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This invention relates to the synthesis of
methonal from hydrogen and carbon monoxide
and specifically has for its object the prepara-
tion and use of a copper catalyst for the reaction

8 2Hz+4+CO=CH3OH.

This application is a division of my prior ap-
plication S. N. 191,924, filed May 16, 1927, issued
Aug. 21, 1928 as U. 8. P. 1,681,750.

Copper has been mentioned as a catalyst for

10 this reaction, but no details have ever been
given. I have found that copper unless espe-
clally prepared is not a catalyst. That is, me-
tallic sheet copper, copper gauze, or copper ob-
tained from salts by precipitation and reduction,

15 and the like, as ordinarily used in catalytic re-
actions are entirely unsuited and either do not
give methyl alcohol from hydrogen and carbon
monoxide or give only indifferent results.

I have found that copper obtained from cop-

20 per hydroxide which has been made by precip-
itation from certain classes of copper salts is
much more advantageous for the synthesis of
methanol than reduced copper as heretofore
known. My method of preparation is in general

25 characterized by the preparation of a reduced
copper starting from copper in a complex cop-
per compound. By a complex copper compound
I mean one such as is formed for example, by
treatment of a copper salt solution with suf-

30 ficient ammonium hydroxide to redissolve the
precipitate formed by the first ammonia added.

All salts of copper, except the sulphides, are
soluble in ammonium hydroxide. All cuprous
salts are insoluble in water. Ammonium hy-

38 droxide added short of saturation to an agqueous
solution of a cupric salt precipitates a pale blue
basic salt; added just to saturation, the deep
blue hydroxide Cu(OH)a; added to supersatura-

4o Ulon the precipitate Cu(OH)s redissolves to an
intensely deep blue solution. The blue solution
is that of a cuprammonium compound or com-
plex copper ammonium salt. If cupric sulphate
is the starting material, the cuprammonium

48 compound is probably CuSO4«.(NHi): which in
the deep blue solution probably is in a hydrated
form 1. e.

Cu(OH) 1.2NH/OH(NH4) 2804 or
50 (NH4) sCu(OH) 4804,

Other salts than the sulphate form the corre-
sponding compounds e. g.

Cu(NO3) 3+ 4NH/OH=
] Cu(OH) :2NHOH 2NH4NO;,

I prepare a copper-oxygen compound from
this complex salt by addition of sodium hydrox-
ide to the solution and boiling the solution to
expel the ammonia. The copper oxide finally
formed by my method gives, on reduction, a
catalyst far better than that secured by pre-
cipitation without the use of the ammonia com-
plex intermediate. The reduction can be car-
ried out by passing hydrogen, or mixtures of
hydrogen with carbon monoxide or methanol or
both over the heated mass. I prefer to reduce
with hydrogen saturated at room temperature
with methanol. In order to prevent large un-
controllable increases in temperature during re-
duction it is usually desirable to dilute the re-
ducing gas with nitrogen or other inert gas.
For example a satisfactory mixture would be 3
volumes hydrogen, 2 volumes methanol vapor
and 95 volumes nitrogen. This reducing mix-
ture is passed at atmospheric pressure over the
dried precipitate preferably contained in a cop-
per lined vessel and heated to not over 300° C.,
and preferably to about 150-200° C.

The copper oxide may be obtained from the
precipitate as a powder without a support, in
which case the final reduced catalyst will be in a
more or less powdered state, or the copper oxide
may be precipitated in the presence of asbestos,
pumice, calcined magnesia, or gels such as fresh-
ly precipitated magnesia, and the like; in these
cases the final catalyst form will be my active
reduced copper dispersed on the support. Fresh-
ly precipitated, undried magnesia, silica or
alumina are especially effective for the forma-
tion of supports.

My copper catalyst is also useful for general
hydrogenation and dehydrogenation reactions in
which other forms of copper have been used.

As an indication of the value of my new cata-
lyst over reduced copper as prepared in ordinary
methods I have made a test of an ordinary re-
duced copper catalyst. This catalyst was pre-
pared by precipitation of copper oxide from cop-
per nitrate solution with sodium hydroxide and
then reducing the copper oxide with hydrogen
saturated with methyl alcohol. 425 parts of
pure copper oxide were dissolved in dilute nitric
acid; 100 parts’ of acid washed asbestos was
stirred into this solution. A 50% solution of
sodium hydroxide was now stirred in until the
solution was strongly alkaline; the mixture was
then bolled 15-20 minutes. The solids were
separated by filtration, washed with distilled
watler until free from alkali metal salts, and then
dried over night at 150-160° C. ‘This dried ma-
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terial was reduced at 200° C. by treatment at
atmospheric pressure with hydrogen saturated
at room temperature with methanol, and the
mixture diluted with nitrogen, thus producing
reduced copper on asbestos.

This catalyst was tested for its activity in the
methanol syntheses, utilizing a gas mixture hav-
ing a composition of about 4H3+4-CO at 250° C.,
3000 lbs/in® pressure and a space velocity per
hour (8. V. H.) of about 2500. A space time yield
(8. T. Y.) equivalent to about 9 lbs. of methanol
per 24 hours per cubic foot of occupled catalyst
space was obtained. At 310° C. with all other
conditions the same, an S. T. Y. of 75 was ob-
tained; at 350° C. an S. T. Y. of 190 was obtained
which in 7 hours dropped off to 132.

The following is an example of my preferred
method of preparation and operation:

800 parts of cupric nitrate [Cu(NO;3)3.3H3Ol
were dissolved in 1500 parts of water; sufficlent
ammonia was added to redissolve the precipitate
formed by the first ammonis added and to ren-
der the solution slightly alkaline. An excess
(about 500 parts) of sodium hydroxide (asa 50%
aqueous solution) was added, and about 40 parts
acid washed medium fibred asbestos stirred in.
This mixture was boiled until no odor of am-
monia was noticeable after which it was fltered
and the precipitate washed with distilled water
and finally dried at 120 to 130° C. for 12 hours.

This material was reduced by heating to 150-

200° C. and passing a nitrogen-hydrogen-meth-
anocl mixture through it.

This catalyst was tested with a gas mixture
of 4H2+CO at a pressure .of 3000 lbs., and
S. V. H. of about 3000 (calculated at 0° and 1
atmosphere), and at a temperature of 315-320°
C. Anaverage S. T. Y. of 548 was obtained dur-
ing & period of 30 hours; the following 12 hours
gave an average S. T. Y. of 448. The methanol
was recovered from the off-gases in these runs
by cooling under pressure.

I have obtained similar high yields with silica
and alumins supports.

I have found it advantageous, when no sup-
port is used, to compress the powdered catalyst
into the form of pills; this powdered form may
be prepared by omitting the asbestos in the ex-
ample given above. This pill formation is
preferably carried out with the unreduced pre-
cipitate after which the pills are subjected to the
reducing action as stated above. These pills
may be of any convenient size and meay be
formed by ordinary pill making machines. I
have found, for example, that pills about one-
fourth inch in diameter and one-eighth inch
thick give somewhat better yields than the un-
supported powder or granular forms.

I have also prepared a catalyst from the
cuprammonium salt solution by evaporating the
solution to dryness In the presence of active
charcoal. The residue and carrier were then
heated for two hours at 200° C. and then the
copper ‘was formed on charcoal by reduction as
previously described. Under essentially the con-
ditions of operation given above substantial
yields of methanol were obtained.

In employing this catalyst it is desirable to use
gases free from the common catalyst poisons
which may be present in the raw materials, such
as, for example, arsenic, sulphur, phosphorous,
volatile iron compounds or other deleterious con-
stituents gathered during the gas production.

I do not in any way wish to be restricted to
the exact quantities, proportions, etc., given in

the preferred examples of catalyst manufacture
since these may be varied, and yet my catalyst
would be obtained. Nor do I wish to be limited
in their utilization to the preferred examples of
methanol manufacture which I have given by
way of illustration. I have used these catalysts
under many varying conditions and find that
wide limits of pressure and temperature are per-
missible, All the factors such as temperature,
8. V. H,, pressure, etc., may be varied within wide
linmiits in order to secure various S. T. Y.s or
percent conversions which may be desired be-
cause of mechanical or manufacturing economies.

This catalyst has also given good results with
gas mixtures where the proportion of hydrogen
to carbon monoxide was less as well as greater
than that given in my preferred example. My
catalyst will form methanol from a gas mixture
having any ratio of hydrogen to carbon monox-
ide, but if the ratio is below one to one by vol-
ume the S. T. Y. will be considerably lower than
that obtained with hydrogen in excess by vol-
ume. In general I prefer not to use less hy-
drogen than that required theoretically by the
equation:

2H3;+CO=CH;3;0H

I have found that a gas containing about four
volumes of hydrogen to each volume of carbon
monoxide gives the best results, and that with
about 6 volumes of hydrogen the 8. T. Y. is some-
what lower. For economic reasons I therefor
prefer not to exceed 6 volumes of hydrogen for
each volume of carbon monoxide, but I do not
wish to be limited to this amount since methanol
will be formed with the higher hydrogen ratios.

This catalyst is also suited for the above syn-
theses at temperatures ranging between 150° C.
and 450° C. although I have found the best re-
sults are secured between 250° C. and 370° C.
Within the temperature limits given above, meth-
anol will be formed in substantial amounts
by this catalyst at pressures of 100 lbs/in? and
upwards, dependent on the temperature used.
Substantial yields of methanol may even be ob-
tained at pressures lower than this; for example,
at one atmosphere. Under such conditions,
however, the S. T. Y. is in general so much lower
that the process would not be economical. I
have found that good results are secured he-
tween 3000 and 4500 lbs/in3, but do not wish to
be limited to this range. The catalyst will form
methanol under the pressure and temperature
limits given above at any space velocity. Be-
cause of economic reasons, however, I prefer
space velocities of 2000 to 20,000. The space
velocities referred to here and those given in the
examples of operation above are calculated with
the gas volumes reduced to conditions of nor-
mal temperature and pressure i. e. 1 atmosphere
and 0° C.

I claim:

1. A catalyst comprising copper obtained from
& cuprammonium salt by forming a copper-oxy-
gen compound therefrom and reducing said com-
pound at a temperature below the melting point
of copper.

2. A catalyst comprising copper on a carrier
prepared by the reduction on said carrier of cop-
per oxide which has been precipitated thereon
from a cuprammonium salt solution, said re-
duction being carried out at a temperature be-
low the melting point of copper.

3. Method of preparing a copper catalyst ma-
terial consisting in converting a compound of
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whereln its state of valence is that of
in a cuprammonium salt to & copper-
oxygen compound and reducing said compound.

4. Process for the preparation of a copper
catalyst, which comprises forming an aqueous
solution of a cuprammonium salt containing an
excess of ammonia adding thereto an excess of
sodium hydroxide, -separating the precipitate
formed, washing this precipitate to remove alkali
salts, drying and reducing the precipitated cop-
per oxide at a temperature below about 300° C

5. Process for the preparation of a copper
catalyst which comprises forming an aqueous
solution of a cuprammonium salt containing an
excess of ammonia, adding thereto a carrier and
an excess of sodium hydroxide, filtering the car-
rier and the precipitate formed, washing this

Cop,

" carrier and precipitate to remove alkali salts,

drying and reducing the precipitated copper
oxide on sald carrier at a temperature of about
150 to 200° C.

6. Process for the preparation of a copper
catalyst which comprises forming an squeous
solution of & cuprammonium salt containing an
excess of ammonia, adding thereto a carrier and
an excess of sodium hydroxide, filtering off the
carrier and the precipitate formed, washing this
carrier and precipitate to remove alkall salts,
drying and reducing the precipitated copper ox-
ide on said carrier by means ¢6f hydrogen satu-
rated with methanol.

7. Method of preparing a catalyst material
which comprises forming an agueous solution
of a cuprammonium salt, adding thereto an ex-
cess of sodium hydroxide, boiling to expel am-
monia and to complete precipitation, filtering,
washing the precipitate to remove alkali salts,
drying and reducing the precipitate at a tem-
perature below about 300° C

8. A catalyst comprising copper obtained by
heating a cuprammonium salt to about 200° C.
and then reducing the residue at a temperature
below about 300° C.

9. A catalyst comprising copper obtained fram
cuprammonium salt by precipitating copper hy-
droxide from an agqueous solution of the cupram-
monium salt by means of sodium hydroxide and
then drying and reducing said copper hydroxide
to metallic copper.

10. Process for the preparation of a copper

3

catalyst which comprises forming an aqueous
solution of cupramonium salt containing an ex-
cess of ammonia, evaporating sald solution to
dryness; heating and reducing the residue at a
temperature of about 150 to 200° C.

11, Method of preparing a copper catalyst
material consisting in converting a compound of
copper wherein its state of valence is that of
copper in a cuprammonium salt to a copper-
oxygen compound and reducing sald compound
by means of a gaseous reducing agent at a tem-
perature below the melting point of copper.

12. Method of preparing a catalyst material
which comprises forming an aqueous sclution
of a cuprammonium salt, adding thereto an ex-
cess of sodium hydroxide, boiling to expel
ammonia and to complete precipitation, filter-
ing, washing the precipitates to remove alkall
salts, drying and reducing the precipitate by
means of a gaseous reducing agent at a tem-
perature below the melting point of copper.

13. Method of preparing a copper catalyst ma-
terial consisting in converting a compound of
copper wherein its state of valence is that of
copper in a cuprammonium salt to a copper-
oxygen compound and reducing sald compound
by means of a gaseous reducing agent diluted
with an inert gas at a temperature below the
melting point of copper.

14. Process for the preparation of a copper
catalyst, which comprises forming an aqueous
solution of & cuprammonium salt containing an
excess of ammonia adding thereto an excess of
sodium hydroxide, separating the precipitate
formed, washing this precipitate to remove alkall
salts, drying and reducing the precipitated cop-
per oxide by means of a gaseous reducing agent
mixed with an inert gas at a temperature below
the melting point of copper.

15. Process for the preparation of a copper
catalyst which comprises forming an aqueous
solution of a cuprammonium salt containing an
excess of ammonia, adding thereto a carrier and
an excess of sodium hydroxide, flltering off the
carrier and the precipitate formed, washing this
carrier and precipitate to remove alkali salts,
drying and reducing the precipitated copper ox-
ide on sald carrier by means of a mixture of hy-
drogen, methanol and nitrogen.
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whereln its state of valence is that of
in a cuprammonium salt to & copper-
oxygen compound and reducing said compound.

4. Process for the preparation of a copper
catalyst, which comprises forming an aqueous
solution of a cuprammonium salt containing an
excess of ammonia adding thereto an excess of
sodium hydroxide, -separating the precipitate
formed, washing this precipitate to remove alkali
salts, drying and reducing the precipitated cop-
per oxide at a temperature below about 300° C

5. Process for the preparation of a copper
catalyst which comprises forming an aqueous
solution of a cuprammonium salt containing an
excess of ammonia, adding thereto a carrier and
an excess of sodium hydroxide, filtering the car-
rier and the precipitate formed, washing this

Cop,

" carrier and precipitate to remove alkali salts,

drying and reducing the precipitated copper
oxide on sald carrier at a temperature of about
150 to 200° C.

6. Process for the preparation of a copper
catalyst which comprises forming an squeous
solution of & cuprammonium salt containing an
excess of ammonia, adding thereto a carrier and
an excess of sodium hydroxide, filtering off the
carrier and the precipitate formed, washing this
carrier and precipitate to remove alkall salts,
drying and reducing the precipitated copper ox-
ide on said carrier by means ¢6f hydrogen satu-
rated with methanol.

7. Method of preparing a catalyst material
which comprises forming an agueous solution
of a cuprammonium salt, adding thereto an ex-
cess of sodium hydroxide, boiling to expel am-
monia and to complete precipitation, filtering,
washing the precipitate to remove alkali salts,
drying and reducing the precipitate at a tem-
perature below about 300° C

8. A catalyst comprising copper obtained by
heating a cuprammonium salt to about 200° C.
and then reducing the residue at a temperature
below about 300° C.

9. A catalyst comprising copper obtained fram
cuprammonium salt by precipitating copper hy-
droxide from an agqueous solution of the cupram-
monium salt by means of sodium hydroxide and
then drying and reducing said copper hydroxide
to metallic copper.

10. Process for the preparation of a copper

3

catalyst which comprises forming an aqueous
solution of cupramonium salt containing an ex-
cess of ammonia, evaporating sald solution to
dryness; heating and reducing the residue at a
temperature of about 150 to 200° C.

11, Method of preparing a copper catalyst
material consisting in converting a compound of
copper wherein its state of valence is that of
copper in a cuprammonium salt to a copper-
oxygen compound and reducing sald compound
by means of a gaseous reducing agent at a tem-
perature below the melting point of copper.

12. Method of preparing a catalyst material
which comprises forming an aqueous sclution
of a cuprammonium salt, adding thereto an ex-
cess of sodium hydroxide, boiling to expel
ammonia and to complete precipitation, filter-
ing, washing the precipitates to remove alkall
salts, drying and reducing the precipitate by
means of a gaseous reducing agent at a tem-
perature below the melting point of copper.

13. Method of preparing a copper catalyst ma-
terial consisting in converting a compound of
copper wherein its state of valence is that of
copper in a cuprammonium salt to a copper-
oxygen compound and reducing sald compound
by means of a gaseous reducing agent diluted
with an inert gas at a temperature below the
melting point of copper.

14. Process for the preparation of a copper
catalyst, which comprises forming an aqueous
solution of & cuprammonium salt containing an
excess of ammonia adding thereto an excess of
sodium hydroxide, separating the precipitate
formed, washing this precipitate to remove alkall
salts, drying and reducing the precipitated cop-
per oxide by means of a gaseous reducing agent
mixed with an inert gas at a temperature below
the melting point of copper.

15. Process for the preparation of a copper
catalyst which comprises forming an aqueous
solution of a cuprammonium salt containing an
excess of ammonia, adding thereto a carrier and
an excess of sodium hydroxide, flltering off the
carrier and the precipitate formed, washing this
carrier and precipitate to remove alkali salts,
drying and reducing the precipitated copper ox-
ide on sald carrier by means of a mixture of hy-
drogen, methanol and nitrogen.
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