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This inveniion relates o catalytlc redvctions

of carbonyl compounds such as orides of carbonl, kpdenes,

aldehydes, acide, estera, alechola, ethers, gio., in which

: I
the veduction takee place at least partially in the carbon%
¥1 group.

Aopording 1o the present invention carbonyl cond

- pounds are reduced by means of hydrogen ol gze contain-
ing hydrogen in the presence of a new class of contaot .
maeges, The ceatect masses used ,in the present
ioventicn contein base exchange bodles oT their
derivatives. Under the term "base exchange body" are
ineluded ail matural or artificial hedies which pnaséas
the wrovertles of exchanging thelr hages 0T other bases
of palt soluiiocne. The.base excranging products

uged in maling catzlytic compoeiticns of the precent
lnveniion or ag initisl material for derivatives to

?*_] be go used may possess high base exchanglng power o

in many casss may poasess lower base exchanging power,
since the catalytic value of the fingl compoaltions ig

- not primarily dependent on the amouit of base axnhﬁnging
power precent. I gengral the base exchange bedies may
: Ea divided lnto three meln categoriecs:! - Tmo-oompoEent . -

and multi-component Zeolites, i.e., base exchﬂnga’bo&ias

containing chemically combined silicen in heir nueleue

_and'nbn-ailiciaua base exchange Bodles in which sll of

#ha Eilloon iz replaced by otiler suitdable acldic or

f;f_ amphoteric metal oxides, Two-component geolites aTp




3F

[ B et

Yoy o
; ERRAN

tﬁa moaction products of fwo Typos of inidisl compononts,
that is to =zay, metellates ard silicsfos,lusing the forn
:znmtallntc in a scomowhat brosdor scose as will bo @ofined
Turther ar in the deaecrdypticn), or motal 2alts and sill-
oates.  Frogueatly moro then one member of a type may
zrtor inue roaction, thai ds $o say, = silicate may
renot with more $kan one meteilace or more than one metel
z0lts The multi-ocupercnt zeolitcs are the roceotion
i producis of at Least three types of compomrcnts, thad is
to say, &1 lossb ome silicate, at loast ons metollate,
and at Icast coe metel salt, |

The beac exchsngs bodits, both zeolitos mnd
non-ailielcus bhasc exchapge Lodios, nmay bc msaceiated
with dfivents prefersbly in the Form of = physleally
horiogeneons strueture, as will be dsscribod bolow,
Either diiuteﬂ'nrfundiiute& base erphangs bodies may be
vrogent in the conteod masses used in the vresent ip-
f veptlon, or thelr devivatives may be wresent, bt jf:
© should Ye understood thati wherever .basc aﬁahange bodiss
afo referred fn botk diluted and undiluted prﬁ&ucts are
_innludeﬁ. .. i
. | Baze gzchange bodica, ﬁﬁth meolltes and nﬂn~.
éiliﬂiﬂus'hasE exobanzs bbdiﬁs, way also ba trensformed
inte ﬁerivuti?ea'whiuh pog@os: many of the chemioal and
most of the shysical sharactoriabies of the sareph
. . base oxshange bcdias; Buch derivedivos may be salt-
iik= bozies, that iz ic say,.the Tercilen prodests of
boze exchangs bodips with compounds conbaining enions
cApatle of reacting with the bese exchange bodies to
{ form products waieh possess many of the proparcbiss of
Balha, 4 fyrither elasgs of dsrivetives are the aeig

lwaphed bago exshango bodiss., Wheh a beso eXchange

-8 -
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Pogrodually rowovcd, The rasalting products contain both

without a portion of Hie exchangarbic hazeos, 48 the

' reletively positive eompencuts of the non-exshangeable

- berm "pormutogenctic produsts,

L with dilhted or sndiluted permutogenetic bodies in four

male fors, &5 Tollows: - {1}  They mey bc physicsily

- diluents which have beon impremmated with cotelytically |

)

; =l
|

k3

body is subjested to lonchlng by acids, partieaiarly

A11w3s minernl aelds, 5o cXobongecbls bosca ore Fipat

the nero bazie wnd the moro seifie componsnis of the nen-

crehengeable muzlews of the bose cxehsnge body, witk or .
leaching is sarried en furthor, merc ond rerc of tre

mzlous ars removed, and If carried to complstion the
Loiened product contuins only the relatively aeid som-
aononte of the non-sichongesblc mwizlens, In the ﬁase of !
Zeolites the final produet fron lerg contimicd lzaching i
ls a vomplox siliele aeid whish hﬂs:ﬁaﬁy of the physiesl
nroportice of the originnl baas exuh#ngs bady. In the
dosoription snd claims thg&plﬂgs of baac exobonge bodies

shd their dorivatives will bs Epferreﬂmﬁqﬁbg_thg_gpnaric

Cetalytienlly active ¢ompononts mey be assceiaved

admized with or impregncted indo the nermuitogenetic
proeducts. {2}  '"hey may be prysioally hemogeneoialy
invorvoreated inte tho pFrmutogenetic nroductﬂ befors

the lahta“ have boen compleotely farmed in the form of

mtﬂlytlcully aetive diluent bodies or in the foom of

astlve subatances, (5] They woy be shomieally come

wined with or in fhe permaiogenciis sroduetes 1n none
gxebangenble fom, thet i= to aay, Lhey may form a pard
of the non-cichongsoble mucleuz »Ff the basze cxehange -
bedy presont In the flzal contact mess or whish is

tranaformed inte bthe dsrivativoes, or thov May bs chem-

-
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b lanlly combined with the basc cXohonge bkodies in the torm

& o gatalytically astive anionz which form with the beaage
s : be
¢ cuchange body salt-like bodies, {4}  They may/shemieal-

i 1y ecbinzd in exchangsable form either dusing the Fopma-
lem of tio baze exezange body or by kese exchange after -
Tormat ion, fevicualy of course the sams or Aifferept
cataiytizally active componsnts may be present in more

| them one o® the above desoribed forms, and it 15 an 2d-
vantega of the wnresent inrention thet éatalytically ae-
tive smbstanses nsy ve introduced in a wide rariety of

5 forme ﬁﬁiuﬂ gives a lorge field of saclee to the

catalytic chemist.

While the different permutogenetic rroduots :
nay vary widely in treir aﬁemical characteristics. they
all pDBEEEs | aimilar?hyaic&;. structure which is char-
[ acteriZed by moré or less high porosity, froguently
mi;ruparosity, and great resisiance to high tempera-
tures, and it the case of products which hawvsghot bBesn
._.apid lsathed 1o fhﬂ peint of removal of satslytically
1 aetive components these components sre distributed
'fﬁfﬁuéhﬁut the fremework of the products in atanie ﬁr
riglecular dispersion, as will be ﬂascribed in graater
| @8tail below, and this cherlcal homomshedty is one of
. ?hﬁiimpcrtant advantggas of some of the contact masses i
.,_wf-thﬂ ﬁréseﬂt invention, |
o © TWhile thres of the methoda of ecmbization of
the ﬂatalytioélly aotive substances may he effocted with .

1 undiluted as well ss gliuted permutozenstio prodqucts, it

has been found that for most reactions homogensously
diluted permutogenstic condast masses are of edrantags,

partleularly where the diluents are of a phyaical

neture such as to exert = desiped iefluence on a




| found to have an sctivating power, or where ihe diluents

vatalytic activity of the contact mag=es, ag when, for

example, diluents are »ich in silica, which has been

by reason of high perosity, camillariiy, or curface energy
may bhe considered as vhyelcal satalysts or activatore.

Base exchange bodies used in contact maszog of

the present invention behave ss if they were pryoducts of g
extrensaly hipgh maleuulér weight for cetalytically zctive E
componente pan be introduced either into the non-
exchangeahle nucleus or in the form of exchangeable
bages in practically any desirable proportlons and the
ordinary law of chemical comwbining propurtione, which

in compounds of low molecular weighf.rastricts the
proporiions in whioh compoments car be inaoruvoTated
chemlcally, appeaTs tohe without for&e, which.makes.it
reasonable Lo assume that the moleculer weight is EQ
high as t¢ completely mask the affect of ths law. It
is of course pessible that the bass sxchange bodies,

or some of them, may be g0lid solutiens of a plurality
of related dnmﬁaunda of lowez melecular waiéﬁt. It
has not been possible hitherto to definitsly settls this |
gquestion, ae base exchange hodies are not readily inapabla
of etTuctural chemical analveie. Tﬁs present invention
is of course mot limited 4o any theﬁry,bwt irreepactire
of the underlying reasons the fact that catalytically i
active ebiipenents marde chamically jitroduced in any
dgsired Proportions ls of enormours importance to the

oatalytic ehemist and gives him the power to

produce an almost unlimited number of finaly

cend graduslly touned catalysis or- contact mseses

for +¢he redugtions of carbonyl  compounds and 1o

- : - 8-
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! zll cases itke contael m2sses produced ars highly effzo-

Tive oy reamor of Lhe gesipehls prysiea atruelure of

F —.a

the perrubogenedle pooducta contairsd thevein end the

wids Limils of lumogenscous dilution of tztalytleally
active molecules or atems wish raauitierg unifornity and
gmoothuess of arcion, whish iz of grest fmportanca,

e particularly in the senzitive reactions such as certaln
reductions of carbon for wileh eonzact masses ussd in thg

Pregent inventloy, &re peouliesrly adanted.

In sddition to bhe imvorlant chearscteristics
ith wrhich permutogenetie producis endow the conitae’ masdes
o the present invention 1t haé been found shat for many
of the zeactlons coming within the scops of the praéent
inveation it is ﬁaairabie o stabilize ths contact mﬂaseé,
and.thia Ay ba affeﬁted by uasooiating with the per-
mutmgsaetia Trodun s op 1nLa?“c* tinzg o1 ferming thersdn
aompoleds of the uikail fomning matals, thet is to say,
thg allkali metala..tng gllkaling eerth coifals), and the
shrongiy hasic aﬁfth natals" Thess uDﬂ“Gznﬂs'aupEﬁ“ tu'.
slow un iy 5maoth Quﬁ the cata;;tlu reaction, and will -
'.g~refar“ad o thraughaut tnis BpEEJil“aEiGn a9 atah;llzars.
.;:The abab11izars mﬁy e nan-alkallne, weRKLY alkalins
::_oﬂ str ngly aikaline, dspanding ol th2 reduction yrcduut;
"aud cn tha.. nathra of the ﬁ&tﬁl;t4callv active: campcnentﬁ

It iﬁ a Eredt advantape of  ths -

i ﬁprasanu 1:veation tha+ in the normal formhtinn oF hase

'Texchaﬁga hodies alkeli forming 3 metal oxi2es are present

.&s-gzqhangagbls basez, and whetker used without-acld
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- cther reduction reacticns involve the splitting aoff of

treairent or Srecied with ucid, they form stabilizers
wiilol ars conbirnd g oo- agsoeinted wisth bhe rosulting
pErmmtogenatls sroiusis in an pxtraincly fise state of
divisizn In whia® the stabilizers ars teerliariy ansive.
Thug buse edchange bodies eontaindog alkall forming
metal cxchuhzeable bases may be considored mg ecmplex i
shabilizers. :
o eé2ition %o +32 uyse of stabilivers which
are lanurient in a lerge nivbor of redaciicns and hydrops
netisis inciuded in the s0one al fie present_inventiun,
1t has bean found that the dtakilizer &ctian ang. the
overall efficieney of the conbact mosses G20 in many
zasez be greetly incresasd or ehhianced W7 the asaagin-
Tion therewith or chepical sombination therein of
elements or radicgls o groups which arc satalytically
active but 3o not possess Steciflc catalvwtia dotivity
Ter %he partigular resction to pe carried oui.  Thus,
Tor example, in the oase of 8 hydrogsnstion reaction,
certain catalyste whieh at the tenperatures uaed 1a the -
reacticn behaves ss dehvdrogenation sately=is mar be
added to enhance and teng the catalytic activity of the .
catalysta or the cperstion oo ihe glagilizers, Sim;
ilarlywin anﬁc tasGs cXidation oztalysts, rusk aé hhcée
containing metal elements o the TiZER and sixt:
aroups o the perlodic sysism may Zreatly improve the
affectivenesa of the contact mass uised, ssvecislly
wiere ib 1s desirehle $o vproduce iﬁtnrmediate nroducts

which in sore casese are relatively unaiable, Somme

weter, and may slsc irvolve meleozlar condensktiong.

To gueb reactions 1t in ¥eEry desirables wo lncorporese

LA
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2Takysts or erinlytis ecooponencs whish ape not speo-

i ifie reduction edtelyeis but which may fever dshydra-

tign, gulidting offl of cawbon ¢ioxide or cordensstion,
Saach eatelyste or catalytic components which are not

gpecific esdalysvs Dol the reasfion in which thay are

; belng used under ihe ressction cozditiens cbhtalning will

E be reforred to throughout the spescificetion =s atabii-

izer promoters, &8 they sppear to enhstes the toping
effcet which oan te mohlewed by ét&bilizers. The wEs
of this expres=zaisn shﬁuld, however, in no ssnse e,
taken to 1limit the invention %e a particunlar theory of

action of those nen-zgpecifie catzlyets and in fact in

. dome cases stabillzZer progoters may bo present where

theres are no shabilizera,
The tremendeus range-of chemlcal groups Which

may be.combined in er with or ineopporaied in permiteo-

ng;gﬁiq-p@o@ud#s_parmitg_g wida choice of atabllizer

';fﬁfdﬁétsré“aé wzll as eﬁédifig catalysty end permits

i;"‘air aaﬂocimtian wi h the contact massas in an extreme-

'w:':kr-hmmbgﬁﬂaﬂus &nﬂ o&talytiaally officient farm, Thus_

a}m&ny b&se excnanﬁc banlﬂs or theix &arivﬂtivaa gy he

'cﬂnaiﬂﬁred as cumnlex Gﬂtﬂl?StE, ‘stabilizers and

- ismabiiizermrumutars as eT1 of these sloments may ha

'_sz‘esé.nt in the Hﬂme -::hamic&l cmmaou.ud and sha ing Lhe

T

"j&ﬂrantages leWInE from Ltﬂ daairanla hh;ainal stre-
""tyrﬂ.and_cnamiqal grmpartiss. Of ecourse heth stabile
dzer and stabilizer premoters may be mized pertly or

F wHolly with permitogenstico prﬁdﬁuta and & aingls

stahi;;zar or siagle otabllizer preimoter may be prosent

partly in physical admiztura end pertly in chemipsl

eopbination, 28 will ke oclear to ths skilled bmae

gxciangs ohomiet.

{
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The base exchange bedies whickh forn the impor-

tant components or initisl meterini for derive blives in
rontast ma=ses of the preseant invantlen m=Ey be prepared i
it Any of tho well known meibcods. TImes for exsmple ,

i twe-component zeciites may be arevared by wed methods,ir

- whleh ths metallaip cowonents cr metel salt components,

rart or &11 of which may be oatalytically aclive, are

{ cazsed to resct with soluble silicates 50 Torm zeolltes
of alumino allicate or alumirum Zouble silipate types, :
or the components may be fused, Ireferably in the
Preszence of Fluxes. It shewdd ba understood that uzder

The term wetallate is ineludsd not ondy the alkaline

axlutions of amphotcrie metal erides or Lydroxides but
glsc allkall forming netel salts of netal aclds, suzh aa

Cthe pipacids of metals of the Fifth and sixtk zrouns,

: which 1n at lsasi cme gtage ol cxldaticn are not stoipt-

iy speeking mnphoterie, kut whieh produsts are sapabls

Of reacting with siifestes to form zeclites, or with

other ;Gmgmnants.tc Torie mon-gilicious beee ezdhange

_.bqﬂiaé. Toroughmmt the spécificatian $his somewhat
mere gemeral dsfinition of metallates will be sirietly
a&haréﬂ T, ITii the formation of t%ﬁ—cﬁmjnnsnt zaolites

ny wet mELtﬁﬂa, the rizel raaction rroduct mat be. alk&-

: ":}lina o litmus, ‘and for produots of high base excheuging
Inﬁwer it should be neuiral or ellaline to p phenclphthalein.
";qu the:purpose of producing base erxchange bocizs o he

cb used in the préparation of sontzact razaes of the preaent

‘irvention 1t iz sometimes unzecessary 0 provide high
v f".. ] baae-%th&nging bpewer, and for many rurtosss zeclitos
S - formed undsr eonditicns.resultlinz in a Tiral pesction
which is mcid ta Phenclphtralein but alkeline to litmus

| are oF adventzgn. 1t is aob definitely known whoiher

- g .




I welatively al¥eliine conponeats, Ibh order to insire con-

. +iom.

of. the foregaing methods using at least three types of

' Eﬁ_thgfaﬂse o wlti-vomponent zeelitss, as in the caae
__qf_twmhbpmpunenﬁ 2s0lites, the conditioms of zllalindty
~ should be observed, and for many wurposes 1§ is advan-

Chagetts to asd bho relavively aeid compensoss to the

N

AR I
R R |

nroduets produncsd undes suel slreupstanses ars hemopens-
cus ehemicnl compounis, altiough in'mﬁny warvs they be-
hasy as suen. Theye is, howesver, reazon to bSelievs that
iz some asscE ot least nizturez ol base exchancing and
non-base exchanging »olysilizates wsay be prodaced. For
the purpose of the prassat spocificatinn 2 product wil:
be considored o8 a bAge oxerongs peeoduct 1T 1T has any
baze cxohonge powmer at 23,

It is Apsirsble for meny mrecses and pariiou-
lerly where Fwo-compensnt zecllites of high base exohang-
ing power are nseded to adé the relsilvely avid com-
ponenses, for example, metal salta in the case of eluninum

‘dothle silieate type of zilicates, te the relstively mors

, ' - X . i
alkxallne componon¥s such 2 for exemple soluble - zilicatas.

By these meens a contimious alkaiinity 1z insured, and
this metrod nay be considercd as the rreferved meticd in

mosy cases, tat the opposite procedurs is sdveniagacus

for cerftain conatact wesses onf I8 1lneluded ia the invene

Maltl-somponent zeulibcs mey be prepared by any

hﬁmpang:ta, thet is to say, at least one metallate, st |

Gizgeus alkaline reaction, The multi-cecaponenys 2eolitas

Produusd Tary in their neturs, dependent on the propordiod
|

of the different reasiing components, Thue where the |
i

netallates and stllcates predominate over the metal salts

-.1C -

.lezst one metal salt and ~t least one soluble sitieabe, |
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she resultine mredunts resenble tie alumine ailicate
toe o pe-oomnonent zsolites. If She nmetal zsits and
sgilicates predomlnois avéf Lhke metallates the products

2ilicemts

resgnkle the aluaimm deuble pype of tvo-tompozent
zpglltes, and Tinelly if Ghe metalletes acd metal salts
srodcmiaate over the silicates the resulting vrumADt.re~
seibiss were or less non-silicilous base exzhance beodies,
It will be elesr that there is no sherp defining line
petween the shres types of multl-componend zeoclises,
ani eng shedea Into $he other as 4he s»rorortions of the
different componenis vary. It ig an advantaze of the
mltl-somzonent zeclites sver the iwc-nomponent zeolites
tzat the choice of catalytleally aotlve edmponents iz

wider, as scwme caimlyitircally active elements or groups

“ean only ke incorporated in the formn of metallates and
.ﬂthers only 1in the form of metal saltsa, In & multi-

" componant zeolite each satzlriically active grOp oan

he incerpersted im the fomm in whioh it is best avail-
ahlet _

Han«siliaiaua Taze eszshange bodles mpe prﬂ&ucad
by the genarhl methcds dezeribed shove, but instead of

bﬂinging abnut reaetibns between silleates =nd other metal

‘oxlde componehts, WO or moTs oXVASstal coEpOUNGs are

: uausad to reast: Iin general, at least one will be o

metatlate and at )east one a metal B5alt, or 1n =ome cEses
1t is possible to hring about aciion between +we differ-
ent metalisiss 1in which one negative ralical is more seid-

iz then the other. it is poselble to nroduece non-

2llielcus base axohange bodiss in which e Blurallty of
- aetel crldes ars prassns, It iz slse posslble to pro-

- dues non-silielous hase exehangs bodies 1n which = slomie

metnl iz wirssent, Time for ozample, Some metals meay be

- 11 -




':'baaa'exchanga fcrmatiﬂn.only im porsaln stages of oxlda-

" lates and mesal salts whick ers sapsble of peecding with

e the £1f'th and sixth groupe ie stoges of oxidetlen in

- able motals are graduaily treoted widh slkell until the

3't1an, and it is sometimas nase$sary to introdace such
'metals in a stnpa uf ﬂxidablcn Eiifer*n* Trom that desired
-hin the f1nal aase axahﬂngﬂ uo&}, The- cJange of stuge ol

'-lx_orziaﬁinn baing prcfcrahly ﬂffcuted uur¢ng the dnmuﬂtiﬂn :

:ba incarpcrated in the fcrm af cumplax etimpounds Gf the

~mﬂaﬁ various typ s, such g8 Tor exompls, smmonta sqm-

_baﬂieé belafly described above, nuturel base eXchangs

frgdiea,'suoh as uepheline, Ieueite, felspar, and the like,

[ P S

sufficlently smphoteric in sheracter o rorm hoth metai-

gach other io produce base cachaage vodizs,
A mpecigl ethod of preducing nen-silizicias bage
exchenge bodies pomsists in the gradunl reylralization of

atrengly alkaline salte of the oxvselds of mesal clements

wileh they are sufficiecutly amphoteric. Tio nest-alize-
~wlon of oher girongly alkaline metsllates may eles bring
about formaticn of aon-gilicious Hase exchange hodies,

The conversee method, wheresby ton-2ikaline aalta of suit-

rogetion in sufficientlr alkaline to permit the farmation
of base oxchange bodies, may alas be used.

Mapy metels are papable of enterﬁnv into the

of the hase oxchanse body.  erd ain otrer elementa may

plemes and .the 1lke. . )

In médltlen 4o the ertificisl base exchange

may be usad.

The most imporiant oontaet mazees for mevy
rorcticns sowisie Permutogenstic products, in whioh prow
ferably the dilucnts @re homogoneously incorporéted into

the base sxelange bediss hofore formatios of the latter,

-Ilg -




: feg1d leached derivative glauecasil, pulverized glag woal, f

_silieatve, cobalt silicate, alumizun silicate, titaminm

'silinata, mirsrals or cres, espeelally those rich im
' vﬁntaga, ecapenially when the average partiele sirce im

't high aurfare emergy, whish looresses the adsorpiive andg

-~

or at least before the base cuchange boly has set afber
Tormatlon. sany dilaeatz, voih inert, ebanilizing,
artivating, eatalyvicaliy active, or having atebilizer
fromcter effecta, can he vasd, 4 Tew nf the diluents
#ill bo brislly enumerated: - kilesslzubrs of =11 xinds,
partisalarly naturel or drested celite garth, silicious
poWders of warious iynes, powderad rermitogensile products
matursel or artificial powders of rooks, stones, tuffs,
trass, lava, end similarly wolcanic Froducts which ers

freguently highly porous, greensand. glaveconite or ite

cemants, ﬂand, silioa gel, pulverined Fﬂrthenmara,
fullers earth tale, glass powder, pumice meal, ashesetos,

graphite, astivated cerbon, guartz meal, various pulver-

1204 minerals rick in quartz, metal powders and metal
elloy newders, asalfs of uxyﬁetal aclds mel as tunegslates,
Tapadstes, chromates, uranates, mengazates, ce%atas, moly-
hdatss, gte. , p&rt;cularly eopper salts of the sbove,

z1licates, such as eopper silleaie, iron silicete, nickal
copper, &l Finely divided diluents sre of creat ad-

1395 than Eﬂ @icrans, in which case the diluents DOSESES

absorotive cagacity of the contapt ness, the diffustion

spesd and porosity., Those finely civided dilusnts may be

coneidered as physieal catalysts or activwmtors, Tlinted

- parmutogenetic bodizs may s=lsc be fizely divided and used |

as part or all of the dilusnts of other Lase eXohangs

bodica.

- 13 -
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The following nine methods aré the most effac.
$ive for the introdustlion of dilwentz,bit any sther suit-

able methods canbe used:

{1) The diluenis mayts mixed with ong or mordg

liguid components of the base exchangs bodies to be formed

when the latier are prepared by wet methods.

(2) Compomentz, sither catalybically sotive, |
ababilizer: promoters, or others, may be precipitated or
impregriated into diluent bodies which ar¢ then incorpor-
ated.intc the bass exchsngs badies by any eultable mathndg

of lncorperation.

{2) Diluents may be mixed with base aichange
. bodies when the latter aresill in the form of ghla, bY
knesding o efizring, in which case the base oxohangs gel
vehaves &8 an ad@aaiva; The homogeneiby aﬁd uri FoTmi By ;
of the ddebridbution of the diluents is of course nod
Qiits 0 gredt by thie method as by wethod {1}, 1t for
the catalytic redunctiona end nydrogenatione of parbonyl .

componds extreme uniformity is not eseentlal,

(4) Diluente may be formed during the formé-
tion of bBaes exchange hodles by mixing suitsble compounds
with the componente of the base exehange bodles so that
the 41luent particles are precipitated during formation. |
Protective colleids may Do added to prevent coagulation
uf_the diluent partivles befors the base axchange badies

have become sufficiently set.

- 14 .




[5) LCafpounds mey be aldded which reasel with

zeriain of the base sxzhense bedies forcing cermporsots
to prodquee diluents, fer instanee galta of the metel

mrids of the fifth and aixth groups may e added in suf-

i ficdlznt gzeess so that they reset with compenents of the :
' bage exchange tedy $o form insoluble diluentz, as Ffor
axample Witk heawy metal oxides.

3 {8} Preforied bass exchangze bodie=, Ailutod

or undilated; srtificial ar natural, csn be impregnated
- With YTme or rﬂlloid&T seluticns of catalytically afa
fectlve ooEponents and then drisdg,

{?} A preformed basc exahénge body, diluted

| or undiluted, may ve impresmatod witn vlurelity of

' solutions whicl reest therein to Frecipivate any desired

: diluents. _

(2] Soluble diluent ecompounds way be sdded
to the components Torming s base ezclapge body, which
i affer formmtion rateinn the uamﬂuunﬁs in solu iam end is
dried withcut washing oT isg Ereatad to precipitate the
Eampaunds¢ '

(2} Hattral base exchange hudiea or artifin-

S "”iial base exdbange bedles, diluted or mndiluted, or thetr

derivatives, mﬂy ha impresnated with solut*ons of the

.'ﬂEBlrEﬂ compiands, which are tiasn freclpit&ted by means
cf raaetive FHEES.

The oucleus or non-mrchangesble porticn of the
molesules of the base exchange bmdiea is ordinarily con-
ridered t¢ consist of twe types of cxideg, namely,
velativaly basic metal cxides, usueLly smphoteric, anad
relatively mcidid cxides, such es “19 gcme amphoferic
metal cxides and scue metel cxices walch have & dletinot-

ly acid ehareoser, The nuclaus behaaas 8% 3 singles Aanian

! . -1.5-




¥ intra&uceﬂ in & stage of oxidetlion othar than thet de-

| others ere stebilizers, and 5%111 cvhers are stabililzer

; tantalum, ehromium, melybdemwm, tungaten, Uranium,

o dueed singly or dn mizntures, in any desirad

Introcdused in anly one fore, and s%1l1 others may be

;sirad ln tha final b&se exphanga boedy or in ke Torm

'Lartario aclﬁ, citrie acid, g”yumrine, and the like,

crakelret or stabilizer promoter will vary with the par- ;

$deular redusiion or hydrogsratios rescbion Ter which

ENY

RTICN

and cannch be spllt by crdinary cshemiczal means.but it
iz wdventegeons to ecnsider the two poriionas of the nealeus
25 the basie and =acidia poriicns, bearing in mind of ;
course that tre unuelens behoves az a slzgle groun. e
mezal ccehpcunds whicsh are capable of fomming the bemic
porvion of the nuclsys are those of the following
metels: - gopper, silver, zold4, blsmuth, ‘l@n-ar:.rll:'n,u:t_T zine,

endalim, koron, alumizum, scke »are earshs, titanium,

zireomiun, +in, lead, iborium, niobium, entimony,

vanadium, manganese. Iiron, nicksl, eobalt, platimom,

raliadinm. Cewpemnds of these elomonvs mey be intra-

proporitong,and may be in the form of simple or complex
iona. ~f should be understond that soms of the elemettts
in certain stages of oxildation mev bz introdussd

either as metellaiecs or metal salts. Others may be

of ccmplax uﬂmnﬂunﬁs. Jmong the cumvlex anDﬁBES are

&mmanla, hyd“oejanlc wrid, oxal4g anid Tormic ﬂﬂiﬁ;
Many of the metals sre apenifie eatalysts,

pfamoters. © Naturaliy the stsius of aa elemsnt as

the final contsel mase is to be wsed, and tha choice of

antalyests snd siabilizer promoters together with the

Areportions wiil he dstermiinsd hy the purtinulaf cale

alytie reduntion or hydrogosnstion of §te particular

- 18 -




| carvonyl compounds For waich the cenbaci mass 19 tole

: uzed.

Examplae of componeais forming the relatively

arid perticon of the Uass exchange nicleus are gikalil
metal silicstes, which are msoluble ir allkald, and alvali
metal salts of acids, sush as thoso of boTon, phasphaiua,
nitrogenm, tin, titanium, vanadium, tungeten, chromiuws,
wiokiw, ﬁaﬁ?alum, urentim , aatimbry, mMenganese, eto,

The esxshangeable bases of the bass axnhangé
bodles way ke substltuted by bass exchapge, and the
elements whiph can be introduced singly or 1o adinixture
1 by bage exchange are the following: — oOPPer ., silver, gold

apmondgm, Beryiliun, caloiwg, Fangancse, caeslum, potage~

o oinum, scandiwn, titaniuwm, sireondium, tln, antimony , thor-
Cium, vansdium, lithium, rubidium, tiallima, biemuth,
ohTomliy , urantun, maﬁg&ﬂéﬂe} tron, cobslt; nickel,
-ruthentum, paliadlim, plﬂ;tiz‘_m;,_u and cerium.
- | Hepending on the reackions in which the con-

. hAot mass i5 t¢ De nepd.. $he oxchangsabls busea. infrodgced
may bo apﬁcific_uatélygts; irpy ray e stebillzers, or
'.ﬁﬂéﬁ may ke Btﬁbiiizér;pramqﬁers. Taey zayte introduced
-_as.a;mple ione- or &# complex iona,_aﬁd =ay enhance; ths -

- eakalytle sotlvity of ﬁhe final contact mres, impTove ite

phyeical sireagih,or boti.

‘48 has been gdeagiited apove, DAEe BXORANZS

bodies oan bo sanscd to Teact with compounds contzining

aeidic radicala capatle of forming therewith ealt-like

‘bodies. The racicalé mmy be Fresent in the form of simple

cgeid radicels, polvacid Tadicals or oomplex seid radicals

and incluade radioals ecootalning the followlng elements:-

ium, sodium, 2ing. streoiivm, cadmiva, barium, hesd, akum-

ghromium, vanadiuws, tungsten, uraniuw, meiypdesv, i

- 17 - |




manganese, tentalum, niobium, antimony, ggienium, tellur-.
ium, phoephoras, blamudhr, $ii, chiorine, platinud, woTen. |
Among the complex radlcale are feZTo and ferrloyanogen .,
cartain aumonia georplexes and the like. The amount of
aoid Tadicals cauesed to unite with theimse exchange
Lodies to form salt-like nodies may ®e varied eo that ihe

resulting praducts may possess the cheracher of actd,

aentrel oT basic ealtn. ¥Yoet of theee agid radicals are!
gtabilizers or stabilizer promotsrs for the catalybic i

|'

reduciion and hydrogenatlion of carbonyl compounde to va11
jcue crypenated and hydrocarcon nraduuua f

The base exchange bodies diluted or undiluted
or some of their salt-like hody-derivatives; may he
treated with acldz, such as mineral acids, for example,
8 - 104 sulfuric, hydrochleric or anliric acide, %0 Te-
move part or all of the exchangeable bases, oF BLBO
part or all of the basle portion of the nucleus,

In the case of zuulités, the partial Leaching
with apids, whioh lesves part or all of the bagic poTiion

of $he micleus or even part of the exchangeable basés.

1 -

does not affect the function of the weolltes as catalyst
when they contain catalytically active glements in Fhe
‘pagio porticn af the nucleows, 0T in Bome ¢aseR BVED
- pxohangeable bages, and such partially leached cgmalysts
aTe of great imporfance in many rsactions.  WheTe fhe

_leaching is carried cut to completlicn the advantagaous

prysical etracture vemalns te a sanpiderable sxtert the
game U5 the rerainder is of course a form of silica, om

geolites
in the case o7/ in which part of the zilioa iE repl&csdaby

~ 18 -




£ilme on wassive carrier granules or way be impregnetad

' within this clase. Aluminum or copper alloy gramules

relatively high heat conductivity tends to proven: losal

Chee

other acldic compounds, a mixture of the two, and 1.;E|m:,:L1:,r.E
will not be 2 specific catalyst for the reduetion or hy-
drogenation of oxides of garbom. It serves, hovever,
as an advantagsnus physical carrier of gpecific cat-
alyate, and in the cese of partically zubstituied zeolited

may also contain eiabilizer promsters.

Leacked nom-gilicioue base ezchanze bodias,

#ither partially or completely lsached, may contzin ozt-

azlytically active cosponents and behave as catalystsa, i
etabllizer promoters or both, and many imporiant natalyatq
for the reduction aad hydrogsnation of ftatbenyl . conpomnla
are Thue obiained. This ie particuarly the oase for
Teactions where a Telatively alkali-free contaot mass
le required for best results and where the alkall cone
tent of a contact mess containing o base axchange body
may ke tov great for optimam resulte,

Base ervhange hodlee or their derivetives,

diiuted or undiluted, may eleobs coated in $he form of
theredn, The mameive carrlers may be inert, activating,
or themeelves catalysts. For example, cartain catalytie

metal alleys, minsraldé, sepecielly copper minerals, fall

pezform an additlonal advantagecus function in that their

overheaiing in hipghly excihermioc reductions or hjﬂrngana—;
tiona of carbenyl compoumde; which ie of gonsidershle
iwporiance in ochtaining goad ¥leldsa, az many of the re-
actione, particularly hydrogenstions, are equiilbrium
Teactione, and at higher tamperatures hydrogenation
catalyste reverce thelr function and tend to Bvor dehydro-
genation wiik resulting lowerdng ﬁf yields and oontaming—

tion of the oroduct,
- 15 -
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The present dnvention is applicable %o all

reductions and hydrogenagions of carbonyl conpsunds in
..R\J { ®elch at leasy part of the reduckisn lg effected tm the
' | carbonyl group. One of the mogt important series of

reductions and hydrogonations consiszis in the reduction
or hydregenation of oxidaes of ¢carbon, such as saTbon i

wonexide, carbon dinﬁidﬂ, and the like. These compounde

car be reduced in the vapor phase by meand of the contaot
wasges dessribed above containing pergutogenstlo bodles

| to various products both oxyzen contalning =nd oxygeu-free?
Thugs for exasple, in the absence of condemsation catalvats

such as for example alkalis, ozidss of carbon, mey be ro-

duced to formaldehyde, methyl aloohol or methana,.
depending on the reantion conditions and on the comtmct _
wase ugsed. So for instance, the milder reductien n&t&lystg,_
partioularly when tonsd with stabilizer prumotera.in.tha -
Tore of oxidatlon catslygts, preferentlally prn&gnéh
formpldenyde and methyl aleohol, wheress when sﬁrpmé ro- B
duoticn er hydregenation catalyste such as ocbalt, aickel, |
izot, ete., are prosent the tendency 1s to Froduge
nethane, especially in the prepence of denydraiicn
etabillzer promotera, Under somewhgt different reaction _
conditions, and particularly in the preasencs of nunﬁa&ff i
i rarees which have oomponents guah as alkaline Etahilizsﬁ§_

that favor condesneation ths tendensy is io produce higher

alcolole, ketones snd hydrocarbons, manﬁ_of them being of
petrolewn like charsater, sepecially wasn a large amount
of sirong alkalles are pregent in the puntact RasE,; &nd F
moss of the preducts dsre ueeful for moter fuslse eltber
Witk or without eubeequens refining. Wherse there iz in-
sufficient hydrogen pressnt organin acide such as

. provioric and butyric acide may be produced.

20 —




Ofther carbonyl compounde may be reduced, for

example, ketores fo gegondary aolcchols, an inportand ax-
i amrle of which is the roduction of apebone Ho lzepropyl.
i alcohol, methylethyl ketome o secondary tutyl aluokol,

I and the like. Aldshydes may be reduced to rrimary alco-

noig, with or withoud hydropenation iz the caze of

uneaturated aldehydes, suck as acebaldshyde to ethyl alcor
| hel, srotonaldehyde to butyl alcohed, valeraldehyde f6 thé
corresponding alcokol, benzaldshyde #o benzyl alcohﬂl, ﬂtm.
Esters may be reducad to aldeh;dsﬂ and alcohols |

er to alechols alona, thue for axample, phthalid, the imn ;
ezgter of mefhoxybenzolc gaid o benzaldﬂhyde or benzyl
algohol, etc. Aolde may be raduced to immer ssterw, in tﬁq
cage of polybasic eoids, or alcohols. Thue phthalic anhy+
dride may be reduced top phthalld or to benzaldehydr or
benzyl aleoksl, depending on redction conditiona and on the
‘presence or abpeénee or stabilizer promoters favoring the
splitting off of carbon dioxlde. Gamphoris acid can be
rédgced to alphacempholid, eto. Quinoﬁea; suth ag Enthra-
guinene, benznqu;n@ne,.ete., aan he'xaducad to tha '
' _curnaspﬁnding hydroxy ﬁﬂmpnundéa \
. | " In sddition to feaetions in which a nora or lesd
S homogensous Takr matéfial ig reduced q?itain mixtures of raw
| . Cmgheriole may be effectively rsducaﬂ;ﬁith or ﬁithbum tﬁa .
presenoe of sdditional reducing gases.  Uhus for axamyle,
J ﬂxid&s of garbon mwey be reduced in the presence of the ;
| vapurs of many organic compovnds. For sxamples, they may e
raduce& in the preasence of aliphatis hyﬂ*ocarbons, aunh .ag

' pamaffina, olefinse, aoetylsnes. h;drocarhona kaving the .
eto. '
 fornsls YnfEn - 42 Oolen - g+ €80 Kydrogen may be present

or absent, and the slase of products obtalned, such as

-l .
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.Elyoolaldebydes, glyaxoal glyoxeylic acid, oxaliz acid,

"the pressnce of oxides of carbon and hydrogen. Oxidation
'pradﬁgta'of trivelent alecaols and divalent isomeric

"_albahula 23y 4lgpo e used; of course enly where it im

mixtures of cxygenatod compounds, or in many caseg olle i
Which are oredominatoly hwdrocanhen in their vature, will
vary wiikh the ameunt of tre reactving ingredients and with i
the centaes masses and reaciion cond:dions used, and it .
ie an advantege cf the aresent lovantiom Yhoi thess novel
combined reductions cen ©o carried out in “he desired :
dirsction 7wlth great effsitivencas by the incorperation
of suitable stabilizer promoters or stabllizere in the
canfaot mosses.

Another class of combined Teastlon coneinta
in the reductior of exides of garasn with oo withaut
hydrogen in the bresence of vyapors of ailiphatic alochole,
Buch ay paraffin alcohols heving the formula “npfign 43 OH,
°r uneaturated aloohols having the formuls CnBom -1 04, oz
Opfen 3 OH. et Felyvalent alcobols such as glyeol,
Elyoerol and ike lika, may be reduced in combination with
0xides of carbonm with or without hydromen.

Oxidation products orf aleohels, such as for
exeuple, satuyated or unssturated aldehydes and ketones,

or oxldation products of polyvalent aleohola, such ag

and the like, may be uasd for vapor phase reductliong in

poasikle to obtalu the vapors of the compounds without
undesired decomposition.

' Aliphatic aclds form another lmportant clags of
compoonds which can be redpced in combination with oxideg
of carbom. The goid: inelude fatty acids, oxyaclds, lac-
tonea, polybasio acide, ketope ascids, and the like. Other
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reduced in the presence of oxides of ocasbon and hydrogen,.

miscellansous aliphatic carbonyl compounds such az alde-

hyde alcohols, diketones, tTiketonse, oxymethylene ketomeg,

keton: aldebydes, ketome alcohols and the 1ike, nay ales %a
sombined with oxides of carben and reduced in the presenc'
of the contact F?s?ﬂiscrihed above %o form many valuable
products,.

In addition to oompounds of the aliphatic zerie
which may te reduced together with oxidea of carton, vax#g
ilous compounds of the cyclic series, such as for e:ample,!

alicyclic compounds, for instance, cycloperaffine, cyolo~l
alefiney, ocvelodiclafinse, may ba ocombined wilth oxidecs of
carboen and reduced. Examples of specific members of

this class are oyclohexane, eyslupentadiens, dicyoliogentad

diene, and the Iike. OF course alicyelicorrbonyl cumpnun@s
Buch &3 gvclohexancl, eyclohexanone, ptu., may be naed, i{
being understood in this comnection and throughout the :
spscilication that any compound containing the 00 group,
irrespeotive of whether the oxXyeEen 1a unite@ 1o carbon
with & slngle or a double bond, are sneludsed under the
term carbonyl compounds.

Aromatic ﬂﬂmpuunds, suah ag benzens hydrncar-

bons, napbthalencs, amthrmcsnes, pheranthrense; phensic,

aromatic alechals, aldeliydes, ketones and acide may be

of course only irsofsr as the products are capable of
velatitidation without undesirsd decomposition.
Heteroeyclio cowpownds, such as produsta contalng
lng the furans mucleus, uyrrole bodiass, pyrrolidines apd
the like, may b reduced jogether with oxides of carbon oy

neany of the poantaci masses dEEcrled in the present inveni

tion.
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" whioh Faver the productlon of ethers, esters, acetals and

'_ gonnecticn with th&'fqllowing speclific examples which

' 33preaéiﬂn_pa1bqnyl aumpormde will Be uded in a comewhat

_brﬁi&ér gpnae than iz sometimes current, and will 1nc1uﬁa

A mumber of combined redwctions have been re-
ferred to briefly svove, but it should be undoerstood thatl
other covbined reductions are included in the scope of
tie preeent invention and that compounds belonging to I
more than one of the above enumeratsd groups may be :
elmultansouely reduced with oxides of corbon.

In garrying out these ocwplleated synthesas
the permctogendtiic contact masses will wsually inslude
nat coly reduction caxﬁlytic components and hydvozenation

catelvtle componente but $he most variocus fypes of

stebilizer promoters, such as oxidation catalysts, cata- !
lyste for splitting off wnter, carbon dlexide or ﬁath, :
oztalyste eapable of introducing the elements of water %
into ungaturated hydrocarbons, dehydrogeﬁaﬁiun catnlysts i

the 1like, condensation catalysis, caxalfatﬂ whisgh faver
intramoleoular re-arrangement; volymeriZation catalysts
and the 1ike. | | ' '

The invention will be described in dstall in

illuﬂﬁf&te a few of ‘the many reductlons of carbomyl’
nﬁmﬁﬂunds which Tall witHin the ceope. of the present
inveutlon. Throughout the .spscific examples, ag in the

introductory portion of the specificetion, the

-pﬁhﬁo}g{ slechols and simiiar compounds 1n whioh oxygesm
1g nat atiached to carbon by mesmnis of @ double bond, but
the inventlon deoes mot inelude hydrogenations of such
compoumds ad phenol anﬁ the iike, where none ol the

reaciicn takes plece wlthin the cerbonyl group, and such
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1 basé'exﬁhahge Eudy prﬁqipi#&tea, whlch ig separated and

_fo The action of & wai gtmoephere for gome time and then
- After hydratlon the base exchanga body whils still.moiét.
| &nd agddn drieds If desired the chiromium nitrate asciw-
]tion may be raplhaﬁd poxily or wholly by equivalunt
aalutiuns of ziruﬂnium nltrate, zine nitrate, cadmium

:'ﬁit?a#e; 0T a mixture of two or more of them. {

{ - PrEgpure oconvertor, eapecially a converier provided with

hydyopanatlone ara;specificallj diezelaimed.

EXAWPIE I

4 ponbact mass ig prepared ag follows: -
40 - 5 parts of 8105 1n tha forw of a diluted sodium
watergloss solution ars mized with 50 parts of monazite
3anf refuse, 50 parts of glaucosil (the acid treated
regidue of greensand] and 50 paris of copper ore, such as
mal&chitea The dilution of the waterplass aulutinn shoulﬁ
be sufficleat so that after inunrpuratioﬁﬁall of the above
referred to dilunente the mixturs juzt remains eaplly
stirrable. 4 saturated solution of sodiwm algminéﬁe con—
taining 10 parts of A}x05 1s then stirred intc the sus-
pension, or if desired the nlumina$a can ‘be replauad i
partly or whnlly by nnrreapunding ampupte of caﬂmiate cr
Zlncate solubtlons or miztwures of the two. The suapenéion
s then treated with 25 - 30% sclution contalning 15
pgxtu.af copper nitrste with 2 anls of watﬁr and 26
pazts.qf a aa;uramgﬂ eplution of chromdum nitrate. 4

wasddd in the usuel manner, f&llowed by dArying at tem- .
perhtuzes below 100° 0., whereupon the mass is sutmitted

puf. an-a fiiter and hydrated by trickling watar over it.

ig preseed Into suilable tablete in a pill making machine

The contact-mase obtgined 1s placed in s high
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double counter-purrent awtoralioc heat exchunge devices,

ind is then reduced with hydrogen or water gas or gthoer

suitzble hydrogen contalning zases at abaub 300° . Aftexy

reduction is cemplete the contact noss van be effectively
Lsed for the synthesis of oethanol with the conconltant
profduction of higher aleohols and ¥etonas by reducing
oxides of carbon such as carbon menoxide, corbon dioxide
9T & mixiure, which axs passed over the contmet mmas 1n

the circulatery procese inm the presence of hydrogen,

" which should be in cxoess of the theorstioal apount re-

guired. The gvathseis should preferably be carried out

et about 300 - 370° C. and under from ED - 164 ﬂtmusphaxesi

pressure. The reaction product containg methanol together
with & major proportion of higher sloobols and some other
oxygenated compounds. Arter the gases have 1sfi the
aonverter they are oondensed before recirsulating, in
order i¢ remove the condenasable products produced. The
oompuzition of the reémaining guses ie then agnin adjusted
to inltial conditions and recirculated through the con-
verier. Inert gases guch ae nitrogen, the rars BaE0s of
the gir, methane, and $he 1like, ey accumelate, and
rhould be vented, elther vontinucusly or at auttable
intervals, preferably through a vent tuﬁar providad with
a2 suwlficlently effective abaorption éysfem to pravent
large losses of the reaction vroducts. The gaa speed for

the synthesgis of the alcohols, ketones and other. oxygen

caﬁta&ning products ghould pmafarably be high, anid a gas

speed of fTom 80 - 150 times the converser volume par

hour may o acngidered ae normal. _
If it iz desired t¢ produce rethanol in larger

Proporfiion the contact moase shouwld hé'tunad, which mar be

- 8a -
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-base exchenge body after leaching, the purer the méthyl
‘@lookol Will be, in accordance with the above mentdoned

i pxubable that when alkali i presant . soneiderable

' amount of $he methyl’ atohol eiﬁher caﬁﬂanaes with itse}s

] ur ‘with athar reaction pmaduats 1ﬂ = nmsaent gtake, much

' contact mass romLlts in high effiuienuf;

ffected as followe: _ After the basc czehange body has é
heen Lydrated it iE: lzachod with acids, such a8 2 - 3
hydrochloric or nitrio apid, in erdar to partly remave thg
exzchangasble al¥nli from tue bise exchanges mulecula._ The |
leaching provess 15 to o certain extent empiricnl, =od it
is best to fest aﬁmplea, 30 determineg when the alkali haa,
heen sufficlenily léacted out to produce the desired . '?
effect. In peneral the izaching should be continued wrtil
the alxali content oi tha baee exchange body hna been
reduced to from 20 - 30% of the original amoimb prasenty
ﬁfter the 1each1ng iTeatment the contact mass iz washed
with water to Temove ihe lastivaces of the' agld ueed, =nd
thEn after sultable reduction foris & very effiuient can—i
vact mzas for the synthesis of methyl slcdhol from ‘axldes
of carbon and hydrogen, the latter prafarubly being in
éxoesa. The mixture ig, pedsed aver tha contact mess at
280 - 350 4, under 2 pressure of 30 - EEO atmospheras, -
the Frocess being a cunﬁinunus circulatﬁry arecess and
the methyl aleohol being removed by cupﬂenaaticn from the i
Enfes hefnre'recirculaﬂiun. Uethyl aloohel of a high
puxity 13 obtaineﬁ, and: may be geparated out by cooling
or by ahﬂorp¢ion. The Lower ﬁhﬁ“lik&li content of the

actlon of alksll a8 a condemadbion catalyst, for it i

az for example fnrmalﬂghyﬂs.: The extrensly favorsble

phryslen]l asTueture and oatalytic properties of the

- 27 .




"EXANTLE 2
140 parts of & naturel or artificial zeolite,

the lotter prepared either by wet or fusion methods such

as ars ueed commenly in the trade for water softenisg ;

PUrposes, are treated with 5 - 10% cepper or zinc nitrats -
solutiona or a mizture of both, with or withont munganese
#ults; to effect o maximum of base exchange. Other baszes
wilch may be present in the form of salte zrs zircosium,
cerium, silvayr, copper or gold. Coppsr is Purticalarly
sifective and should preferably alwsye be ot least one of
the compenents. It ia sdvantageous to reﬁlace & aEximun
of the exchangeabls alkali and for this Teascn it is de-
Firable to chooze zeplites of high baze exchsaging power,
such as for example, those of the sluminosilicate type.
in which, howover, the aluminum may be replaced partly or
wholly by slne or cadmivel, -

Tha baag a¥changs bedy ubtaiﬁad after iptzoduos
ing_tha catrlytteally effective cxchangeable bassa may be

used for the aynthests of oxygén contadnlng orgapio com- -

pﬁuads from oxides of carben and hyﬂroﬁen or other redusing

gﬁs&s. The contact m&és'may be- further toued to enhanod
the specifie efficiency by treating it with solutions of

- salts of the metel acids of the £ifth dnd eixth groups of

the pﬁriadic syebem, such as vanadlum, ctirowlun, polybden-
um, 344 the like, 11 o7dgT to produce tho so oslled salt
1iks bodisd. IThie may, for eiample, be effected by trick-
Ting & i% ammoniien vensdste or a snrresponding smlt solue
biom over the contact mass and then wasking the salt like
body obiaired, The alksld laft in the base exchange body
1g neyiraiized sufficiently by this procedurs, and does

not have any harmful effect 4n the eyathesis. But when
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la.rge amounts ¢f alkali remadn the resction should be ;
carried out &t Somawhat Hichsar temperatures, such as for
example, 00 - 450° .. It tz2 gometimes advantazeoze fo
leach out part or all of the alkali which i mot replaced
By the ather basca, Préferahly_éery dilute inerganic |
'a.cinis. should be used As 1faching -é.genta, in D.'r:d'e;' to pre-
¥ent deetruciion of the sxcellent physical propertiss of
the comwplex conﬁ&pt ME.86 .

When the sam; ooenceniratien of gases i used

with legched contact masses at temperaturss from 360 -

450% ©. and under 2 pressvre of 150 - 530 atmoephaies
methyl aloohol can be produced in large. quantities in a’
circulstory preosess. It is of course ﬁeéirahle to free
tyg pasag frﬁm centact polsons, such a8 for example)

avifur apd sulfur oomcounds.

EXAMPLY 3 _

In forming & comiact mess the following selu-

tions are prapare&'

f1) &5 #-95 parts of 8193 in-the form of a dilute
ﬂadium o pataaaium ﬂatezglass anlutian are mixsd wilth
' Hﬂﬁ - 300G parta of kieaalguhr pulverized quattz, or
asheatqa_puﬁﬁ:r, the amotnt of dllution velng suffitisnt
89 that affer all of ths dlluent 1= in;urpn?aﬁed %hﬁ
qixtnra Juet rapaing readily stirfaﬁle.

{8} 30 parts of ainc nitrate with 6 mals of
water, or any oiber osrrgsponding zine salt, sre
diséalvsd-in g N Gansrls potasi 4o form the aorrespeonding
pohassiam zinca$a; prefersbly by Tirst precipliating zinc
hydroxlide and ihsn dissolving it up in the potasgium
hydrexide. The zipo may be replaced with a sorresponding

amowat of cadmilug or aluminum, ¢r & nixture may be ueed.
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() 10 parts of freshly precipitated chromium’
hydroxide sre treated #ith sufificient 2 H potassinm
aydroxide solution to Inrm.} correaponding potasaium
chromlta. _

{4) B - 9 parts of lead nitrate are dissolved
in eufficient 2 N potaszium hydroxide ox sadlum hydroxide
te form the corresponding potazsium or sodium plumbites.

{6) 30 parts of zino nitrate are dissolved in
water to form an N/2 saiution.

(8} .85 parts of cadmium nitrate are dizsoived .
in water éu Torg an N/2 solutien. ,

Mixturss (L1, {2}, {8) and [4} are combined,
&8 are solubfioms {8} end EE}, and, the 1attsr s pnured
into the former with vigarnus-agitamlon, whereupon the

mixfure is warmed o 30 - &0° U..and aalidifies tu-q_g31{

. Whioch 18 separated by preeaing off the mobther Tiquor in

the uwsugl manner and is then Theroughly washed and dried.
If necessary, the yeld may be increased by the adaftiom
of auffinient filute minersl acids, such ae pitric.or
hydrochlozic aold, with vignmaua agitat;un untll a alight
alkalinity gy neutrallty tﬂ phennlphthalein resuitsh

The orodvet 12 diied, preferahly at temparau

b tyres inger 100° C., is hyﬁramed with water amd again

driad. The rosulting contact mess is treated foI several

Hqurs-at.ﬁca - 400° 0. witk wafer pas mixtures wder a

pressure of 50 - 200 atwosphsrea. After thie raaaictipm

- tk8. gontact mase may be used for the reduction of prides

of ‘parbon to oxygen containing compounds. Depending on

‘the reaction oonddtions, the main product mey he mathanpl

with larper o émaller-amounts of highei_&lcohulh} guch

B8 proprvl alechoi, iucpiopyl alcaﬁol, Eﬁtyl alooheod,

- B0 -




¢ laobutyraldehyde, valeraldehyds and the sorresponding

| vnattacked by carbon monoxide and hydrogen. Preferably

tungeten; manganess or chromium, if neceggary combined !

exchanging part of the potzseivm of the base eXohange body

- -
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isobutyl glcoohol, ilscamyl alconol, aldshydes such ag

Bymuetrie and asymmetrle ketones. Some acids, sush as
aliphatic acids, may also be obitainsd. Preferably
carbon monoxide or carbon dioxide ar a mixbure, Logsther
with 4 - 10 times the theoretical amount of hydrogen or
otner reducing gasee, are passsd over the contact mass at
100 - 15) stmospheres in a clroulatory process, apd re—
Bult dn high yislde of the axygen containing compounds.
Instead of using artificial mixtures of oxldes
of carbor and reducing gasss, wateT gas may be used ofier !
pufficient envichment with bydrogen to obtain the ﬁsat f
ratio of guses. The temperature shnglg be betwsan 300 r
450° ¢. In carrying out these syntheses the converter
should preferably be provided with automatic deoubls
counter-current heat exchange elemantﬁ'to poatrol the ;
excthern of the resction and to imprors the heat eéomﬁmy.

The converter materials shouid of colrse ba_such as are

the ocuter snellof the couverter may be made from specisal
steels, such as ohrome or vanadium steel, as used in
converters for the ayntheosils of ammonis. The internal
deuble counter-current heat eschange elements may . advani
tagssuely be made from alvminum, Bliver or capper. or may
be coated with those materials, or they may be made from

alloyz of steels whioch contain molyhdenum, vahadiug,

wiih cepper, silver or alvmiriws.

The yield of methyl oleohol may be imprﬁv@ﬂ by

for aerium, manganese, caloium, magnealym, aluninum,
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Pozirceoniuvm, ondsiun, chromivw, silver, copper, barium, or

etrentivm, or 2 wixture, the base sxchangs bainsg affected
by trickling 3 - 10% solutions of the corresponding water
gnlible aalte of the abave mepnticned elemense over the
tase exchanpe body.

After partial replacement of +he slkall of the
bage exchange body by other bages thﬁmcontact E2ED MAY,
if deslred, be treated with salts of the meinl ﬂciﬁa of
the fifth and sixth growps of the periodic system, susch
aa ammorniun vaﬁadate, amionium chropates or mmuonium
malybdats, singly or in admlzturc, in order to produce
the.su walled salt Like bedies. If desired the basse
axchange bodies may also be leached to remove part or ail
af the exchangeable alksli by meosns of dilute mineral
aclde, and suchk leached bass exchange bodies aid in pro-
dusing methanol aof high purity. 4 2 - 3% hydrochlorio
acld or nitrio acid solution may effeciively be used for
guoh leachingy, the remaining acid of comrse being care-
fully washed ¢ut slter the tresfment iz completed. Tha

base exchange hodles may alose be mors highiy dilluted with

‘relatively. inert material, in erder to epread the reac-

tiof aver a larger contmct space.

EIANPLE 4 _
40 ~ 45 parts of 8i0g in the form of a dilute

waterglass eolublon are treated with about 2 10% potassium

chvomite selution containing 22 partu of chvamium nitrate
with @ mols of water. An approximately 10% ferrous
nitrate eclution is permitted %o run into the mixture with
Vigorous agitation until ihe whole mans shows only
slight alkalinity t¢ phenolghthalein. A gelabinoue pro-

duct is formed, separated frem the wether liguor in the
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1n=ual panner, aod dried praferably at tenperaturas balow
100% 6. It cénstitubes o petagaium-chroniun-ferrous bage
exchangs body which nay then be reduced in a stream of

hydrozen eontainlng coeee ot 300° O, Pripr to the raduc-

ticn the ecxchongeable al¥kall moy be rTeploced by alkaline
sarth metol saliz. The contaot mass after reductlon is
well Buited for the production of hydrocarbons of
reiroleum like nature, wall aaited os 2 motor fuel when
purlfied . | water gsa is pnegsed over the contact mass
under pressure at 300 - E50C 4.

It 1z elso possible to effect the eynthezis of _
these petroloun 1ike hydrocarbons in intermediate stages, |
Thue for example, methanol way firet be fermed in the
preszencs of a layer of epecific methanol caialyst and then
2 layer of motor fuel catalyst may follew. The catalysts
for the interpediate ptepe may ndvaniapecusly combadn
stakllizer prometere in the form of oxidatlen catalyeie,
and when these are presernt in sufficient quantitia#,_and
. partlcoulariy when they are present in.eicasé, there is a
tendency to produce a larger prnpnrtion of aldehydlc
nrodunts in the intermediate stape.

IXANPLE 5

4 non-gilicious bage exchanges bady ig prepared
‘aa follows:

30 parts of sine nltrate containing € mals of
water are dissolved in 100 parta of water and transformed
into the potassium zincais by means of 10 W osustlc
potash. 15 parta of cadmium nitrats wi*h 4 molas of weter
are dissolved in 200 perte of water and transformed into
the corresponding potaseivm oadmiate by means of IO W

potaszium hydroxide soslutisn. A sodium aluminate solution
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ie prepared by arecivitating aluminuet sydroxide corres-

cpouding to It parses of Alg0g dfTom 2 solution o an

aluninum galt by means of ammonia, thoroughly washing ang

transforming the froehly vprecipitated product into sodium
aluminate oy weans of & 2 N sodium hydrozide Eolutimn{
The metallates are mixed together, and asbeatos powlsr or
puardos smeal is stirred ln until $he mixtwre just remalne
shirrable. 4 solutiom contaising 45 parts of ferrie
nitrate with 9 mole o water dissolved in 450 parts of
water iz then added Fo the suepeneion in a thin stream
with vigorous agltatior. The reaction product ie a non-
Bilisioas bass exchanpge body, which 1 pressed; dried of
100% ¢, and reduced in the converter system ad 300° 3. in
2 stream af hydrogen or hydrogen oontaining gases. The
reduction ghould be carried ous cautiously, preferably
diiuiing the hydrogen containing gases with iadifferent
Zases, suehr as nitrogen; ian order to affacf & smooth, well
toned reduction of tke complex moleoula. In some 0ases

it is desirable fo carry out the redustiom in ths

presence of oteam.

The contact mass aftor reduction amay be used

Tor the mroduciion of methanel or peitroleun like bodiea

‘from oxides of carbon, with ar without hydrcgen contasining

gasos, nixed with otber organic materials, such as the

vapmr§ of wethyl alcohol, ethyl alechol, meihyl Formets,

5.methanﬂ, athyleme and the like. Oxygen contaiping

ovganic compounds are producsd undeT prescure, with ci
without reclroulation., When petToleunm like bodies ars
desired a reoiroulatory precess should be used, or the
reacsing gases sghould Le pazzed trrough a ssries of oope-
vertars In order to exhaust snem. TFrie method is

- 24 -
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' effective e5pscislly where the methone waieh is produced

aa & by-product can be affectively utilizcd. The aynthe-
zgig of 1tguld roduction preducts should take place at
terperatuores bedween 220 - 400° 0., and a mizture is ob-

tained when water gas, water gz and sydrogen, or water

| pas and mefhane are used oo the raw materisle. On frac-

1 tional dieziilation of the ilquid prodoct petroleum 1lika

Yodles are obtained in a fracticn Loiling frow 30 - f0°

Ca |

2., while +hbe Bigaer Tfraotioans are mednly esters ar

| #leohols, such as pwonyl sleokol, buiyl alochel, and the

ike. Tho casalyhic ei'feciiveness of the mags caﬁ:be
materlalliy inersaszed oy using catalyticslly effective
bocies as dilusnte, such #5 for ezample, salte of the
metal acide of the fifth ﬁnd gizth groups of the meriocdic
gyeten, 88 iroen vanadate, sopper vanadate, filver vana-

date, cobali vanadste, nlckel vanadate, hisputh vanadate,

strentium vanadate, sploium vanadats, magnssium vanadate,
boeryEliium vanaiate, Lhariuw vahadate, cadaium vanadaie,

‘zing vansdate, csrium vanadate, manganeas vanadote o

chrominm varadate, Bingly or in admixture. Gorresponding
salts .of molybdlc, tantalic, chromic, ursnic or tungstip

seid can be ueed, with or without vanzdates, singly or in

|| pamIxture. Another method of introducimg oadnlysically

effeative or siabilizer promoter acaponents coaslstis in

nsing the salis or oxides dlluted or urdiluted, particular-

1y oxides rrecipitated on colloddal silica or glausesil.

These oxides may be iron oxide, cobelt oxida, nickel
oxide, mangenese oxtde, copper oxide, siiver oxide; cal-
elum ozide, %in oxide, cerium oxlde, lsad oxide or
piemith oxide, with or without alxaline earths or rare

2artha. dstalyileslly notive natural producsts such as

- 8 _
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. used ne éiluents in the permctogenstic bedica. A pzriicu~

orss, Tor oEomplo, iTon Oré oT COppRr. ¢rc, mey niso be

lorly effsctive diluent for the symihesle of highsr E
ploehols, ketones, sliphatio acids sed heavier oile ie thqé
residue obtnined from the distillation of various kinds |
of otl shole, which may be consldered as naturcl c&%&lytiqi
sompositions. Theee reaidass are eflectlve for the '
syntheals of kyéroacarbens 7 petroleum or gasoline like
naturs. Analysces show that tke regidus containe §ig,
Fegls, Cal. Hzb, Kéﬂ and Was0. Otiher element mﬁy ﬁlsa
by present in small gquaniities, depsnding on the origia
of the il shale. In order to get the mogt.ﬁffaciive
rogidue it iz advantagsous o dimtill off the oils and
gazags from the skale at gradually incremsing temperaturea

in order o produce a voluminous residue. Good Tesults

are glso obtalned vwhen residues are preparved by distill&-_

1

tion with auperhesated stesm or by destzuctive ﬂieﬁillatiuq
in a vacuuwm. As a raw naterial carbon mwongxids cr carbon |
dinzide and Iydrogen may be umased in the presence or-ab-
gence of other hydrogen containing vapors of zaees, .subh-
as methane, ethylene, methyl aleshol, prosyl alechel, and
the iike. Tie hydropen osofent may be in excess of the
content of oxides of esrbom, or vice VeTea.

Yhen zgees ohitained in sracking rrocesses. for
example, tTall pazes, or from the ﬁiﬁ%illatian of coal are
mizsd with water gog and pasesd over the condact masees
in a'uircula$ﬂry vrocgee at 280 - 350° 0. under a pressurg
of 100 - 300 atmospheres, liguid hydrocarbons are obbained
in gddition to methyl aleshol. In order o faver the
profuctisn of petroledm Tike bodies af pargffina, the
syntheseé may also we earrisd oud s low pre=surs, or

without pressure, the mest favorabie tsopemmiures lying
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between 200 .- 3509 4.

DXAMPLE 3

¥zthiane can be effactively praducesd fvom
wxldes of carton by msans of sontact massses convaining
perietogenztic bodies, especially where thke reacticon 1a
carrised out in converters whish do oot permit accouaila-
tion of heat, az Tor ﬂxampie, converiers provided with
sutomatic douple connter—ourvent beat exchange slemsnts.
& coniact mass for the production of methane may be pré-
vared as Tfollowe:

B4 - B0 parts of 8i0y in the Form of a
sonmercial codium waterglass seluiion are diluted with
3 = 7 volumes of wakter and suffioient kisselguhr, pumice
meal or guartz powdsy i added ep that the mixture Just
rémaina Teadlly stirrakle. Ten parts of aickel nifrate
with & mols of water are digscived to a 2 N solutiom and
mixad with an aluminqm ehlovide aolution of the zama
concentration comtaining aluminum corresponding to 3.5
rarte of Aln.0gs. The mizture is then added $o the water-
glaas PuBpengion with vigorouz agliation, until the reac—
tion predust and the mather ligquor react slightlf

alkaline or newtral %o phemolphthalein. The precipitated

' gel iB prepsed from the mether liguor, washed iwo or

three times with an amount of water about zgual to three

times the volume of mother liquor, and then dricd in the

ueual manher, bhydrating with water 1t necepsary grd

{ breaking inte small fragmenta. IF tke kernels show

insuftielent strength it may be desirabdle to wash them
before drying with a dilute sodium watergless solution

to effeet suwrface silicification. The oombact mess is

then filled into a converter zystem and reduced with water

- &7 -
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gas oT other hydrogen containing pases aw 300 - 300° Q.
Uarbor menoxide or carben dioxide, of & mixture, with
hydrogen or Zydrogen containing geses are passed over the

COmRRCT DRES ab A00 - 3509 0. Excellent vielde of

| mesnene are produced when sufficient hydrogen is present

to permit the rezction to he carried ouf.

EXAUFLE ¥

Qentact masses contalning two-cowponsnt
zevlites are highly effectiva for the production of
methane, methancl and hipgher alochole or other oxrygen
cortaining orpanic compounds, or for the production of
golid paraffin like bodiss, or petrolsum or pascline 1liks
bodies from ozidse of carbon and hydreogsn, such as water
gas. Contact masses of the slumimm deuble silicate o
alumingeilicate Eypes may be prepared ang effectively
used. in exanple is the following:

100 parts of finely ground pumics meal are
inpregnated with 15 - B0 partis of copper nitrate in
Baiutiﬂm; apd tois 1e then treated with 10% alkali solu-
tion 3o preolpitare oud cﬂpﬁﬂr hy&zﬂxiﬂe in B sbafe of
fine suBdivision tiroughowt the pumice meal. The mixture

12 then mixed wita = waterglass solutlon comtalning 340 -

00 parts of Bil0, and diluted with sufficisnt water. 8o
th&t_it.fprmg with the lmpregnated pumice meal an easlly

_Efirrablé gugpepglon. A4 109 potassium aluminete sclution :

fa prepared from aluminuw hydroxide freshly preclpitated

frem alumiourm salt zpolutions, the aluminum content being

sgulvalent o 10 parts of Al,0,. This solution 1s then
poured inte the suspension in a thin atream with vigorous
agitaﬁion;_'Instaad of using a potassium aluminate soiu-

tion of course an . luwinum sali sclution c¢an be empleyed.
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Ip this ease, howevar, the bhape sxchangs beody will of

courss be of $he siuminum double zilicate twoe.  The

nrecizitass obialnce is pressed, washed moderetely, drisd,;

and then hydretzd by Srickling water owar 1L, which rs-
gitlfs in the removal of sxcess alkali. The cake 1a then
again drigzd and broken Inte fragmenzs suitable far
aatalygis.  The frapgements are reduced with graes contain-
ing hydrogen at 200 - 320° 0., aad resulf in o contact
mass which can be used for the preparation of higher
aleohele and other oxyzen conSaining organic compounds
from ¢arben monoxide or carbon dioxide mized with an
gxcess of hydrorenx. The reaciton temperatures for
Tgvorable resuite should ke wetween 300 - 460+ 0., and
high pressure with or without recirculation is of advan-
tage. Tha.uyper preaéure 1imit iz deterwmined solsif frld
the eirength of the appératua uesd. B

The aluminum in the zeolite may be substituied
partly ¢ wholly by wue or more of the following elementa:

- Cadmium, zing, giroonium, tin, lead; ol oeivm.

Vanadyl compounds may aleo be used. (ontact masses con—
talning 1zron, nickel or cobalt faver the formation of
metﬁane, paraffins or pétrmleum 11lke bodles.

The contmct mare can be further tomed oy intro-

ducing stabilizers or stabllizZer promoters, for example,

by baze exchange. Zlements whick can be intreduced in
this manner include ihe alkali metals, the alkallne earth

metals, ond rere earth metala. Heavry metals may alsoe be

Antroduced by bease exchange in order 4o obtain as high

a Gunaenfratiun a8 poeEsible of uﬁtalyticﬁlly efFactive
compenents in the dssirable physical framework of the
vase exchange molscule. Exaaples of sueh heavy metals

Bre iren, cebalt, mangansse, chromium, slrconium, Hinm,

LS ¥s
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sariwn) ledd, tharium, etc. The contact masses can be
Lurthsr toned by treating the baee exchanpe dodiez with
compounds containing the metol acld redicale of the
Tifth and sixth groups of the perlsdic eyetenm, in ordex
te form the ac called salf like bodiss. Contact magoes
in which the exchanzeable alkali is replaced to g great
extent by copper, zinc, cadmium, shromium. titaninm,

Fireonium, %in, cerium, lgad, pgnld or silver favar the
E

productlon of methanal, as do those which form salt like -

bodles with the metal acid radicals of the fifth and
alxth groups of the pericdic system. These zslt lixe
hodies also show an enhanced resistance o high tempéra-
tures. If desired, pexﬁutoganetia bodler may be leachsd
inatead of subjected to base exchange, and in this
mamner ocntact masases are cbtalned which are well suited
for tha producticn of very pure m&thanol with high

loadinges., Fevorable gae mixtures are 18 - 20 volumer of

‘hydrogen for each wolume of carbon monozide and in a

clreulatofy prooess a gas spesd of from 80 - 200 times

the sonverter velume per hour is desirable.

EXANFLE 8
ﬂamhined reductione of oxides of cerbon, and

uther arganin compounds sugh as heve been describe& in

_ the in#ruﬂuuta:r particn of the gpecification way be

'-aarrieﬁ aut effectivaly by mesna of contact masses aanm

taining permwtag&netiﬂ bedies, and 1t is an advantape

X ﬁhat-a nutber of catalytloally active oompenents and

ﬂt&bilizer prometer components gan be unitad in a single
ahamiﬂal compound wherever this is deaiTakle. Grapt
freedom of actlion and range of components is thersby

- achieved. 4n example of such a contaet mass 1E pre-

pared aa followa:
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ed fyom any zine galt solutiom, are transformed into tha

13 parts of zlae hydroxide, freshly precipitat4
QorTeeponding poitasecium Zingate by means of a8 2§ patass—!
fum hydfoxide solution. Tne zingate golution is wmixed :
%ith 7 potassium cadmiate sciution prepared by transform-
ing 15 parte of freshly precipitated cadmium hydroxide
inio peotaseivm cadmiate by means of & 2 ¥ potassium

' bydroxtde gplution. To the pizture of the twe nmetallate

solutiong, 20 parte of colloidal siliga or finely activaty

ed powidered ocarben are sdded and thoroughly mixed. :

Thereupon & 5 ~ ldsirconium nitrate solution comtaining

40 - G0 parts of ziveonium mitrate with 5 mole of wﬁtar
are added 4o the metallate auapansidn with TigoToue

ggitation untll the mixture remaines slightly alkaline to
phenolphthaleln. A precipitate g dbééinaﬁ congisting

of & non-gllicious Lase exohange body which containg
zine, eadmium ard zirdonium in non-sxchangesble foTm.
The reaction product i1s freed from the mother ligquor in
the usual muuner and aftsr pressing out the last por-
tione of the mother liguor, ic dried, pruferably at
temperatures belaw J00= 4. The mass thus obiad ned is_ i
impregnated by trickling s 1% asmonium vanadate éqluﬁign .
-oyam:it and then dried without washing. A product is

- ovtained which mayte oonsidercd me the vanadate of the

hass_exnh&ﬂga“bqﬁy. Thie contact mass contains
hydrogenaticon caﬁalyats; dahydrugﬂmatign cxtalyete,

ox dation and condensation catalyata,_iha latter three
ol course performing the Tole of staﬂilizar pronct ers,

‘all combined into a product of VEry fﬁvnrahle;hyaical

chardcterigtics.
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-githa_r. ox both cmﬁmﬁg may be intreduced in both forms.

compogitions for some readilons may be sbiained by smbadd-

The kydrogenation tcatalyets arve the zine and

cadmivm which may alan be replaced by oiher amphoteric

i metel oxides of mild reducing activity suob 2s lead and

é beryLllium.

Tne zirconium may be considersd az a dehydroge-

nation ox condencation patalyet, and may be Teplaced

- partly or wholly by thorium, titsniwne, alumioaw, chromium,
- oT tTi- or teiravalent vansdium. Other dehydrogenation

- catalyste may alsobe present.

The vanadaie io an oxldatlon catalyst, and of

' gourse mAy be bubstituted by other acid reaicala of the

metals of the fifth and sixth groups pf the periodle oye-
tem, auuﬁ as fantalwn, pismath, chrmmﬁum, molyhdenum ,
tumgsten, or uranium, singly or in m_i@ixtu:fa.

Other combinations of components are pogaibie.
Thud for example . the h}rd;rag_énation catalysets mey he
intreduced 1n the fora of metal ealts, or deshydregene-
Tlan cataiysts may be Intreduced as medzllstes. oT

Bmall a,muﬁﬁ:s of weterglape golution, pr'af"ar-
ably & putaaaﬁ'ium wak erglaas eolution, may alac beused,
resulting in pemuﬁuganetic prod‘uotﬂ which ars part

zeolite and pa.zrt nmﬁ_..—g:i.lm.ious. _ Dther contact maes

ng natalytiaa.lly 20tive eomponents in permutogmh"tin

‘aoﬁiasf Thus for example, cupper vannda.te, ailrsr vail-
m“be., ledd vanadate, sino yanefate, a.luminum vanadst e, |
am.tm vanadate, mraunium va.naﬂa-.ta, or titaniug vanadate
nay he e_mbadded in permitogenstia bodles. It will"™ E
ha-appa?ﬁmt that gome o0f these diluenits are combBined ;
catalyhis and misbilizer promotere, ae for example, :
copper vamadats, or gthers such ag aluminum vanadate or i
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Zipconium vanadate, contaln two different sianilizer

Lromoter components, one being s dehpdrogenation of oon-

densation eafalyst and the other an oxidation catalyst. |
The molybdates, fungetates or uranates can be used in ?
rlace of the vanadates or miztures may bheused, MHinerals
eontaining one or more of the above enumeratod elements
ai20 are exgcllent diluent matarials;

The contact mass compesltlonz deserlbed above
gre ﬁell Bulted for the synthesls of orgenic compounde
Trom oxides of carbon and hydrogen admixed with organie
compounds, such e for exsmple, eaturated alocohole
CoHon+10H, such as methyd, ethyl, or propyl alochols, or

unsaiuratad alcohals of the general feormalas -

Unfon_ 108, Cufn, 208, ete. Bbhere and ssters, such.ae !
methyl farmate, s&turﬁiad and uwnsaturated aldebyder and %
ketonee, ete., aliphatic aolde, suck as the fatty acids,
polyvalent alcohols oy oxldat ;E%%?g%lyvalent ﬁlcohnls
.and related compouwnds , polyvalent aclds and related

: cnmpounﬁa, auoh &8 oxyacide, immer esters, such as
phthelid and similar pompounds, may be present, as de-
goribed 1o the introdbietory portion of the specification.
&n example of euch a mixture iz a gas conteiniang 6%
methancl, 3% ethanol, 35% €0, 86% hydrogen anﬁ 2% nitrogey,
When this mixfure is passed over one of the above de- '
scribed gontact meases in & high presoure convertar, ;
p;eferably pruvidaq with automatic heat exohange slan#nis‘
at 380 - 4200 ﬁ., uwnder a pregoure of 180 - 250 atmoaph-

&Ied, & merTe 2T less somplex mixture of reaction

pivducts is vroduced which pontains propyl alechol,

isobutyl aleohel, amyl aleehel, and emaller gusntities
of Bigher aleohels and ceters of these alechols with
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| the somtent of hydrogen ia inoreased, high molecular olls

: urganic nampnunda uging similer permutogenetic cuntaﬂt

' Toducta 18 desivsd, especially when aleohiols aTe tobe

- o T

aliphatic acids, such as aﬁetia, propienig, stc.., methyl
formate, and ggtones carreaponﬂiﬁg te the alecohols, The
mixtute ﬁéﬁtﬁ ised as suoch f6r Some PUrpoEes or it may be
separated into ite constituentz by ewitable methods,

A7 increaee in the parbon monoxide condent

wlll rTesult in an increased proportica o»f free acide and

ketones. It will be clear that instead of the artificial!
|

mizture of carhon monoxide osnd hydrogen, water gas can be !
ueed. In oome caees the presence of wabter vapor is alac
faveranle. The preséuras mentionsd abowe ghould not be

coneldered asz limiting the invention, as the maximum

pressure 1g dependent only on the spparatus avallable,
Preferahly the syntheses gre carried out in & ologed sir-
cult oY elge in a series uf convertexrs in order ts ex-
hausl the reaction compgments. Exhaﬁst EAREE may be

used for tlluminating gas or for other syntheses of
maasaa,. When the mixgurd is ?&rzed, particularly wlen

agh 'be.:'ms.mad; &nd 1f the smeunt of alkall in the oom-
tact mass ig high eansidemahle amounte of patroleum—
like bodaes &re obiained. '

When a less complex mixturs nf Ieactinn

dbtained, the base exchangd bodiﬂs mayte lesched in
nrﬂa$ to gliminate partly or entirely the exchangeahle
sl¥sll gontent, and on the cther hand the addition of a
Iaigar amount of alkali, partiaularlﬁuzgﬁ, favors the
production of olla, Bz will an 1ncraa§sd propurtiun of
hydxeganatinn sontact maseex, Juok reactions may be
carTied vut et mich lewer preseurs, The ExD appesre
toart both as & stabilizer and as 2 condeneation cgt-

&lvet in these reactions.
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diesolved in & & ¥ sodium hydroxide solution %o pheduge

~ together, and & non-silicicus bass exchange body 1z pra-

Ye of about 10% etrenpgih, and iz added with vigorousd-

i8 freed from the mother ligquor, dried, hydrated by ;

Ingtead of meing & single contact mass the
Rages mey Te pasced over a 1ayer of mettancl catalyst, :

in order o obtrin the methanel percentsge in the wapor

mixfure,. and the partly rescted goses mmy then be paasad

orar one of the contact masoes desoribed shove.

STAMPLE 9

The following contagt mese iw prepared:

4 partr of 11305+3H3¢, freshily precipitated
from any aluminwm: salt solution, are franafarmgd into the
qurresponding alumluate by means of a 2 § potaseiim
aydrozide ox modiuom hydroxide aolution.

15 parts of freshly precipitated cadmium
hydroxide ave alee tzransformed 1ato %ha correaponding
potassium cadniate. in the usual manmer.

18 paxts of hydratad véﬂé'aré_dissnlved in
13 ¥ ecdium hydroxids apiuﬁian.tq Form sodium vanadite.

| Finally, 2.5 parte of zine bydroxide BrE i :
gb&;um zinoste, ’

These metaliate soluttons aTe thea mixed

nipit@téd by the help of asalt sulﬁtiaﬁs'uuntaining Fir-
amﬁiumﬁ titanium}_thﬂiium,'ﬁanganaae, and tin in equl-

mﬂleuuiﬁr preportions.. -The splutton may adyantagauuﬂly'

agitatiﬁn antil the reactien product ia veutral or alight-
iy alkaline to phenolphthalein. The r eavliing product

trickilng water over it, and impregnated with a 10%

ammenive metatungstate solution after hydration. A
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‘ketones, aromatio nitrogen compounds , heieroovelio bodies,

T ’ Tt oty

i . R LI

gecond drying followe, and the dried product is then care-

fully leached with ahout a 5% dilmie nltzic acid selution

in oxder to c¢liminate a maximmm of alkali., This rescults
in a considerable loes of mechanical str;ngth pf the con-
tact aasg keroels, and in order to provids for a satisfac
tory mechanical etrength they mavie mized with 2 natural

gum, dried, apd broken into Euitavls pisces. Thie oentas
rage can be uvged for the aynihesisd of alecoholec and ligquid
hydrosarbons, using as a raw material gageous mizTtures cond
taining paraffins, hydrocarbous, olefines, zcetylemes, and

ether uasazturated hydrocarbone, cycloparafiine, oyclo-

olefinen, aromatic ¢ompounds, such as +he compou.ﬁds af Low

temperature tar, for example, phenols, aromatic alcghola,

suck as furane, eic., nixed witk oxides of oarbeon and
hydrogen containing gas such =& vwater pas. 4 speoific
gag compasition is 30% ethylene or its nomologues, 10%
esrbor monoxide, B55% hydrogen and 5% nitrogen.  Other
g&aaa.whiuh do not have a deletervicus effact on the oponw
tact mase, guck as carboh dioxide or waier vapar, are in
HOILE omses adrantageouEs. The gas mixture ie paesed over
the ¢ omtact mase at 300 - 4005 0., &t 80 - 180 atmospheres
Low boiling liquld hydrocerbons of petrolsum-like naturs
ale obtrined, the mzin fractlon going aver at 385 - 8§50
U., =né¢ posssesing a apacifiﬁ gravity of 0.73 ta D.fi at
st 20° C.  Small quantities of alcohols, sidehydea, and
ketones are obtzined as by-products.

Wien phenolic hadies are present, they are for
the most part transformed info arematic hydrooarbons,
Thus fE;II example, phenel ig transformed for the most pars

into benzene, these syatheses can be ocarried out in g
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‘he agalin raduced with hydrogen comtaining gases, such &B

ARl

cloged cirealt or in 5 series of converters, and it iz an
advantage of the process that ithe contact pass dose not
fovor the decomposition of carben. Inetend of the speo-
ifie mixture referred t¢ sbove, hydrocarbon mixtures,
eEpecially theose contalning unesaturated hyﬁrﬂaafbona, for
szanple, the elefinas of nutural gne, coal gae, ol low
teaperaiure carthonization gases, or the tail gases from
cregking petroleun may he rsed. These gas mixtures may
e of very comnlex characier. : :

These Eyntheaée eap ne carried out in a pluval-
ity of vonverters with these esposially afficisnt contast
maas ¢ompesitions wiich contaln hydrvogenation satalyats,
denydrogenation catalyste, polymerieation catalyate, and
vatalyste for intwemolasuliar realTangement. The differ-
ent contnet masses may be arranged in Zenee or layetrs,
or mixed togather, When resizroulatiom in s clssed oirT-
cuit 1§ used the introducthion of the fresh guses mayle
effectéd Be a8 t¢ walntaln s fairly constant cemposition,
but thie ie ned roeclly eesential, and.the adjustment of
cuﬁpﬂﬁitinn miy he approximite, In some onzes g very
markedly decressed pTessure may e whilizad.

¥hon it ig depired to completely a?oidltha
formation of alechols =nd cstcrs, 1t ls adventascous to
inelude irom, cobalt and mangangso in tho contact nass,
aﬁﬁ the preasure should aleo be greatly reduced, snd the
reaction =2y even be carvied out at atwospherio pirossure,

When the oatalytic efficienay of auch.uuntact
macaea becomas weakened they may be reganarata& oy tre&twf
ing them with o xygen containing gases ay 380 - 450 ¢,

and after the oxidation 18 complete the contact mesa opan

water gas, whersupen ite effeotivenees 1a reanewed. {
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i gapes from the ¢vacking of petroleusm may be o ireated,

. tent, Thus for examnle, natural gas, coal gae, the gae

FXAMPLE 10 i

Gasge or vapors for the synthesis of alechols
and hydrocarbtons may be preliminarily treated with oxygen i

containing gaees to partly oxldize their hydrocarbon oon-
from the 1low temperatiure carhonization of ooal ,and tall
These combined methode of pynthesie may be earried out in

a2 plurality of converters, tht first peing provided with

oridation catalyste end small amounie of oxygen being

iIntrodused insd the gas astream, If air ie uped the nitrq
gen ramaining after the ayntheels 15 completed may be .
used for the synthetile produstlon of ammonila. Thip
incomplete combustion pay be also effected by the mo-called
surface combustlon methods. The cuﬁtqpt mass for the
partial ozldatien of such h?drooarbgﬁ mixtures may bs
prepared asg follows: .:. |

210 parts of 33 Be. pofaséium vaterclass
golution dilutad with 8 « 8 wolumes of water are mized
with sufficient finely divided ¥ieselguhr so that the
suspensinn just reméins gaaily'atirrabla. To thip mix-
ture a put&aéium vanadits golution is added which ma?_p&
pi‘gp&re& by réduci__z;g 18 parts of 1"305 in 250 volumes of
watar at an elevated temperature with sulfur dicxide in

the pressmee of dilute swlfutic apid,.decumpnsing tha
tlue vanadyl sulfate obtained with a.;ké,__li, and trans-
forming the Vo0, precipitated inte s coiffee-brown sclu-
tion of potassium vanadite with just sufficient 5 M.
caustic potash solubicon. To the mi;furs of waterglase
and vanadite 5 10% aluminum sulfate gsolution ie added in ;

a thin stream with vigozreus agitation until the reaction
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| . mixture ie neutral oy Juat alkalire to phenolphthailsin, i
The mass golidifies to a dirty green gel, which 18 filtené&
with suctlon, washed slightiy and dried. Other metal aai%
g0 lutisne may replace the alominum paxily or wholly, Eﬂpﬁ%-_
ially solutione of salta of amphoteric metale, such as )
iron #ulfate, zirconium nitrete and the 1ike.

The permutogeneiic wody obtained is wsell suitad
for the parfial gzidation of gAased. ¥For example, illuminaE-h

ing gases or the %all gazes fTom the cracking of petroley

=

are mixed with small amounts of UA¥yEeR o T the corTespond-

ing amounts of air and led over the contact masces ab EEGI—
2009 0, The mixtqre iz partia;lr oxidized and it may :
then te directly used for tﬁe eyhQthesie of alochols ux
other oxygenated compounds or hy&%uaarbﬂns u#ing one oT
other of the eontact masess described in the foregoing

examples. ' §
Othez Enntact weoeea containing metal slements
of the fifth and sixta groups of the periodic syetem are

well suited for the partial oxidation of the hydrocarbons,

and these contact maeses maybe toned by whabilizers oz

i

A comblnation of oxidation catalysis, water gng

etabllizer promoters,

catalysts and catelysts for the syntheris of Dxygenated
erganio compounde or hydracarbong is also affective, the
_ water ubtained in the catalysls being uesed in the watar
gas catalyeiz and the mixture of gases thue obtained F
being well enited for the specific eynthagea of the

bresemt Invention,
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. with reducing gases in the presence of & contact mas

DR R T I
! i

1. 4 meihod of catalybically zeducing
carbonyl compounds which comprizes causing trem to
regot with redueoing paoes in the presence of a ool

tact mpes contalning o permaiopenstic body.

a. 4 method of catalytieally reducinf car-
bonyl compounds which compriases vaparising them,
mixing the vapare with reducing gases and pazsing ths
mixture at.an elevated TempeTature over : oontact

wasg conteining A permtogenetic wody.

5. 4 method of reducing carbonyl compounds
which eowprises subjesting them to the reaction with
reducing gases in the pressnoe of -a contact ngss
containing a permutegenctic body dnd alsc confaining

gtabllieer prEﬂiﬁrs.

4. A method of catalybically Teducing
parkanyl compounds walch compriees causing them tﬁ
Teact with reduting ga&sﬁ.in the péesence of & con~
tact mass Ugnraining:a_pa:ﬁutogenetic.bndy and con-

faining etabiYigers ang stapilizer prometers.

8, A ‘metaod of gatalyvtioslly Feducing oaT~’

bényl compounde which comprizes causing them ‘s rect

containing a permurogenetic pody, at least & poviion|

Erady -

B. 4 method of astalyiically Teluwclng
carbonyl cumpounﬂs which compriges causing them to

Tesot with redusing gases in the presence oi &




r—

contact mase conieining a permutogenstic body, at leagt
a portion of the catalytically effegiive componenta
being chemically cerbiped in oF with the permuitogene-

tic Wody in p@nqeznnangpgh;p fnrm:

?,' 1 methﬁd of U&ﬁ&lfﬁlﬂ&%}y reducing i
carbonyl cumuaunds whigh - ﬁaruzi;es eahsing them £0
resct with redﬂcing'gaaes in the presence of & can-

tact maze conta%n;ng.a d;}Ejgd pergmtogsuetic body.

8. 4 method according to slaim T ir which
at lesmet a pordion of the catalytically effective comt

ponente are present in the form of diluents ln the

permutogeretic hody..
= A method of raduuing praduats conteining

rgact witk reducing gases in the vapoer phase in the

LT}

presence of & contact mass oontaining a permuipgenetd

hﬂ&y.

_ 10 A medlod af:ua$alytiu§11r reducing cofi-

- pounda containing ﬂx;ﬁes of carhan admixed-With cther
. preanic compounds whiok compriges ?ﬂpurizlng the '
mizture and cauking 4% to rgagt with reducing. gance
in the presenpe of a contact mnah.nnataining a

permitogenet io baﬂy,:'

11. _.&.method of reduping products gontaining
 ¢xides of oa¥bon to osygenmved compounds whith Gom-
priees éauﬁiné tﬁém to react with = contact mess
éuntainiﬁg.a permitogenstic body ﬁnﬂ subptantially
frog fram.large_amuﬁntg';f the sfrong redusing

gatalvtie alﬂmaﬁts - nlckel, cobgli, iron, palladium.
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13, A meihed of catalytically reducing

oxides of carhon which aotprises causing tiem Lo
reant with reducing gasee 1n stages, ench stage being;
carried out it the presence of contaat masses favor- ;
ing the production of the imteTmediste product in
guch stage and at least ooe contact mase used in &t

least one etage containing a permwiogenetic body.

13, 4 wmethod of catalviically roduneing
materisls pontasining oxygenated compounds which com-
prises causing them to Teact ﬁith reducing ggees in
the presence of contact masses oontalning perpube-

genetic bodiez and at least ome of the contaet

PTOMALaTs .

14, & methed of redwoing products contsiming
nxiﬁas of carbon to aldehydic products which sompris-
e causing them to-fe&st in tha vaper phase with
reducing gases in the presence of a coniaot mage con-
'-ta;ﬁing a permutogenetis bedy end contalning oxidatiod

reditotion catalytic components.

et =T R e i b A e e S

15, A mathed of rcduﬂing praducts eontaining
oxides of c;rbon to aleohelig productd whaich, som-
' priges causing them to Teaot ®ith reducing geses in
the vapor phase in thé presence of e contach maﬁa
gﬁutaining_a penmmtuéanatin_hudy and apntaining oxi- r
détion catalysts ag stabilizer promotere in ameunts

less than thoee of the Tsduction oatalysia.

16, A mothod of reducing products conbaining

oxides of carbonr jo preducts gontainlnpg more than one




[T
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garbon siom it their molecule which comprises cousing
the products to react wilth reducing gases in the
prepence of condact masees contazining at leszst one
permitogenetic body and containing stroﬁgly a8lkal ine

stepilizare.

1%, A method according to claim 1€ in which

. dehydration or condensaslon cotalyate ere presend &s

atabllizer promoters.

18. A wethod of producing petrolews-like
hydrocarbon mixtures from products containing oxides
of carbon which soaprises causing the latter fo
reast with reducing gases in: the préaence of & con~
tact nass containing a permtegeneatlc body, 2t ldast

one afrongly alkaline stmbilizer, =smd &t least one

| etrong reductlon patalytio component lncluded ameong

. the elements nickel, ovbali, iron, and palladiwm,

18, & meihod of producing oxygenefed gom-
pounde from products oontalning oxides of oarbon

which comprines csmsing the latber to reaet with

I reducing gases in the prosence of a contmet macs

pontiining a permutogenetle body and contalning &s

its main eatalytlcally aotive cowpoment groups in-

cluding at leaat one of the slements copper, zinc,

Eil?&r, Uﬂdmiw’ lznd.




