http://ww. Pat ent Gopher.com

Patented Sept. 5, 1933

UNITED STATES

1,025,389

PATENT OFFICE

1,92

5,389

CATALYTIC REDUCTION OF CARBONYL
-~ COMPOUNDS

Alphons O. Jaeger, Crafton, Pa., assignor to The
Selden Company, Plttsburgh Pa., a corporation

of Delaware
-No Drawing. Original

apphcatlon February 21,

‘1928, Serial No. 256,065. Divided and this ap-~

p}ication April 6, 1929.

. 18 Claims.

This "invention relates to the catalytic reduc-

tion of compounds containing or consisting. of

. carbon linked to oxygen such. as oxides of -car-

bon, ketones, aldehydes, acids, esters alcohols,

5 ethers, ete. to hydrocarbons or hydrocarbon
mixtures.

According to the present invention such com-

pounds are reduced by means of hydrogen or -

gases containing hydrogen to hydrocarbons in
10" the presence of a new class of contact masses.
*  The contact masses used in. the present inven-
tion' contain base exchange bodies or their de-
rivatives. Under the term “base exchange body”
are included all natural or artificial bodies
156 .which possess the properties of exchanging their
bases for other bases of salt solutions.
base exchanging products used in making cata-

Iytic compositions of the present invention or as .

" initial material for derivatives to be so used may
20 possess high base exchanging power or in many
cases may possess lower base exchanging power,
since the catalytic value of the findl composi-
tions is not primarily dependent on the amount
-of base exchanging power present. In general

25 the base exchange bodies. may be divided into

three main categories:—Two-component and

multi-component zeolites, i. e., base exchange

bodies containing chemically -combined silicon

-in their nucleus and non-siliceous base exchange
30 podies in which all of the silicon is replaced by

other suitable acidic or amphoteric metal ox-

ides. Two-component zeolites are :the reaction
products of two types of initial components, that
is to say, metallates and silicates, (using the
35 term metallate in a ‘somewhat broader sense as
will be defined further on in the description),
or “metal salts and silicates. Frequently more
than one member of a type may enter into re-

-action, that is to say a silicate may react with

more than one metallate or more than one metal

~ salt. The multi-component zeolites are the re-
action products of at least three types of com-
. .ponents, that is to say at least one silicate, at
least one metallate, and at least one metal
salt.

The base exchange bodies, -both zeolites and
non-siliceous base exchange bodies, may be asso—
ciated with diluents preferably in the form of
50 2 physically homogeneous structure, as will be

described below. Either diluted or undiluted
base exchange bodies may be present in .the
contact masses used in the present invention, or
their derivatives may be present, but it should
55 be understood that wherever base exchange

45
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bodies are referred to both diluted and undl-
luted products are included. :

Base exchange bodies, both zeolites and non-
siliceous base --exchange bodies, may also’ be
‘transformed into derivatives which possess 60
many of the chemical and most of the physical
characteristics of the parent .base exchange
bodies. Such "derivatives may be salt-like
bodies, that is to say the resction products of

base exchange bodies with compounds contain- 65

ing anions capable of reacting with the base
exchange bodies to form products which possess
many of the properties of salts. A further class
of derivatives are the acid leached base ex-
change bodies. When a base exchange body is 70
subjected to leaching by acids, particularly di-
lute mineral acids, the exchangeable bases are
first gradually removed. The resulting prod-.
ucts }:ontam both the more basic and the more
acidic components of the non-exchangeable nu- 76
cleus of the base exchange body, with or with~
out a portion of the exchangeable bases. As.
the leaching is carried on further, more and
more of the relatively positive components of
the non-exchangeable nucleus are removed, 80
and if carried to completion the leached prod- -
uct contains only the relatively acid components
of the non-exchangeable nucleus. In the case
of. zeolites the final product from long continued
leaching is a complex silicic acid which has 86
many of the physical properties of the original
base exchapge body. In the description and’
claims the class of base exchange bodies and
their derivatives will be referred to by the
generic term “permutogenetic” products.
Catalytically active components may be asso-
ciated -with diluted or undiluted permiitogenetic
-bodies in four main forms, as follows:—(1) They
may be physically admixed with or impregnated
into the permutogenetic products. (2) They may 95
be physically homogeneously incorporated into
the permutogenetic products before the latter .
have been completely formed in the form of cata-
ytically active-diluent bodies or in the form of
diluents which have been impregnated with cata- 100
1ytically active substances. (3) They may be
chemically combined with: or in the permuto-
genetic products in non-exchangeable.form, that
is to say, they may form a part of the non-ex-
changeable nucleus of - the base exchangeable 105
nucleus of the base exchange body present in the
final contact mass or which is transformedinto
the-derivatives, or they may be chemically com-
bined with the base exchange bodies in the form
‘of catalytlcally actlve anions which form with the 110

20
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base exchange body salt-like bodies. (4) They
may be chemically combined "in exchangeable
form either during the formation of the base ex-
change body ‘or by base exchange after forma-
tion. Obviously, of course, the same or different

catalytically active components may be present in -

more than one of the above described forms, and
it is an advantage of the present invention that
catalytically active -substances may be introduced
in a wide variety of forms which gives a large
field of choice to the catalytic chemist.

While the different permutogenetic products
may vary widely in theit chemical characteris-
tics, they all possess 2 similar physical structure

which is characterized by more or less high poros-

ity, frequently microporosity, and great resist-
ance to high temperatures, and in the case of
products which have not been acid leached to the
point of removal of catalytically active com-
ponents these components are - distributed

_throughout the framework of the products in

25
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atomic or. molecular, dispersion, as will he de-
scribed in greater _detall below, and this chemical
homogeneity is one of the important adva,ntage§
of some of the cpntact masses of the present
invention. )

While three of the methods of combination of
the catalytically active substances may be ef-
fected with undiluted as well as diluted permu-
togenetic products, it has been found that for
most reactions homogeneously diluted permuto-
genetic contact masses are of advantage, par-
ticularly where the diluents are of a. physical
nature such as to exert a desired infiuence on a

-catalytic activity of the contact masses, as when,

for example, diluents are rich in silica, which has
been found to have an activating power, or where
the diluents by reason of high porosity, capillar-

ity, or surface energy may be considered as physi-

cal catalysts or'activators.

Base exchange bodies used in contact masses of
the present invention behave as if. they were
products of extremely high molecular weight for
catalytically active components can be intro-
duced either into the non-exchangeable nucleus
or in the form of exchangeable bases in practical-
ly any desirable proportions and the ordinary
law of chemical combining proportions, which

in compounds of low molecular weight restricts-

the proportions-in which components can be in-
corporated chemically, appears to be _without
force, which thakes it reasonable to assume that

" the molecular weight is so high as to completely

€0
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mask the effect of the law. It is of course pos-
sible- that the base exchange bodies, or some of
them, may be solid solutions of a plurality of re-
lated compounds of lower molecular weight. It
has not been possible hitherto to definitely settle
this question, as base exchange hodies are not
readily capable of structural chemical analysis.
The present invention is of course not limited
to any theory, but irrespective of the under-
lying reasons the fact that catalytically active
components may be chemically introduced in any
desired proportions is of enormous importance to
the catalytic chemist and gives him the power to
produce an almost unlimited number of finely
and gradually toned catalysts or contact masses
for the reductions of carbonyl compounds and in
all cases the contact masses produced are highly
effective by reason of the desirable physical struc-
ture of the permutogenetic products contained
therein and the wide limits of homogeneous dilu-
tion of catalytically active molecules or atoms

with resulting uniformity and smoothness of ac--

¢

tion, which is of great importance, particularly
in the sensitive reactions such as certain reduc-
tions of oxides of carbon for which contact masses
used in the present mventmn are pecuharly
adapted.

In addition to the important characteristics
with which permutogenetic pyoducfs endow the
contact masses of the present invention it has
been found that for many of the reactions com-
ing within the scope of the present invention it

80

85

is desirable to stabilize the contact masses, and -

-this may be effected by associating ‘with the per-

mutogenetic products or incorporating or form-
ing therein compounds of the dlkali forming
metals, that is to say, the alkali metals and the
alkaline earth metals. These compounds appear
to slow up or smooth out the catalytic reaction,
and will be referred to throughout this specifica-
tion as stabilizers.
alkaline, weakly alkaline or strongly alkaline.
For the production of petroleum, like hydrocar-
bon mixtures it is preferable to use strongly
alkaline stabilizers. It is a great advantage of
the present invention that in the normal forma-
tion of base exchange bodies alkali forming metal
oxides are present as exchangeable bases, and

“whether used without acid treatment or treated

90

The stabilizers may be non- .

95

100

with acid, they form stabilizers which are com- -

bined in or associated with the resulting permu-
togenetic products in an extremely fine state of
division in which the stabilizers are peculiarly ac-
tive. 'Thus base exchange bodies containing al-
kali forming metal exchangeable bases may be
considered as complex stabilizers.

In addition to the use of stabilizers which are
important in.a large number of reductions and
hydrogenations included in the scope of the

present ihvention, it has been ‘found that the.

stabilizer action and the overall efficiency of the
contact masses can in many cases be greatly in-
creased or enhanced by the association there-
with or chemical combination therein of ele-
ments or radicals or groups which are catalyti-
cally active but.do not possess specific catalytic
activity for the particular reaction to be carried
out. Thus, for example, in the case of a hydro-
genation reaction, certain catalysts which at the
temperatures used in the reaction behave as de-

hydrogenation catalysts may be added to enhance

and tone the catalytic activity of the catalysts
or the operation of the stabilizers. Similarly in
some cases oxidation catalysts, such ‘as those
containing metal elements of the fifth and sixth

groups’ of the periodic system may greatly. im-.

prove the effectiveness of the contact mass used,
especially where it is desirable-to produce inter-
mediate products which in some cases are rela-
tively unstable. Some other reduction reactions
involve the splitting off of water, and may also
involve molecular condensations.
tions it is very desirable to incorporate catalysts

or catalytic components wh1ch are not specific -

reduction catalysts but which may favor dehy-
drgtion, splitting off of carbon dioxide. or.con-
densation. Such catalysts or catalytic compo-
nents .which are not specific catalysts for the
reaction in which they are being used under th?
reaction conditions obtaining will be referred:to
throughout the specification as stabilizer pro-
moters, as they appear to enhance the toning
effect which can be achieved by stabilizers. The
use of this expression should, however, in no sense

In such reac-
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be-taken to limit the invention to a particular :-@

theory of action of these non-specific catalysts -
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and in fact in' some cases stabilizer promoters

} may be present where there are no stabilizers.

‘The tremendous range of chemical groups
which may be combined in or with or incorpo-

‘Tated in permutogenetic products permits g wide

".choice of stabilizer promoters as well as specific

10
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catalysts and permits their association with the
contact masses in an extremely homogeneous’
and catalytically efficient form. . Thus many base
exchange bodies or ‘their derivatives may - be
considered as complex catalysts, stabilizers and
stabilizer promoters, as all of these elements may
be present in the same chemical compound and
sharing the advantages flowing from its desirahle
physi¢al structure and chemical properties. Of
course both ‘stabilizer and stabilizer promoters
may be mixed partly or wholly with permuto-
genetic products and a single stabilizer or single

-stabilizer promoter may be present partly in

physical admixture and partly in chemical com-
bination, as will.be clear to the <k111ed base ex-

. change chemist.

25

" methods.
‘zeolites may be prepared by wet - methods, in

30

35

The base exchange bodies which form the im-

portant components or initial material for de--
rivatives'in contact masses of the present inven- |

tion may be prepared in any of the well known
Thus for example two-component

which the metallate components .or metal salt
components, part or all of which may be cata-
lytically active, are caused to react with soluble
silicates to form zeolites of alumino silicate or
aluminum double silicate types, or the compo-

nents may be fused,. preferably in the presence
It should be understood that under,

of fluxes.
the term metallate is included not only the alka-

line solutions of amphoteric metal ‘oxides or hy-.

droxidés but also alkali forming metal salts of

- ; metal acids, such as the oxyacids of ‘metals of -

40

-bodies.

the fifth and sixth groups, which in at least one
stage of oxidation are not strictly speaking am-
photeric, but which products are capable of re-
acting with silicates to form zeolites, or with other
components to form non-silicious base exchange
Throughout the specification this some-
what more general definition of metallates will
be strictly adhered to. In the formation of two-

- ‘component zeolites by wet methods, the final re-

action product must-be alkaline to. litmus, and
for products of high base exchanging power it
should be neutral or alkaline to phenolphthalein.
For the purpose-of producing base exchange bod-
ies to be used in the preparation of contact
masses of the present invention it is sometimes
unnecessary ‘to provide high base exchanging .
power, and for many purposes zeolites formed
under (conditions resulting in. a final reaction .
which is acid to phenolphthalein but alkaline to
litmus are of advamntage. It is not definitely

‘known whether products produced under such

circumstances are homogeneous chemical com-
pounds, although in many ways they behave as
such. There is, however, reason to believe that
in some cases at least mixtures of base exchang-

& ing and non-base exchanging polysilicates may

be produced. For the purpose of the present
specification a product will be considered as a
base exchange product if it ha.s any -base ex-
change power at all. .

‘It is desirable for many purposes and partic-
ularly where two-component zeolites of high base
exchanging power are needed to add the rela-
tively acid components, for example, metal salts
in-the case of aluminum -double silicate type of

sylicates, to the relatively more alkalineé compo-

i

3

nents such as for example soluble silicates.
these means a continuous alkalinity is insured,
and this method may be considered as the pre-
ferred method in most. cases, but the opposite
brocedure . is advantageous for certain contact
masses and is included in the invention.
Multi-component zeolites may be prepared by
any of the foregoing methods usnig at least three

By -

types.of components, that is to say, at least one -

metallate, at least one imetal salt and at least
one soluble silicate. In the case of ‘multi-com-
bonent zeolites, as in the case of two-component
zeolites, the conditions of alkalinity should be
-observed, and for many’ purposes it is advanta-
geous to add the relatively acid components to
the relatively alkaline components, in order to
insure continuous alkaline reaction. The multi-
component zeolites produced vary in their nature,
dependent on the proportion of the different re-
acting components. Thus where the metallates
and- silicates predominate ‘over the metal salts
‘the resulting products resemble the alumino sili-

90

95

cate type of ‘two-component zeolites. - If the metal -

alts and silicates predominate over the metal-
lates the products resemble the aluminum dodble
silicate type of two-component zeolites, and final-
ly if the metallates and metal salts predominate
over the silicates the resulting product resembles
‘more or less non-silicious base exchange bodies.
It will be clear that there is no sharp defining
line between the three types of multi-component
zeolites, and one shades into the other as the
proportions of the different components vary. It
is an advantage of the multi-component zeolites
over the two-component zeolites that the choice
of catalytically active components is wider, as
some catalytically active elements or groups can
.only be incerporated in the form of metallates
and others only in the form of metal salts. In
-a multi-component zeolite each catalytically ac-
tive group .can be incorporated in the form in
which it is best available.

Non-silicious base exchange bodles are pro--
duced by the general methods described. above,.

but instead -of bringing about reactions. between
silicates and other metal oxide components, tio
or more oxymetal compounds are caused to react,
in general, at least one will be.a metallate and
at least one a metal salt, or in some cases it is
possible to bring about action between two dif-
ferent metallates in which one negative radical
is more acidic. than the other. It is possible to

produce non-silicious base exchange bodies in
which a plurality of metal oxides are present..

It is also possible to produce non-silicious base
exchange bodies in which a single metal is
present. Thus for example, some metals may be
sufficiently amphoteric in character to form both.
metallates and metal salts which are capable of
reacting with each other to produce base ex-
change bodies.

A special method of producing non-sxhclous
base exchange bodies consists in the gradual

'neutrahzation of strongly alkaline salts of the

oxyacids of metal elements of the fifth and sixth

100
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groups in stages of oxidation in which they are -

sufficiently amphoteric. The neutralization of
other strongly alkaline metallates may also bring
about formation of non-silicious base exchange
bodies. The converse method, whereby non-al-
kaline salts of suitable metals are gradually

treated With alkali until the reaction is suffi-

ciently alkaline to permit the formation of base
exchange bodies, may also be used.
Many metals are capable of entering into the
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base exchange gel behaves as an adhesive.. The ’

base exchange rormation only in certain stages

~ of oxidation, and it is sometimes necessary to in-

10

15

troduce such metals in a stage of oxidation dif-
ferent from that desired in fthe final base ex-
change body, the change of stage of oxidation
being preferably effected during the formation
of the base exchange body. Certain other ele-
ments may be incorporated in the form of com-
plex compounds of the most various types, such
as for example, ammonia complexes and the
like.

In addition to the artificial base exchange
bodies briefly described above, natural base ex-
change bodies, such as nepheline, leucite, felspar,
and the like, may be used.
~ 'The most important contact mhasses for many
reactions contain permutogenetic products, in
which preferably the diluents are homogeneously

" incorporated into the base exchange bodies before

20
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formation of the latter, cr at least before the base
exchange body has set after formation. Many
diluents, both inert, stabilizing, activating, cataly-

tically active, or having stabilizer promoter ef-.

fects, can be used. A few of the diluents will be
briefly enumerated:—Xkieselguhrs of all kinds,
particularly natural or treated “Celite ” earth,
silicious powders of various types, powdered per-
mutogenetic products, natural or artificial pow-
ders of rocks, stones, tuffs, trass, lava, and sim-
ilarly volcanic products which are frequently
highty porous, greensand, glauconite or its acid
leached derivative glaucosil, pulverized slag wool,
cements, sand, silica gel, pulverized earthenware,
fuller’s earth, tale, glass powder, pumice meal,
ashestos, graphite, activated carbon, quartz meal,
various pulverized minerals rich in quartz, metal
powders and metal alloy powders, salts of oxy-
metal acids such as tungstates, vanadates, chro-
mates, uranates, manganates, cerates, molyb-
dates, etc., particularly copper salts of the above,
silicates, such as copper silicate, iron silicate,
nickel silicate,” cobalt silicate, aluminum silicate,
titanium . silicate, minerals or ores, especially
those rich in-copper, etc. Finely divided diluents
are of great advantage, especially when the aver-
age particle size is less than 60 micrens, in which -
case the diluents possess high surface energy,
which increases the adsorptive and absorptive
capacity of the contact mass, the diffusion speed
and porosity. These finely divided diluents may

" be considered.as physical catalysts or activators.

Diluted permutogenetic bodies may also be finely

. divided and used as part or all of the diluents

[i11]

.65

0

of other base exchange bodies. .
The following nine methods are the most ef-
fective for the introduction of diluents, but any

- other suitable methods can be used. Examples

of methods for incorporating diluents are de-
scribed in detail in the copending application of

-Jaeger and Bertsch, Serial No. 95,771, filed March

18, 1926, and any of the methods described can
be used in incorporating diluents in the present
invention:

(1) The. diluents may be mixed with one or
more liquid components of the base exchange .
bodies to be formed when the latter are prepared
by wet methods.

(2) Components, either catalytically active, °

‘stabilizer proinoters, or others, may be brecipi-

tated or impregnated into diluent bodies, which

‘are then ‘incorporated into the base exchange
" bodies by any suitable-methods of mcorporatlon
_ " (3) Diluents may be mixed Wlth base exchange
" bodies when the latter -are still in the form of

gels, by kmeading or stirring, in which ¢ase the

homogeneity and uniformity of the distribution
of the diluents is of course not quite so great by
this method as by method (1), but for the cat-
alytic reductions and hydrogenations: of car-
bonyl compounds extreme uniformity is not es-
sential. <

(4) Diluents may be formed during the for-
mation of base exchange bodies by mixing suit-
able compounds with the components of the base
exchange bodies so that the diluent particles are
precipitated during formation. Proteétave col-
101ds may be added to prevent coagulation of
‘the diluent particles before the base exchange
bodies have become sufficiently set.

(5) Compounds may be added which react
with certain of the base exchange bodies forming
components to produce diluents, for instance

0
85"

90

salts of the metal acids of the fifth and sixth . '~

groups may be-added in sufficient excess so that

they react with components of the base exchange
body to form insoluble diluents, as for example
with heavy metal oxides. 5

(6) Preformed base exchange bodles, diluted or

undiluted, artificial or natural, can be impreg--

nated with true or colloidal solutions of catalyti-
cally effective components and then dried.

(7). A preformed base exchange body, diluted
or undiluted, may be impregnated with a plurality
of solutions which react therein to precipitate any

-desired diluents.

(8) Soluble diluent compounds may be added
to the,components forming a base exchange body,
whlch after formation retains the compounds in
solution and is dried without washing or is treated
to precipitate the compounds.

(9) Natural base exchange bodies or artificial
base exchange bodies, diluted or undiluted, or
their derivatives, may be impregnated with solu-
tions of the desired compounds, which are then
precipitated by means of reactive gases.

The nucleus or non-exchangeable portion of the
molecules of the base exchange bodies is ordi-
narily considered to consist of two types of ox-
ides, namely, relatively basic metal oxides, usual-

95

100

105

110

115

120

ly amphoterie, and relatively acidic oxides, such ~

as SiOgz, some amphotemc metal oxides and some
metal oxides which have a distinctly aeid char-
acter. 'The nucleus behaves as a single anion
and cannot be split by ordinary chemical means,
but it is advantageous to consider the two por-
tions of the nucleus as the basic and acidic por-
tions, bearing in mind of course, that the nu-
_cleus behaves as a single group. The metal com-
pounds which-are capable of forming the basic
portion of ‘the nucleus are those of the follow-
ing metals:— copper, silver, gold, bismuth, beryl-
lium, zine, cadmium, boron, aluminum, some rare
earths, titanium, zirconium, tin, lead, thorium,
niobium, antimony, tantalum, chromium, mo-
lybdenum, tungsten, uranium, vanadium, man-

ganese, iron, nickel, cobalt, platinum, palladium.

Compounds of these elements may be introduced

singly or in mixtures, in any desired proportions, 1

and may be in the form of simple or complex
jons. It should be understood that some of the
- elemeénts in certain-stages of oxidation may be
introducéd either as metallates or metal salts.
Others may be introduced in only one form, ‘'and
" still others may be introduced in a stage of oxida-

125

130

135

145

tion other than that desired in the final base

exchange body or in the form of complex com-

pounds.  Among the complex ionogens are. am-
moma,, hydrocya.mc acid, ‘oxalic acid, formic

150
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= acid, tartanc acid, cxtnc ac1d glycerine, and the
like, .
8 Many of the metals are spemﬁc catalysts, others
are stabilizers, and still others aie stabilizer pro-
— ‘5 moters. Naturally the status of an element as
. catalyst or stabilizer promoter will vary with the
o  Dparticular reduction or hydrogenation reaction
8 for which the final contact mass is to be used,
" -and the choice of catalysts and stdbilizer pro-
‘=10 motors together with the proportions will be de-
termined by the particular catalytic reduction or
hydrogenation of the particular carbonyl com-
pounds for which the contact mass is to be used.
- Examples of components forming the relative-
15 1y acid portion of the base exchange nucleus are
-atkali metal silicates, which are soluble in alkali,
«and alkali metal salts of aclds, such as those of
boron, phosphorus, nitrogen, tin, titanium, vana-
dium, tungsten, chromium, niobium, tantalum,
20 yraniuin, -antimony, manganese, ete.
bt " The exchangeable bases of the base exchange
=  bodies may be substituted by base exchange, and
the elements which can be introduced singly or
_ in admixture by base exchange are the follow-
ing: -—copper silver, gold, ammonium, beryllium, -
calcium, manganese, caesium, potassium, sodium,
zine, strontium, cadmium, ba,n_um lead, alumi-
num, scandium, titanium, zirconium, tin, anti-
mony, - thorium, vanadiwm, lithium, rubidium,
0 thallium, bismuth, chrémium, uranium, iron,

[/ wwy, Pat en

cobalt, nickel, ruthenium, palladlum platlnum.

and cerium.
- Depending on the reactlons in wh1ch the con-

‘tact mass is to bes used, the exchangeable bases

85 introduced may be specific catalysts, they may be -
stabilizers, or they may be stabilizer promoters.
They- may. be introduced as simple ions or as
complex jons; and may enhance the catalytic
activity of the final contaet mass, improve its

4. physical strength, or both, :

" AS has been described above, base exchange .

bodies can be caused to react with' compounds:

.~ containing acidic radicals capable of .forming
if therewith salt-like bodies.
- present in the form of simple acid radicals, poly-

° acid radicals or complex acid radicals, and in-

clude . radicals containing the following ele-

v ments —chromium, vanadium, tungsten, ura-:
,:_ nium,’ molybdenum manganese, tantalum, nio-
_bium, antimony, selemum, tellurium, phosphorus,

bismuth, tin, chlorine, platiium, boron. Among:

the complex radicals are ferro and ferricyanogen,:
certain ammonia complexes7 and the like. The
amount of -acid radicals'caused to unite the base
exchange bodies to form salt-like bodies may be
varied so that the resulting products may possess
the character of acid, neutral or basic salts.
Most of these acid-radicals are stabilizers or sta-
er bilizer promoters for the catalytic reduction and
“ hydrogenation of carbonyl compounds to various
hydrocarbon products.
The base exchange bodies diluted ‘or undiluted,

e

[

or some of their salt-like body derivatives, m"ay :

. be treated with agdids, such as mineral acids, for

“, example, 2-10% sulfuric, hydrochloric or nitric

. acids, to remove part or all of the exchangeable

bases, or also part or all of the basic portlon of
the nucleus.

“»n . In._the case of zeohtes the partial leachmg

" with acids, which leaves part or all of the basic

g

. portion of the nucleus or even part of the ex-.
- changeable bases, -does not.affect the function of .

- the zeolites as catalysts when they contain cata-

-~ lytically active elements in' the basic portion of
‘the nucleus, or in some cases even exchangeable’

The radicals may be

. 5

bases-, and such partislly leached catalysts are

of great importance in many reactions. Where

the leaching is carried out to completion the ad-

vantageous physical structure remains to a con-

siderable extent the same but the remainder is ot
course a form of silica, or in the case of zeolites

in" which part of the silica is repldced by other

acidic compounds, & mixture of the two, and usu-

ally will not be a specific catalyst for the reduc-

tion or hydrogenation' of oxides of carbon. It

serves, however, as an advantageous physical car-

rier of specific catalysts, and in the case of par-~ .
tially substituted zeolites- may also contain sta-

bilizer promoters.

Leached non-silicious base exchange - bodies,
either partially or completely leached, may coh-
tain catalytically active components and behave
as ‘catalysts; stabilizer promoters or bath, and
many important catalysts for the reduction and
‘hydrogenation of carbon-oxygen compounds are
thus obtained. . This is particularly the case for
reactions where a relatively alkali-free contact
mass is required for best results and where the
alkali content of a contact mass containing a - -
-base exchange body may be too great for opti- 100
mum results.

Base exchange bod1es or their dérivatives, di-
luted or undilufed, may also be coated in the
form of films on massive carrier granules or may
be impregnated therein. The massive carriers 105
may be inert, activating, or themselves catalysts. .
For example, certain catalytic.metal alloys, min-
erals, especially copper minerals, fall within this
class. Aluminum or cépper alloy granules per-
ferm an additional advantageous<function in that 110
their relatively high heat conductiviy -tends to
prevent local overheating in highly exothermiec
reductions or hydrogenations of carbonyl com-
pounds, which is of considerable importance in.. . -
obtaining good yields, as many of the reactions, 115 -
particularly hydrogenations, are equilibrium re- -
actions, and at higher temperatures hydrogena~
tion catalysts reverse their function and tend to
favor dehydrogenatlon with resulfing lowering
_of yields an nd contamination of the product.

The present'invention is applicable to all re-
ductions and hydrogenations of compounds -con-

‘faining or consisting of carbon linked to oxygen
in which at least part, of the' reduction is effected
on the carbon-oxygern group. One of the most
important series of reductions and hydrogena-
tions consists in the reduction  or hydrogenation
of oxides of carbon, such as carbon monox1de
carbon dioxide, and the like. These compounds
can be reduced in the vapor phase by means of
the- contact masses described above -containing
permutogenetic. bodies to" various oxygép “free
products. Thus for example, in the absence of
condensation catalysts such as for example alka-
lis, oxides of carbon, may be reduced to methane.
So for instance, the milder reduction catalysts,
barticularly when toned with, stabilizer pro-
‘moters in the form of x1dat10n catalysts, pref-
erentially produce formaldehyde and methyl al-.
cohol, whereas when strong reduction or hydré-
genation catalysts such as cobalt nickel, iron.
ete., are present the tendency is to produce me-
thane, éspecially in the presence of dehydration
stabilizer pfomoters. . Under somewhat different .
reaction conditions, and particularly in the pres- 145
ence of contact masses which have components .
such as alkaline stabilizers that favor condensa-’
tion the tendency is to> produce higher hydro-
carbons, many of them being of petroleum like
character especlally when a large -amount of 150-
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‘strong alkalies are present in the contact mass,”
and most of the products are useful for motor .

fuels either with or without subsequent refining.

In addition to reactions in which a more or less
homogeneous raw material is reduced certain
mixtures of raw materials may be effectively re-
dueed with or without the presence of additional
reducing gases. Thus for example, oxides of
carbon may be reduced in the presence of the
vapors of many organic compounds. For exam-
ple, they may be reduced in the presence of ali-
phatic hydrocarbons, such as paraffins, olefines;

_acetylenes, hydrocarbons having the formula
Hydrogen may be pres-’

CnH2n—4, CnHan-s, etc.
ent or absent, and the class of products obtained,
such as mixtures of oxygenated compounds, or in
many cases oils which are predominately hydro-
carbon in their nature, will vary with the amount

-of the reacting ingredients-and with the contact

masses and reaction conditions used, and it is
an advantage of the present invention that these
novel combined reductions can be carried out in
the desired direction with great effectiveness by
the incorporation of suitable stabilizer pro-
moters or stabilizers in the contact masses.

Another class of combined reaction consists
in the reduction of oxides of carbon with or with-
out hydrogen.in the presence of vapors of ali-
phatic alcohols such as paraffin alcohols hav-
ing the formula CxzH2n+10H, or unsaturated
glcohols having the formula ~CnHz—10H, or
CnHan—30H, etc. Polyvalent- alcohols such as
glycol, glycerol and the like, may be. reduced in
combination with oxides of carbon with or with-
out hydrogen.

Oxidation products of alcohols, such as for

~ example, saturated or unsaturated aldehydes and

40

45

50

ketones, or oxidation products. of polyvalent al-
cohols, such as glycolaldehydes, glyoxcal glyox-
cyclic acid, oxalic acid, and the like, may be
used for vapor phase reductions in “the presence
of. oxides of carbon and hydrogen. Oxidation
products of trivalent alcohols and divalent iso-
meric alcohols may also be used, of course only

“where it is possible to obtain the vapors of the

compounds without undesired ‘decomposition.

Aliphatic acids form another important class
of compounds which can be reduced in combina-
tion with oxides of carbon.. The -acids include
fatty acids, oxyacids, lactones, polybasic acids,
ketone acids, and the like. Other miscellane-

-ous aliphatic carbonyl compounds such as alde-

hyde alcohols, diketones, triketones, oxymethyl-
ene ketones, ketone aldehydes, ketone- alcohols
and the like, may also be combined with oxides

of carbon and reduced in the presence of the con--

. tact masses déscribed above to form ‘many valu-

60
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able products. -
In addition to compounds of the aliphatic

series which may be reduced together with oxides-

of carbon, various compounds of the cyclic series,
such: as for example, alicyclic compounds; for in-
stance, cycloparaffins, cycloolefines, cyclodiole-

fines, may be combined with oxides of carbon

and rediiced. Examples of specific members of
this class are cyclohexane, cyclopentadiene, di-
cyclopentadiene, and the like:
cyclic carbonyl compounds, suchas cyclohexanol,
cyclohexanone, etc., may be used, it being under-

* stood in this connection and throughou* the spec-

ification that any compound containir z the TO

" group, irrespective of whether the oxygen is

united to carbon with a single or a double bond,
ijs included within the scope of the present in-'
vention. . .

Of course ali-.

8 1,025,380

Aromatic.compounds, 'such as benzene hydro-
carbons, naphthalenes, anthracenes, phenan-
threnes, phenols, aromatic alcohols, aldehydes,
ketones and acids may be reduced in the pres-

ence of oxides of carbon and hydrogen, of course 80

only insofar as the products are capable of vola-
tilization without undesired decomposition.

Heterocyclic compounds, such as products con-
taining the furane nucleus, pyrrole bodies, pyrro-
lidines and the like, may be reduced together with
oxides of carbon by means of the contact masses
described in the present invention.

- A numbet of combined reductions have been
referred to briefly above, but it should be under-
stood that other combined reductions are in-
cluded in the scope of the present invention and
that compounds belonging to more than one of
the above enumerated groups may be simultane- -
ously reduced with oxides of carbon. .

In carrying out these complicated syntheses the

permutogenetic contact masses will usually ins

clude not only- reduction catalytic components
and hydrogenation catalytic components but the '
most various types of stabilizer promoters, such

85

90

o6
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as oxidation catalysts, catalysts for splitting off 300

water, carbon dioxide or both, catalysts capable
of introducing the elements of water into un-

“saturated hydrocarbons, dehydrogenation cata-
‘ lyﬁ/ts which favor the production of ethers, esters,

acetals and the like, condensation catalysts, cata- 105.

lysts which favor intramolecular re-arrange-

ment, polymerization catalysts and. the like,
The invention will be described in detail in con-

nection with- the following specific examples

which illustrate a few of the many reductions of 110

carbon-oxygen compounds which fall within the
scope of the-present invention.

The specific. examples, in accordance with the -
introductory portion of the specification will in--
clude phenols, alcohols and similar compounds in 1
which oxygen is not attached to-carbon by means

_of a double bond, but the invention does not

include hydrogenations of such compounds as -
phéenol and the like where none of the.reaction.
takes place within the carbon-oxygen group, and
such-ﬁhydrogenéotions are specifically disclaimed.

. Example 1
40-45 parts of SiO2 in the form of a dllute

_waterglass solution are treated with about.a- 109 1

potassium chromite solution containing 22 parts

_of chromium nitrate with 9 mols of water. An

a,pprox1mately 109 ferrous nitrate solution is
permitted to run into the mixture with vigorous
agitation until the whole mass shows only a slight
alkalinity to phenolphthalein. A gelatinous
product is formed, separated from the mother
liguor in the usual manner and dried preferably
at temperatures below 100° €. It constitutes a
potassium-chromium-ferrous base exchange body
which may then be reduced in a stream of hy-_
drogen containing gases at 300°-C. Prior to the .
reduction the exchangeable alkali may be re-
placed by alkaline earth metal salts. The con-

15

tact mass after reduction is well suited for the -4

production of hydrocarbons of petroleum like ha-
ture, well suited as a motor fuel when purified
water gas is passed over the contact mass under
pressure at 300-350° C

petroleum like hydrocarbons .in intermeédiate

-stages. Thus for example, methanol may first be

formed in the - presence of a layer of specific
methanol catalyst and then a layer of motor fuel
catalyst may follow. The catalysts for the in- 1

,

‘It is also possible to effect the synthesis of these 1?5

50
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termediate steps may advantageously contain
stabilizer promoters in the form of oxidation cat-

quantities, and. particilarly when they are pres-
ent in excess, there is a tendency to produce a

. larger proportion of ‘aldehydic products in the

mtermedlate stage.
) Example 2.

A non-siliciots base exchange body is prepar ed
as follows;

‘alysts, and when these are present in sufficient

7

adate, singly or in adm1xture Corresponding

salts of molybdie, tantalic, chromie, uranic or .

tungstic acid can be used, with or without
vanadates, singly or in admixture. Another
method of introducing catalytically effective or
stabilizer promoter components consists in using

- the salts or oxides diluted or undiluted, particu-

larly oxides precipitated on colloidal silica or
glaucosil. These oxides may be iron oxide, co-
‘balt oxide, mickel oxide, manganese oxide, cop-

per- oxide, silver oxide, calcium oxide, tin oxide,

30 parts of zine mtra.te contammg 6 mols of

transtormed into the potassium zincate by means
of 10 N coustic potash. 15 parts of cadmium
nitrate with 4 mols of water are dissolved in 200

- water are dissolved in 100 parts.of water and

cefium oxide, lead oxide or bismuth oxide, with
or without alkaline earths or rare earths. Cata-
lytically active natural products such as ores,
for example, iron ore or copper ore, may also

" be used as diluents in the permutogenetlc bodies.

parts of water. and transformed into the corre--

sponding potassium cadmiate by means of 10 N
potassium hydroxide solution. . A sodium #umi-
nate solution is prepared by precipitating alumi-

num hydroxide corresponding to 10 parts of AlzOs’

from a solution of an aluminum salt by means of

ammonia, thoroughly washing and’ transforming

the {reshly precipitated product into sodium
aluminate by means of a'2 N sodium hydroxide
solution. The metallates are mixed together, and

asbestos powder or pumice mieal is stirred in-

until the mixture just remains stirrable. A solu-
tion containing 45 parts of ferric nitrate with 9
mols of water dissolved in 450 parts of water is

_then added to the suspension in a thin stream

with vigorous agitation. 'The reaction product

. is a non-silicious base exchange body, which is

40

>

50

- 6c

pressed, dried at 100° €. and reduced in the con-
verter system at 300° C. in & stream of hydrogen
or hydrogen containing gases.

luting the hydrogen containing casés with- indif-
ferent gases, such as nitrogen, in order to effect
a, smooth, well toned reduction of the complex
molecule. In some cases it is destrable to carry

~out the reduction in the. presence of steam.

The contact mass after reduction may be ised

The reduction °
, should be carried out cautiously, preferably di-

\

for the production of petroleum like bodies from-

oxides of carbon, with or without hydrogen con-
taining - gases,- mixed with other organic ma-
terials, such as the vapors of methyl alcohol;

. ethyl alcohol, methyl formate, methane, ethylene

and the like, When petroleum 'like bedies :are
desired a recirculatory 'process- should be used,
or the reacting gases should be passed through a
series of converters in order to exhaust them.

This method is effective -especially where the-

methane which is produced as, a by-product can
be effectively utilzed. The synthesis of- liguid

reduction products should take place at tempera- .

tures between 220-400° C., and a mixture-is ob=
tained when water gas, water gas ‘and hydrogen,
or water gas and methane are used as the raw
materials. Oh fractional distitlation of the lig-

-uid product petroleum like bodies are obtained

in a fraction boiling from 30—90° C., while the

_higher fractions are mainly esters or alcohols,

such as propyl alcohol, butyl alcohol, and- the

> ‘like. 'The catalytic eﬂfectweness of the mass can

be materially increased by using catalytically
effective bodies as diluents, such as for example,

. salts of the metal acids of the fifth and sixta

groups. of the periodic system, as iron vanadate,

copper vanadate, silver vanadate, cobalt vana-
date, nickel vanadate, bismuth vanadate, stron-

tium vanadate, -calcium vanadate, magnesium
vanadate, beryllium vanadate, barium vanadaite,
cadmium vanadate, zinc vanadate, .cerium van-
adate,” manganese vanadate or chromium van-
¢ . - ; i

A particularly. effective diluent for the synthesis
of higher alcohols, ketones, aliphatic acids and
heavier oils is the residue obtained from the dis-

tillation of various kinds of oil shale, wh1ch may 95

bé considered as natural catalytic composmons
These residues are effective for the synthesis of
hydrocarbons of petroleum or gasoline like na-
ture. Analyses show that the residue contains

Si0z, Fex03, Ca0, MgO, K20 and NagO. Other 100

elements may also be present in small quantities,
depending on the origin of the oil shale. In
-order to get the most effective residue it is advan-

tageous to distill off the oils ana pases from the-

shale at gradually increasing temperatures in

order to produce a voluminous residue. Good re- -

sults are also obfained when residues are pre-
pared by distillation with superheated steam or
by destructive distillation in a vacuum. Asa raw

80

85

(i

105

material carbon monoxide or carbon dioxide and 110

hydrogen may be used in the presence or absence
of other hydrogen containing vapors or gaseu,
such as methane, ethylene, methyl alcohol, propyl
aleoholsand the like. ' The hydrogen content may

be in excess of the content of oxides of carbon, 115

«

or v1ce versa.

When gases obtained in cracking prowsses, f01 a

example, tail gases, or from the distillation of .
‘coal are -mixed with water gas and passed over
the contact masses in.a circulatory process: 4t
250--350° C. under a pressure of 100-200 atmos-
pheres, liquid hydxocarbons are obtained in addi-
tion to meéthyl alcohol. In' order to favor the

120

production of petroleumn like bodies or paraf-
fins, the syntheses may also be carried out at low 125

‘pressure, or without pressure, the most favorable
temperatures lying between 200-350° C.

Example 3

Methane can be eﬁectwely produced from ox-
ides of ‘carbon by means of contact masses con-

o

taining permutogenetic bodies, especially where
the reaction is carried out in converters which

do not permit accumulation of heat, as for ex-
ample, converters prov1_ded -with automatic
double counter-current heat exchange elements.
A contact mass for the production of methane
may be prepared as follows:

24-30 parts of SiOz in the form of a commer-
cial sodium waterglass solution are diluted with
6-7 volumes of water and .sufficient kieselguhr,

135

140

pumice meal or quartz powder is added so that

the mixtire just remains readily stirrable. Ten
parts of nickel nitrate with 6 mols of water are
dissolved to a 2 N solution.and mixed with an
aluminum chloride solution of the same concen-
tration containing aluminum corresponding to
2.5 parts of” A1203 The mixture is then added to
the waterglass suspension with vigorous agitation,

N
(%1

130

until tHe reaction product and the mother hquor lda
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', solution is miked with a potassium' cadmiate solu~
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react slightly alkaline .or neutral to phenol-

phthalein.  The precipitated gel is pressed from

- ¢he-mother lquor, washed two or three times with

an.amount of water about equal to three times
- ¢he volume of mother liquor, and then dried in
. the usual manner, hydrating with water if neces~

sary and breaking into small fragments. If ‘the
kernels show insufficient strength it may be de-

- sirable to wash them before drying with a dilute
_sodium waterglass solution to effect surface silici-

fication. The contact. mass is thén filled into a
converter system and reduced with water gas or
other hydrogen containing gases at 200-300° C

Carbon monoxide or carbon dioxide, or a mlxture
with hydrogen or hydrogen containing gases afe
passed over the contact mass at 300-350° C; Ex-

‘cellent yields of methane are produced when suf-

ficient hydrogen is present to permlt the reaction
to be carried out.

Emample 4

Comblned reductxons of oxides of ca.rb9n and
other organic ecompounds such as have been de-
seribed in the introductory portion of the specifi-
cation may be carried out effectively by means of
contact masses containing permutogenetic bodies,
and it is an advantage that.a number of catalyti-
cally active components and stabilizer promoter
components can be united in a single chemical

. compound wherever this is desirable. - Great free-

dom of -action and range of components is there-

by achieved. An example of such a contact mass

is prepared as follows:

.10 parts of zinc hydroxide, freshly. precnptated
from any zing salt solution, are transformed into
the corres‘ponding potassium zincate by means of
a 2 N postassium hydroxide solution. The zincate

tion prepared by transforming 15 parts of freshly
precipitated cadmium hyd,roxide into potassium
cadmiate by means of a 2 N potassium hydroxide

~ solution. 'To the mixture of the two metallate so-

45

lutions, 20 parts of colloidal silica or fmely,‘ acti~
vated powdered carbon are added and thoroughly
mixed. Thereupor a 5-10% zirconium nitrate so-

- lution containing 40-50 parts of zirconium nitrate

50

1
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" with 5 mols of watér are added to the metallaté

suspension with vigorous agitation until the mix-

:ture remains slightly alkaline to phenolphthalein,
_ A precipitate is dbtained consisting of a non-sili-

cious base exchange body which contains zinc,
cadmium and zirconium in .non-exchangeable
form. 'The reaction product is freed from the
mother liquor in the usual manner and after
pressing out the last portions of the mother liguor,
is dried, preferably at temperatures below 100° C.
The mass thus obtained is impregnated by trick-

ling a 1% ammonium vanadate solution over it

and then dried without washing. A produet is ob-
tained which may be considered as the vanadate
of the base exchange body. This contact mass
contains hydrogenation catalysts, dehydrogena-
tion catalysts, oxidation and condensation cata-
lysts, the latter three of course performing the role
of stabilizer promoters, all combined into & prod-

‘uct ‘of very favorable physical characteristics.

The hydrogenation catalysts are the zinc and
cadmium which may also be replaced by other
amphoteric metal oxides of mild reducing activity
such as lead and beryllium.

- The zirconjum may be considered as a deh&dro-

".genation or COndensatlon catalyst, and may be re-

placed partly . or wholly by -thorium, titanium,
aluminum, chromium, or tri- or tetravalent vana-

dium.’ Other dehydrogenation catalysts ma.y also
be present.

The vanadate is an oxidation catalyst, and of
course may be substituted by other acid radicals
of the metals of the fifth and sixth groups of the
periodic system, such as tantalum bismuth, chro-
mium, molybdenum, tungsten or uramum, singly
or in admixture.

Other combinations of components are possible.
Thus for éxample, the hydrogenation catalysts

-may be introduced in the form of metal salts,

or dehydrogenation catalysts may be introduced

- as metallates, or either or both components may

be introduced in both forms.
Small amounts of waterglass solution, preferably

g potassium waterglass solution, may also be used,¢

resulting in permutogeneti¢ products which are
part zeolite and part non-silicious. Other contact
mass compositions for some reactions may be ob-
tained by embedding catalytically active compo—
nents in permutogenetic bodies. Thus for exam-~
ple, copper vanadate, silver vanadate, lead vana-
date, zinc vanadate, aluminum vanadate, cad-
mium vanadate, zirconium vanadate, or titanium

‘vanadate may be embedded in permutogenetic

bodies. It will be dpparent that some of these

“diluents are combined catalysts and stabilizer pro-

80
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moters, as for example, copper vanadate, or oth- '

ers such as aluminum vanadate or zirconium van-
adate, cont: s;un two different stabilizer promoter
components, one being a dehydrogenation or con-
densation ‘catalyst and the other an oxidation

catalyst. The molybdates, tungstates or uranates

can be used in place of the vanadates or inixtures
may be used. Minerals containing, one or more
of the above enumerated elements also are ex-
cellent diluent materials. -

The contact mass compositions described aboye
are ‘well suited for the synthesis of organic com-
pounds from oxides of carbon and hydrogen ad-

‘mixed with organic compounds, such as for ex-

ample, -saturated alcohols CnHzr+1OH, such as
methyl, ethyl, or propyl alcohols, or unsaturatea
alcohols of the general formulas— :

3

. . gnHztz—xQH, CnI-Izn—sOH,
etc. -Ethers and esters, such as methyl formate,

_saturated and unsaturated aldehydes and ketones,

ete., aliphatic acids, such as the fatty acids, poly-
valent alcohols or oxidation products of polyvalent,
alcohols and related compounds, polyvalent acids
and related compounds, such as oxyacids, inner
esters, such as phthalid and similar compounds,

115

120

may be present, as described in the introductory »

portion of the specification. An example of such
a mixture is a gas containing 5% methanol, 3%
ethanol, 25% CO, 65% hydrogen -and 2% nitrogen.

130

When this mixture is passed over onie of the above

described contact masses in a high pressure con-
verter, preferably provided with automatic heat
exchange elements, at 350-420° C., under a pres-
sure of 180-250 atmospheres, a more or less com-

- plex mixture of reactior\ products is produced

which contains propyl alcohol, isobutyl alcohol,
amyl alcohol, and smaller quantities of higher

135

140

alcohols and esters of these alcohols with aliphatic .

acids, such as acetic, propionic, ete., methyl for-
mate, and ketones corresponding to the alcohols.
The mixture may be used as stich for some pur-
poses or it may be separated mto its constltuents

' by suitable methods.

An-increase in the carbon monoxide content
will result in an increased proportion of free
acids and ketones. It will be clear that instead

of the artificial mixture of carbon monoxide and

145

150



http://ww. Pat ent Gopher.com

~

1,925,389 _
. material .gaseous mixtures containing parafiins,

hydrogen, water gas can be used. In some cases
the presence of water vapor is also favorable,
‘The pressures mentioned above shoyld not be
considered as limiting the invention, as the maxi-

5 mum pressure is dependent only on the appa-

~-ratus available.

10

15

Preferably the syntheses -are
carried out in a closed ecircuit or else in a series
of converters in order to exhaust the reaction
components. Exhaust gases may be used for il-
luminating gas or for other syntheses of organic
compounds using similar permutogenetic con-
tact masses. When the mixture is varied, par-

ticularly when the content of hydrogen is in- -

creased, high molecular oils can be obtaineq,
and if the amaount of alkali in-the contact mass
is high, considerable amounts of pretroleum like
bodies are obtained.

When a less complex mixture of reactlon prod-
ucts is desired, especially-when alcohols are to be

0 obtained, the base exchange bodies may be

3b

40

.45

leached in order to eliminate partly or: entirely-
the exchangeable alkali content, and on the other
hand the addition of a larger amount of alkali,
particularly K20, favors the production of oils,
- as will an increased proportion of hydrogena-
tion contact masses.  Such reactions may be car-
ried out at much lower pressure. The K20 ap-

-saturated hydrocarbons,

- -80-160 atmospheres.

9

hydrocarbons, olefines, acetylenes, and other un-

cycloparaffins, ' cyclo-
olefines, aromatic compounds, such as the com-
pounds of low temperature tar, for example,
phenols, aromatic alcohols, ketones, aromatic ni-

.trogen compounds, heterocyclic bodies, such as

furane, etc., mixed with oxides of carbon. and
hydrogen contalmng gas such as water gas, A

specific gas composition is 20% ethylene or its

homologues, 10% carbon monoxide, 65% hydro-
geh and 5% nitrogen. Other gases which do not
have a deleterious effect on the contact mass,
such as carbon dioxide or water vapor, are in
some cases advantageous. The gas mixture is
passed over the contact mass at 300-400° C., at
Low bhoiling liquid hydro-
carbons .of petroleum-like nature are obtained,
the main fraction going over at 35-65° C., and
possessing a spec1ﬁc gravity of 0.73 to 0.74 ab
20° C. Small quantities of alcohols, aldehydes,
and ketones are obtained as by-products. .

When phenolic bodies are present, they are
for the most part transformed into aromatic hy-
drocarbons, " Thus for example, phenol is trans-
formed for the most part into benzene.
syntheses can be carried out in a closed cir-

pears to act both as a stabilizer and as condensa- vcult or in a series of converters, and it is an

tion catalyst in these reactions.

Instead of using a single contact mass the gases
may be passed over a layer of methanol catalyst,
in order to obtain the methanol percentage in
the vapor mixture, and the partly reacted gases
may then be passed over one of the contact
masses described above.

Example '5

- The, following contact mass is ‘prepared:

4 parts of Al203}3H:20, freshly precipitated
from. any aluminum salt solution, are trans-
formed into the corresponding -aluminate by
“means of a 2 N potassium hydrox1de solution. .
15 parts of freshly precipitated cadmium hy-.
droxide are also. transformed into the corre-
sponding potassmm cadmiate 1n the usual man-~
‘ner.

16 parts of hydrated V204 are dissolved in 10 N

- sodium hydroxide-solution to form sodium vana-

50

.55
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dite.’

Finally, 2.5 parts of: zinc hydroxide gre dis-
solved in a 2 N sodium hydrox1de solution to pro-
duce sodium zincate.

These metallate solutions are then mixed to-
gether, and a .non-silicious base exchange body
is precipitated by the help of salt solutions con-
taining zirconium, titanium, thorium, manga-
nese, and tin in equimolecular proportions. The
solution ‘'may advantageously be of about 10%.
strength, and is-added with vigorous. agitation
until the reaction product is"neufral or slightly
- alkaline to phenolphthalein. The resulting prod-
uct is freed from the mother liquor, dried, hy-

_ drated by trickling water over it, and impreg-

66,
.10

i

nated with a 10% ammonium metatungstate S0=,

“lution after. hydration. A second .drying fol- -~

lows, and the dried product is then carefully
<leached with about a 5% dilute nitric acid solu-
tion in order to eliminate a niaximum of alkall.
This results in a considerable loss of mechanical
. strength of the contact mass kernels, 2.d in or-
der to provide for a satisfactory mt¢ chamcal
strength they may be mixed with a natural gum,
dried, and broken into suitable pieces. This con~
tact mass can be used for the synthesis of alco-
hols and liquld hydrocarbons, using as a raw

advantage of the process that the contact mass

-does not favor the decomposition bf carbon. In-
stead of the specific mixture referred to above,

hydrocarbon mixtures, especially those contain-
ing unsaturated hydrocarbons, for example, the
olefines of natural gas, coal gas, or low tempera~
tire carbonization gases, or the tail gases from

* cracking petroleum may be used. - These gas mix-~

tures may be of very complex character.

These syntheses can be carried out in g plu-
rality of converters with these especially eficient
dontact mass compositions which contain hydro-
genation catalysts, -dehydrogenation .catalysts,
polymerization catalysts, and catalysts for intra-

These.
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molecular rearrangement. The different contact . - -

masses may be arranged in zones or layers, or 120 ':b

mixed together. When recirculation in a closed
circuit is used the introduction of the fresh gases
may be effected so as to maintain a fairly con-
stant composition] but this is not really essential,

and the adjustment of composition may be: ap- .

proximate. In some cases & very markedly de-

“ereased pressure may be utilized.

When it, is desired to completely avoid the for-
mation of alcohols and esters, it is advantageous
to include iron, cobalt and manganese in the con-
tact mass, and the pressure should also be greatly
reduced, and the reaction may even be carried
out at atmospheri¢ pressure.

When the catalytic efficiency of such contact
masses becomes weakened they may be regener-
ated by treating them with oxygen containing

gases at’ 380—450° C,, and after the oxidation is.

complete the conta.ct mass can be again reduced
with hydrogen containing gases, such as water
gas, whereupon its eﬂectiveness is renewed.

E:mmple 6

Gases or vapors for the ‘synthesis of alcohols.

and: hydrocarbons may be. preliminarily treated
with oxygen containing gases to partly oxidize
their hydrocarbon content. Thus for example,
natural gas, coal gas, the gas from the low tem-
perature carbonization of coal, and tail gases
from the cracking of petroleum may be so treated.
These combined methods of synthesis may be
carried out in & plurality of converters, the first

r
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being provided with oxidatmn catalysts and small

amounts of oxygen being introduced into the gas .

stream. If air is used the nitrogen remaining
after the synthesis is completed may be used for
the synthetic production of ammonia. This in-
complete combustion may be also effected by the
so-called surface combustion methods. The con-
tact mass for the partial oxidation of such hydro-
carbon mixtures may be prepared as follows:

210 parts of 33 Bé. potassium waterglass solu-
tion diluted with 6-8 volumes of water are mixed
with sufficient finely divided kieselguhr so that
the suspension just remains easily stirrable.. To
this mixture a potassium vanadite solution 1§
added which may be prepared by reducing 18
parts of VaOs5 in 250 volumes of watber at an ele-
vated temperature with sulfur dioxide in the
presence of dilute sulfuric acid, decomposing the
blue vanadyl sulfate obtained with alkali, and
transforming the V20: precipitated into a coffee-
brown solution of potassium vanadite with just
sufficient 5 N. caustic potash solution. To the
mixture of waterglass and vanadite a 10% alumi-
num sulfate solution is added in a thin stream
with vigorous agitation until the reaction mix-

“ture is neutral or just alkaline to phenolphthalein.

The mass solidifies to a dirty green gel, which is

" filtered with suction, washed slightly and dried.

Other metal salt sclutions may replace.the alumi-
num partly or wholly, especially solutions of salts
of amphoteric metals, such as iron sulfate, zir-
conium nitrate and the like. . :
-The permutogenetic body obtained is well suited
for the partial oxidafion of gases. For example,
illuminating gases or the tail gases from. the
cracking of petroleum are mixed with smail
amounts of oxygen or the corresponding amounts
of air and led over the contact masses at 360-
400° C. The mixture is partially oxidized and
it may then be directly used for the synthesis of
alcohols or ofther oxygenated compounds or hy-

. drocarbons using one or other of the contact

45

50

masses described in the foregoing examples.

Other contact masses containing metal ele-
ments of the fifth and sixth groups of the periodic
system are well suited for the partial oxidation of
the hydrocarbons, and these contact masses may
be toned by stabilizers or stabilizer promoters.

A combination of oxidation catalysts, water gas
catalysts and catalysts for the synthesis of oxy-
genated organic compounds or hydrocarbons is
also effective, the water obtained in the catalysis
being used in the water gas catalysis and the mix-
ture of gases thus obtained being well suited for

‘the specific syntheses of the present invention.

In the specification and claims the term “per-
mutogenetic” covers base exchange bodies, sili-
cious or non-silicious, -the products obtained by
the acid leaching of these base exchange bodies
and salt-like bodies obtained by the reaction of
these base exchahge bodies with compounds the
acid radicals of which are capable of reacting

* with the base exchange bodies to produce prod-

_ucts which show mest of the properties of salts.

When used in the claims, the term “permuto-
genetic” will have no other meaning.

This application is a division of my co-pending
zlnghcatmn Serial No /256,065, filed February 21,

928

‘What is claimed as new is: .

1. A method of catalytically reducing . com-
pounds of the group consisting of oxides of, carbon

~ and compounds of more than one carbon atom

containing carbon linked to oxygen to products
containing hydrocarbons which comprises caus-

1, 925 389

rd
‘ing them to react with reducing gases in the pres-

ence of a contact mass conteining a permuto-
genetic body. )

2. A method of catalytically reducing com-
pounds of the group consisting of oxides of car-
bon and compounds of more than one carbon
atom containing carbon linked to oxygen to prod-
ucts containing hydrocarbons which comprises
causing them to react with reducing gases in the
presence of a contact mass containing a permuto-

genetic kody and also containing at least one

strong reduction catalyst included in the group
consisting of iron, nickel, cobalt, platinum metals.

3. A method according to claim 1 in which a
strongly alkaline compound of alkali forming
metals is present in the contact mass. )

4. A method according to claim 2 in which a
strongly alkaline compound of alkali formmg
metals is present in the contact mass.

5. A method according to claim 1 in which
the contact mass contains a strongly alkaline
compound of alkali forming metals, and also con-
tains a non-specific catalyst selected from the
group consisting of oxidation catalysts, dehydra~

‘tion catalysts, dehydrogenation catalysts, and

condensation catalysts.
6. A methed according to claim 2 ir which the

80
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contact mass-contains a strongly alkaline com- _

pound of-alkali forming metals, and also con-
tains a non-specific catalyst selected from the
group consisting of oxidation catalysts, dehydra-
tion catalysts, dehydrogenation catalysts, and
condensation catalysts.

7. A method according $o claim 1 in which the
contact mass contains g strongly alkaline com-
pound of alkali forming metals, and also con-
tains a condensation catalyst.

8. A method according to claim 2 in which the
contact mass contains a strongly alkaline com-
pound of alksali forming metals, and also con-
tains a condensation catalyst.

105
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9, A method of producing reduction products ;

.contammg “hydrocarbons which comprises re-

ducing oxides of carbon in the presence of a con-
ta,ct mass conteining a permutogenetic body.

“10. A method of producing reduction products
contammg hydrocarbons which comprises reduc-

: ing oxides of carbon in the presence of 2 contact

mass containing a permutogenetic body and also
containing at least one strong reduction catalyst
included in the group consisting of iron, nickel
cobalt, platinum metals. .

11. A method according to cla.im 9 in Whlch»

the contact mass contains strongly alkaline com-
pounds of alkali forming metals.:

12. A method according to claim 10 in which
the contact mass contains strongly alkaline\gom—
pounds of alkali forming metals., -

13. A method according to claim 9 in which
the contact mass contains strongly alkaline com-~

120
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pounds of alkali forming metals, and contains a

‘non-specific catalyst seleeted from the group con-

sisting of oxidation catalysts, dehydration cata~
lysts, dehydrogenation catalysts, and condensa-
tion catalysts.

14, A method accordmg to clalm 10 in which
the contact mass contains strongly alkaline com-
pounds of alkali forming metals, and contains a
non-spee¢ific catalyst selected from the group con-

-140
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sisting of oxidation catalysts, dehydration cata- .

lysts, dehydrogenation catalysts, and condensa-
tion catalysts, -

15. A method accordmg te claim 9 in which
the contact mass contalns strongly alkaline com-

150
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pounds of alkali forming metals, and contains a
condensation catalyst.

16. A method according to claim 10 in which
the contact mass contains strongly alkaline com-
pounds of alkali forming metals, and contains a
condensation catalyst. :

17. A method according to claim 9 in which the
vapors of other reducible organic compounds are

76

admixed with the oxides of carbon before reduc-
tion. , ’ '

the vapors of other reducible organic compounds
are admixed with the oxides of carbon before re-
duction. ) :
T ALPHONS O. JAEGER.

18. A method according to claim 10 in which -
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