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This invention relates to the process of pre- -

paring reduction products of carbon dioxide.

More partienlarly, the invention relates to.

the catalytic reduction’ of -carbon dioxide-in
the presence of: hydrogen or Lydrogen con-
taining gases and-of catalysts. -~ o
‘Carbon dioxide has been reduced catalyti-
cally in the past but the reduction hasalways
been carried out as a‘single step both with: re-
gardto the mechanical installation and the
chemical catalysts and other factors affect.
. ing the reaction. T o
1 have found that the reduction of carbon
dioxide takes place mainly in stages dccord-
ing to the following reactions:

100, +H,=CO-H,0 (—104 cal)
1 CO°  +H.=CH,0 (— 0.7 cal)
IIL. CH,0 +H.=CH.OH _ (+279cal)

IV. CH,OH+H,=CH,—H,0 (+23.9cal)

All of the stage reactions are dimolecular
reactions and proceed more rapidly than do
reactions of higher orders involving a larger
number of molecules, provided the initial re-

5 action speeds are comparable. -

Direct reduction in a single reaction to pro-
duce formaldehyde, methyl alcohol or meth-
ane, involve reactions of higher orders which
proceed very slowly.

+ It is one of the features of the present in-

vention that each stage is carried out in the .

presence of catalysts and under the influence

of heat, pressure or electric discharges which -

are best suited to give a maximum conver-
sion for each stage. It is thus possible to
carry out the reduction at all times under
the optimum conditions producing a max-
_imum of the desired products with a mini-
‘fum of side reactions. For example, such
' side reactions may produce higher alcohols,
ketones, acids, hydrocarbons, oils and pre-
cipitation of carbon throughdecomposition

" of the products formed. ,
" The present invention is directed to the pro-
duction of methane, the reaction going
through the stages referred to above.

' Stage I, as can be seen from the inspection

splitting off of water and takes place without
change in volume, and is endothermic. - Ow-

- ticular pressure in Stage I. .

- Serial No.’260,553. - .

ing fo:t‘:'lie"‘fa;ct that there is no c_hém’ée in '

volume, pressure.is not necessary but I have
found that moderate pressures do not exert
any deleterious effect and the first stage can
be carried out with or without increased pres-
sure. Pressure within Iimits even has the ad-

-vantage that a. larger number of gas mole-

65 -

cules come in contact with a given amount of .

catalysts when the gas speeds are the same.
The absolute yield of carbon monoxide from
a given .amount of catalyst is, therefore,
greater than when low pressures are used. It
should be understood, however, that the in- -
vention is not limited-to the use of any par-

I have further found that when the re-
action is carried out in the presence of suita-
ble catalysts at temperatures ranging from

60 -

- 86

200 to 450° C. and under pressure, large

amounts of CO can be produced even with
very high gas speeds. It is one of the ad-
vantages of the- present invention.that the

w0 -

first stage can be carried out with extremely -

high gas speeds which result in a greatly en-
hanced production per unit. The tempera--
ture range is not critical, but ¥ have found
that it 1s not & .vantageous to exceed the
upper limit, as the catalysts then tend to fail
and ‘may also result in the production of
methane, particularly with high pressures.
The catalysts for the first stage should con-
sist of reduction catalysts and dehydration
catalysts as the reaction is not a pure reduc-
tion, but also includes splitting off of water.
Reduction catalysts, for the purpose of this
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invention, may be divided into two classes,

those which I term “strong” reduction cata-
lysts, namely, iron, nickel, cobalt and palla- -
dium, and “mild” reduction catalysts, such
as copper, silver, lead; cadmium, zinc, mag-
nesium, manganese, tin, gold and platinum.
In the case of zinc, however, I find that the

‘presence of elemental zinc in the form of zinc
‘dust is very desirable in reduction catalysts

for any of the first three stages and I econ-
sider the use of zinc in the form of zinc dust -
to be one of the features of my invention.
The elements may be present as elements or

‘in _the form of oxides, easily decomposable -
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salts, especially complex salts or other com-
pounds. ' :

For the first staze, only mild reduction cat-
alysts should be used and the strong reduction
catalysts should be avoided.except in very
great dilution and in connection with very

‘high gas spéeds. The strong reduction cata-

lysts, particularly under pressure, tend to
cause the reaction to proceed too rapidly and
unless they are in very great dilutions, not
more than 3%, large amounts of methane are
formed and there 1s a tendency to precipitate
carbon. Converters or converter tubes should
not be made of alloys containing iron, nickel
or cobalt, unless they are lined with other ma-
terials. I hawve found that linings of mild
reduction catalysts, such as copper and the
like, are particularly advantageous.

The dehydration or reduction ‘catalysts
which may be used include thorium, alumi-
num, titanium, zirconium, chromium, silicon,
tungsten, beryllium, zinc, uranium, molyb-
denum and vanadium. The dehydration cat-
alysts should preferably be in the form of
their oxides or their hydroxides or may be in

‘the form of salts, simple or complex, or other

compounds. The best results are produced
when the mild reduction catalysts and the de-
hydration catalysts are combined or mixed
together and various combinations of single
catalysts or mixtures of catalysts may be used.
The converter may be charged by filling
in a mixture of the two catalysts, for example,
in the form of layers or by making granules
or fragments molded from pulverized reduc-
tion and dehydration catalysts. One or more
of the catalysts of one type may be used as
carriers for the other type, or vice versa.
When using the catalysts described above,
the reaction is carried out practically to a

" state of equilibrium even at enormous gas

45
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sEeeds which may be from 50-to 200 times
the volume of the converter per hour. The
proportions of the reaction gases may be

varied and I have found that it is advanta-°

geous to use an excess of hydrogen or hydro-

en.containing gases, but the invention is not
imited to a particular proportion. An ex-
cess.of hydrogen does not cause any side re-
action such as the formation of hydrocarbons,
ketones, acids, oils and the like. As a result
of the particular nature of the catalysts, the
reaction does not go beyond the stage of pro-
ducing carbon monoxide in excellent yield,

" even though an excess of hydrogen is used.

After the end of the first phase, the gas
may be freed from water, if desired, and

. further reduced according to the reaction of

60

. 65

Stage II. Unless an excess of hydrogen was
used in the beginning, additional hydrogen
will be necessary and may be directly added -
to the gas stream with or without separating
out the water. »

Stage ILis a slightly endothermic reaction

025

which proceéds with the reduction in &oiume
and improved yields are produced by the use

‘of pressure, although pressure is not essential

to the reaction. Increased temperature
should be used but should not be too high and
400 to 450°-C. represents about the upper
practical limit when working under pressure
or without pressure, Above this tempera-
ture, formaldehyde is decomposed and.par-
ticularly when high pressure is used, the cata-
lysts tend to cause the production of methane
with a large loss of useful gases and destruc-

70
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tion of the formaldehyde. The pressure and.
temperature are dependent factors and - -

should not be varied without reference to
each other.

" The catalysts. to be used in Stage IT are
mild reduction catalysts and strong reduction
catalysts should be avoided except in exceed-
ingly high dilutions. It isimportant not only

‘to prevent the presence of strong reduction

80
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catalysts in any considerable amount in the: .

converter or in the converter chamber at the:
beginning of the reaction, but care should be

‘taken to prevent the introduction of strong

reduction catalysts in the form of dust or

20

volatile compounds in the gas stream. It is .

also important to avoid the presence of cata--
lyst poisons, such as sulphur, arsenic, volatile
phosphorus compounds.and the like, both in
the gases used in Stage I, and also in the ad- -
ditional hydrogen containing gases which are

95

added to the product of Stage I before car- '

rying out Stage II. A similar precaution
should be taken to prevent the introduction
of catalyst poisons when adding fresh gases to
the reaction mixture in further stages. -

I have found that it is not only necessary
to avoid strong reduction catalysts in the re-
action of Stage IT, but it is necessary to damp

100
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the action even of mild reduction catalysts

in order to prevent the reaction from becom-
ing uncontrollable. I have found that this
damping can best be brought about by in-
corporating an excess of catalysts having an

10

opposite function, namely, oxidation cata- =

lysts.

The following oxidation catalytic elements .

may be used :—chromium, vanadium, manga-

nese, titanium, molybdenum, tungsten, ceri-
um, thorium, uranium and zirconium. The
elements may be present in the form of ox-
ides, salts, both simple and complex, and other
compounds and are preferably in the form of
their oxides or of chemical combinations of
the various oxides, such as; for example chro-
mates, vanadates, etc. ,
The mixture of mild reduction catalysts .
and oxidation catalysts may be simultane-
ously charged into the converter either in the

15
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form of layers or granules containing the °

above catalysts and formed by molding the
powdered ingredients. Finally, one type of
catalyst may be used as a carrier for the other
type of catalysts or both may be impregnated

130
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in inert carriers, particularly porous carriers

which increase the -catalytic surface and
which may also possess catalytic power due
to their large surface-extent. I have found
that carriers containing colloidal silicious
material, such as kieselguhr, colloidal silica,
coke, charcoal, artificially prepared carbons;
earthenware fragments, calcine porcelain,
pumice,- powdered quartz and the like are
particularly suitable and appear not only to

act as porous materials increasing the -cata-
-lytic surface, but also are positive activators.

Single catalysts or mixtures of catalysts can
be used. . ' ' :
I have found. that kieselguhr, colloidal
silicic acid and porous carriers and surface
catalysts such as pumice, earthenware, quartz,

- powdered glass and similar compounds when
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in an exceedingly finely divided state so that

the average particle size is not greater than

about 20up, have a most extraordinary effect
when used as carriers for the catalysts proper,
particularly when they are impregnated with
solutions of complex salts of the catalytic
compounds and are formed into granules with
suitable cementing material. This type of

carrier ig effective in all of the stages and I-

am of the opinion that the remarkable in-
crease in effectiveness of the catalysts impreg-
nated on the finely divided carriers is due to

the fact that the surface energy of the con-.

tact masses increases the pressure of the gas
imr the immediate vicinity of the catalyst sur-

face and thus greatly aids in the efficiency of .
5 the reaction. - The above theory has, of

course, not been rigorously proven and I do
not desire to limit the present invention to
any theory of action but-advance the above
opinion as the most probable explanation of
the efficiency of this feature of the present
invention. ‘

The reaction is a slightly endothermic one.

and is preferably carried out with high gas
speeds to remove the unstable formaldehyde
as fast as possible from the catalytic zone.
By arranging the catalyst in zones or layers
of increasing catalytic activity in the direc-
tion of the gas flow, the most active catalysts
come in contact with partly spent gases and
the least active catalysts contact with the
fresh gases. In this way, a more complete
conversion is achieved. :

The increase of catalytic activity may be
brought about in various ways. Reduction
catalysts of increasing specific catalytic activ-
ity may be used. The same result can be
achieved by increasing the relative concen-

" tration of the reduction catalysts which may,

€5

_for example; be brought about by varying

the proportions of oxidation and reduction
catalysts. Thus, the first layers-will contain
a large excess of oxidation catalysts and then
a smaller and smaller excess. The two meth-
ods, above mentioned, may also be combined
to achieve the same result.

3

The pressures used may be varied over a
wide range, but I have found that the high-
est- percentage of pure formaldehyde is pro-
duced at about 10 atmospheres or lower.
temperature should be prevented from becom-
ing too high and I consider 200 to 390° C. to
be the optimum temperature range for use in

connection with damped mild reduction cata--
Where small amounts of strong re-

lysts.
duction catalysts are present, the temperature
should not exceed 220° C. :

The.

70

(4]

The gas speed should be kept high in order .

to rapidly remove formaldehyde from the cat-

alytic zone since this compound is relatively
unstable and easily tends to become decom-
‘poseéd. The formaldehyde can be recovered
by sudden cooling and exposure to water

which can advantageously be carried out by
means of a water stream. Repeated cooling °

of the reaction gases even when the formal-

-dehyde is not separated is advantageous. in .

order to prevent decomposition of this prod-
uet by low pressure. -

85

Stage I1 can be carried out in a separate '

converter from Stage I and the. catalysts ar-
ranged in zones. - I have found that 1t is ad-

20

vantageous where a single converter is nsed

to alternate the zones, as the reduction of

carbon monoxide, formed in the first stage, - -

upsets the equilibrium and on further contact
with additional layers of catalysts, adapted to

favor the first stage and further amounts of

carbon dioxide can be reduced. It is also
possible to mix the catalysts for the two
stages. In either event, a progressively in-
creasing catalytic activity, such as has been
defined above, is advantageous in order to
increase the yield. - 4

Where separate converters are used and

Stage I is carried out under a moderately low

95
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pressure, the-converters can be advanta- .

_geously connected with various stages of a
single multi-stage compressor, the carbon di-

oxide and hydrogen containing gases being

.compressed 1n the lowest stage, fed into the

converter of Stage I and the reaction gases
together with additional hydrogen, if neces-
sary, compressed to a higher pressure into
a further compressor stage. Circulating
pumps for each stage may also be used and
are of advantage in permitting a very much
greater gas speed ‘with a satisfactory. com-
pleteness of reaction. High gas speeds are
advantageous and permit higher yields per
unit time. . - _

The gases from Stage II without separa-

tion of the formaldehyde are then further re-

110

115

120

duced to methyl aleohol according to the re- -

action of Stage ITI. This third stage is a
strongly exothermic reaction which takes
lace with reduction of volume. I have
ound that pressure is favorable, and, in gen-
eral, the pressure should be higher in Stage

IIT than in Stage IT, although this is not an '

essential feature of the invention, and the
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iwo stages may be carried out at the same
pressure if this proves desirable. _

The temperature should not exceed 420 to
450° for. practical purposes, and preferably
temperatures between 250 and 390° C. should
beused. Higher or lower temperatures, how-
ever, can be used with'somewhat less advan-
tage. The pressure can be increased practi-
cally without limit, other than the expense of
installation of high pressure apparatus. ‘

The catalysts to be used consist, as in the -

sécond stage, of a mixture of reduction and
oxidation catalysts, but instead of using an
excess of oxidation catalysts, an excess of
mild reduction ' catalysts should be used.
Strong reduction catalysts should be avoided
or used in very great dilution and the same
yrecautions against the introduction of gas
Lorne strong catalysts should be taken as
in Stage 11, Catalysts can be arranged as
described in connection with Stage II in
zones and may be of any of the forms de-
scribed above. Preferably the catalysts are

“impregnated upon finely divided carriers

having particles of colloidal size or a capil-
lary structure (kieselguhr) as has been de-
seribed above. The other types of catalyst
carriers, may, however, be used and mixtures
of catalysts impregnated on colloidal car-
riers and those mounted on more massive car-
riers may be used. The activity of the cat-
alysts should preferably be increased in the
direction of the gas flow, either by using
catalysts of increasing catalytic activity, or
by progressively increasing the catalyst con-
centration, or by a combination of the above
methods.
exothermic is benefited by the increase in
activity of catalysts in the same way as in

Stage IT and undesired side reactions which,

may be caused by local overheating of the
catalysts are avoided. .
Separate converters may be used for each

_ of the three stages or two or more stages

45

60

65

may be.ecarried out in a single converter..

Where a single converter is used, alterna-
tion of the catalyst zones may advantage-
ously be employed in order to carry the re-
actions more nearly to completion by a con-

stant upsetting of the equilibrium. Where

all three stages are carried out in a single
converter, the advantages accruing from the
association of Stages I and TI with the third
stage are remarkable. The advantage of car-
rying out Stages I, IT and III in a single
converter, particularly with alternating cat-
alytic zones, consists in the fact that the
heat given off during the exothermic reac-
tion of Stage III supplies the heat required
to carry out the endothermic reactions of
Stages I and IT with a corresponding saving
in heat and a very efficient cooling of the
reaction in Stage ITI. In this manner, local
overheating is avoided and'an improved yield
produced with a minimum of side reactions.

The reaction, which is strongly

“Where separate converters are used, the

pressure in Stage III may be as high as is - -

practicable with the converter construction
used and for best results should be around 200
atmospheres. A multi-stage compressor con-
nected to the different converters may advan-

tageously be used in order to step up the:

pressure for each stage and this can be effec-

70

tively combined with addition of fresh gases :

between stagés. A further advantage' lies
in the fact that the fresh gases may be used
to increase the pressure without causing a

marked - diminution in yvolume of the con--
verter used in Stage II. It is also advanta- -

geous where Stage III is carried out in a
separate converter to cool the exhaust gas
from Stage II as sudden cooling prevents de-
composition of the formaldehyde formed.
Where all three stages are carried out in

a single converter or where Stage II and

75
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Stage IIT are carried out in the same con- .

verter, the pressure may tend to be somewhat
less than where a separate converter is used

in Stage III in order to retain the efficiency .

of the earlier stages.

Where all three stages are carried out in
the same converter, the gas speed can advan-
tageously be increased markedly since form-
aldehyde is much less stable than methyl
alcohol and should be rapidly transferred
from the zone where the reaction of Stage 11
is carried out to the zone where the reaction
of Stage III takes place in order to prevent
decomposition of formaldehyde. It is thus
possible to use higher pressures and tem-

peratures than would be efficient in a separate

formaldehyde converter. Carrying out the
reactions of Stages I1 and IIT in the same
converter has also the advantage that a high-
er pressure which is used in order to bring
about the maximum conversion in Stage I1L

is of advantage in preventing or diminish-

ing the decomposition of formaldehyde at
high temperatures since the decomposition
of formaldehyde results in an increase in
volume and this reaction is opposed by high
pressures.

Where a single. converter for the three
stages is used, the original gas mixture should
contain sufficient hydrogen for the three re-
actions.

Stage IV is a strongly exothermic reaction
and takes place without change of volume.

Two reaction phases are really present,—re-

duction and dehydration or splitting off of

found it advantageous to use a mixture of
reduction and dehydration. catalysts. - In-
stead, however, of using mild reduction cata-
lysts, I use strong reduction catalysts asso-
clated with dehyéi‘ation catalysts. Pressure
is not necessary to the reaction, but I have
found that it does no harm and where a sepa-
rate converter is used for Stage IV, the pres-
sure used may vary within wide limits and

90
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“water. Accordingly, as in Stage I, I have -
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is dictated largely by conyenience. As in
the case of the mild reduction catalysts, the
strong -reduction catalysts may be present
_ in the form of elements of their oxides, salts,

both simple and complex, or other com-
pounds. The converter, itself, may advan-
tageously be constructed of a metal con-
taining one or more of the strong reduction

and dehydration catalysts may be similar
to the mixtures used in the other stages, 1. e.,
separate catalysts may be used or one type,

5 of course, may serve as a carrier for the other

type or porous carriers which are inert
or of relatively minor catalytic power may
be used. Part or all of the reduction and
dehydration catalysts of mixtures may be
advantageously prepared by impregnating
kieselguhr and colloidal carriers as has been
described above. Catalysts which are pre-
pared in this way are highly effective and
constitute the preferred form. .

The catalysts should be arranged to form
zones of increasing catalytic activity in the

direction of the gas flow for the same reason

stated below in connection with the other
stages. The increase of catalytic power
should be both of the reduction and the de-
hydration catalysts as these two types co-
operate with each other and do not oppose
each other as is the case in the mixtures of
reduction and oxidation catalysts used in
Stages IT and ITI. The increase in catalytic
power, either by using catalysts of progres-
sively greater catalytic activity or by pro-
gressively increasing the concentration or
both, is of even greater importance in the
Stage IV, as the reaction is strongly exother-
mic and the tendency toward local overheat-
ing of the catalyst with resulting danger to
the converter and production of undesired
side reactions, for example, deposition of
carbon, is more likely to take place.
Gases from Stage III without removal of

methyl alcohol therefrom, may be mixed

with further quantities of hydrogen and
passed through the methane converter at 200
to 500° C. or even higher. In cases of very
low amounts of carbon dioxide in the ex-
haust gases from Stage III, additiongl car-
bon dioxide or even water gas may be added
and high yields of methane may be produced.
Al four stages may be carried out in sepa-
rate converters with or without the addition
of hydrogen containing gases.between the
stages and with or without cooling and sep-
aration of intermediate products and may
practically be carried out in a single multi-
stage - compressor, - the various converters
being connected to different stages so that
a different pressure can be used in each stage.

65 Circulating pumps may also be used in one

1,735,025

~ catalysts_or may be lined with a lining con-
o taining them. ~° :
" 'The mixture of strong reduction catalysts

“or more of the stages. Gas circulation may

also. be effected by a compressor by alternate

5.

compression and expansion as is well known

in the art, . :

It is preferable to combine all four stages
into a single converter where the end prod-
uct desired is methane. The catalysts for
each of the four stages may be arranged in
zones or progressive or alternating or they
may be mixed together. The arrangement
in alternating zones not only permits a more
complete reaction in each stage, but also aids
in the cooling, as the heat of reaction given
off in Stages III and IV, is partly used to
supply the heat necessary in Stages I and II.
‘Where a single converter is uised for all four
stages, the production of catalyst zones of
increasing catalytic activity in the direction
of the gas flow is of even greater importance
than in single stages, as the resulting increase
is very large when all four stages are carried
out in a single converter, and there is a cor-

responding greater tendency to local over-.

heating of the catalyst and production of
undesired side reactions. High gas speeds
are very desirable. :

The presence of nitrogen, methane, rare
gases of the air, and even small amounts of
oxygen do not seriously affect the reaction,
either where the separate stages are carried
out in separate converters or where a plural-
ity of stages are carried out in single convert-
ers. .A moderate carbon-monoxide content
and the presence of moderate amounts of
water vapor also have no harmful effect.

The control of reaction heat, particularly
in Stages III and IV, is especially important
in connection with the use of extremely high
gas speeds since within limits the faster the
gas flow, the greater the net heat evolution.

0
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Moreover, the evolution of heat is largely in

a thin catalytic surface and the present in-
vention which earries out only a single stage
reaction in contact with a particular catalyst,

‘prevents damage to the catalyst and permits
‘enormous gas speeds with correspondingly

larger yields. ‘

The converters may be heated electrically
either externally or internally depending on
the converter material but where internal

- heating is used in the first three stages, the

heating elements should be free from strong

110

115

reduction catalysts. The converters may also

be heated by ¢oils, preferably lined with cop-
per on the outside, through which mercury,
water under pressure or other liquid, may be

circulated. The use of coils  presents the

further advantage that they can be used
either as heating or cooling means.

Example 1

A copper converter is charged with a cata-

lyst consisting of 100 parts pure copper car-
bonate on 1000 parts thorium oxide frag-
ments, the copper carbonate being stuck on

120

125
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“with dextrin and reduced at 280° C. in a
stream of hydrogen. Alkali or alkali metal

silicate or silicon dioxide may also be included
in the catalyst and act partly as an activator
and partly as cements. A gas mixture about

'6% nitrogen, 2% methane, 47% -carbon diox-

ide and 45% hydrogen and free from cata-
lyst poisons is passed through the converter
at about 350 to 880° C. at a speed of about
80 to 180 converter volume per hour. The
exhaust gases contain carbon monoxide, car-

bon dioxide and water in proportions which

correspond almost to the equilibrium fixed.

- (Jases are then sent through a heat exchange
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chamber, cooled down and compressed in a
compressor together with  sufficient fresh
hydrogen to bring the hydrogen content of
the “‘carbon monoxide containing gases to
about 70%. After compression to about 5 to
7 atmospheres, the gases are heated in 2 heat
exchanger and passed through a second cen-
verter.at about 210° C. The contact layer in
this second converter consists of pumice frag-
ments about the size of beans, coated with a
paste 100 parts of vanadic acid, 100 parts
manganese carbonate, 50 parts kieselguhr, 50
parts ammoniacal silver nitrate, 30 parts
cadmium nitrate, and 0.75 parts colloidal
platinum, sufficient water and dextrin being
present to cause good adhesion. The coating
should not be too thick in order to prevent
flaking off. Before using, the contact mass
is reduced with hydrogen at a temperature
of 250° C. The size of this second converter,
which can advantageously be made of copper,
should be so chosen that the amount of gas
passing through per hour is about 80 to 180
times the converter volume. ‘
The hot gases containing formaldehyde
from the converter, after cooling down rap-
idly, are compressed to 80 to 100 atmospheres
in the medium and high pressure stages of

- the same compressor and an additional com-

45
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pressor forces in sufficient hydrogen so that
the hydrogen content of the formaldehyde
containing gases is 75% or more. ~

- Gases are then passed through a heat ex-
changer and into a third converter consisting
in ‘a high pressure cylinder, lined with cop-
per, aluminum or zinc and charged with a

. ‘catalyst.  The temperature should be about
" 800° C. The catalyst consists in 300 parts

of pure calcined kieselguhr and 20 parts of
silica gel which are mixed with 100 parts of
zine dust. The mixture is then formed. into
paste with-a solution containing 140 parts

~of copper oxide in the form of ammoniacal

60

~_acetate and 5 parts of vanadic acid in the-

copper oxide solution, 45 parts of zinc in the
form of ammoniacal zinc oxide in solution,
60 parts of chromium oxide in the form of the

form of ammonium vanadate. The paste is

--dried until it can be molded into granules

65

which are then further dried at 150° C. and
reduced with hydrogen at 250° C. "

The gases passing through the converter
should possess highest possible speed con-
sistent with maintaining them above 200° C.
The exhaust gases are entirely or partly

-cooled by heat exchanger and cooler, partly

under pressure, and a good yield of methyl
alcohol results. - The hot gases containing
methyl alcohol are then lowered in pressure
to 8 or 4 atmospheres or atmospheric pressure
and are passed first through a heat éxchanger
and then through a-fourth converter at about
300° C. The converter contains a catalyst

70

(]

formed of 120 parts of nickel formate and 90 -

parts of water glass paste on-aluminum

‘granules. A good yield of more or less pure

methane is produced. v
Evample 2

100 parts of copper oxide fragments are
soaked with a solution containing ammonia-
cal silver nitrate, corresponding to 20 parts
Ag,0. The mass is evaporated and the
product then treated with a solution of 10
parts of aluminum acetate and again evapo-
rated. The fragments are then reduced with
hydrogen. at 250 to 350° C. i

A rapid current of gases containing 58%
carbon dioxide, 38% hydrogen, 2% carbon
monoxide, 1.5%- nitrogen and 0.5% oxygen
and free from catalyst poisons, is rapidly
passed over the catalyst at 250 to 350° C.
The exhaust gases which contain a large
amount of carbon monoxide are cooled and
compressed ta 100 atmospheres or more with
considerable additions of hydrogen to pre-
vent liquefaction of carbon dioxide in the
compressor. Advantageously, the gases may
contain a concentration of hydrogen of about
75% after the addition of fresh hydrogen and
are then passed through a second converter
capable of withstanding high pressures and

provided with a lining free from iron. Hy- -

drogen concentrations lower or greater than
75% do not harm.

The converter is charged with catalyst lay-
ers about 5 centimeters thick and having the
following constitution: :
(1) A layer of 100 parts of aluminum
oxide free from iron impregnated with 5
parts of copper and 5 parts of silver in the
form of readily decomposable salts.

(2) A layer of 15 parts cadmium oxide, 5

parts lead nitrate, 60 parts of zinc dust and
90 parts of manganese oxide, the mixture be-
ing formed into granules with about 5% of

“dextrin.

(8) A layer contéining 100 parts of tho-
rium oxide fragments, impregnated with 10

parts copper and 10 parts zinc in the form of -
‘complex ammoniacal nitrates.

(4) A layer containing 40 parts of zinc
dust mixed with 10 parts of vanadium oxide
in form of ammonium vanadate solution, is
activated with 15 parts of colloidal silica and
the whole mixture formed into granules with
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an ammonizcal zinc oxide solution contain-
ing 15 parts of zinc-oxide. :
(5) A layer containing 15 parts of Cr,0O,

'~ in the form of chromium acetate and 50 parts
been thick--

‘of zince dust, the mixture havin,
ened, calcined and broken into %ragments.

(6) A double layer consisting-in a mix-
ture of 140 parts copper oxide in the form of
ammoniacal copper oxide -and 150 parts of
zine, half in the form of zinc dust and half
in the form of ammoniacal zinc oxide. To
these reduction cawalysts, 80 parts of chromic
acid, 80 parts of manganese dioxide are
added as oxidation catalysts and 45 parts
calcined kieselguhr and 15 parts of col-
loidal silica are added as activators, the
whole mixture being thickened and formed
into granules and calcined.

(7) A layer of methane catalyst such as
that described in Example 1. v

The contact layers described above are re-
duced with hydrogen at 250° C. before use.
The layers are in alternate zones for the pro-
duction for formaldehyde and methyl alco-
hol with the exception of layer (7) and the
zones become propressively more active in the
flow.” The gases pass
through the converter at high speed and the
exhaust gases contain large amounts of
methane which can be recovered as in Ex-
ample 1. '

Tt will be seen that the invention consists

in a novel and improved method of prepar-
ing reduction products from carbon dioxide, -

characterized by the-reduction in stages in
the presence of catalysts and under condi-
tions of pressure and temperature best suited
for each stage reaction. -

In the claims, the expressions “mild reduc-
tion catalysts”, “strong reduction catalysts”,
“oxidation ecatalysts” and

catalysts described in the specification.

In the claims the expréssion “extremely
high gas speeds” is intended to cover such
speeds as are described in the specification;
1. e. from 80 to 180 times the converter volume
per hour and upwards. '

" This application is a division of my co- .

pending application Serial No. 53,203, filed
August 28, 1925.

‘What is claimed as new is: - :

1. A method of reducing carbon dioxide to
methane, which comprises causing it to react
with hydrogen containing gases in stages
forming, successively carbon monoxide, form-
aldehyde, methyl alcohol and methane, with-
out isolation of the intermediate stage prod-

.ucts.
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2. A method according to claim 1 in which
extremely high gas speeds are used.

3. A method according to claim 1 in which
the first stage is carried out in the presence
of contact masses containing mild reduction
and dehydration catalysts.

“dehydration -
catalysts” should be understood to cover those.

7 -

4. A method according to claim 1in which

the second stage is carried out in the pres-

ence of mild reduction catalysts having their - .

action damped by oxidation catalysts.

5. A method according to claim 1 in which
the second stage is carried out in the presence
of mild reduction catalysts damped by oxi-
dation catalysts in quantity greater than the
quantity of mild reduction catalysts present.

6. A method according to claim 1 in which
the third stage is carried out in the presence
of mild reduction catalysts damped with oxi-

‘dation catalysts.

7. A method according to claim 1 in which
the third stage is carried out in the presence
of mild reduction catalysts damped with oxi-
dation catalysts, the mild reduction catalysts
being in excess over the oxidation catalysts.

8. A method according to claim 1 in which
at least one of the first three stages is carried
out in the presence of mild reduction’ cata-
lysts, and the fourth stage is carried out in
the presence of strong reduction catalysts.

- 9. A method according to claim 1 in which
all of the reactions take place in a single con-
verter.

10. A method according to claim 1in which
at least one of the first three stages takes

10
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place in the presence of mild reduction cata-

lysts, and the reaction gases are substantially

free from gas borne strong reduction cata-
lysts.

11. A methoa according to claim 1in which

at least one of the first three stages is car-

ried out in the presence of mild reduction

catalysts, and the portions of the converting

apparatus used in which the first three stages
take place are free from strong reduction
catalysts. .

12." A method according to claim 1 in which
at least one of the second or third stages is
carried out in the presence of a contact mass
containing a mixture of oxidation and mild
reduction catalysts, one being a carrier for
the other. ' . '

13. A method according to claim 1in
the fourth stage is carried out in the presence
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of strong reduction catalysts admixed with

dehydration catalysts.

14. A method according to claim 1 in which
at least one of the first three stages is carried
out in the presence of mild reduction cata-

115

lysts, and the fourth stage is carried out in

the presence of strong reduction catalysts
admixed with dehydration catalysts.

15. A method according to claim 1 in which:

at least the second and third of the first three
stages are carried out in the presence of mild

‘reduction catalysts, and the fourth stage is

carried. out in the presence of strong reduc-
tion catalysts. ' :

16. A method according to claim 1 in which
at least the second and third of the first three
stages are carried out in the presence of mild
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reduction catalysts, and the fourth stage is
carried out in the presence of strong reduc-
tion catalysts admixed with dehydration
catalysts. IR

17.. A method according to claim 1 in which
the second and third of the first three stages
are carried out in the presence of mild reduc-
tion catalysts admixed ‘with oxidation cata-
lysts, and the fourth stage is carried out in

“the presence of strong reduction catalysts.

18. A method according to claim 1 in which
the second and third of the first three stages
are carried out in the presence of mild reduc-
tion catalysts admixed with oxidation cata-
lysts, and the fourth stage is carried out in
the presence of strong reduction catalysts ad-

" mixed with dehydration catalysts.
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Signed at Pittsburgh, Pennsylvania, this

"8th day of March, 1928.
20 .

ALPHONS O. JAEGER.
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