthesis.

8. Process for the reactivation of a
methanol  catalyst  substantially  as
described in the Example.

9. Process for the reactivation of cata-
Ivtic masses substantially as hereinbefore
described.

10. Reactivated catalytic masses when-
ever reactivated by the process claimed in
any of the preceding claims.

11. Process for the manufacture of
oxygenated organic compounds and
wherein mixtures of carbon monoxide and
hydrogen or of carbon monoxide (or mix-
tures of carbon monoxide and hydrogen)
with  vapours of aliphatic alcohols,
esters or ethers are passed through heated
catalytic masses capable of promoting the
synthesis, characterised in that said cata-
Iytic masses are kept active by subjecting
them periodically to a reactivation which
consists of passing through or in contact
with the catalytic masses a gas mixture
richer in hydrogen than that employed
for the synthesis whilst maintaining the
temperature and pressure substantially
the same as employed for the synthesis.

Dated this 14th day of February, 1930.
WHITEHEAD & STEPHENS,
Chartered Patent Agents,
Celanese House, 22 & 23, Hanover Square,
London, W.1.

Abingdon :
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