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AMENDED SPECIFICATTON.

Beprinted as amended in accordance with the docision of the Superintending
Examiner scting for Compiroller- (eneral, dated the wuincteenth day of

January, 1931,

PATENT SPECIFICATION

Convention Date (United Stafes): Feb. 21,1928,

Application Date (in United Kingdom)s Aprit 14,1928, Ne. 17,840!
Complate Accepled : Sept. 18, 1828.

fr6a COMPLETE SPRCIFICATION (AMENDED).
Catalytic Reduction of Oxides of Carbon and O:ga.nic Oxyzen

Compounds.'

We, Tug SELDEN COMPANY, 2 €OrpOTS-
tion organized tnder tho laws of the State
of Dclaware, United States of Amerioa,
of 339, Scocond Avenue, in the City of
Pittshurgh, State of Pennsylvania, United
States of Amerios, (Assigness of ArrEons
Orro Jagsss, of 9, %m:th Grandview
Avenne, Crafton, Couvnty of Allegheny,
State of Permsylvanmia, United Stated of
Aweries, & - oitizen of the German
Repuklic), de horeby declare the nature of
this invention and in what manner the
sama 2 o he performed, to be partieularly
deseribed and ascertzined in and by the
fullowing staterment —

This invention relates to cabalytic re-
ductions of organie oamﬁoumds containing

" at least one U0 or COOH group or oxides
of oarbon. Among such ie com-
pounds are ketones, aldehydes, acids,

esters, alechols, sthers, efe.

According to the present invention such
organic compounds or ozides of carhan are
reduced by mesns of hydrogen or gas con-
taining hydrogen in the presenca of con-
fact Inneses of the class herein defined.
These coutact masses confain base ex-
change bodies or their derivatives. Under
the tarm * hase exchenge body ™ arve in-
cluded aJi mnatural or artifioial Thodies
which possess the properties of cwchanging
theip bases for other hases of salb solubions.
The buse egchanging prodnets nsed in
making catalytic compositions used in the
present invention or as initial material for
derivatives o be so used may possess high
base exchanging power or in many cases
may possess lower base exchanging power,
gince the catalyliv value of the final com-
positions is not primarily dependent on
the amount of base exchanging power
present, In generul the base exchange
bodies may be divided info three main

[Price 1s.]

categories ' —Two-component and  moml-
component zeolites, Lo, hase exchange
bodies containing chemically combined
giligon in their nuelenz and non-silicious
bage cxchenge bodies In which all of the
silicon is r:.‘lpglﬁ‘cud by ather snitable acidie
or wmphoteric melel. oxides.  Fwo-com.
ponent zeolibes are the reaction products
of two types of initinl eomponents, thab
iz to say, metallates and silicuies, (using
the term metallate in a somewhat broader
gense a8 will be dofined further on in the
deseription), or rmebal selts and silicates.
Trequently more than one member of &
type may enter info reaction, that is to
say, & silicate may react with more than
one metallate or more than ome metal salt.
The rmulti-component zeolites are the re-
action products of ab least three types of
sompoments, that is to say, uwl leasé one
gilicats, at leact one metallate, and at
least one metal salt.  Owr present inven-
tion excludes the use of such multi-com-
ponent zeolites, the preparafion of which
is described in Specification 279,466,

The hase exchange bodies, both zeolifes
and non-gilicions base exchange hodies,
may be associated with diluents preferably
in the form of a physically homogeneouos
gtructore, as will be desuribed  below.
Tither diluted or undiloted base exchange
bodies way be present in the conbact
magses uged in the present invention, or
their deriveiives may be present, but it
should be undorstood that whersver hase
exchange bodies wre roforred to  both
dilitecl” and  undiluted products  arc
inoluded,

Base exchangs bodies, both zeolites and
nop-silicious bage exchange hodies, may
alsu bo trensformed into derivatives which
possess muny of the chemieal and most of
the physical charscteristics of the parcot
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base exchange bodies. Such derivatives
may he salt-like bodies, that is to say, the
reaction prodasts of base exchange bodies
with .eompounds coubsining enmons  cup-
able of reacting with the base eXechange
bodies to form products which possess
many of the properties of salts. A fur-
ther alaes of derivatives iy that of the seid
leached base exchange bodics. When a
bose exchonge body s subjected to leach-
dng by acids, particanlarly dilute ‘mineral
geids, the exchangeable hases are first

“gradually removed. | The resulting mwo-

duets contain both the more bese and

the more acidie components’aof the non-’

exchangeable nuclats of the base exchange

body, with or withoub % portion of the ex- |

changeable bases.  As the leaching is
varried on further, more and more of the

relatively “positive: eomponents of the non-

exchanpeable nuclens are remaved, and
it lesching is cerried to completion the
leached product comtaing only tho rela-
tively acid components of the non-vx-
changeable " nuelewd, - In the case of
zeoliles the fiusl prodwet from long con-
tinved leuwching is a complex silicic acid
which kas many of the physical properties
of the original base exchange bady.
(Catalytically active components may be
associnled with dituted or vndiluted base-
exchange hodies or thelr derivatives in
four main forms, as follows (1} Thay
may he physically admized with or im-
pregnafed info the base exchange bodies
or derivatives. (2) They ~may be
physically homogenecusly  Incorporated
into such bodies or derivatives before the
latter have been completely formed in the
form  of catalytically active diluent
bodies or in the form of diluenis
whioh have ~ bheen Impregnated with
oatalytically motive snhstances, (3} They
may be chemically combined with or in
the buse exchange bodies or derivatives
in non-exchangesbls form, that is to say,
they may form a part of the non-ex.
changeable nuelews of the bese exchange
hody present in the final contsct mass or
which i3 transformed into the derivatives,
or they may he chemically combined with
the base exchange bodies in the form of
catalytically active anions which form
with the buse exchange body zalt-like
bodies. (4) They may be chemisally
combined in exe eable form either
during the formation of the base exchange
body or by hase exchange afier formation.
Obviously of course the rame or differcnt
catalytionlly aclive compoments may be
present in mere thean ene of the above
desoribed forms, and it Is an advantage
of the present mvention that eatalyhically
anetive gubstances may be introduced n a
wide varivty of forms which gives a large

field of choice fo tha catzlytic chemist.
© While the different hase exchange
bodics and their derivatives may vary
widely in their chemical characteristics,
they all possess a =mimilar physical strme-
tura which iz characterized by more or
Iess  high gamsity, frequently  miero-
porosity, and gread resistonee (o high
{emperatures, and in the case of producis
which have not been acid leached io the

Kl

point of removal. of eatalytically active -

components these components are distri-

preductz in atomic or molecular disper-
gfom, e will he deseribed in greater detail

*buted throughout the framework of the

20

below, and this chemieal homogcneity s -

cone of e mportant advanteges of swne

of the confuct musses wied in the present
invention.’ } ) o

“While three of the methods' of eombing.
ton of the catalytically active substances
may be effected with undibrted as well aa
dilufed hase ezmchange hodies or deriva-
tives, it has been found that for mosl re-

actions homogeneoundly diluted  contuet
magsses &are of advanfage, partienlarly
whers the diluents are of a physical

natare such as to exert a desired inflnenca
on & catelyHe activity of the contact
mnggses, as when, for cxemple, diluents
are 1ich in silice, which hes been found
to have an activating power, or where
the diluents by teason of high porosity,
ca&pﬂlarity, or surface enerey may be aon-
midered as physical eatalysts or activators.

Biise cexchange bodics wed in the
present inventivn behave as i they were
products of extremely high molesular
weight for eatalytieslly aetive com-
ponents can be, introdmeed either into the
nongexchangeable nucleus or in the form
of exchangesble bases in practivally any
desirable proporfions, wnd the ordinary
law of chemieal combining propertions,
which in epmponnds of low moleenlar
weight restriets the proportions in wlieh
componenis ean be ineorporsted chemic
ally, appewrs to be without force, which
makes it reasomable to assume that the

maltertlar weight is so high as eompletely 1

to magk the effect of the law, " Ii is
possible that the base exchange hodics, or
some of thow, wey be zolid solutions of
a plurality of reluted compounds of lower
molecalar  weight. It has not Theen
possible hitherto definitely to sefitle this
quertion, as base exchanpe hodies ara nat
readily eapable of struetural chemical
snalymis.  The present invention is not
limited to sny theory, but irvespeetive
of the uwmderlying ressuns the fact that
catalytically uctive components may he
chemically  introduced in any  desired
proportions & of enormous importance (o
the catalytic chemist and gives him the
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pOwET to produce an alnlosb Lmhm.thed
number of finely and gradually toned
catolysts or comtact masges for the redus-
tions of orgemic vompounds conteining
the CO or the COOH group or oxides of
carbon, and in all cases the contact masses
produced are highly effective by raason
of the desicalle physical struchure of the
base pxchange bodics or derivatives econ-
fained therein and the wide limits of
homogeneons  dilution of catalybivally
ackive molecules or atoms with resulbing
uniformity and -smoothness of action,
which is.of great Importance, pa,mculaﬂy
in the sensifive rodetions such as cerfain
reductions for which coubuct messes used
in the present mventmn are peculisrly
adaptad.

In addifion, to the important character-
isticy with which base exohange bodies ar
derivatives endow the confael masses ib
has been found that for many cof the re-
actioms coming within: the scope of the
prasent iInvenfion it is desirable to
stabilize the confact rossees, @nd this may
be offecled Ly associating with the base
cxchange- bodics or derivatives or ineor-
porating or forming therein compounds
of the alksli forming metals, that is fo
g3y, the alkali metsls, the alkaline earth
metals, and the strongly basie earth
motals. These compounds. appear te slow
down or smooth out the catalybic resc-
tion, and will be referred 4o thwoughout
this specification as stabilizers, The
stabilizers may be mnom.alkaline, weakly
alkaline or strongly -alkaline, depending
on, the rveduction produotzs and on the
nature of the catulyticully active com-
ponents used. It i a great advaniage
of the present invention that in the normsl
formation of hase exchange hodies alkali
forming metal oxides are present as ex-
changeable bazes, and whather nsed with-
ovut ocid treatment or treated with acid,
thoy form stabilizess which are combined
in, or associated with the resulting base ex-
change bodies or derivatives in an ex-
tremely fine sbate of .division in which
the stahilizers are poculiarly active. Thus,
base exchange Todies oontaining allali
forming mci?lﬁ cxchangeable bagcs may be
considered us complex stubilizers,

In additien %o the wse of stabﬂ.lzers
which are important in a large number of
reductions included in, the scope of the
presont lovention, it has been fowmd that
the stabilizor sction and tho overall effi-
cicney of the contact masses can in many
vases be greatly iercased or enhaaced
by the azssocistion therewith or chemival
combination thersin of eclementz or
radicaly or proups which are catalytieally
active hut do not possess speoifie cafalytie
activity for tho partioular peaction to

be calﬂed out.
tam catwlysbs whick et the temperatures
nsed in the reaction bebave as dehydro-
genation catalysts may be added to en-
hance and tone the catalylic activity of
the catalysts of the operation of the
shabilizers. Similarly in some .- cases
oxfdation catalysts, such az those con-
taiping mestal elements of the fifth and
sixth groups of the periodis system, may
greatly improve the effectiveness of the
contact mass used, especially where if-is
desirable to produce mtermediate products
which 'in some casvs. wre rclebively un-
stable, Bome other reduction reactions
involve ths spliti off of water, and
may also involve molecular condensations.
In such reactivms ib is.very desirable to

Thue, for sxample cer-

=1
o,

80

ingorporate catalysts or catulytic com-

nonenis which are not specific reduction
catalysts hut which may faver dehydra-
tion, splitting off of carbon dioxide ar
condensution.  Such catalysts or catalytie
components which are not specific cetalysts
for the reaction in which they are being
used under the reaction conditions ob-
taining will be referred. to throughout
the sgpecification as stabilizer promoters,
ag thoy sppear t¢ enhance the toni
effect which csn be wohieved by sta;bnf
izers. The use of this expression should,
however, in no sense be iaken to limit
the invention to a particular theory of
action, of thess non-specific catalysts and
in foct in gome cases stabilizer promoters
may be present where there wrs no
stabilizers

The tremendous range of chemical
groups which may be combined in or
with or incorporated in hase exchange
bodies or their derivatives permits a wide
choice of slabilizer promoless as well as
specific cafalysts and permits Lhoir sssociu-
tion with the coutact -masses in an ex-
tremely homogeneous’ and catalytically
efficient form. 'hws, many bhase ex-
change bodics or their derivatives miay be
considersd as vomplex valalysty, stabil-
izers and stabilizer promoters, as all of
these elements may be present in the zame
chemical compornd and sharing the ad-
vantages flowing from its  desfrable
physieal gfructire and chemical proper-
tics.  PBoth stabilizer and stabilizer pro-
moters may be mixed partly or wholly
with hase exchange hodies or their de-
rivatives and a mingle stabilizer or single

atabilizer promoter may he present partly

fn  physical admixtmze-
chemical combination, az will be
to the skilled base exchange ehemist.

Tho base exchaoge bodies which form
the Jdmportant compononls o indkisl
material for derivatives in contact masses
used in the present invention may he pre.
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pured in any of the well known methods.
Thus, for example, two-component zeolites
may be prepared by web methods in
which the metallate compunents or metal
salb components, part or all of which
muy be catalytically astive, are coused
to react with soluble silicates to form
zeolites of alumine silicate or aluminium,
double silicate types, or the components
may -he fused, prefersbly in the presence
of fluxes. Tt should be understood that
onder the term metallate is ineluded not
only the alkaline solutions of amphoteric
metal oxides or hydvoxides but alse alkali
forming metal salts of metal acids, such
a3 the oxyacids of metals of the Aifth and
sixth groups, which in abt least one sfage
of oxidation are not stristly speaking
amphoterie, but which producis arc cap-

"able of reacting with silicates to form

zenlites, or with other componends to form
non-giliolous  bese  exchange  badies.
Throughout the specification this some-
what more general definition of metal-
Intes will be striotly adhered to, In the
formation of two-component zcolites by
wet methods, the ﬁ.uzﬁ reaction product
wust be alkaline to litmus, and for pro-
ducts of high base exchanging power it
should be meubral or alkaline ta phenol-
phthalein.  For fhe purposs of produc-
ing base exchange bedies fo be wsed in
the preparation of the contuct masses it
is mometimes unnecessary to provide high
base cachanging power, and for many
purpozes zeclites formed wnder conditions
resulting I a2 final resckion whish s
acid to phenolphthalein but alleline to
litmus are of advantage. It iy not def-
nitely Imown whether products produced
under such circumstances are homogene-
oug chemical compounds, althongh in
many ways they hehave as such. There
is, however, reason o believe Hhat in some
cases at least mixtures of basc cxchang-
ing and non-base exchanging polysilicates
may be produced. For the purpese of
the present specification a produet will be
congidered as a base exchangs produet if
it has any hase exchange power at all.

It is desirable for many purposes and
particularly where two-component zeolites
of high base exchapygiug puwer are needed
te add the rclutively acid components, for
expmple, mebal salts in the case of the
slumirium  double pificate type *of sili-
cates, to the relatively more alkaline com-
ponents such as for example soluble sili-
cates. By these mosns a comtinuous
alkalinity is insured, and this methéd may
be considercd as the preferred westhod in
most cages, but the opposite  proecedure is
advantageous for certain contact masscs
and is included i the inventian.

. Non-wilicions base exchangs bodies are

produced Ly the general methuds described
above, but instead of bringing about reac-
tions between silicates and other metal
oxide eomponents, two or.moere oxymetal
componnds are caused fo react; in 70
gencesd, ab Jeast one will be a metaliate
and at least one a metal salt, or in soms
cages it is possible to bring ahout action
hetween two differant metallates in which
one negative radieal iv more acidie thon
the ofher. It iy possible to produce nop.
siliclous base exchange bodies in which
w plurality of metal oxides are present,
I is also possible to produce non-silicions
base exchange hodier in which a single &G
metal iz present. Thus for example,
some metals may be  sufficiently
amphoteric in charactor to form both
metullates and metal salts which are
capable of remcting with each other to
produce base exchange bodies.

(Ove method of producing non-silicious
base exchange boﬁi&s consists in  &he
gradual neufralization of strongly alkaline
selty of the oxyacids of woeial elements of
the fifth and sixth groups in stages of
oxidation in which they are sufficiently
amphoteric. Tha neufralization of other
strengly  alkaline metallotes may  also
bring - about Iormation of non-silivious
base cxchange bodies. The converse
method, whereby mnon-alkaline salte of
suitable metals are pradually treated with
alkali mntil the reaction iz sufficlently
alkaline to permit the formation of base
exchange hodies, oy alse be used.

Many metals are capable ol cntering
into the buse exchapge formation only in
certain stages of oxidation, and it iz some-
times neeessary to introduce swch metals 103
in & stage of cxidation different from that
desired in the final bagse exchange body.
the change of stage of cxidation being
preferably effecied during the formation
of the base exchange body. Cerfain other 110
elements may he incorporated in the form
of complex compounds of the most wvari-
ons types, such as for example, ammonia
compl}élxes and the like.

In wddition to the artificiul base ex- 115
change hodies briefly described ahove,
natural base exchange bodies, such as
nepheling, leucite. felspar, and the liks,
may bs uged.

The most important contaet masses for 120
many reaclions contain base  cxchange
bodies in which preferably the diluents
are homogeneously incorporated into the
base exchange hodies before formation of
the latier, or at least hefore the hase ex- 123
change body has set afiter formation,
Many dileents, both inert, stabilizing,
activating, catelylivally active, or having
slobilizer promcter efects. can he used.

A few of the diluemts will be hrkedy 180
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ennmerztad -—kfeselgnhrs  of all linds,
particalarly natursl or trested celite
earth, silicious powders of various types,
powdered base exe o hodies, natural
or artifisial powders of vocks, stomnes, tulls,
trass, lave, and similarly voleanic pro-
duets which are frequently highly porous,
greensand, plauconite or its apid leached

derivative glaucosil; pulverized wool,
cements, aand, silios gel. pulverised
carthonware, fullers earth, tale, glus

powder, pumice meal, asbestos, graphite,
activated carbon, quartz meal, various
pulverized minerals rich in guartz, metal
powders and metal alioy powders, salts of
oxymetal acids sweh as tungstates, vana-
dates, chromotes, wunsics, mangenates,
cerates, molybdates, ete., °particularly
copper salts of the ahove, rilicates, sich
as copper silicate, iron silicate, nickel sili-
cata, cohalt ailicate, almmininm silicate,
tianium silicate, minerals or ores, espeol-
ally fhose rich in coppor, cte. FHincly
divided dJiluents are of grest advantege,
especially when the .average particle size
iz less than 60 microns, #n which case the
diluents possess high surface  energy;
which inareases the adsorptive and absorp-
iive oapasity of the vontact mass, the
diffusion speed and porosity. Thuse foely
divided diluents mey be considered as
physical -eatalysts or activatars. Dihrtad
bage exohange bodics may also be finely
divided and used as paxrt or all of the

. diluents of other base exchange hodies.

The following nine msthods wre {he
most effective for the intrednction of
diluents, but any other suitable methods
can be usged -

{1) The diluents may be mized with
one or morw lguid components of the base
cxchange bodigs to he formed when the
latter are prepared by wet-methods.

{2) Components, either catalytically
active, stabilizer promoters, ox . obhers,
may .he precipitated or impregnated nto
dilvent bodies which are then inecorpor-
ated into the bese exehange bodies by any
suitable methods: of incorporation.

(3} Diluents may .be mived with hase
exchange bodies %when the latter are still
in the form of gels, by kueading or shir-
ring, in which easo the base exchange gel
hehaves as an adhbesive. The homogensity
and uniformity of the distribution of the
diluemts sre mot quite so preat by this
-method as by method (1), bof for the cata-
Iytic reduections of the compounds being
dealf with extrame oniformity is not
essential.

(4) Dilucnts may be formed during the
formation of base vxchenge bodies by mix-
ing suitable c¢omnpounds with the com-
ponents of the hasze exchange hodies sv

.that the diluent particles are precipitated

-metals -—oopper, - silver,

during  formation.  Froteotive  colloids
way be wdded to prevent coagulation of
the dilwent particles before the baze ex-
shange bodies have hecome sufficiently set,

(6) Compomnds may be added which ro-
act with certuin of the base exchange
bodies forming ecomponents fo prodwee
diluents ; for instance saits of the msfkal
acide of the fifth and sixth groups may be
added in sufficient excess so that they re-
act with componenis of the besc cxchange
body to form insoluble diluents, as for
example with heavy metal oxides.

(6) Preformed buase exchange hodies,
dituted or mdiluted, artificial or natural,
cann be impregnated with true or eolloidal
solalions of ocatelylically oflvciive som-
ponents znd then dried.

(7 A preformed bhaze exchange hody,
dilrted or undiluted, may be impregnatbed
with a phlralifty of sclutions 'which react
therein ta precipitate any desired dilwents.

(8) Soluble diluent oompownds may he
added to the components forming e hese
exchange body, which aftcy foxmation re-
tains the compounds in solution and is
dried withowt washing or iz treated to
praecipifate the compounds.

{(9) Natural base sexchange baodies or
artificial base exchange bodies, diluted or
undiluted, or their derivefives, may he
impregnated with solutions of the desired
cormapounds, which are then precipitated

by means of reantive gases.

The nueleus or non-exchangeable por-
tion of the molestnles of the hase excha:
bodiss 3¢ ordinerilly considercd to consist
of two types of oxides, numely, relatively
bhasie metal oxides, wusuully ampboteric,
and relatively acidic oxides, sich as Si0,,
some amphoberie metal oxides and some
metal oxides whish have a distinetly acid
character. The nuclens behaves as o
single anion and ceongt be split by ordin.
ary chemical means, bub it is sdvantage-
oug to consider the two portions of the

imelens a8 the basic and acidie portions,

bearing i mind of eourse that the nmoleus
behuves as a single group. The metal or
quasi-metal compounds - which ure capable

-of forming the bagic porion of the nucleus

are: those of the following metale or quasi-
gold, bismuth,
beeyllivm,  zine,  cadminm,  boron,
slwminium, somec rave - earths, titanium,

zirconinm, {in, Ived, thorium, nivbiunm,
antimeony, tentalum, cheomium, molyb-
derum, fungsten,- uraninm, vanadium,

manganese, iron, nickel, cobalt, platinum,
palladinm. Compounds of these slements

may be introduced singly or in mixtures,

in any desired proportions, and may be

-in the form of simple or complex jons, It

should bo understood thet some of the
elements -in - certain stages of oxidafion

T
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- orimprove its physical str

may be introduced either as metallates or
metel salts. Others may be introduced in
valy one form, and still others may be
introduced in a stage of oxidation other
than that desired 1n the fnal hase ex-
change body or in fhe form of complex
componnds. Among the complex jonogens
are ammonie, hydroeyanie “acid, oxalic
acid, formic acid, tfarbarie acid, citric
aoid, glycerine, and tha liie,

Many of the metals are specific cata-
Iysts, others are glabilizers, and = stll
others are stehilizer promoters,  Natur-
ally the status of an element as catalyst
or stabilizer promoter will very with the
particular reduction for which the final
contach mass is o be used, and the choice
of catalynts and stabilizer promoters
together with the proportions” will he
determined by - the ~partisular eatalytic
reduction of the partieular compounds for
wh:éuh the cont?cf. mase is o hefused.

zamples of components furming the
re?la—tivel;I acid porm.'lgn of the haze ex-
change muelens are afkali metal silicates,
which are soluble in alkali, and alkali
metal salts of acids, such .as those of
boron, phosphorus, nitrogon, tin,
titunium, vanadimm, tungsten, chromiom,
niobinm, tantalum, uwrenium, antimony,
manganese, cte,

The exchangeable bases of the base ox-
change bodies may he substituted by buse
cxchangs, and the elements which can be

introduced. singly or in admixzfure by base
exchange are the following :—copper,
gilver, gold, ammonium, beryliinm,
‘caleium, rhanganese, ocaesinm, potassium,
sodium,  zine,  sironfium, eadmimm,
bartum, lead, aluminiwm, seandiom,
titaniom,  zircomium, tm,  aniimony,
thovinm, vanadinm, lithium, rubidinm,
thullivm, bismuth, ohromium, ureniura,
manganese, irom, cubalt, nickel,
Totheniwm,  palladium, platinum  and
eerium.

Dopending on the reactions in which
the contack mass iz to be used, the ex-
changeable bases fuiroduced may be spasi.
fic catalysts, they muy be stabilizers, or
they may be siabilizer promoters, They
may he lutroduced as simple ions or aw
oomplex ions, and may enhance the cuba-
Iytic activity of the final contach mass,
th, or both.

has besn deseribed above, base ex-
change bodies ean be caused to react with
compomils  conteining  acidie  radisals
capable of forming therewith salt-like
bodics. The radicals may he present in
the form of simple acid radicals, polyacid
rudicals or complex scid radivels, and in-
clude radicals containing the following
slements —ohromium, vanadium, tung-
sten, wraninm, molybdenum, manganese,

tapbulum, niohium, antimony, seleninm,
tellurinm,  phosphoras,  bismuth, 4,
chlorine, platinum, bhoron. Among the
comples radiculs are ferro and  ferri-
ggmm cn, cerfein ammonia complexes and

e Lle. The amount of aeid radicals
coused to unite with the base cuchange
bodies to form saltlike hodies may be
varied so that the resuliing products may
posgess the character of acid, pewtral or
basin salbs. Most of these acid radieals
are stabilizers or stabilizer promoters for
the catalytic reduetion and hydrogenstion
of carhonyl compounds o verious oxygen-
ated and hydrocarhon products.

The basc cichange bodies diluted or wn-
diluted, or some of their sali-like body
derivatives, may be frested with aeids,
guch as mineral acids, for cxample,
2—10%, =ulphurie, hydrochloric or nitric
acids, te remave part or all of the ex-
changeable bases, or alse part or all of the
basie pertion of the nucleus,

In the casc of zeolites, the partial leach-
Ing with acids, which leaves part or all of
the basic portion of the nucleus or cven
part of the exchangeable bases, does not
affect the funotion of the zeolites as cata-
Iysts - when they contain catalytically
‘astive cloments in the basic portion of the
muecleus, or in some cases avem exchange.
able  bases, and sueh pardally leached
catalysts are of great importence In many
reaetions. Where the lenching is carried
ot to ocompletion the advantageons
phyeical struclwre remains to a eonsider.
able extent the swme but the remainder
is of comse a form of silica, or in the
easc of zeolites in whish part of the silica
is rcplaced by other acidic compounds, u
mixture of the twe, and usually will not
be a spacific catalyst for the reduction
of oxides of oarbon. It serves, however,

a8 an adveutsgeous physieal ecarrier of

specific catalysts, and I the easc of pur-
tiully substituted zeolites may also con-
tain stabilizer promators,

Leached wnon-silicious hase exchange
bodics, either partially or complstely
leached, may contain -catalytically aclive
compenents and  behave as  catulyats,
stabilizer promoters or both, and many
important catalysts for the reduction aof

‘organie compownds conbaining the GO or

COOH group nec thus obtamned. This is
partioulax]y the csse for reactions where
s relatively alkali-free contact mass is re-
quiced for hest results and whore the
allkali content of a eontact mess contain-
ing 2 base exchange body may be too
great for optimun vesnlis,

Bage oxchunge bodies or their deriva-
tives, diluted or undilnted, may alse be
conted in the form of filme on mussive
carrier grantles or may be impregnuted
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i elechol, and the like.

theroin, The messive cerriers may be
imert, activating, or themselves scatalyats.

For example, ocerfain ostalytic metal
alloys,  minerals, especiully  copper
mineeals, fazll  within @ this  class.

Almminium oz copper alloy granules per-
form an additional advantagsous funetion
in that their relatively high heat conduc-
tivity tends to provent local overbeating
m highly exofhermic reductions, which is
of conmiderable Importance in ohtaining
govd yields, as many of the reactions are
equilibrinum reactions.

The present invenfion iz applicable to
all reductions and hydrogenations ol com-
pounde of the classes indioated in which
ab lengt part of the reduction is effected
on the CO group or subgroup. One of
the most important series of reductions
vonsists in the redunction of oxides of car-
bon, mch a5 carbon monexide, narbon di-
oxide, and the ke, These ociupounds
can bLe reduced in the vepor phsse by
means of the conlact musses described
above containing hase axchange bodies or
derivatives to warious prodacts  both
oxygen conbaining and oxygen fres,
Thus, for example, in the absence of con-
densation ocatalyste such ss lor cxwmple
alkalis, oxides of carbom, may be reduced
to  formaldehyde, imebhyl alechol or
methane, depending on the reaction con-
ditions sxd on the contact mass used. Ho
for instance, the milder reduction ecata-
lysts, particularly when toned with
stabilizer promoters i, the form of oxida-
tom  eatalysts, preferentially produce
formaldehyde and methyl slechol, whercas
when strong redoction culslysts such as

coball, wjckel, iron, ebe., are —present -the

{endeney is to produce methane, especially
in the presense of dehydration stabilizer
promoters.  Under somowhat differoot
reaotion, conditions, and perticulardy in
the presence of confact musses which have
components such wus alkaline stabilizers
that favor condonssbion the tendepey is
to produce higher aleobols, ketonmes and
hydrocarbons, many of them haing of
petroleum like character, aspecially when
large amounts of. strong  allalies are
present in fhe contact mass, and most of
the products are usciul for moetor fuels
either with or without subsequent refin-
ing. ‘'Where there is insufficient hydro-
gen present organie acids such as pre.
plonic and butyric acids may be pro-
duced, '

Other eompounds conteining the CO or
‘the COOH group may be redoeed, for
axample, kefones to secondery alcohols,
an_important czample of which is the
reduation of acctone to isopropyl alcohol,
methyletkyl ketone to secondary butyl
Aldehydes may be

reduced to primary aleohols, with or
without hydropenation, in the ease of
unsaturated aldchydes, such zs acetulde-
hyde to ethyl alechol, crotonaldehyde to
batyl aleohol, valeraldehyde to the earre-
sponding aloohol, benzaldehyde to benmyl
alaohel, eta. :

Esters may be reduced to sldehydes and
oloohols or to aleohols alome, thus, for
example, phthalid, the inner ester of
mathoxybenzois acid, to benzaldehyde or
benzyl aleohol, ete. ~ Aeids may be redncad
to inmer esters, m the case of polyhagio
acids, or slochels. Thus phthalic anhy-
dride may be reduced to phthslid or to
benzaldehyde or benzyl alnu]l)ml, deponding
on reaction conditions and vn the presence
or absence of stabilizer promoters favor-
ing the splitting off of ecarbon dioxide.
Camphorie acid ean he redneed to alpha-
campholid, ete. Quinones, suoh as snthra-

quinone, hbengoguirone, efto,, ean  he
reduced, b0 the corresponding  bhydroxy
compounds.

Tn addition to reactions in which a mors
or less homogéneouns raw miaferial is
redueed certain mixbires of raw materials
may be effectively reduced with or with-
out the proseopce. of addiions! reducing
gases. Thuos for . exumple, oxides of
carbon may be reduced in the presence of
the vapors of .many organic compounds.
For example, they may be reduced in the
presence of aliphatie hydrocarbons, sneh
as peraffins, olefines, acefylenes, hydro-
carbons  having the formula Cnblp-,
CuHpn— 4 ete. Hydrogen may be present
or absent, mnd the class of products
oblained, such as mixtures of oxygenated
compounds, or in many cases oils which
are predominately hydrocarbon in their
nature, will vary with the amount of the
renoting ingredionts snd with the cuntuct
masses snd reaction conditions used, and
it is s adventage of the prescub nyention
that these novel combined reductions can
bs curried out in the degired dirsction
with great effectiveness by the incorpora-
tion of smitable stabilizer promoters or
stahilizars in the comtach masses.

Another class of combined reaction eon-
sists in, the reduction. of oxides of varbon
with or without hydrogen in the presence
of vapors of aliphatic alcohols, sach as
parafiin  alcohols having the
Coflon4+,0H, or unsaturgted  aleohols
having the formula ChHpn—,0H, or
CoHgn —,0H, ste. Polyvalent alechols such
a3 g 801 glycerol aud the lUke, may be
reduced in combioelion with oxides of

" egrbon, with or without hydrogen.

Oxidation preduets of aleohols, such as
for exzample, saturated or munsaturated
aldehydes snd ketomes, or oxidation pro-

-ducts of polyvalent alechols, smch as
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'a,ldehydes,

- gbabilizer promoters,

glycolaldehydes, glyoxal glyoxylie acid,
and the lite, may be used lor vapor phase
reductions in lhe presence of oxides of
ecarbon and hydrogen. Oxidation products
of frivalent alcohols and divalent isomeric
aleohols may alse be used, of courss only
where it is possible to obtain the vapors
of the compounds without undegived
decomposition.

Aliphatic acids form apother important
elass of compounds which can be reduced
N combinetion with oxides of carbon.
The wcids include fatty acids, oxyacids,
lsctiones, polybasic acids, kefons acids,
and the like. Other miscellanecus ali-
phatie eomponnds suwch  as  aldehyde
aleohels,  diketomes, twikeloncs, oxy-
mothylene  ketones, ketone aldehydes,
Lutone sloohols and the like, may alse he
combined with oxides of carhon and
redueerd in the snce of the contact

manses desaribed above to form maeny

valiable produets.

In  adidition to compounds
alipbutic series which may be redneed
together with oxides of carbon, varifons
compounds of the eyolic series, such as
example, alicyelio compounds, for
instance, eycloparaffine, eyolo - oleflnes,
cyclodiolefines, may be combined with
oxides of cerbon wnd reduced. Examples
of specific members of this class are eyclo-
Lexune, cyclopenfadiene, dieyelopenta-
diene, and the like. Alisycliccarbonyl
compounds, meh as pyclohexamol, eyclo-
hexanone, ete., may be used.

Aromafic compounds, such as benzene
hydrocarbons, naphihalencs, suthracenes,

enanthrenes, phenols, aromatic alcchols,

reduced: in the presence of oxides of
carbon, and hydrogen, of course only
ingofar as the produets are ompable of

volatilization withont wundesired decom-

osition. ..
Heoteroeyolic compounds, such as pro-
duets  ccndaining the furane mucleus,

pyrrole bodies, pyrrolidines und the like,
may be zedoced iogether with oxides of
carbon by. means of the contact masses
described herein. L
A number of comhined reductions have
been referred te briefiy ahove, but it
should he understood that other combined
reduetions are included in the scope of the
present invention and that compounds
belonging tc more than one of the shove

- enumerated groups may be simuitaneously

reduced with oxides of carbon.

In carrying ont these complicated syn-
theses the %ontact magses Pwill uaugﬁy
inolude not only reduetion ocatalytic com-
ponents and hydrogemation estelytic com-
ponenbs ut the most varivus types of
sach as  oxidation

of the

ketones and acids may he-

watalysts, catalysts for eplitting off water,
carbon, dioxide or hoth, catalysis capable
of introdweing the elements of water into
nnsaturated  hydrocarbons, dehydrogena-
tion oatalysts which favor the productinm
of ethers, estery, acctals and the Iike, con-
densation catalysts, catalysts which favor
iutrzmolecular  re-arrangement,  poly-
merization catalysts and the Jike,

The invention will be desaribed in detsil
in connection . with the following specific
examples which Illnstrate = few of the
many reductions which fall within the
scope of Gho present invention, Ap i
understood, there are exciudad from the
seope of the present invention hydrogena-
tions of such eompounds as phencl and
the like, where none of the resction takes
place within the CO group.

Exsmeun L.

100 parts of a matural or artificial
zeclite, the latter prepared sither by wol
or fusion methods such as ave used com-

monly in the trade for watur softening

purposes, are treoted with 5—10%, copper
or. Zine nitrate golutdons or a mixinre of
both, with or without manganese salts, to
offect a2 maximum of base exchange.
Other bases which may be present in the
form of selts are zirconium, eerium, silver,
copper or gold. Copper is purkcularly
effective and should preferably always he
at lesst one of the compunents. 1t is
adventugeous o replace a maximum of
the exchangeable alkali and for this
reuson it iz desirable fto choose zeolites of
high base emchanging power, such as for
example, those of e almminosilicate
type, In which, however, the aluminium

‘mxy ba-teplaced partly or wholly by zine

or oadmino.

The base cachunge body ohtained after
introducing the catalytically effective
cxchangeable bases may be used for ihe
gynthesis of oxygen containing organic
componnds from oxides of oarbon and
hydrogen or other redlfuiu& gages. The
contaect mass may he I cr toned fo

_snhange the specific efficioncy by treating

it with solufiong of salts of the matal

.acids of the fifth and sixth groups of the
. Pepiodic - system,

guch as  vazadium,
ehromium, molybdenum, and the like, in
-order to produce the so called sult like
-hodies,  This may, for cawmple, be
-effected by tricklmg a 1% ammonium
vanadabic or a corresponding salt solution
over the conlact mass and then washing
{he .salt Hke body obtained. The alkali
Ilt in the base exchsnge budy iz
neutralized sufficiently by this procedure,
and does mot have any harmiul effect in
the synthesis. Bnié when large amounts
of alkali remain &he resction shonld be
emried oub at somewhwt higher tempera-
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iures, such as for example, 300—450° C.
Tt is sometimes advantageous to leach oot
part -or sll of the alkali which is not
replaced by the other bases. Preferabl
vory dilabe inorganie aeids should De uaeg
u3 leaching agents, in order to wprevent
destruction of the excellent physical pro-
perties of the somplex contach mass,

YWhen the sume concentration of gases
i3 used with leached contact masses at tem-
peratures from 200—450° €. and under o
pressure of 150—250 atmosphercs mobhyl
aleobol can be produced in large quantities
in 2 cirenlatory proccss, It 1= najurally
desirahle to free the gages from conbech
poigons, such es for example, sulphur and
sulphur compounds.

Bxavrre 2.

A nen-silicions base sxchange body is
prepared as follows:

30 wparts of rine nitrate esontaining
6 mols of water are dissolved in 100 paris
of water and transformed into the pobas-
sium zincate by weans of 10 X caustic
potash. 15 parts of cadmimm nitrate
with 4 mols of water are dissolved fn 200
parts of water and trapsformed into the
corresponding - potassium, - eadmists by
means of 10 N potasshon hydroxide solu-
tlom. A sodiome eluminate solution Is
prepared by precipitating  aluminium
hydroxide corresponding to 10 parts af
Al,G, from a solution of an alhminwn
salt by means of ammonia, fhoroughly
and  fransforming the fooshly
procipitated  produet  into  sodium
aluminate by meens of 8 2 N sodiim
hydroxide solution. The metullates are
mwixed fogether, sind usbestos powder or
pwinice meal is stirred i wmfil the mix-
ture just remains stirrable, A solution
containing 45 parts of feerie nitrate with
9 mols of wabcy dissolved in 450 parts of
waler is then added to the suspension in

"8 thin stream with vigorous agitation.

The rcaction product is & non-silicious
buse ezchunge body, which is pressed,
dried at 100° O. and reduced in #ha con-
verter system at 300° (). in a stream of
bhydrogen or hydrogen econtaining gases,

e reduction - should he carrled: oub
aautionsly,  preforably  dilufing  the
hydrogen containing gasce with indifferent
gases, suoh as nitrogen, im order to effect
o smooth, well toned Teduction of the com-
plex molecule. In some eases it iz desir-
able to carry out the reduction in the
presence of sheam, :

The confact mase affer reduction may
be nsed for the produetion: of methunol or
pefroleum  lke hodies from oxides of
caxrbon, with or without hydrogen econ-
tnining guses, mixed with other organie
maferials, such »s the vapors of methyl

" alechol, ethyl aleohol; methyl formate,

methane, ethylene and the like. Oxygen-
containing orgamie compuunds are pro-
duced under pressure, with or without
reeirenlntion,  When patroieum - like
bodies are desired 2 reciroulatory process
should be wused, or the reacting gases
ghould be passed through o suries of con-
verters in order to exhaust them. ‘This
method iv cffcetive especially where the
methene which s produced as & by
product can be effectively utilized. The
synthesis of Mquid reduction products
should talte place at temporabures between
220—400% C., and a mixbure iz obtained
when water ges, water gas and lhydrogen,
ar water gas and methane aze used as the
raw roaterinle. On- fractional distillation
of the Nguid product petrolenm like hodics
are obtained in ‘a fraction boiling from
30—00° C.,, while the higher fractions are
msuinly esters or aleohols, such ag propyl
aleohol, butyl aleohel, and the like. The
catalytic effectivenass of the mass cen be
materially inoreassd by using omtelyti-
cally effeotive hodies as dlwents, such as
for example, salts of the metal acids of
the fifth and sixth groups of the periodic
system, as iror vanadate, copper vanadute,
gilver wvanadate, echalt vanadate, nickel
vanadate, bismuth vanadate, strombinmn
vanadate, ecslofnm vanadate magnesinm

vanadate, Dberylium vanadate, barium
vanadate, cadmiun  vanadate, wine
vanadate, - cerium  vanadate, manganese

vanadate or chromium vanadate, singly or
in admizbure. Corresponding salts of
molyhdic, tantalie, chromie, uranic or
tungstic acid can be wzed, with or withous
vanadates, singly or I admixture.
Another wmethod of introducing catalyti-
vally effective or stabilizer promoter com-
ponents  consists In using the sells or
oxides dilufed or mndiluted, particularly
oxides precipitated on ea]loid&fl gilica or
glaueosil.  Thege oxides may be iron
axide, ocobalt oxide, nickrl oxide, man-
ganese oxide, coppor oxide, silver oxide,
caloim  oxide, tin oxide, cerium oxide,
lIead oxide or blsrmuth oxide, with or with-
oub alkaling cerkhs or rare earths. Caga-
Iytically active natural products such as
ores, for example, iron ore or eopper ore,
may alze he 1used a3 diluemts in the buze

exchange bodies or derivatives. A par-
ticvlarly  effeclive  diluent  for “dhe
synthesis  of higher aleohols, kefones,

aliphatic acids and heavier oils is the
residue obtained from the distillation of
varicus kinds of ofl-shale, which mny be
congidered as natural ecatalytic composi-
tens, Thess residues are effective for the
synthesis of hydeocarhons of petzoleum or
gasoline like nature., Anclyses show that
the residue eombains SiQ, FryQ, Ca0,
Mg(, K.0 and Na,0. Obher eloments
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may also be present in small gumniitics,
depending on the origin of the oil shale.
In order to get the most effective residue
it is advantageous to disfill off the oils
and gases from the shale at gradually
incressing temperatures in order to pro-
duce a volummouns residue. Good results
aré also obtained when residues are pre-
pered by -distillufion - with superheated
steam or by destructive distillation in a
vacuum.  As 4 Taw material earboh maon-
oxide ar carbon dioxide and hydrogen may
be msed in the preseiice or hsence of
other hydrogen containing vapors or
gages, such as motherne, ebhylene, methyl
sloolwl, propyl sleobol, and the like. The
hydrogen content may be in excess of the
eontent of oxides of carbam, or vice versa.

When gases obtained in eracking pro-
eossey, for exzample, il geses, or from
the distillation of cozl, are mized with
water gas and passed over the confack

masses  in  a  eoirewlatory process ab
280—380° (. wunder 8 pressure of
100—200  atmospheres, liguid  hydro-

earboris are obtaimed in  addition to
metlyl alechol. TIn order o favor the
produciion of petrolomm like bodies or
parufiing, the syntheses may also be
carried onbt at low pressure, or withount
pressure, the most favorable temperatures
Iying hetween 200—350° C.
IixampLE 3,
Methane san be effectively produced

- Trom oxides of carbon by means of conbuct

masses conbsining base exchange hodies,
especially where the reaction iz earriad
out in converters which do mot psrmit
accumulstion of heat, as for exsmple,
converters provided with awtomatio double
cowrber-current hesd exchonge clements.
A centact mass for the produgtion of
'methane may be prepsred as follows :
24—30 parts of 8i0, in the form of a
sodiumm  waterglass  solution
are diloted with 6—7 volumes of water
and sufficient }siese]fuhr, pumioe meal or
quarlz powder is added so that the mixz-
ture just Temaing readily stirrable. Ten

" parts of nickel nitrate with § mols of

waber are dissolved to a 2 N solntion and
mixed with an alominum ohloride solo-
tion of the same concentration containing
alumininm corresponding to 25 purts of
The mixture is then added to the
water-gizss  suspension  with  viporous
agitation, wmbil the reaction product and
the mother liquor react slightly alkaline
or newtrat to phenoiphthalein, Tha pre-
cipitated gel is pressed from the mother
Hguor, washed two or three times with an
amount of water about egual to three
limes the volume of mother liguor, and
then dried in the uwusl munner, hydrat-
ing with wutor if ncecssery snd breaking

into smell fragments, If the kemels
show insufficient strength it may be desr-
able to wash them before drying with =
dilute sodinm waterglass solution to olicet
surface silicification. The contact mass
iz then filled into a converfer system and
reduced with water gas or afher hydrogen
containing goses at 200--300° €. Carbon
monoxide or carbon divzide, or a mixture,
with hydrogen or hydrogen coniaining
gases are passed over the contmot muss =b
300--380° (. Exeellent yields of methane
are produced when suffiefent hydrogen is
pesent o permit the reactiom to he
eurried cut.

. Examrre 4.

Contact masses contslning (wo-com-
ponent: zeolifes are highly effective for the

oductiern of methane, methanol and

ighcr elecohols or other oxygen tcontain-
ing organic compounds, or dfor the pro-
duetion of solid paraffindike bodies, or
potroleym.  or  petrol-like  bodies from
oxides of ecarhom and hydrogen, such as
water  gas. Jontaot  masses of the
aluminium  double silicate or alumino.
silicntc Lypes may he prepared and effer.
fively used. An example is the following :

100 purts of finely ground pumice meal
are impregnated with 16—20 parts of
copper mitrate in solution, and this is
then treated with 104, alkali solution to
precipitate ont copper hydroxide in & state
of fine subdivirion throughont the pumiee
wmeal, The mixfure is then mixed with =
waterglass  solubien _containing 240300
yarts of B0, and diluted with sufficient
water, so that it forms with the impreg-
nated pumice meal an easity stirrable
suspension. A 109, potassinm alnminate
golution is ared from alominium
bydroxide freshly  precipitated  from
aluminium salt solubions, the sluminiam
content heing equivalent to 10 parls of
Al),.  This solution is then poured into
the suspension in a thin stream with
vigorous agitation. Inetead of using a
potessingm  almningte  solmtiom  an
aluminium salb solution can be employed.
[n thiz ecase, however, the base exchunge
body will of comrse be of the aluminium
double silicate fype. The precipitate
oblained Is pressed, washed moderately,
dricd and then hydeated by trickiin
water over ib, which results In the remova.
of excess alkuli. The cake is then again
dried and broken into ifragments suitable
for catalysis. The frapments are reduced
with gases containing hydrogen at
200—320° (1., and result in a conbact mass
which can be used for the preparation of
higher aloohols and other oxygen con-
taing  organic compounds from carbon
monoxzide or carbon dicxide mixed with
an excess of hydvogen. The resetion
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temperafures for favorable rvesults should
be between 300—450° C, and high
surc’ with or without recirculation iz of
advantage. The upper pressure limit is
determined solely by the stremgth of the
mpparafus used.

The aluminfum in the zeolite may be

- replaced partly or wholly by one or more
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of the following alements ;- -Cadmium,
give, zivceninm, %n, Iked, chromiom.
Vansdyl compounds may also be used.
Contant maeses containihg fron, nickel or
cobalt favor the formefion of methans,
parafiing or petroloum like hodies, :
The contact masy can be further Gomed
by  infroducing shabilizers or stabilizer
promoters, for example, by bass exchange.
Elements which can be introdwuced in this
manngr include the alkali metals, the
allealivie cazth metals, and raxe carth
metads.  Hesvy metals mey alse be intro-
duced by base cxchange in. order {0 obbain
a3 kigh = concentration ss possible of
cutalytically effective components in the
deafrable physical framework of the base
exchanga wmoleculs, Examples of mch
heavy metials are iron, eohalt, manganess,
chromiwm, sivconium, tin, cerum, lead,
thorium, efe.  The contach masess can be
farther tonsd hy freating the Thaee
exchange bodies with compomds confain-
ing the metal acid radieals of the fifth and
gixth groupy of the periodic sysfcm, in
order to form the so culled salé ke bodies.
Contuct musses in which ihe exchangeabls
alkali is replaced to & great extent by

eopper,  zing, -eadmium,  chrominm,
titanium, =zireonivm, tin, cerimm, ITead,
gold or sitver favor the duotion  of

methanol, as do those whith forro salt
like hodics with the metil add radivabs
of the fiffth wnd sixth groups of the
periodic sysbern.  'These salt like bodies
also show an enhanced resiztance fio high
ftemperafures,  If desired base exchange
hodies may be Isached. instead of subjested
to hase exchange, and in this manner
contact masses ery obleinod which are well
suited for the preduction of very pure
methanol with high loadings. Pavorable
gag mixtures are 18—20 voimmes of
hydrogen for each volume of earbon mon-
oxide and in a cireulstory process a gas
speed of from S80—200 liswes fhe con-
yertor volume per hour i desivable.

- Examens 5.

Combined reductons of oxides of carbon
and other organie compomnds such as bave
been deseribed in the tniroduetory porfien
of the specifieation way be carried oub
effeclively by means of conbact masses
gontaining base exchanpe bodies or their
derivatives, and it is an advantage that a
mumber of catalybically active components
and stabilizer promoter components can

be united In a singla chemiogl compound
whersver this is desivable, Greal freedom
of action and renge of components is
thereby achieved. An example of guch
a enmtact masy iy prepared as follows :

10 parts of wine hydroxide, feeshly pre-
cipitated from - ming salh sohition, are
trausformed. into the corresponding potas-
sium ginoste by means of & 2 N potassinm
hydroxide solution.” The zmeate solution
i3 mized with a potassivm cadmiate soln-

" tion Iprepa.red by transforming 15 parts of
¥

Freebly precipitated cadmivm hydroxide
inte potassium cadmiate by means of &
2 N pofagsiunm  hydroxide golmtion. To
the mixturz of the two metallate solu-
tions, 20 parts of colloidad silica or finely
activated powdered carbon ars added and
thoroughly mized. Thereupon & 5—109%,
sireomium  nitrate  solublon  vonleining
40—50 of zirvoniuvm nitrate with
5 mols of water aze added to the metallate
sugpension with vigorous apibation until
the mizture remains slighdly alkaline
to  phenolphthalein. A precipitate is
obbained consisting of a non-silicious bhase-
ezcliange hody which oconfains  zine,
cedmivm, and zirconivin in non-sxchange.
able form. The reaction produet iz freed
frome the mather ligmer in the neual
manner and after pressing ouf the last
portions of the mother Hquwor, is dried,
preferably aé tomperalures below 100° €.
“The mass thus obtained is impregnated by
trickling & 1% auausonivm venadste solo-
tion over it and shen dried without wash-
ing. 4 produeb is phtained which may be
congidered as the vanadate of the base
exchange body. ... .

The zino and cadminm are hydrogona-
fivn cabblysis and mey be repluced by
obher smphoteric mefal oxides of mild
reducing  activiby such a8 lead and
beryiliom.

The zirconinm may be considered as a
dehydrogenation or condezisation catalyst,
and may be replaced partly or wholly by
thoriure, titeniom, elumimim, chromizm,
or tri- or lefrevalent venadium.  Other
dehydrogenativn  catalysts may also bs
Tresent. :

'I'he vanadate iz an oxidation catalysf,
and may be replaced by other acid rodiosls
of tho metals of the &fth and sixth groups
of the periodic sysbew, such as tantalum,
bismuth, chromium, melybhdenum, {ung-
ghen, or uranivm, singly or in admixtures,

Other combinations of components are
posgible.  T'bhus for. example, the hydro-
genation catalyste may be introduecd in
the form ef metal salts, or dehydrogens-
fion cafelyits may be introduced as
metallates, or either or hoth components
m&y be introduced in both forms.

Small amonntsof waterglass schetion,
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preferably # potassium walerglass solu-
tiom, may also be nged, resuliing in pro-
duets whicly are pack zeolite and part non-
silicious. Other contact mass composi-
tions for some reactions may be ohtained
by embedding catslytically active com-
ponents in bage exchange hodies. Thus
for example, copper vansdate, silver
vanadatc, lend vanadate, zine vanpadate,
aduminium, vanadate, cadminm vanadate,
zirconium vanadate, or fitanium vanadate
may be embedded in base exchange bodies
¥ will be apparent that some of these
diluents are- combined catelysts and
stabiliscr promofers,- s for  example,
copper vanadate, or others such as
pluminivm ~ vanadate  or zirconium
vanadate, contain two different stabilizer
promoter components, one being a de-
hydrogenation or condcasetion eatelyst
and the ofker an oxidation catelyst. The
molvhdates, tungstates ar uranates can be
used in place of the vanadates or mixtares
may be used. Minerals containing one
or mars of the above enumerated elements
also are excellent diluent materials.

. The contach mass composilions described
above are woll sulted for the synthesis of
organic compounds from oxides of carbon
and bydrogen admized with organic com-
pounds, such az for sxample, saturabed
alcohols ChHyp 4. OH, sneh as  wmethyl,
ethyl, or propyl sleohols, or wneaturated

alechols  of  the geperal formulag—
© Collan —OH, CpHun —,0H, etc. Ethers
vl esters, swch as methyl formate,

saturated and unsaturated aldehydes and
ketones, efe., aliphatic apids such as the
fatty acids, polyvalent aleohols or oxida-
tion produets of polyvalent alechols and
related compounds; polyvalent acids and
reluted compounds, such as oxyacids,
irper esters, such as phthalid and similar
compounds, may be present, as deseribed
in the introdustory portien of the speei-
fication.  An example of such a mixture
is a gas contsining 59, methanol, 3%
ethanal, 259, C0Q, 66% {hydrogcn and 29
nitrogen.  When this mixbure is passed
over one -of the ahove described contach
masses in a high pressure converter, pre-
ferably provided, with amiomatic heat ex-
change elements, at 350—420° (., under
a presgure of 180—350 almospheres, B
more or less cumnplex wixture of reaction
woducts Is  produmeed  which containg
propyl aleohol, Jsobutyl aleohol, amyl
aleohol, and smaller guantities of higher
aleohols and esters .of fhese alcohols with
aliphatic acids, such o8 acetie, propionic,
eto,, methyl formute, end ketones corre-
sponding to the alechols. The mixture
may bc used as sueh for some purposes or
it muy be separated into its constitwents
by suituble methods. N

An inerease in the carbon monoxide
content will result in an increased propor.
tion of frec acids and ketones. Tt will be
clear that justead of the artifidial mizture
of earhon monoxide and hydrogen, wabcr
mas pan be ised. In some cases the
presence of water vapor is alse favorable.
The pressures: mentioned above should nat
be considered as limiting the invention, ns

_the maximum pressure is dependent only
~on the apparatus available. FPreferably

the syntheses ars carried ont in a closed
girguit or else In a serfes of converters in
order to exhanst the reaction components.
Exhaust gases may be used for fluminat-
ing gus or for other synthoses of organic
compounds using similar permutogenetic
gontact masses. When the mixture is
varied, partienlarly when the content of
hydrogen. ie ineremsed, high molecular oils
can be obtelned, and i the amount of
glkall In the confsct mass iz high, con-
didersble amounts of petroleum-like hodies
are ohtained.
. When a Jess eomplex mixture of reae-
tion. produets s desired, especially when
alechols are to he obtained, the base ex-
change bodics may be leached in order fo
elingnale partly or entively the exchange-
able alkali content, end on the other hand
the addition of a larger amount of alkuli,
particularly K0, favors the production of
ofls as will an increased propertion of
hydrogenation contach masses. Such re-
actions may be cerried out at wmuch lower
pressure.  The J,0 appesrs bo act both ay
a stabilizer and as & condensstion cuialyst
in. thess reactions,
. Instead of using a single confact mass
the, gases. may be poassed over & layer of
methanol ‘eatalyst, m ovder to obtain the
msthanol percentage in the  vepor mix.
ture, and the partly reacted guses may
then he passed over ome of the contect
masses desoribed abaove.
' HxAMPLE 6.

The fellowing contact mass is prepared ;

4 parts of AL, - 8HL0, freshly pre-
clpitated from any sluminium salt solu-
tion, are transfommed imto the currespond.
ing aluminate by means of a 2 N potas-
gium hydroxide or sodium hydroxide solu-
tion. .

15 parts  of freshly  precipitated
eadminm Lydroxide are slso transformed
into the corzegponding  potassivm

cadmiate in the usual manner.

18 parts of hydrated V0, are dissolved
in 10 pN-s.ﬁdim'n hydroxide aolution to torm
godinm,_vanadibe.

- Hinwlly, 2.6 parts of wine hydrozide are
dissolved in & 2 N sodium hydroxide solu-
tion. to produce sodium zincate.

‘These metallate sclnfions ure then

‘mixed together, and » non-silieivus base
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"broken into suituble pieces. .

oxchange body is precipitated by the help
of sult golubtions containing zirconinm,
titanium thorium, manganese, and fin in
arpiimoleonlar proportions. The solwtion
may advanbageously be of aboub 10%,
slreugth, and i3+ added with vigoreus
agitation, until the reaction product is
geutrs] or slightly alkaline to phenel-
phthalein. The resulting produet i3
freed frore the mother lquor, dried,
hydrated hy trickling watcr over it, and.
popragnated with a 109, apmonium
mobebungstete solution after hydealion.
A ‘second drying follows, and the dried
product is then carvefully leached with
wbout a 3%, dilute nifric acid selution in
order to eliminstc & maximum of: i
This results in a considerable loss of
mechaniral strength of the confuet mass
kerpels, and in order to provide for a
satisfactory mechanieal srength they may
be mixed with u netural gum, dried, and
This con-
taot mass oan be used for the synthesis of
alcohols and Keuid hydrocarbons,” using
48 & row material gaseous mixiures con-
taining puraffins, hydrocarbons, olefines,
acatylenes, and othor unsaburated hydro-
earhons,  cyclopersffing,  eycioolefines,
eromatic compounds, suck a5 the com-

pounds of low temperature tar, far
example, phenols, arvomatic  alochols,
ketoncs, sromakic nitrogen compounds,

hsterocyelic bodies, smeh as furane, ete.,
mixed with oxides of ocarbon  and
hydrogen containing gas such as water
gas. A specific gas composition is.20%,
ethylene or itz homologues, 10%, carbon
monoxide, 669, hydrogen and 5%, nifwe-
pen. Other gusey which do not have =
deleterious effect on the contact mass, such
as carbon dioxzide or ‘waber vapor, are in
sorne. cases wdvuntagoous. The gas mix-

ture is passed over the contact mass at
800--400° (., at B80--160 wslmospheres.
Tow  boiling lignid hydrocusbons  of

petrolenm-like nabure are obtained,. tho
main fraciion going over at 35—65° C,,

and possessing & specifin gravity of 0.73
to 074 at 20° C. Bm uvantities of
aloohols, aldehydes, usnd kefones are

obtained as hy-products.

When, phenolic bodies are present, they
are for the most part transformed
into aromafic hydmcaa:Pbons. Thus for
example, phenol is fransformed for the
most part into benzene. Those syntheses
cun be oarried out in & closed eircuit or in
a sorjes of converters. Imstead of the
specific mixture veferred to above, hydro-
carbon uistures, espeeially those conain-
ing mmesburated  bhydrocarboms, for
example, the olefines natural gas, coal
gos, or low temperaiure carbonization.
queos, or the tail gases from oracking

petrolenm may be uged. These gas mix-
tures. may be of very vomplex cheracter.

Those syutheges can be carried out in
a plurality of oconverbers with these
especially efficient contect mass composi-
tiaps  which  contuin  hydrogenation
catalysts, dlehydrogensbion catalysts,
olymerization extalysts, and catolysts for
intmmolecniar | rearrangement. The
differcnt contast masses may be arranged
in zones or layers, or mixed togebher.
When reciroulation in o olosed civeuit i
usedd the infroduction of the fresh gases
ey ha affected so as fo maintaln & Iga.wly

songtant composition, but this is nut reslly-

essential, and the adjustment of composm-
tion moy he approzimate. In some cases

- a very markedly decreased pressure may

be utitized.

When it iz desired completely to avoid
the formation of aleohols and esters, it is
advenlageous to inslude iren, cobalt and
mangencse in, the contact mass, and the
pressure should elso be greatly reduced,
and the reaction may even be carried oul
ab stmospheric pressure.

When the ecatalytic effciency of such
contact Mmasges hecomes weakened they
muy be regensrated by treating them with
oxygen conbaining gases at 3B0—450° O,
and after the oxidation is ocompiste the
eontact mass cau be again reduced with
hydrogen, containing. gases, such as water
gngs, whereupon its  effectiveness is

renewed.

Tt ig of . course. well understood that
peufral salts  de’ not. fall within the
category of base-exchange bodies and that
their use daes not fall’ within the svope of
the present Invention.. Among neutzal
galts heratofors proposed to be used may
b mentioned | cadmium-copper-ferrie-
pxide, nentral =inc chromate, copper
chromate and silver chromate. It has

also been proposed fo usa the praduct of

reaction, of sudivm silicate. and nickel
nitrate which is not a zeolits and is in-
capabla of base-exchange. As regards
the produetion of non-silicious base ax-
change bodies we refer to our prior Speci-
fication 286,212,

We ate awarc of the prior Specifications
No. 20,488 of 19138, No. 8462 of 1814 and
No, 1358 of 1915, and do uob claim any-
hing elaimed or described thersin.

Huving now partioniarly deseribed and
ascertained the naburs of our said inven-
tion and in what monner the same i to be
performed, we devlare that what we elaim
18—

1. A method of reducing organic com-
pounds cortaining the CO or the COOH
group or oxides of carbon, which com-
prises cousing fhefi fo react, for example
In the vepor phase, with reducing gases,
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such es bthowe. conbuiming hydrogen,
carbon monoxide, and the Jike, in the
presence of a confact mass not being a
muiti-component zeolits and containing ab
least one base exchange body or a derive-
tive of such a body In which the specific
catelytically wctive compoment may be
chemically comhined in or with the bage
exchange hody in exchavgeable or non-
exchangeable form or assooiated there-
with yeioally, with or -wibthout .the
presence  of stabilizers or stebiliser
promoters, the reaclion tuking place at
elevated lempeenture, with or without re-
circulation of part or all of the reacted
yuses afber removal of part or all of the
desired reaction products.

2. A method of reduning products con-
taining oxides of carbon accordivg to
elaim 1 which compriges cuusing oxides
of carbon with or without admixture of
other organic compounds, such as hydro-
carbons, alechols, aldshydes, Tketones,
acids,. oxidation produets of polyvalent
aleohols, aromafic olicyelie or heloro-
eyclic compounds, Lo rewet with reducing
geses in the presence of contact. masses
conteining hase exchange Thodies or
derivatives according to claim 1.

3. A method of reducing products con-
taining oxides of carbon in a mulfi-stage
proecess, which comprises couging the
products to react with reducing gases in a
series of slages, cach step being carried
vuf; in the presence of contact masses
favoring the production of the inter-
meriate praduct in the stage, and at least
ong contact mass msed io ab lesst one sbayo
containing o basc exchenge body or a
devivabive of w base exchanpe body as in
claim 1.

4. A method aceording to claims 1 snd
3 in which at least one of the atages favors
the production of alecholia ocompounds

and ab least one stage aldehydic com-
pounds, the former fealdng place in the

eserice of a oontnel mass conteining o

ags exchange body or dervalive having
mild reductivn catalytic components, such
u8 those including one of the elements of
copper, zine, sitver, cadmium, lead, and
being assooiated with oxidation ecatalysts
ap stabilizer promoters in amoonts less
then the reduction catelyst componcnts,
and the aldehyde contact mass stage being
similorly constituted except that the
oxidation catalysts are present in excess,
both contact masses heing preferably
relatively free from hydrogenation faver-
ing elsmente—niokel, nobhalt, iron and
paliadium.

6. A method according lo claims 1 and
2 in which products containing ozides of
carbon are reduced in the presence of eon-
tact magses containing hase exchange
bodies or derivatives and being substan-
tially free from strong alkaline stabilizers

whereby relatively low molecular produets

are obtuined,
- 8. A mebhod according ta claims 1 and
2 in which produets enntaining oxides of
carbon are reduced in the presence of a
oontact mase containing a E’ase sxchange
body or derivetive and strongly alkaline
sbebilizors o  produce high moleculsr
mixtures,

7. A method according to claims 1 and
2 in which a hydrocarbon-contaiming mix-
ture is subjected to parfial oxidation and
the resulting raizture containing oxides of
cafhon is reduced in the presence of 4 con.
tuct mass containing at Ieast one base
exchange body or derivative. :

Nated this 14th day of April, 1928,

CRUIKROANK & FATIRWEATHER,

. 6866, Chaneery Lane, London, W.C. 2,
and 29, 8t. Vincent Place, Glasgow,
Agenis for the Applicania.
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