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Thig invention relates to cavelytlc procecsses,

% aud more perticulerly to a progess of cerrying out cstalytic

reacticnn by prsglng roschive gas mixtures at suitahle

© temperabures and pressures over Alghly =fTisient shromite

: oatalysts preparsd by Leating multiple chronates ¢f metals

ard nitrogen bases to conveft hexaralsnt chromium iRto tri-
valent chromimwn with the formation &t ehromites,

This applicetisn 1a e contlnuation -in pawt of
my oo~pending appllcation Serial Fo. 115,892 filed Jume 12,
168G

Furseroaz mlxtures and cowbinations containing
oxiden of ehromium and cther metals hawe bee: made aund uzed
az catalyate in various Froceszes. Snoh mixrturss havs been
prepered in many different ways, Wi thoese prepared by heaf-
ing hawe zenerally been reduced with bhydroges, =lnce it Les
bean found in the past that hesting the ususl oxide catelysts
to high tenparstures deatroys thelr cataiytic activity.

I have found thet covedytic reactioms maf e
uafrlad out by pesaing a reaciive ges mixture a;ﬁtaining a
cerbon compound, at suwitable tenpe ratures and prwessures, over
a chrcmite catalyst prepared by slighﬁiy heating an exother—
mie emitiple salt conteining hexavalert chromivm, a hydro-
genating wmetal, and & niirogen hase, and allowing the depocm-
pusitiﬁn to fheresiter procesd spontaneously.

This imvention has s an objost fo carry ous
catalytic processes by tae use of highly efficient coromlte
catalysty, L fuwtker objlect 1s to earry out auck catalytie
processza by the uae of ohromlte oatelysts prepaved by
s1lightly heating exethermie multiple selts of hydrogsmating
Metals abd nftrossh bases, It is = specilic objleet to carTy
out such proszsses by te use of catelysta derlved fTom

double chromates of AEmmonia end ENEemess, Othar abjests
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Fill appear Aerelnafter,

The Tollowing spesific sxamples ste given by

{way of tllussratiom but are not %o be rerafded as & 1lmita-

,tlen of my Aimvention.

TIMIPLE I, Manzanese amoonivm chromete 1s
prepare& by preclpitation sa t4e meanlt of mlxing sclutions
conbaining molecular souiveismts of manganese pitrete. and .
ammanlun chromate., When hesbed slightly to start the
Teackion, thls bvaslke dowble =ai®t decomzoses spontansoualy

wlth the svoclution of suffieient heet to leave 2 glowipg

residue which probably c¢onsists of ocombined mansansse oyxide

and shromium seaquicxide,

Une liter of sueh a2 catsiyst, when plzeed 1n

- A preasure reslstlng ¢opper lized tube vields 800 ce, of

erude condensats per bomyr conteininzg abtout 0% methenal and
£5% slochols of higher molscular weight when Lhe resction 1a
cerried out at ebout 400°¢, and aboxt 500 atmospheres prossure:
using a ges consistiag of about 509 cerbon monoxide and obord
60% hydregen, when the ges mivture ie teszed throizh tie

catelyet st & spare velocliy of sbout 1C,000 liters ver hour as

 measmred &t normel tempersiure and pressurs.

HIANETH 2, E45 gramz of nonganaess acetoty am

’ .
disgolved 1n 500 es. of water and precipiBted wlth a soluticn

(LGB
Df{gramﬂ of neutral ammonlum chromates 1n 500 ee, of weteT.

Axter washing and drying the preclpitate is impregnated with
& solution of 15 grams of pobtaselum oxelats and again dried.

Towe dry mass contalning mangeneas ammorium chromete and

potassium oxalate 1s ihen heated to ABO® 0. whieTreupon the. -

double chrcmate 1s spentenecusly decomposed, the hawavalent
chromivn bheling converted substantially to the trivelant fomm
with she evolution of amuonla, water vaper, oxtdss of nitrogen

and other gases. The ignited material is then eumpressed

a1
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ipto tablets of sulssble zize for use az catalysic matoerlal,

Water gas conteining ebout 0% carbon mopoxide
and about 485 hydrogen is passed over the above deseribed
gontect wass A% 450° ©. ené 520 simospoeres pressurs and ai
B spaaa veloelty of ebout 18,000 liters of gas per liter of
catalyat pew hour, the gee belng mossursd at ab&uﬁ atmaspharde.
pressure and 50%0., theve im cbtalped per unit volume of .
oa talrst per hour 0,88 volumes of criade condenasate cuntaining
about 33% methanol and $0% higher alechols,

EXAMPLE B, 4 solution cenisining 19¢ grams of
Zgine nilyate and 12 grems of sengshese altrate ia preclpitated.
gt BOUZ. with 3 scluation containing 1&% grars of neutral
amgonlun ebromete and 45 ce. of Aamordum hydrezide. The mixed
precipitate ecntalning zine ammonlium chromate and maungzanese
smmonlum chremate 1z Tiltered, dried without ﬂashiné, and
heated %o QGDOG., taereby ceusing 1t to decompose exothermi-
eelly, resulting iz & B0-40% loss ik welght.

When sultably gremlateé and uwsed és a contect
mass for the synthesls ot methanol from water gaz of app&mx—
imetely the composition ateied in Exaople 2, good yiél&s are
obtained st a spaoe velocliy of 20,000 and at a prEEEQra.cf
BRT atmospheres. Under these conditiocne thers 1s obtainsd
at 2350° ¢, 120 cc. of cruﬂa sonfdensate containing 986G ﬁf
gejhanol for every 100 ce. of catelyst employed, At 450°C.
tha yleld is ;oa oo, of condenzate contalniog 69ﬁ.mﬂthanal
and 18% hizher alechals, _

ﬁKﬁMPLE 4. 4 chromate of mangenese containing
also amnonium chimmate 1s praparéﬂ by preoipiteting nanganesea
nitrate with & sclutien of neutral semcnlum chyenste, or lis
equivelent of gomenium blohropate snd sunopia, After impreg-
neting thé dry chromete with 238 or ita welzht of potasslum
sarbenate, the wlixture is heated to 400%C at whioh tenpeTa-

tare the ohroimate spontanecusly breaks Gown ¥0 ohronlte with
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u?\evnlution ol heat omd geses.
The gradular residue mey bs employed for tas
% synthesis of mgthancl and hlgher aleckols ander widely dilfer-
- ent conditions. The results tabulated below are cbtalned
% when emploving water gas containisg 319 earbon monoxide end
E 47% hydrosen, The yield of crude condensals is given in

é ce, per 190G ee. of caizlyss per hour:

Compeaitlon of
Condenzaote
Gondi- Temper- Preasute Space Tield of & % Hipher
tilofn %tura Atin, Velooity Condensate Methanol Alechals
Ko, Ca
i 450 299 49,000 82 35 21
B 450 274 40,200 =1+] 48 ES
R 470 E7Y 40, 300 108 4R B3
4 420 &aD A8, GO0 176 47 a7
5 453 BQG 40,000 i74% 8 sE
=] 475 ARy o5, 000 2an 44 2g
7 488 o0 40,060 . 1oE SE BB

EUMELE 5, 60 ve, of 25% ethyl aloshol werc passed
iover 10 coe of A eatalyst provared 2e in Exauple 1 and =t &

' Etamperatuﬁe of 40098. and substantially ataospheric presszure,
fThera was cbtelned approximately E0% comveralon o asstaldehyde
%and hydrogen acd about E% sonversicw of $he ethyl alecchal $o
iethyl aeeiate by dehydrogenatisn,

| The tern gpace velocily as used in the abowe examples

| imay be defined as the volums of ges nixture, maasured at approx-
'imﬂtelr 20° ©, and akout atmospheric pressure, pa;sad aver the
;eatalyst Per unit voluse of catelyst per Lour, It is, of
_/ :course, understoocd that the spaca veioelity as héxe used is ile
] Evalncit? of ihe gsaess &t the exit end of the asparatus 1n
.Which the prosess is betng carried out,

Tt will of course be undersiood that the spasifie
ioparatlng oondltlons, sunk ag spaoe valooities, tempaTAtUTes,
ian& presgures mey be verled wiizin wide limits within the
isuope of my inventien, dspending on ths type of rTeaction

!catalyat and The produet dzsired. Tor exmmple, geriein
|
i
i
|
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delwdrogenation reacticons nay be eerried out at approximately
atmespherie pressure and elevated temme rature. On the

ot=er hand, 1t may e deslreble to ase both high pressures
a&hd tomperetures as in the foarmedion of nighelr elochols,

A3 though emmeniun coopsmds of mangenese and chrom-
ium hawve heen given in the above exemples, compounds of
organic bafas, such as monganegs Llchromaese Istrasxyridine,
and ofther Drganic derivatives such @z =zalts of aniline and
methy? ewmine, way be suployed and wihen hested these conpounds
beheve in a maxner similer t2 the ameonivn derivatives and
7ield mangenDese chromltss posasseing the sans satalytio
properties,

In s¢difbion, i4 he=s been found that the avtivity
of the Eﬁrﬂmité catanlysta, weparsd apcoding to .thE'. presmmt
prosess, may be lmeroved st11l further 1T the 1§nitﬂd product
is treated %o remeve The less active substances present in
such prnﬁﬁct, which aubstancesz are not conbined in the form
of chromite gnd ave o Jow catalytic egbtivity, These un-
dggireble sucsimpeoes way be removed in eny suitabile wey, such
as by Yasachlug the calelaed zrofuct with & weak anid, e.g.,
asstlo acld in oonsentratlons of about S«10%.

The chromliss rade B3 desoribed Are =table and ore
subatentirlly igsoluble in weter and in weak acids. The
preparation of the ertalysie, according to the preasnt proocsss,

resulta in the formation of catalytis bodies of great noroaity,

¢ whick, after drying, comsizt of nesrly pure, higkly stable

ohromites substentially fraee Trom asid soluble oxides or obher
gubatances of low catalytio metlvity. Thess obhyowmlte oakal-
yats are highly statle and dc not loee thelr activity after

use in & caialytio proosss, Foxr instance, manganess ehromite,

: which has bsen preparad as juslt described and wes leached with

? atid prior To its u=ze a= s ocatalyst, is foond to contain no
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“additlonol aclid poluble mangehese srter using the menganese

ohronite g3 & cemlyst. The present cately=ts heve the
fartisT adﬁantage that 3kery ars not alfectsd by uses at high
tenparatures.

As has beon pelnted out, the actiive catelyasis
Forming the subject of tie ﬁresant inventiom are chromlie
compounds contfiring ohromivm in the Irivaleat foom, Hot-

averT, ths te:m chromtle, as hers nsed, doss noet ngeessarily

‘ refeT to & compound of definite chEmical eonpogition since

; the chromite mey cuntain'wiﬂély fiffering provorticns of its

! golnponenta. Mangansse chromltes, for exempls, are Enown o

;cuntaiu a warying proportlen of panzancse oxide, and thiz pro-

Eportion is depenent on the ratle ol mangzsnese o olromium

L in the gonpound or mixture of comprunds caleined and upon the

temperaturs Bnd duratica af the psloinstion, In eny event,

- the chrcmites nentain the chromium in trivelesnt form,

The prESEﬁt catalyets contain chromium seaguicxide
gombined with oxides of other slaments, i.e., 6s e chroeltes,
and ars avitable for pemaral u=e in ell of the eetzlytic pro-
cegeas in which charomiun oxlde mirsd with other oxldas is
uesed as the catalysi, Yor inslamnee, bhe ehromite catalysts
are suitable fo» use in the hilgh pwessure ayothesls of oxy-
ganated oTganic ﬂumﬁounﬁﬂ such a8 meihanol and aleohaols of
hlzher maiscular welishb from nixitures of hydrogen and oXides
of cerbon. The phromlte ecatelysts may also be ussd Ior bhe
weter ges Tsachion wherein earbon monoxide and water vapor ﬂfa
ponvarted cataiytically ftio carbon &lexdds and hydrogen; or
the catalysiz mey oe used for dﬁhydrngﬁn&tiona suoh &8s the aat-
alytlia ecnversion of ap elochel %o an eldahyds,

flthoughr 4he mapgansse shramites of thiz lorention
are nighly eifielent cetelyzsts for the sroducticon of aleohols

ool Aas methano® and also for the preduoiion of aigher alcohola,
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the proporticn of higher alechols formed ney bo ineressed

by the eddisles S0 3he catalyst composition of certaln pro-

metlng substences, such as compounds of the alkali metals.

The modificatlon of the camlyst by the 2dditicon of these

‘Blxall pompounds will, of course, depend larzely upon the

product or produsis dssired,

Veriocug elrsrn.anl;.s mey be combined with trivelsrt
chromium oXide to Zorm chromlies which are =uitable for uze
e catalysts. Mangenese hae already been mosntlonsd as an
example of the taelec elamnts which, combined with chromium
oXxlde tp form chromltes, are extremely waoluable catelyabs,
particnlarliy when used Jar msthaﬁnl'sfnthesis. Tz placs
of mamgansee any one of thet group of elements, whieh, sither
in the form of the Tipely dividcd metels or in the foram of
the oxldes, constitute active catmiyeds for the methapol

; Bynthesis, or for any reactians, way be combinsd with chromium

-oxide to fomn the corresponding ehromi$s, TIncluded in - shis

group of metala, which may be desicmated the "hydrogenating
meials", are ring, copper, cadmium, cenganess, silver snd iron,
In the verdious embodiments of the xrasant inven-
tiﬂn incluﬂing the wvarfous methods ol prepering chromite
catalytic bodiss, sy cne of thase hydropenatlng rmetals may be

nsed as the nore basile element to form the chromite; or, if

-deslred, several of these metals mey be used to form wivtures

of tle desired chromites.
AZ mELY apparant and widely d;lierent ambodiqnenta
el this invention may be neds without departing from the -

epirit and soope thereof, it 18 to be undermtond thet T 4o not

'1imit wysell to the specilfio erbodimsnia therveofl axmept as

defined 1n the eppendsd patent claims,
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Having thus desoribed my invention whet .l claim iaz:-

1. In & erielytic process of forning orgenic compounds
it a thrsa—com@onenf reagiion gysalen cohprising an oxygen-
gontaining esarbon compound capeble of aydrogemation, an
sxygen-contalniog carbon compoeund capeble of dehydrogenaticm,
ard hydrogen, the step whi&h couprises passing the reactants
ovel & coatelyst prepared by ignifing an exothermle double
chremats of & nitrogen baéa BT HMANSZANESE. .

£ The rocess of eleim 1 In which the catalyst 15 pre-
saTed by 1gnliting an exrothermie dozble echromzie of amomia
aud manganeses.

G In the prooess of cartying owt en organle catelyile
Bydragenation Feacticn, the step whish conprises paselng the
reactants oyerna catalyet prepered by lealtlng =n expihermic
double chromete of & nitrogen bess and MENSEIESS:

4, The process of eclzim @ in vwihieh the caéalyat is
prapared by ignitiog au exethermic double chrumaﬁe of acoonis
and manganssa, .

O. In the proneszs of cetelytleelly syataesizing oxyeen-
ated organic nomphunds by passing e alxture of hydrogen and
ar oxide of carbonm at elavated tampamtur{: and pressurs oyer

& sabalyst, the step whick cowuprises using &z the catalyst

& compesltion prepared by lgniting sn ezathernis dowble

 chroicete of a nitrogén base and mapganess,

f. The process of clelm § in which the catmlyat ¢ ampa-
gitichn 1z preversed by lgnitirg sn exothermle double chiromate
of amnonisa anf wANgANaSES,

7. In the wrooess of oatalyitleoally syntheslzing oxygenw
gt ed urgaﬁiﬂ oocmpounds by peasuing & mlxivre of hydropen ond
ezrhon menoxide st elevated feumrelure and pressurs over =
sataiyat, the ftep which comprises wsEing mRs the catelyst &

soppos 1tisn prepared by igniting an exvibernic double chromsate

.ol g nitrogen base and mansensse.



\ 315876

B.. The rrossss of claim 7 in vhivh the catalpst

T pompesition 18 propared by igniting an exctasrmin double

phrolat s of aummie and menganess.

D a1 she prosezs of eatelytically synthesizing
wlochals hjr paaging & mizhure of hydrogen and cerbon monezlde
al elevated temperatars =ad pressurs over a cabalyst, the
atep which comprises uwslng .as tha cgﬁ% :1: a coaposltion
prepared by lgniting am erolthermic/ehromste of a nitrogen
Dase and e ngacese,

L. The prossss of elzim £ 1n »aich tha caklyst ocom-

position is prevared DY ignitimg an cxpthermlc doubls chro-

- mete of ammonia and mangaaess.,

11, The processs of cetelytically synthesizing methannl
from e misture of sarbon monoxide and hydrogen whieh com-
prisgs passing The Tesciants at o t=mE matire of gbholt
z80+400" ¢, and at & presgure of akeat 300 ssmoapheres over

a catalyed preperead by' heatlig & doizhls ghirorste of a nitro-

_zen bege mnA menganese to its spontemepus decamposivion

termpeTaure.,
18. The proceas of slaim 11 1n whlek the catalyst 1a
prepared Ly hesting a double chromats of ammonis md snga-

aese to 1ts spontanccus decompositicn teuperaiure.



