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‘there sre, in the wsbhanol Ayntheals, undesirahle gife— |

Cur invention rel=mtes to Hke oroduaiisn of
matnano) by the high srezeure catalytic gombinaitlion of
oxides o3 carbon with hydrogen, and partelns more

dlreatly %o the preporotlon apd employtient of improved

 oatalyata 1n ths procesa, :

lethanol may be producas Ly eomtinlng oxzifea _

of carbon with hyirozen in the presance of s suibtahle

catalyat at olevatsd tomparature and pressure. Csrbon |

monexlide, 0arbon dloxids, and mixture af it two oziaaa:

may ha émpluyﬁﬂ Theoa suhatancea raauting with hy&rugan :

acoording o the follewing reactions:-

¢arbon monozide - €O 4 A, g Ot OF

carbon dloxidms - Co, 4 BH, &% Halh £ Hg0
it i@ obeerved that whem carbon dloxide s thq

oxlde employsd, one molecuia of watser is Fonnad fur

avary molagule of pethancl profuced. On the othez

hand when pure carbon monowide ig w3ed, Sheoretically

thers ia nothing producsd by the resciilon bt methansl,

detually in pracilce pure Carbon monozide and pure i

curhon diogide are Loth ﬁiffieulu to ohtein acanamiaallx,:

30 that ihe methancl symthesls ig carriad out by i

reacting a mizture of cnrbon monoxide end earbon dlaxiﬂﬂ

wlik hydrogen, i

In gddition to the reschions produeing msthaldl
i
i
reactions which ont down the rield of tne deairag i
troduct, Tha pringipal side resction waieh may n&nnﬁ ..
iz the formstion of methans, which ig illuptrated below:
60 £ By ~~ CHy { Hy0 |
B0g £ ditg ~~> omy £ =0
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)  1In addition ko the mebhana a@ﬁgétgfg?inn

» Thera ars ciher slde-resotions whioh sometimes pocmr

1
2
5. in whioh thera mra produced asters, =ldahydes, orgmnic
4. gelda, ketones, oed hydrosarbors othar than tha Thane ;
5. these *ractions oecurring as toe result of the poly-
6. merisaiion or condensabion of methanol or its decompo~
7. 8iftion preoducts,

[z Vheo & oas mixinre coEpriding earion opxides

i 9, mixed mith 21 excess of bhydrogen over bhe gmouph
¢ 10, Sheoreticslly requirad $o producs methanol is pasced 5

11. over & aatelytic aubatance compr lsing metals or their

lg. oxides at a preasure sbove 5 atoospheres ang at a oL

=t
[+-3

tamparatures stowe 250° Q. there ia ne arly alwayﬁ_grnﬂueéﬁ-"

1. aome reasiion hetwean the gugeous components, The extaﬁtg'

15, of thiz reascticen depends to zome dapgrée op BpROE Ve

L snrgenn oo

18, loelty, témperatura, afld pressure, but tha faet remminpa
17. that onder the eonditiong vutiined, earbon oxidap and

{1 1. hydrogen reset to some eztent in =il casag,

pan,

1a, The subelaness formed by Bwen a process

20. dmpsnd, both ae to 1dentity snd as to emount, elmosh

-y ZL. entirely on the patnure and sevivity of tha gatalytio

|
f EE} substance preasent, In gﬂﬂarala fin&lﬁ divided mefiale
: 23, or miztures of metallio oxidas non-redneibls fn fraa
ﬁ 24. matal under tThe ecndlitions of tas methsuol synthesis i
} £8. pwre oatalybtio pubsiances wnich causs the production of |
| 26. more or loss methanol, Iron abd nieksl snd their
L &%. oxldea, whlle wasful hyﬂrnganating an? dehydrogenating |
a8. catalysta in many olihar 1natanaaa Te7a i4 tha yast j
£ 29, Thasn ﬁeemaﬂ unaniishls for amplogme ot ag methanol E
#0. catalyats an account of tiwir strang wmethanating aﬂtlﬁn
21l. which largely orevenis msthangl formation, the carbon E

2. o=zides being reduced tu wethana,

-8 -
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Ta hamé digoovered a nsw type of mathanol
catalyat which produses 5 highar »ield of methengl than
thoge formerly ampluﬁaﬁ in tha ﬁrt. and gf the same .
tima prodused a very pure methenel, vwicontaninated by
by-prodveta. A0 2ddisional sidvantage meeruibnz from the
uze of our calalpsts iz thet the Yornatlon of methans
in $he process - with the consague ob &estructiun of i
valuabls hydrogen -~ ig ractieally slinigatad,

1t ié zuown that metal oziges, mon-redueible
or §11fleultly rednotble to mtals under the conditiong
of the xetbennl rvemction sewys 8a saztiafactory bame or
principal mate}iala in the formrlasilon ot methanol
eavtalysta (U7, 3. Patent 1,56d,839]), Por example ihe !
oxides of metals of the Secind zroup ia the Peariodie ;
“gble of Rlsmsnta - such og #loe and megneslum - may hai
alternatively #rbloged =s prinnipal s ialreta, butb sinca
by themsaelves the oxldes are not Lrma cxtalysts thay

are combinad with amallur qantities of catalyat

“promoferg” - whiuvn ir tura tay conaist of other matzllle
oxidas of Yha Uhird to Seventt Peripdie vable groupa,

Por example, zine oxide - mer 98 - la not a 5
sxitable eatmiyst, but in aﬂmlxtura nith a lses basgle ?
matal oxide, suck as the exides of ghromium, mungan&aa,é

1
me ] Fh danmm, tlfenlum, cerium.-vanaﬂium, tungaten, eta., !

the gaid additive ozldesg apnﬂrantly adting a3 "pro.
moters™, the mixture beconas 2 2004 cavalyat For mathannﬂ
produshion,

Jinilsrly magnaginm May be wwad to replace :
zine in the production of fush catalgata. In the priﬂrg
art the cabtmlyat mixturea pf thig Lype urlformly Lﬂnﬁaln;.

2d a granter proporticp of the mora hoeic fulpg op

-z
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L. magnaglum) owide, and o iesser proporvion of tha
2. sdditive oxide. :
Ba Ta hawva nnﬁ dicoovared that methansl uaﬁalygté
<. somprising mixtures of non-redusinls or ﬂifficulﬁly .

9. radueible matallic oxides wey be Zreasly improvad by the

6. addition of a metallic halide. The precises metsl i
55 Ve employed in the helide Bar e gither ldenstical with or
i B @lfierent from tke mebtsl of the owlden,
a. “he mathed by whioh the metallic halides
@ 10, producs bthe loprovement is not luswn to ua. AF l1ogat

11. fthres theories may be used 5o gecount for the

la., phanomsnpa - pamsly:.

PLEE]

1%, (1) The me®allis halide nebs ag sn ordinary |

]
E 14, C "promoter™ in Inecreaslioe uaﬁalyﬁt aotividyy -
¢ 1b. [2) The matsllic halide interscts with other .
?15. . me%alliie oxides prassnt in the gatglyat to prcﬂuaa?
"Ll?. oxyeiloride oompounds wWhiok, in turs, sithar ser#eé
j is, 88 catalyst promotsrs, oy mey ao mndify the pursly§
i;*ﬁ %lﬂ. phyalcal ataie of the mems ae to produce a mors
i i'aﬂ. Castiva eatalyat;
%31. : (2) The metallic halids may be raguced by tha
122. high pressure contant wiih hydromen mnd earhon !
;EE. oxides durtsg the commencsment of 1te unae zg a .i
;24. gatelyat and the resultant finsly divided metnal maé
;zﬁ. ineresaa fthe gatnlgai sativity, or aléarngiively, E
f 24, the metallia halifge may firat react with =Zome Dtheé'
2. matel produsing tha nalids Thers of , ﬁhich M=y e I?
FEB. raduced in the same mgnner, 5
%29. However, the pracias sxplanatisn for the f

20 Amproved resanlt atbeinag by the mddition of metallis i

:%l. malides to wothonol catzlyats 13 not anown ang forms no

-32. part of our invention,

-~ & o
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Tp produas our ilmproved catzigsts it ig nck
D20edeary that the amouqi af metallic halide sdded hoap
BOY X248 weignt relation 3o bhe remsinirs gonstituentg |

of Lhe catalyet, thowgh $he amopnt of halida added GG R

breferably be leas than ona chamlael ¢ guivalant of fha
amount of frincipsl metallle oxide presont in ke
eatelpat,

Oae inveﬁtinn ig of wideapresa uzafuitteas in
the methanol arb ang to further disclese it but in no

manner 10 1imit 1% beyond the Timitatis derived fram

the whole specificaiion we append she following aTamplen;

Our improved eatalyadis aonsigt of fhe follow- ;

i0g elemanty,

L. 4An orida of s Sscong group (Mendeleaff's

Perindis Tabias) Mgl
| IE. 4n oxide of g matzl of the Third te
Sevanth Grous to ssree gy z Promotar
III. A mstallie hellde,
Bslow are aposnded illustrative axamples of
8uch gatalyet mizturgas-
Slne oXide - shromium oxide eine ghlorida
2ive o0xide - ahromium Prife -~ vanadium zizlorifg
zlne o¥ide - mengancas 0x1d9 - mugmesinm ahloride
MAENesiun 0xide -~ vansdion CEide - megmezium flucride
Digneaivm oxide - thromiug oxide - ohromlum chlorida
slrontinm pxide - ehrogium ﬁxi&a = zine ehloride
zine oxide - vanagium Jxife - mmeraziunm ehlorisg
In gansral, catalyebs of this irpe ore most
gffsctive If the orifds of tho sacopa arouap metgl i1s
pragent isn pradesminating quantity over the other,

promoiing, ozide. Iowevap catalysta conbainlng oxidgs

- 3§ -
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in thsa revérsa ratio produes methsnel snd sre includod
in our invention.

Tha sddition of a oclmbion of zine enisride
%0 3 miznture of zing oxlde and caromium oXids, IDllGWﬂ&é
by o drying aug recovary of the meaa, oproducss a
eatelyat giving resulsa superior %o those fnown in o :
ard, Similzr irproved ciaual yeiE are obvained when othen
aoubinationd of sesond zroup metal cxides snd mataliie
ha;idaa ard eombined -~ for exszapls Baznedime compounda,

A= 11lustrativa of our imgrovad catalyotp the
following results are appandad. ;

ITANPIER T _

A eabalyst base material is prapsred by '
disgolving 8 kilogrmnz of chromic nitrate
{Cr {H0g)yz + 9HL0) in 5 litsry of water; adding with :
suirring 5 kKilograna of zine exide, evaporabting the masag

o drzress, ang heabing until the chromlc nitrats iz i

i
4

converled te ghromle oxide. The mizturs is then broken i
up ang alevad ithrough a 65 mash goroen, ;
I o guanvity of Snis material is wixed wisth :

. I

105 of Jextrin or a slmilne szglnbenating ggent

digz0lved in 1C¢ perta of wabtaT ang the resulbant nixbure;

1
driad and bro¥enm up into gramules, a sefalyst 1s ohtained -

such a8 ig desoribed In tha prior nxi,

1
Woan s mizbtzre of garbon oxldes and nydrogen i
comprising, say 10% of o2rbon diexide eong 20% of i
RFSropen ai & prgastire of BEGO rounds iz pasgsad through ;
100 gutle cantimsters of aush s ealslyst at = sonpe i
valogity of FE,000 snd =% a teupersiure of abont 250 -
4209 2. bthars will bae roduced akout 3100 — 100U suhig
sentizatars of gondengate par nenr., 90 gpalrels thie

condonzate will anow 40-4264% aethanol, the remsinder
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.
belng larzsly waler, An analysis of bhe roszidusl gy
will show o considerabls matrane formedion,

I to the dsx'rin wolubion usad to grsmmlete
bag giaved maborial Shsre is sdded a sine halida,

profersbly zine ehlaride in guoh wmouwst thaob 4%

-rapregants Zrom §-106% of the weight of sine o=ids ang

chromic oxlde, Gihe mass bzlng drisd ang broYed up in tha
game ngbhsr, on isoroved cavglyat =111 yeauli, Under
tire game reanciion cﬂnﬂifiuna thla caialgat will orodoce
from 1,7 - 2,0 litsra of condensabe per hour and Shis @
condensalis wiil snow abouwl 55% of mathanol, Line ramain—;
der baing subatartielly pure wabsr. Turtrammore an
allalysis of fhe residusl gasea will Bhow a2 diminwiion in
mﬂthane formation.
EXOPTE 11 :

If the zinc halide menfioned in Fzemple I ;

ia replacad by an squivalent auantity of mognesiam

eltlorids similar improved redults will be obtal nad.

The yield of condebsabe may fall to abont 1.6 liters
par mowr, the meatnanol contant heing unchangéﬁ. ;
BEAMPLE I13
B2UD grams of zine oxlde smd 300 grams of ;.
ghronfe oxlde are mixed in a soluslon of ghoot BCO gr&mﬁ
¢f zine shloride audg E59 grama of devbrin in 3 liters g
of -water, The mass is dried and brokan p Into granuls&.
Waan g pas mizxtyrs comprising iCh carbon dioxide, =P
cErboN monexide, and 30 hpdrozan le pagaed through _E
1300 cubio centbimsters of Yha cabalyst, vt g Eﬁmpargturé
of aboub BE0-480° C., at a apace valocity of %5,000 -
13,000 and at = pressure of 5000 pounds ihera will be

- -
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14,
16.
16.
27,
18,
i9,
24,
21.
g8,

o4,
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86,
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28,
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50,

31.
Za.

preducsed, honrly, awsut 2 Liters of monfensats
angplyrzing et 87% asihancl,

In the absence of the zine onloride the Fotal
volume of condengale will be reduced and the pﬁrcantaga%
Field of methanol will he greatly redused.

ELAMPIE IV

1f in Zzsmple IIT, the zine oxide 1o replaced |
by mapnssive oxide, the remultant antelyat wnder simllarn
operating eonditionz will wroduce mboat l;E litara of :
condagania per hour,.tha mathaonol apntans vemminiog
about the sgma, ;
AEPIE ¥

8600 grame of ging aitraia anﬂbsiﬁ . ﬁEEai .f
angd 160 pramg of tungssie oride fﬂb05} sre wixed and é
hopted until ths zisc nitrazte iz converled %o zing
oxlde, The reanliant Fﬂ;low mass i powdared znd miwad
witﬁ’éDD grams of 50k slne bromigs solution. [he re.
gultant maag is dried and hroken #p intin graﬂﬁlaa.'Whani
o ga¢ mirbure gomprizing &% cerhon Aivcide, 8% ssrhon j
apgoxida, and 90% hWyirogen is pa=aded Through 1000 cubiug
cantimeters of thig gatiglyat st o =speca valoclvy of abe Et_
105,000, a bemmoraturae of abonb 460“, =g 9t g pr&saura%
of EEQD-F000 bounde, there wilil be produced, howely, 5
abuut_i.ﬁ liters of oondansats analysing abowt BO% ?
me thanol,

BEACETE ¢T ;

3900 grame aine nitrate [in{a0g)e - om 52,0 ) &nﬂ
500 grams ursnium nitrate fUDEfEOE}p - 5H50) 13 dissnl?aﬁ
in 5 iilers of warm water.. 95 this mixture le added
sufficlsnd potassium oarionate to bracipitnte a1l of dhq
zine and wrpnium as eafnmnata aiod hagic carhbonate. Tha

resultant nrecipltats 1a ragovarad, washad, dried, and

- B -
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noketened with a solution contigining 200 zrams eing
ohlerida. The mase iz sgain driad, angd is brakan up
1oto aranules, Whergapon it fa rexdy for naa.

When a goa miztars rOmprising L34 earbon
digoxlda una'aaﬁ hydrogen 15 ppazed ab a Space velpoity
of 75,000 over 3 liter gof catalyaid granuléﬂ at a :
prosgurs of 2500 pounty and a temparsture of 380 - 440°%
G. there is oubained wourly sheut =2 litars of gondensgts
analyzlag stout 48% mbiensl, A gimilar c&talyﬁt ta
which a matsllic nalida iz net added zives a faor
Hnaller yleld gna nnnversinn t0 matkanonl,

Thﬂ Speciilo azemples we have Iﬂlgted arsg
intended ta dlaplay-various phased of ooz invantinn and
0% to 1imit 1%, While in the sbova ap&o*fia axamplea ;
we have shown the uge of metallio chlorides snd mﬂtalliq
hromidas iv Ehould ba undsrstopd thyt &ilear raaulﬁa :
are &hbalneg with other halides, thmazh in ganergl we _i
yrafar e emoloy eklorides on 8c20nnt of their rslativaj
mon-volabilibty and reafy aﬂaaasihility. mhare axista E
nf nnursa* a peasibiiity uf almoeat inilnita veriety in :
ahanhaa of ﬂarcantaga conpoEition of. gur imnruvaﬂ. i
catalyats. Ve hav& chasrvad howavar that whlla uhanga&
In the proparuinnate amgunt of sevand AT oup mﬂtal tn
Pramoter vroduoe changog An cadalyatd affe;tivaneaa a% i
the same tims the presanca of 2 metsl helide in the §
antalgnt invariably producas grastly improved rasultsg, E-

1t i3, of coursa, gbvlous thet one may raplac&
4 8lazle gacond gronp oxlde f 3 Y mixtu:a ot twao suuh
oxides. Far axmmple zian oxiae may be replogsd by s
mixturs of zine oxida =pa megnreeium oxlds. Tlrcawigs

ingtead of ope propotoy oxdde zuch as chromium oride,

-G .
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SR
ONe may employ o wixlure. Syuen Ghanigen arg within the
aplrit of our invention and tne appandad clalms,

dn iporessed gpaos veloglity producea an
incrassed honrly wield snd ad ircrogge in cparaiing _
predaura has the aame effect. Tikzewlos the uwse of puira .
garhon monexide ag Alstingnishaé from cprbon dloxife
Or 5 mixture of the two reswltz inp an insresead
mebhanol percantags ig tna condendats, and, since
carbon meouoxide goems to remct mors readily, an

Inegranased gondensals volume.
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Fow hmving desaeribed onr imranilon, we eleim
Sha £o0llomling as ngv- and acvels -

1. & methamel catalyat comprising a pluralit?
ef 1ffieuitly redositie gagund group metal oxides, n :
plurality of 31fPieultly veducible matal oxidea from thg
sird to gewvenin groﬁps, @l a melallic halida, :

Z. A mothanal catglyst comprisinge & ﬂifflcult-
1y redueibls sgoong grogp metzl axide, = difficultly ra? .
dueible oxids of the third to ggventh groups, and m
matallia halide,

9. A methansl sgbalyat initially eomprising 5
& diffionltly reduciblas Sfcond group matal ox;ﬁe, Y

difficulily reducibla oxice of fhe third to sevensh E
aroupd, znd & netallio hellds., .

|

€. A methanel gatalyst Ailtiglly compriajmy 4

1

difiieultly reducinls socond growp metal omide, a 1assar

gquartivy af g 1ffionltly reducible oxids of the thira

i
|
|
i
1

to gsevanth grounz, and a metallic hglide,
3. 4 meshanol ombalyst initially compriaing d
a1ffieultly reducible second group meigl oxide, s laaaaﬁ

qUAnEity of a diffienltly reducible oxide of the third |

to Baventn Eroups, ang a metallic ehlorida, ;
8. A mebhanol cabalyas 1altia¥ly compriaing g
]

Aiificulily reﬂucihlﬂ ggoond group meftal oxida, o lﬂﬁsaﬂ
guantity of a diffienlily reducible metsl oxide of the

fhird to sevanth grounpa, 2nd a metallic halide in smoun

Y

groun oxlda,
Ya 4 mathanol gatalyat iritiglly compr igd ne 2
d1lfipulily reducitls secans group metel omideo, = laage;

quantifr of 5 di¥fleultly redacitle ratnl cxlide of the
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21,
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25,

B4,
£5,

‘reducible oxides and a metaliic halide.

i

third to saveath grouva, and = mEtallio chloriaa in
amount ol exeaeding one chemlenl eouivalent of the
Bsecnd #Fourp oxida,

8. A methanol gatalyat comprising zing oxigde)
chromivm oxide, and = meiallic halide. i

9. 4 methansl smbalyst womiriging &ine Dxiﬂa,
chromiom oxids and & mesallic chloride. :

10. A pmroosns for the production of aynthaﬁié"
mebhanol wWwhich comprises raesing 3 mixture af hydrozen i
and garbon oxijes =t m pressure in exoesy of 5 E
atmosphares and ab an elevaled ftemparature, ovar a ;

catmlyat initially comtrliaing a mixture of diffionitly :

1. 4 prooesa for the productiicn of aFothetie

nethancel which Bumpriaea paaaing u miriurs of hydrugen

a0d eRrvon orides st a fregsure In sxcess of B0
almospierea and at an elevnted temparature, over = !
eatalyat iaitvially epuprialing & mixbura of Gifficnltly :

raducible o=idea énﬂ e metsllic ahloride.

o —

1&. 4 proogsa for the "production of sysnthesi

methanol which comprigeg Passing a mixiwre of hydrozen
anf aarhnn ¥xidea, aut a preasurs in excagms of alr stmos-!

Dhores anﬁ at an elavntad Pregsure, over a astalyet

inlsiglly conprigiog s mixiors of zine vEide, ghromium

ozida, and zino chloride.
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0ot excesding oms ehemipal aquivalant of the second

How having desaribed our invant;on. we olaim
Gpe following aa new and aovel:-

1. "4 mothaioel cataiysd comprising a pluralitg .
of diffienitly reducible second group matal oxides, = :
plurality of diffieultly veducidle metal ovides from tha
third o ssvenin gronpd, and a meballia walids. :

. . A matbancl catelyss comprising m ﬂifficult—
ly raducibls zonond group mefizl pxide, a diffienisly re-
ducibla oxids of the third %o sevensh eronps, and o .
metallic nalide, | :

3. & methancl gatnlypat Inisdally comprising

8 diffienlily rednsible second group metsl oxide, a

diffionldly reducibla oxiga of the third to mevensh

groups, znd a wedallio nallga, :
2., & methancl eatglyat 1iivially comprising a

diffigultly rednoidle segend esroup meisal oxide, g 1&5&3:
quantity of g difficuilly reducible oxide of the thirg E
' |
Lo geventh grovps, and a matallic halide.

1
2., - A methaacl catalyet inttialliy eomprxﬂing a

diffianltly veducible second Eroup metsl oxride, a lasseq

1
WAnElty of a 41Ffiaultly reduoille ozids of the Gnird

ko gaventh Eroubs, =nd a metsllie chleride. :

6. A mathganpl catalyat initialily compria iag s
diffiaulitly reduoilris sgaond zroup metal oxide, lassar
guantity of 5 difr: toultly reduaible metal oxida of thaa i
taird to sevansh gronpa, &nd & metalile halide in amounﬁ

group pxmide, j
7. & msbhansl eatalyst initisliy comMprising 5
diffleultly refucitle msucnd BTOLD matal oxide, g lasseﬁ

dantity of g diffiewltly reducible maiagl pEide of thae
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1. third to seventh %raups. and = metallic caloride in
Ba  amount not exeeeding ums chemical eguivalant of the
#. @eacad group oxlde,

4, 8. 4 methanol caialyst cnmpriaing zing uxidui
5. chromivm oxide, and = metalijc nalida. ' _
é (3 9 A msthanoel ostaiyat comoriging Eing axide;
?, chrowium oxide and g metsliie chloride. !

H Bf 10. 4 procese for the pruﬂuet?cn of aynthatié

Y. methanci which comprizes passing s siriuve of AFdrogen

v

and oarbon oxldes at g presswre in sxeezs of BO
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1l. atmoapharas and.at Bn aleveted tompersture, over z

e FC T e

LZ. ealelyst initially sonprigsing a mizturs of difficultly

15, ‘reducitle oxides and » metallia helife.

1d. 11. & proeess for the produciion of ayrthatip

TemT=EI A .,

}f o ; 18, methanol whieh somprigag ;aasing 9 mixture of hrdrogeh

LT Ly

16, =nd carvon oxides =t & Trassure in sxceas of 5O

i
=}
.

atmogpneres and of an alevated tenparature, aver s

1 18. catalyat initially comprising e mizturs of diffienl:tly

-19. reducivle oxides éﬁd g metalilic caloride.
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i B0, 12. & prooens for She production of gynthett

2l methansl whlsk comnrizsg Padging = mizsure of hydrogen

BE. and carbon oxides, at m presswre in excesz of G0 stmose!
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3. phares and s en slavebed prassure, over s cabalyss
. ': £ 1

2i. inltially couprising = mixtura of zing pxide, ohromium
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26. oxida, and zine celoridae, : :



