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Our invention relates %o thae production of
me fhanel by the high pregsure catelybio combinabion of
pzidee of ogrbon With hydregen, and perbteics mora
dirsetly to the preparsilon and euployment of impim vad
catalyate in tha propana.

Mathanol may be produced by combining cxidea
ot carbon with hydrogen in the preaence of a'auitahla'
catinlyst sf elsvalbad temparature end pressure. Carbon
wonexide, carbon dioxide, sud mixture pf the two oxidsesm

may be empleoyud, theas subatonass reasking with hydroge

=)

pegording o tha following resctlong:-
varbon monoxide - 0 £ EH, F=2 CH-0H

carbon diozide - 00, # BHy = CHgOH { HyO
' It 41s cbsarved thal when carhon diozida iz the
ﬁxidn amployed, one molecule of watar im formeg for
avery molsecule of methanel brodwecad. On the other
hand whoen pure Garbon menozide iz used, thaoreblcsally
there ia nothing produced by the reacbion but moihanc).
Aotually in practice pure carbon monoxids ang pursgﬂ’
caThon dloxide are botn difficult so obisln economieally,
ae that the methanol synthesls is corrisd oui by

regoting a mixture of earbon monoxide gmd carbon dioxtde

With hyérogen.,

In addifion o the reactions produelng mathaﬂ51
thare sre, 1n the methana; gyntheais, undesirabls giga-
razctions which ent down the yisld of the gsgired j
produot, The prinoival sida reaction which may ocoour |

1z ¥ne formailen of methans, whish is Lllusbrabed below

€ £ 2B, - OHy £ HRO
og £ W, —~+ aty £ FHg0
Io addition to the mathana_aiﬂs—raantian

bhers are other side-toralions which somesimes ooour

i wiieh thore are groduced csters, ald ehydoa, oreanic
: I
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gelde, kebones, and hydroocarbons other than methane;
thoese remctlons accarring as the result of tha pely-
marigatlon or condsnasticn of mathenol or 1is decomoo-
gition producta.

Wnen o gas mizture comprising earhen oxidag
mixad wlth an ezeess of hydrogen gver The smount
theorelisnlly regquired tn profdveos mathanol ia ecpnoed
aever a catalybic substanca cowprising matzla or their
vxides at a praggurs above B0 atmospherez amd =% &
tamperature mbove 250° €, thers is nearliy always produced
gome reacticn betwewn the gamsous componanta,. Lhe ax- |
Yoot of this resotion dopands ©o soma degrse on 2pace
valeclty, tsmpersbure, and vressure, but the fazt
remaing that under fthe conditlons owllined, carbon oxzldas
gnd hydrogon rasct to gome extent in all caaes, ;

The gubsbances formed by such B Droceas ﬁapén?,
hoth 28 to identity snd as Lo smount, almnsf aniiraly |
oll the natore gnd éativity of the catalybic substance 1
prezant, Tha mgthanpl salinlyais prosoged in the past
have been of Two prinsipal typeg:~ l.8. =

1. lizxtures of finely divided metals, or,

what iz esquivalant, miztures of saslly roducibdle

metal oxides:

2. M=ztures of oxides of metals non-redunoible,
or A1fPionltly veducibls wnder the condltions of
tha methansl syntheails, i

Ta the past, alss, sne ¢loss of essily redooldls meisnl

-ozldes, that 1 ths oxides of iron, niekel, snd aohals,’

have heqn degeribed as absclubely worthlesa for the
production of mathancl eatalysis ainwe thess matrlis

wndar agrmal condiftioms prevont tha formaticn af
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" only a hormal hydrogattating catalytis motion productiva

nmelthancl, the reaction producing only methans, _

. We hava discovéred a new type of methanol
eatinlyst waich produces a highae yield of mathsnoel than
theoaa formariy émylnyaﬂ in the grt, 03 at the ssme bipe
produces p vary pura wethanol, nncontaminsisa Ly by-

pfuﬁucta.' in zdditlonal advanbags acoruing from the

vee of pur catelysts iz that the formation of mothans in
the progssa - with the osnseguent asstrnotion of |
valushle hydrogen - 18 prectieally gliminated, ]
We have now discovered a naw typs of valuableE
mathanol catalywt which comprises three main slaments u%
1.a, ;
{1) Oma or more noneredusiile matal oxides |
#auch a8 zine, magregivm, cedmivo, ahruﬁium.
vanpdium, tungsten, ete.;
' (2} One or mors sasily reduoible metsl cxidag
guch a3 copper, silvar, iron, nickel, oohalt, ete,;
{3} A matgllic haligs.
it will be cheerved that in owr improveg
catalyst wo may emvloy aubsianges normally dslatariﬂus
o the mathsnel repciion - namaly the "methapating
metalg™ - ires, nicksl, or aubalt. Io puy¥ improved
eatalyat aampaaitiﬁns These normaily deleterious

subatanecss mavve advantageously, apvacently sserting

of methencl. Or wa may amploy asaily raducible oxides

Auoh gy thogse of edppar or Hilvor which are alraady

knewn in ihe art ss advanbapecus corporents of gertaln
mathansl estelysls. In thase cages however, our

improved cabalyatg comtalning helides vrodnss fer batidr

- 2 o
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rosuids Than thoss fnown in the srt for utherwisa ‘
identical ocatelyst wmixtures. !
Tha preside methed by which the metallic

hglides produse the ilmprovement iz not known 6o ws, Af
lasat thres thsoriss may be wesd Lo mocomnt for the

Fhanomanon - nemnely;-

{1) The meballic halide scts ag an ordinary |
"prometer” in lacrsssing cabalyat acbivity;

(2) The metallic halide interscha with other
matellic owidez present In +the catalyat fo rroduce

oxychloride componnds which, in turn, sither zerve

ad satalyst promoters, or may ao modify the sureiy,

hrainal gtate of the mase s to produce = more

a0biva aatglyat;

(5) The matsllic halide may be redused by the
igh preasare confaet with hydrogen wnd anrbon
cxides during the commencement of itz wnse B3 &

aatalyst and the resulbtant finsly divided metal

may inersssa the ocetalysl aetlvity, or altﬁrnatival

17, tha metallic halide may firat renct with gome ;

octher metal producing the halids theareof, whish may i

be reduped in the same mannsr.
Eowever, the prociss explenaiion for the
improved regnlt sttained by the adaltion of mebgilic .
halldss to methanal casalyste im not khown énﬂ fopms nnf

part of vur ikvention,

Po produes our lmproved watalysis it 1s nob

nNegegsary that the amwunt of metallie halide added hegr
I

any exzet weight relation to the ramalning conatituantai

of the ¢atialyst, though the smownt of ralide sdgag * |

ahould prefersbly be lass than one chapical aguivalant

of the gmomnt of Prineipal mpetszllic oxidg prezent in thé

eaxtalyat,
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Ag illustratlve of cur lnvention we will cite!
a number of specifie casalyste. In order $0 indicats |

produetion wa.hava.aalactaa 5 standurd sot of conditinps
of use as follows. The ropcrted ylelds of condepgata !
fram tﬁa mathanel reaction by usa of the fﬂliuwing_
oabglyats 18 bamad on the effest nroduced when a gas
mixtura comprizing dp carbon dioxida, %n of carbon
mpriogide =aud d%% bydrogen ig paased through 1 liter of
czialyyt granules st n gpace veloolty of 75,000 -
10,00, at g pressure of 2000 pounds, and at z Lamper-
ature of 540 - 400° g, o

in aslecting a stondsrd sef of conditions 1t

afficacy and by ke means bto Limit tha scope of ane

iogwantion. Modification of the gondilions af thae

regebion will, of eourss, mﬁ&ifg the rasuits, bubk theg
rasults will always be proporbtionste Lo the oabtelyat !

amployad.,

For sxample, an incréssed spaca velogity

praducaé an inerzaged hourldy yleld 1id an ingressa in
cepurabing prasaure hay the gums effeet,. Licewisa the
use of purs carchon noucxide ﬁﬂ-ﬂiﬂtinguiahaﬂ Trom
darbon dloxide or = misbturs of %ae two resulbts in an
igaressed mathanol peroentage in the condganaata, and,
gliose carhon monurife geems Lo razct more ragdlly, an

incrasged condanzate volume, '

Lzxample T

& «ilograns of shromic nitrale

fﬂerDE]E + BHo0) mud 2.5 kilograms o nilekal ritrate |

I
{HiEHGE}E - EHED] are dlaanived in 150 liters of water,i
and b0 this solution thers 13 added bhe thaoreticgl :

° 1
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amount {&,4 litera of 22.75 Tormsl} of ammonium hpdroxide

to precivitate chromivm hydrizlde and niekel nydrata.
The zelution iz thon cantrifupsd to recover the
pracipitated hydratey and the resultanl precipltste is
Bhoronphly washed with waber, drled, ang brokon up inta
granialasn.

The resuliant granules ave moistened with an
ajuetus stlution of 200 zrama zinc chloride and zpain
ﬁrieﬁ, wheraupol they are raady for ude.

¥he hourly ylsld of condensabe 1g shout 1
litar, whlch anslyzes ahons B3 mothanol.

Bzamole II _

8250 prama of niekel nitrate fﬂifﬂﬂa}a.ﬁﬁaﬂ}
gre disaclvad 1n 250 liters uf woter and the molution
is heated to 93°% @, w00 grams of Einc oxwide ié then
sdded with stirring. To thle solubion thore is added
gnfficlent ammonium hydroride to pracipifate the
nle<e) ag niokel pydrate. The pracipiisiad meaas ia
reobvared Ly decansation and filtraﬁion,'is vwodhed,
driad, end Ttroken up intu gremilea.

To thiy mass is added & molotion eoaizining
740 grems of zine ehlorids and the mass is again dried,

the nowrly pisld of condsnsate ism ahout 1
liter and zontains gbhout 0% of meshanol,

1 the mmcunt of zine enloride Tasd is doublead
the hourly condenszatae will ke Inerensed 0 anbout 2.5
liters aﬁd the p@ruentgge of mathanal will be irereagad
to ahous Eaw, |

dubutltution of chﬂmiﬁally aoaivalant
quantitiss of magnesiom enlorids or ziae bromids for the

2ing chloride prodeves similar reanllg,

¥
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Examples IIT

2250 grams of cobplt nitrate
IED{HGEJE . 6HEBI are diggolved in 250 liters of water
and the gsolution is heasted to 98% 0. Thers i3 than

added 7,5 kilogrema of sing oxide afiar whleh the

H

"

solution iz vigerowaly stirred and zefficlant ammonium -

hydroxlde is pdded to oreciplitate $ihe sohalt as wobalb
hrdrate. 1hs precipitated mase iz recovered by
dacantation zod filtration, 1s weahed, gried, zng
croken up inio granulas. The gresnulss sra Ghan
molataned w1th.a aoiusion oentaindng 1£260 grama 2inc
o loride aﬁﬂ iried once wows.

Tos hourly yield of covdonseta is about 1.5
liters mnd conteins sbout 585% of msthamol,

Suampls TV
3f the ming chlorides in ZTxampls III ie

recizcad by 1300 grama of magnesivm bromids she hourly

rleld of cendssests wnd parcontags vialg of maihanol_iaé

not graatly modifisd.
Examols ¥

8500 zroms of farric nitrate iz dimgolvad in
80 Fitera of wubar mra guificient smmonium hyiroxide s
addod Yo pracipitate 811 of the irom =y ferric
nydrorids. The Flooulant mass lg filtered snd washed
and o it in added o kilogrémﬁ of sine oxide and the
miktura thoroushly stirred. The resllant pasty mass
1w gllowed %o Adry and iz oskan broken ve inle granules,
To shess granules i ndded s aclufion conbaAl ning 100
grame Tarric abloyide. The mags ia aFain drisd,
whataupon It is randyr for use,. E

Tha noarly yield of cendangats ig abowt 1.5

liter= ard gontsina sbhont Bhp matinnnpl.

~ ¥ .
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Exsmuple ¥
4 kilograms caromlic nitrale {Cr{N0glg.%H0)

and Y80 grams niokel nitrate (Wi{H0z}p.GHu0) are
digsolved in b Liters of water. E.E ileogrems of wing
oxlde L8 added with etirring and the msas is hanbed %o
ryness =nd id then furbher heated H111 no more nliric
gzide fomes sre given off, whareby the mizburs ia
Cranaformed o chromle cxide, aickel ozide, and zing

ozide. The resultiant mads i3 broken up inbo granclas

‘and is thep moistensd witk a solution conkaiuing 480

grems of zinc chloride, 2he groulas are sgain dried
and sra reasdy for use. I desired, 450 prams of
deztrin or a simlar agginbinatiog agent may be added
with tha zine cilerlda, whoreby firnﬂr.granules eoa
oktained on drying.

The hourly Fleld of oondenmgte ia gbout 2.6
1itars éuntalning about BER mebhanol.

Branple VIT

In place of molstening the sranulas of the
cztalyst in Sxample ¥I wilkh zioc ochloride s chremtieally
equivalent amount of shromic chlorids way w9 smplorad.
ha resulta will pob bs greatly varied,

Heample VEET

B600 zruma of zine cxlte in powdsred Torm is
mizad by thorough sifting wiith 500 zrams of black
sopper oxife. The reswlbtond mixturs 18 molstaned with
an equaons soiution contalnirg 150 zrame auprons
ghloride and 200 grams of dewtrin. Tha resultant mags
iz drisd aud broxzen wp inlo piecws whereupon it im
raady for usa. i

fhe bourly y¥ield of gondenswte ia ahomt 1,8

livers eontaining sbout 404 of Jsthanol.
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How having dszcrlibed our iavention, we glsim
tha fellowing sa new and aoval.

le A matzanel cabolyst inlsieliy comprizin
% plupallity of 81=ficultiy reducivle netal ozidsa, a
plurslity of aasily reducibls ostal cridsg, and g
metuille haplids,

Zv A& methancl catalypss laitially eomprising :
B olurglity of dlffiesultly reducible metal uxifdas, an
2a3ily reducihls msial oxids, ang = mebtgllic holide,

D¢ A methanol cabslpst isltially zombriging
a difficultiy reineitle metsl oxlde, an gasily reducitle
wetal oxida, mud = ma;allic haliﬂaﬁ

%. 4 metharol gatalwst lpitislly nouprizing E
8 diffienltly raduciblg metel orida, an sasily reducihls
matal oxmida, and a halide of one of the metsia, .

. A methanol satalyss Indtislly comprisi ng
g d1fflculsly radusibls metal oxzidge, =n aeaily raﬁueiblé
matigl oxide, and 3 metallic chlsridas, ;

. 6. A rethanol ocaialyst iltlally comprising ;

g difficultly reduoibla meoigl ogzide, =n sasily re&ucihlé
mebal oxide, and = metallic §alide in smommt squal teo :
one chenlosl eqvivsler: or lssas of the difflguitly
redusibia metal owige, é

Te A methanol gatelyat initlally 2oLpT idi ng
a fredominating guanbtisy of » F1fflewlfly reduoibla
matal oxide, s lasesr guantiby of an azaily reduclbla
matial oxide, and an ampunt of a.mntallic #allde aguel
to or less bhan one chemicsg) eduivalenl af the
81fTicnltly reduclile oxida,

HBe 4 medpanol cadalras initiai ly 0OMprieing

an cxide of 5 meconi grong matal, an e@a28ily radacihle

- 7 -
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matal oxids of vhe elghih group, and a maballie hallds.
3. A proosas for the produwotion of synthetic
mavianol witleb comprises psdasing s mixture of hrdrosen
#nd carbon axlded, a% a sresaure in excesg of 50
stmospharas and =% o iempersture of Bo0-4B0° 0. cver a _
eatalyat iritlally conprising a plurality of &ifficultlﬁ
reducihlie me¥gl owiées, s plerslity of sapiiy reducible.
matnl oxlded, and s matallic helldae, |
10. A progesg for the productiocn of drathetie
ma thanel vhlck comprisas psgssing a mixiura of hydrogen -
and sarbon oxides gt & préssure in excess of 50 ate
mospherea and at a temparaturs of B350-450° G, over &
cavaliyst indtially comprising s ﬂlffiuﬁltly radzelihls
metal oxide, an easlly redegitbls metsl oxide, snd e
matallie chlowids. _
1i. A methancl satalyst initlally eompriaing%
a plurality of diZflonltly reduclhle matal oxided, an %
oxida of an iron group metal, and o metsllic nallds, E
1. A meathanol casalyst initisliy nomﬁriningé
a @ifficultly redneible matul oxide, iron oxide, andg & |

meiallle hallde,

12. A methanol calalyst initially cﬂmprisingi
zlng oxide, enropinm uxid&; an oxida of an iron grouw 5
matal, and x matzilio halids, i
id. A metuancl catalyst initiallyr camprisingi
zing oxide, iron oxide, and zinc chloride, j
15, 4 methguol cstalys: initislly cumprisingé
gioe oxide, chromjum oxfde, an oxide of an iran sreqo .
metal, and Zine chlorids. ,
18, 4 preoossa for the prﬂﬂu&tiun ot ayntheti%

matnancel vhich comprises fezalng a mixztura of hydregen

- 10 ~
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and catrbon oxifes sl = pressura in ewesam of BO
abmoapherss, and at a teopersiure of ZEC4E0Y 2. over
8 cainlyst initially cowprising zine niGa, chroninm
sxlde, an oxide of an iron group metial, and =ing
c¢nlaridse, | _
17, & prooess for the nreduction of spnthetié
webhanol which nomprisaz Faaging 8 mixture of hysrogen :
aad oarben ozides ab s presmsurs in excass of 5O

2bnoegieres und ob a temperaiurs of 250.450° L. over &

aafalyat initialily comprlsing zine owxide, iron orida,

ang zino ghlorida.
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