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Taism Invention relates fo chemical reagtlioms in
the gassous phase, and particularly io $the production of
oxyzanated hydrocarbonsg iy catalysiz from gassous mlxbureas,

It is known that oxygenaied hydrocarbons, awl
partoonlarly methanol snd ite homologues, may be prepared
gyntnetically by paasing B gazaoue mizture containing carbon
monoride and hydrogen onder nressure over & cabtalyat. The
i cynthesle depends apon resctions of whiek the following for
i mathanol is characteristio:

70 4+ SHz= CGHzOH

Tt 1g the object of ths present inventlon to
provige an improved procses of effacking reactious 1; the
gapesua shase, espacially the eynthesis of oxygenatad hydro-

carbone puch ap methonsl, and improved catalyets of superior
: achivity and sffieienay in such reackions. Other objecta
} and advantages wlll ba apparent as ﬁha inventlon le more
fully underestoad by refersnce to tha faliﬂwing apeaification
{ n whiech tis preforred embvediments are deseribed.

In carrying ont omtalytis reacilons in the pgassoun
phase 1t 18 desirable that the catalyst containing espacé be
ag emall amx poseible, especlelly when the reaction 1z to
be effeated under high preasure, The bilgher the pressure,
the more acute ls the pronlem of strazogth of the wall of
it the reacklon appﬂr&ﬁua and this strength 1a more and more
. diffiewlt {0 maintaln e the dismeater of the catalvret ocon-
tainer is inoreased. Alzo, becaues of ihe geméxally hlgh
ooat of equipment for hlgh preesure work 1t is neceREATY
to keep the gize pf the catalyet space at a minimum, These

vonatderations imdloate the importance of geleotling as a

aatalyet A materlal bavine the higheet pooelble motlvity
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Par unlt volume,

I have disocvered Ehst the efficisncy of reactlons
in the gaseous vhose ozn be improved by empluying certaln
tmproved catrlyste. The eatslyets which I use are pre-
pared by fueing and subrequently redvcing a wixture of oopper
oxide and cre or more of the oxides of the group of elemsnts
manganeee, Junreian, zive, sadmium and molybdenum.

The catalysts herein described are charactariged by
at astivity distinotly euperler %o that exhivpited by any
of the above-named elements along, or by miztures of thew
prepared by og-precipltation or trifuwstlon of the oxides
or by catalyats prepared by fusing the oxides without the
Incilumion of copper oxide. The term "superlor activisy!

18 used to lndicate that with a ziven rate cf gas flow tha
catalysta glve a higher yield of praduct ver hour ox, in
other words, fo attain a given hourly productlon a lower
rate of pae ficw mey ve wmalntained. 'The ﬁegreé of acslvity
which chaprocterlzes the new catalysts cowid not have been
predioted upon the basi=z of any prior knowledge and is par-
tlcularly earprlelns in view of the relative inactivity of
popper per -Be 2B & aptalyst for many reﬁofiona nf'thé éype
deacribed. For erzomple, in $he eynisheels of oxygenatad
hydzrooarbonn from earbon wonsxide an& hydrogen pure oppper
pives, unfer even the moat favarnhlé.conditinna, but in-
elgnificant quantltiew of oxygenated hydrocarbens,

The improved catalvate are sleo supsrlor in uwhyrlea
form in that they are horder and more coherent than known
catalyets., 4Ar the reeult of thelr greater ruggedness thers
1g lees dislntegrotion ln handling and using the catalyets
than in the csaees of more frioble catalysts, wgiuh diainta-
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grate during ae2 amt may cauee serious stoppnges of The
gzs oonduits Ttecause a3 portlen of Che catalyst 1= carried :
away .oy the zasscus stream. ¥From the standpoint of cosd
and repzodue Lbility of weoulie fthe catnlyste of the inven-
tion are highly desirabla, For zzperience hag shown that
zataly=tn can ba made wash mors cheaply bty the method dee-
gribed than by procipitedion methods, Morsower, it 1z pos-
» 2ible fto duplioate any one catalyst as to compozition and
activity gulte readily, whersas with procipitated catalyats
the compeeliion, npartlele =lzo and form, and hence the aativ-
isy, are practically imposeible of exact control.

In garrying out the invention vhe prepared ocatalyat
ia glepceed in & mwiteble receptacle sdapted fo withatand
| the pressmre at which the reactlon 1s conducted, The gaseous
mixture is introduoed at the praoper temperaturs which way be
regulated and maintalned 1ln any desired way. The passous
mixture oontainlng the product of tﬁa raagtion la withdramn
and vesled fo effect condenaption df the produgt or ls traat-
od ptherwlaoe for the regavery thereof,

The catelyahke are partiﬁularly wall agapted for
the aynthesls of methanol from gaseous mixtures contolning
¢ bydroges and cerbop honoxide., This reaokion may be conduct-
- ed with the described calalysts st verlous prespsures end
. bamperaturee, but I prefer to carry ocul the eynthesis of
methanol at a ressars wlthin the range of 400 to 1000 at.

mospheres mwl at a temperature of BB0° to HOO°C., The uge-

' fulnees of the oatalystz i= not limited 4o the treatment of i

geeeous mixtures of any partioular compositlon, it belng i

noeaible to effact the aynthesls of methenol, for sxampls,

3
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wlth the lmproved ecatalyats by introducing cuseous wiztures
containing hydreges and carbon monoxide in which the Propor-
tion of the latter ia relatively low, for ezample, batween

3 and 15%, If the poecons mixtures contain relatively
higher propertiens of carbon monoxide ithe reactlon prooegeds
more wigorously, greater guantities of heat are evolved

and eorrszpondlng provision must be made, thersiore, for

the dieslaaticn of the hest an that the catalyset may not be
dameged by orverheating and undeairable side reactions, such
ue methanation, may be aveided.

The following examdles will serve to ipdioste tha
preferred progedure in preparing and utilizing catalyats
such as ara dewvoribed herein, it being understoad, howaver,
that the invention is not limited to the details af opera-
tion or the partioular conditions na set forth.

Example 1. Propare an intimate mixture of ten to
¢leven parts of pure cuprle oxide and one =znd ome-half %o
thrae parts of pure menganese dloride. The mixturs 1

fused, allerad to cool and orushed to suitable eiwe. The

i crushed material 1z thon reduced elowly at 150% to 3B0°Q,

and at atmoepheric pressurs ip a current of pure hydropen,
Blnee the redustion prosess ie exrothermlc it im nAGe SgaTY
that it be carried out elowly =nd with onre eo that the
catalyrt way not be damaged by excesmlve temperature. The
catalyst thus prepared may be smploved for toe produation
of methanel by pasaing o goneeaus miziure contalning hydrogen
and oarbon monoxide in the volwune ratle of tweniy to one

ot a gpace velgelty of 100,000 to 150,000, a preeenre of

200 atmospheras and while maintainiﬁg & tomperaturs with;n

the ranpge of ABC" 4o 400°0, The principal product 1s

4.
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methanol, which i aszeciated with some of its higher homo-
| Lomues.

Example 2., An intimate mixture comprising nlnety
parts of pure cupric oxlds and ten parts of pure winc oxids
ie Iueged, allowed to cool and crushed and sorsensd $o0 swuit-
azble pize. The crushed materlel 1s reduced slowly and
carefully witn purs hydropen at atmospherio preﬁaume and at
a tempertture within the ranpe of 150% to I50°C, Thie ;
catnlyat van be need Llkewiss for the productlcn of methanol
by paseinz 2 gassous mlixturse contsining hydrogen and carbon
monaride wnder 4 preeeure of 400 atmoepheres aver the cata-
lyst at a space vélocity of 100,000 teo 150,000 wiile the
Ftemperaturs ls malntained between 300° and 400°0.

|i Cther ¢atalysta, Ineluding the elementa hereinbefone

mentioned 1in combiqatiun nith ncpﬁer, oan be prepared siml-
larly ard utllized for the productlen of methanol and for |
eondueting other reantione in tha gas2ous phese lo a similar ;
iwanner wunder conditlong of preesure and temperatiire that may
vary wlthin a wlde renge, depending upon the particular nature
of the deglred resotlon and of the vroduet to be prepared.
A vatalyet containlng two or more of the elemeﬁta mantlioned
in ocombination with cdpper can be prepared glmilarly by
combinlng the oxides of these slemente, Such combined cata-
iyete have the deelrable characterisilca hereinbefﬂre men-
tioned and wmay ve ukiliged in eliecting rarious reactiqna i
in the pasecus phaes lncluding the production of oXvpenated
nydrocarnong such a8 methansl,

It ie fo0 be understood that wiile the maEtous mix-
tuxee enmploved need not be Limiisd to those combdrining

hydrogpen and carbon mensxlde excluesivaly, the gases should,

noaverinoleas, ba freed from impurities whlch are 1likely to
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deleterlously affect tbhe catalyet, and of thees the compounds
nF smlphur are the moast commonly sncountersd, The sulphimr
compounds may be removed preliminarlly frem the gezes by
aultahle trestment thersof in accordence with the well under-
stecd practice. In syntheslring methamal and the 1iks, it
18 recomrmended that multeble precsutions be tsken for ewpld-
ing tke preeence of metals of the izenm zroup (iron, nickel
and oohalt) in the ostziyst snd in the gasee that ars to
rdact.

1 bave no theory or explenaiian io offer for any
chanpes which may occur in the compoaltlon of the catrIvsts
during either thelr reductian or aotual use. It may be
that in some oases the reduction ylelds a lower and expso-
inlly asotive oxlde which in nunjunoﬁinn with the activated
copper wlth whioh 11 1z aseoclated Torms a mass peculinrly
adapted for the ocatalytle profuction of cxygemeted hpdrooer-
bona, In any event, 1% la %o be understood that the term
catelyat ae employed In the claims includes the conkact mase
in the form in which 1+ le preparsd criginaslly as well aws in
any modified form 1w which 1t may occcur during its unee,

It w11l be apparent from $the foregoing that by

“providing nsw estalyetn of superior aotdvity and lroroved

phystcal form, decreacslng catalyst consumption and improving
amoothneas of overatlon, and by thus facilitatlng thes pro-

duotlion of oxypenated hydrocarbons end other desirabla

! producte of synthedle and other reactlone, the present in-

vention repredents a dlatlnet edvance in the ert, While
the invantien bhas been descylbed more nartioularly with
reference to the eynthesie of methanol, the improved cut-

slyets and the process may be uwtilized with eimilar advan-
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tages in corducting other reactions in the gasEnué'ﬁhase.

; The wariouvs details of epparatue and mrocedure may
[be modified fo mest ihe narticular condiiions of the re-
I
 acbion, the products belng recoveéred in any smitoble or

¢ deairable way, 1t being poerible, for exammls, af vressures
-tabov@ 200 atmeospheres o orectieally ocompletaly condenns
:.methanﬂl from the games Uy coolling with water gt ordinary
tomperature, The methapol can be geparated otherwise angd
! other producte can br trested 1n the mammer best adapted
to effect the separation theresd in an economicel and mat-
lafackary way.

Various chianges nmay be made in the details of op-
; sration hareinbefore described without dépurting from the

invention or sacrifiecing any of the advantages thereaf.

T
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I zlaim:

1, The preoceses of effecting reections 1n the
gzegoun nhape, Which comprisze= smbjlacting the pases to react
to the netion of o heabed catalyst coneleding of the reduc.
tion prodect of a fweped mlzlure of copper oxlde and =n oxide
of ane of the alemontes of the group manganees, tungeten,

rinc, coadmium and molybhianom.

B, 'The process af effecting resctlons in the
gasecus phase, which comprises aubjiectlng the gheda to react
te th: actiom of a heated cafaly=d conslsting of the radua-
tlan produot of o fuezed nixture of copper uxid& and mAnEHET-

eps oxlds,

3. The prooese of marmafacturing °x?ﬁfﬂffﬂﬂmﬁxﬁr°7
carbone, whioh comprlece pasalng a gastous mizxturs ocontzinlng
carbon menazide and hydrogen over a heatad catalyst ccnaist—
ing af the Teduction product of a fused mixkure of eopper
oxlde and anlﬁiiéé'nf one cf'ﬁhé”élementﬁ nfnﬁﬁé”groﬁﬁ mare

ganfge, tungeten, glno, cadeiuvm and molybdenum,

4. Tha prooese of memufacturing oxygensted hydro-
carbons, whioh comprleer papplng & gpaesone mixturs containing

carbon monexide and hydrogen over z heated catalyet covelsot-

%, The process of manufacturing smethancl,. which

compriees pasalng a ghascns mlixture containing corbon wono—

Alaoe and hydrogen over 8 heated oatalvet conslating of she
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raduction products of a fueed mixture of copper oxide and
2 oxlde of ane of the elements of the gronn manganese,
tungsten, zlne, cadmium apd nolybdenum, the temperaturs of

pald getnlyat belng within the range of 250° to BOOS0,

. The preoccas of manufactusing metiﬂnol, which
comprises passlng a garcous mizbure conteinlne carbon mong-
#ide end hydrogen over a heated oatalyst conelabing of the
reduction product of B fused mi%#PF?véf_c?EE??ﬂEfiﬂﬁ;ﬁnﬂ

mengantee oxide, the tewmpsrature of sald cﬁtalys# being

within the range of 250° to B5DCOC,

=

*v The process of manufasturing ozxygenated hydro-
carbonsz, whlch oomprlsea paselng a gaseous mirture contalining
carbon monoxide and hydregen, at a prepsure within the range
of_épghﬁg”}pﬂqmgﬁmoapharas, oYEY B ﬁeate& catalyet ooneleting
of the redustion product of & fusod mixdure of coprey axide
and an oxlde of one ol the alamentn nf&ha ST OUN MArranses,

tungsten, sine, cadmium and molybdsanum,

8., The prodess of manufacturing oxrgenated hydro-
oarbona, which comprises paseing = gasecus mixture contalning
corbon monoxide and hydroger, at a pressure witbin the range

of 400 fo L0000 atmoephares, over o hepied catalyst conelet-

0
e Pt e e o

ing of +the reductisn product of & fused mizturs of copper

oride and wmangsnese oxlds,

9. The procoss of nmanufacturing methancl, which
comnriess possing s gasegup ixture containing carbon monoxide
and hydrogen, at o preasure within the rangs of 400 to 1600

abmpephersa and o femperaturs betwesn 250 sad S00°8,., over
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! & heated oatalyat coneisting of the redusticn product of a

' fuped mipture of copper oxide and an oxide of one of %he
' elamenta of +the growp manganeme, tungeten, sine, cadmivm

1and molybdenum.

;i 10, The prooesp of manofaciuring methanel, which
compripes pagsing a geegous mixture ounteining carbon wenc—
xide and hydrogen, at a prespure within the range of 400 to
1000 atmogpheres and & tewperature boimeen 3500 snd 500° €.,
| aver a heated oatelyst consisilng of the reduction produge

' uf & fused mixsure of copper oxide and manganeda oXlde.




