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' 'aaseﬁtiﬁl to aveld suhjeeting tha eatalyats Lo temperabnres

" F/K

.;aun& ﬁf reaction both- beeause of the detrimental aamalytia

.abuua those at whieh it vag lntanﬂaﬂ Lo Dparata the DPTOCBES,
.tn the life mud azt_vity of the catalysis.

‘an improved processs for making methanel by ecatalytically hydfcu

”‘j 359414

fhe invention relates to ithe produciion of methansl

by the catalytic Lydrogenstion of caprbon oxldea. the Inven-

tion alse includes new catalyste for use in making metbanol
from cavbon oxides ard hydrogen, and methods of making the
novel cabelyst. ’

It ig kxnown that methanol and cther oxygenated
srganic compounds can be produced by esafalytically Lydro-
penating carbon oxidea, and many processas enploying various
catalyste and cunditiung for accompllshing this hydrogsnmatiom
have been proposads. The several catalyste and condltiona
previouasly auggaatedf;aprﬁnant cuch varisty a8 to admit of
Tow ganeiﬁlisatians; but 1t has ‘been generslly regarded

essantzal to ezciude-irom, nicksl and related metals £yom the
&ffect of these mekals, anﬂ hecancs of thelr peactivity with
¢¢rbon monexide,. Alsao, it bhas been ganarallJ cousldered
since auch higher. temgsraturaa were praaumeu to be injurious
. A principal objeet of %his inventiorn is to provide

gepating carbon axides,  Amothdr object 1s to provide &

ﬁgvel'ga;alyat for use in my impreved process, and te provide |

pethods of making the new eatalysi. Another objaet iz e

1
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volume of astalyst per hour) at the cutlet of abeut §,000 to

-tamparatur& of about 200 to 4500 .., dapaﬁdﬁnt samﬂwh&t upon
.aaﬁnatructﬁﬂ gf aw iron allnﬁ nnntaining both chrumium and
.niﬂkel anﬂ which ia pref&rably auat&nitic in’ ch&r&utarp How=
feature of tha ﬂruﬁeaé;

'&xlat in variau& fﬁnma in the flnlsheﬁ ontalyst, and the

: this spanifieaiinm and tha claima wlnn, ﬂbpper and chromium

,_
b
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|
provids & procese which will cperate satizfactorily with iruni
nipxel snd related metale prssent in the zone of reasction,
iIn general, my Ilmproved process comprises passing
mixtures of cearoven oxides, predemipmating ip carbon mdnoxide,
together with & larger quantity ef.Lydrogen over my new nat&-i
lytic materlal. I prefér to employ active pressurss (by i
which ia meént th? aum of the partial pressures of the e i
active gaéea in the mizture) in excess of about BOOQ pounds
par aquara inch of gare pressure, and Ye pase the ghegs over

the catealyst with a space veloglty {volumea of gae per unit
26¢,000. The reaction is exobhermle and will proceed ak a
tha canﬂitinns of presgure and valaeita amd upnn tha eatakyst
uasﬁ. I prefer to aperate the pr&e&aa in g reaetion vaﬂaﬁl
BVET . tha-ﬁatura of tha ygﬂctinn veseel Ie not 2 contrelling

The new ¢atalyﬁt whichk ¥ prafer o euploy ia com-

pnaad eaaantiallj ef zihe, gopper and chromium whlch may

aatalgat pr&ferablyu;untains a1 aﬁﬁ:tiumal et matallin
@iluent of -high haat capaﬂity and conﬁuctxvity. Throughout

will he understeod toe refey Lo thege metals or their compounde

L

hoxwiaver présant in the catalyst. This novel catalyst ie

b= 1
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‘yeculler in that it may contain sufficlent metallie iron o

_r\-} ’ '._ |,‘i
3J;J =

.be magnetiec, and 1t may be rodused at temperabtures fear above
. the Intended opsrabing temperatures without meterlally affect-
© ing its eotlvity, It ia further cheracterized by exceptional
: reslstance to the usuel catelyat polaons, suifur, for exenpls, :
end by & romerkatle actlviby and long life. _
In the prior art, U. 5. patenia 1,201,850 {Ganadian
patent 204,888), 1,558,559 (Canadian patenta 251,485 and _
i B51,484), 1,669,775 {Canadisn patent 273,685), British patenta’
| B27,147 and 247,178 {Canadlen patents 264,600 end 264,601); i
Brltish patent 247,932 {Canadizn patents E73,985 and 273,584}
and Eritlish patents 254, ?ED and 263,803 propose zine chromete i
;as a methanol cabelyet, but thess dlaclosures aupply 1itila
1nrnrmation 2a to ths prepmration and reduction of the
..catalysts, and apparently conmsider such factora, whioh I have
|‘raunﬂ t0 ha importent, &f 11ttle consednence, In additlon, |
JU. 3. patent 1,569,775 snd Brltish patent 240,955 speoify ;
.tha e of copper chromste, o i
ﬁ U. 3. pabeni 1,562,480 {Cenadian patent £51,485) i
|msn$iona & catelyst containing zlng chronate, copper and
pataaaium carhonate, but contrary to this broposal, mwy »e-
'saarnhsa have shown that alkaline additicns are aot desirable
in methenol satalysts. Patenta 1,625,924 {Canadlan patants
874,811, 274,912 and 274,913) and 1,525,989 (Conedian patents
474,914, 274,015 and £74,015) deseribe catalysts couprising
10ng or more non-reducible oxidss, such ag those of #inc and
ﬁahromium, one or more sasily reducibls oxide, such as thit of |

ﬁcﬂppar, together with & metallic halids, Thess catalysts are 5

L

|
guite ossentislly dAifferent From oy new catalyabz, and appavent-

iy require no reduction berome use. Tn addltion to the mbove,

il .
Britlsh patents 289,714 and 229,715 mentlon a lonmg 1i=ag of
|

metale useful as methanol cutalysts and Tickifding zine,

4,



the symthesis of mathancl, aod producsa hetter ylalds with

.cpmparaﬁivelx immun& to the pacal catalyst poisons, and it Ze
'ﬁdaﬂily'praparad in mgebanical form whieh is atromy and ﬁarh

: mita aaaa of handlzng.
' ﬁxiﬁa, and ferruehrnmim (conteining about 703 to 78

_aeﬁiue.atata'aftar reducticn the aatalj&£ may contain metallic

‘zine reduesd from hhe oxide by the cepper, or upreduced zine

asopper and chromium, bukt do not pugsest the particular combie |
nation of these thres elements. Brltiah patent 244,855 ;
geparately mentlons copper chromium and zine shromium ﬂ@ﬁblﬁﬂﬂ.
tlona as& catalysts, butd oge neot nmention the cumbin&tiun whieh;

I have found +to be uasful.

5e fer as 1 am awsre, nons of the preyicus invés-
tigators have suggested the usge of inert metallic diluents ia
methanol ca;alyatsp My movel catalyst may include thie

departure Irom the art.

My new satalyst 1s particulsrly setive in prometing

lass total nydrogenation to form hydrocarbons than other
catalysta upon which published results of thelr ueq im
avallsabhle or which I bave testad. It is characterizai by
unigue tharnal prapartiaa which peroit it fo be rﬂadily re~
ducaﬁ undar s varisty of conditiona. It le lang-liv&ﬂ ]

In a praferrad form, the cataiyst prier %o reduction

'caﬁpriwaé.suhsthntially conatant propartions of chromlug tri-

ehrnmlum snd not mora than about 2% narbyaJ tugath&r with

varylng preporticns of zine oxide and copper oxide. ' In itg

axida and reduced gopper, oF both of these oxides may be

=




In any ‘event the combinedi zine, copper and ehromiuﬁ'anntant
_ eaxalyst iy composed of 54.9% ZuG, €.78% CuQ, 25.3% Crog, end
: ;1&.15 Fe-0re '

tablatﬁ of upifoim B:E&, and my catalyat cumpoa;tlnns when &0
_disln%abrata. Thisg. ia &n impnrtant advantaga, ainue the gas

”uﬁqn;thg formaLian_nf 5 bed of unlfermly sheped pelleta which
-gill_nnt.c;nmhle ar digintegrate to perult channelling and

980414
L o T

partly or whelly reduced. The precise form in whieh the
components exist in the finished catalyet ia unznown to me.
The farroghromium ¢ontent is proferaiply about 12%,
the chpomive tricxide ashout 25%, and the z2ine oxlde and éoPpar
oxidas constitute tLa balance wlthis the ranges of about 26%
to ahout 66% pine oxidei with copper oxide in an amount not
lees than the lssst amount whieh remders possible a vialeﬁt,.
and bighly exothermis reduction eof the uatalfst in the prﬂgaﬂﬂé
of a concentrated reducing gas and not greatsr than About SHG.
Practleslly, the range of copper ozxlds may be from = lower
Limit to aboud 1.5% to 2e5% to the upper limlt of about S6%.

of tha:catalyst'is praferably greater than abuuh Sl brhﬂéiéht
W i thé toial catalyst. ﬁiuhih.thﬂsﬂ ranges & praferred

The catalyat Frior te usé is formed into palletis o
fnrmqﬁ aPe eharactarizad by a 1ack of tandsncy to crumhla or ]

ﬁ;atributlon over azd eantant with the catalyst 1s deyendent

uneven gpa low,

6,



" tiom, & nd waaﬁad frea of ammonivo nitrata and tlown wikh

- ealeined in am sven. “Phe tampera;ure in the oven was maxn- ‘

together with zine chrcomate and ferrochremivm metal. The

The wathod of making the catalyst will be apparent
from the following 1llustrative degerlption of one method of
its preparation:

Hetallic zine wes reacted with nitric acid {formed

frem €. Po synthetic nitric aneid diluted witk twe volumes of
water}, and the resulting zine nitvets solution was diluted

ta form a 10% zelution. To this solutian enpper nitrate

{Cu(N023) 2.3150) crystals were added in en amovnt equal to
12.?%_by weight of the zine nitrate in the solutlon, znd the
whole was agitated.

Zine and copper carbonates were eimultenesusly
pranipitataﬂ from the sulutinn of the nitratas by slowly
adding with agitation a 8% solution of ammeonium carbonate.
Near the end of the precipitation care must be uged tp aveid
¢¥edse ammonium carbonave which will catse the zing and ejpped
to PEdiBBDlEE+

The pireclpitate was flnccul%f and gelatinons and
sattled rapldly. 1t waz filiered lrradiately after pfaﬁipité-

staszm. The pr&aa cake was then remavad, plaaed in trays and;

tained at about 3080 T, qntll the luas in dggition waz laas
than Z%.
The reasted oxldag Were then placed im a ball mill

proportiang charged to the mill wers: I

ealeined oxides 41% by weighti.
2ing chromate 488 w ow
ferroohroninm 13w n "

e !
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The ferroehromium wae orushed to betwzen 20 and 40 mesh size.i
1t contained 72.53 Or and 1.99% C.  The zine ehromate was
chemically pure and in powder Form.

The mix discharged froem the mill wes very fine and

uniform. It was plucsd Iin pans and moistensd with water to |

grenulate it, dried and brushed and fed to a mechanical tabled
prese and formed into L/2 Ineh pellets.

The eatalyet wee then ready for uses

The catalyat may be reduced under any one of three
genaral conditions. In gemeral, any hydrogen-vontaining gaa
may ba used for the reduction, but it dis wewally convenient
tﬁ amploy the regular metbancl gas containing cﬁrbﬁn-nxidea
.aq well ag hydiogen. The redﬁntinn may be copdueted on &
:-lﬁrga ecale in the regular methsnol converters which may be
!:fggiﬁﬁual pprigh# prapsuore cylinders with gas inlet at the tof
'-_aﬁd;pp;lat_at the bqttﬂm; The eatalyst ehaméar is preferably
'ffﬁﬁméﬁ:qf'auatenitic alloy sbtesd containing about 18% chromiusg
. and éﬁ tilgkel, and may ba ﬁrnvi&ed with perforate trays to
Bﬁpp@pﬁ the charge of catalyat pellets din several successive
'n'aaa. ' L

tne conditlon of reduetion may consist in paseing
mﬂfhanal Zag containing, for sxample, about 4.0% €069, abong
2240% Coy about 64.0% Hp, and sbout 9.5 Np, through bhe.
i uﬁt&ixnt.unﬂer regulnrfupérating_prﬁasﬁr& o About 4ﬂﬁ0 pounds
per ﬁqﬁapa ineh, T?; gad de eireulated while beimg h;ataﬂ in
ona portion of the coyele until it is at a temperature of about

230° C,  Thereafier the redustien will occur quickly and tha

Ba . i
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tepperaturs is allowsd to rise without centrol. Temperatures
in excees of about 1300t U, are urobally reached in this
precess, sud the catalyst msss becomes incahdescent. After
radustion, the tempermture will decreass snd cperation of the
-hydrdgenation may then begin.

This violent reduction gcewrs only when sufficient

copper oxide ig present, as befors zet Topth. However,

bacause of the extreme violence of this redwetion it is hazard
cue to wae, and should not be employsd exesct upon a small
Btale. It ie posaible to use thie drastie reduction with oy
new e¢stalyst primarily basause of its metallie content (ferro-
ehromiun) whioh iparts high heat capaeity &nd conductivity
- thereto, and permits it 4o assinilate and dissipatis larger
aMQﬁntg of heat rapidly presumably without sintering.tha aetlve
surfaces of the ﬁatalfat;: This methoed of reduction will be
hereinafter referred.to s Method I.
S A sgcond condition of reduction mey be reductien
under medium presaures and with controlled tempsrﬁinﬁea, "Thie
’mett§ﬂ_ia prefarrad fﬁr.rn&ueing cat#l#éﬁa on full ﬁeglé'in
. _tné“mﬁthanﬁl cnnv;rters; ?h¥_¢ﬂ$@lrﬂtstﬁ pe reduged. is plﬂneP
_iﬁjthé catalyat chamﬁﬁf qf,the_;énvertars.anﬁ:theﬂsyat&m_iE
:eﬁargéﬁ-with nit:néen;&tla pressure ﬁf £00 to 80U, and pfefer-
ﬁhly at olD to &00, ﬁaunds'pe; aqﬁnré-iﬁch. Tha nitrogsn ia
ciraﬁlutaﬁ through tﬁe_c%talystfahd hegated in one portion of
the eyele until the femperature of the catalyst is sbout 220

' ¢, Subgtantially pure hydrogen under presgure is them admittia

in sucresaive ghantities of about 50U cubit feet each. By :

e e e =

9, i

===



L S

359414

| this procedure the hydregen in the ¢yels gas wias malntained
at sbout G.8% to abott L1.50. It was fuunﬁ that for sach
addition of hydrogen admitted an equivaient geantity of water
wsa withdrewn from the eycls. Thie relation wield true until
tie reduction was practically complsta. Therea.fiar the
bydrogen content of the cyele ges and the temperature of the
catalyat wepe slowly inereased to complste the reduction of
the catalyst. This preferred method of reduction wiil be
refarred to as Method IF.

Tha third method of reductlon is a medificstion of
Nathod IT. In thilse method, reduet;an ig earried gut &%
atuinnphari‘n pressure with a dilueted reducing gas to minksin
the temperature below ebout, 306e €. du:'iﬁg the esntire reduc-
tiony  Thig will be réferred to as ¥ethed III and is sonveniegt
for work onm a minor soale.

- 'I‘h-& upara.uun of the prucﬁaa "ﬁ'ill e ahawn b:,r tha
'fdllawing tabulat.e.d data.: i
In khe ta.h.!.iaa and thrnughout this apacn.fieaﬂnn and
-.elaﬁma the .fallmnng &afim.tion of the tavma uaa:l will ha
n‘bﬂ&ﬂ#ﬂ:

E’a‘t‘-alyat aﬂﬂlyses .mli:r.cat.a perceniage cﬂmpu&itiml
._.hy #Jaa.ght pr:tur 443 rad:uat:r.nrx.
Prreaamz&g. Pefer Lo E.ntiﬁ;a prassure or the sum of

the partial p-m_asii-réa.- of the reactive geges in the Inlet =11

in pounds pet aguare lnch. of gage pressure. Thus, ga& con-

ta.:i.m.ng a8 €0p, 2E% £0, E{éﬁ He and 10% E= at a tntal ggga

10,
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- im the inlety/to the combined volume of :mrban sonuxide a.ml of

prageure of 4500 lbe. per sgQ. Iin. would have an aotive

preepure of A5G0 x (4 ¢ 22 4 B4 = 4050 lbhe. per sy. in.
L0

Space velocity refers to volumes of gap (at standard
ganditiona} per unit volume of eatelyat yer hour measured at
the guilet of the presspure zpmaratus.

Par cant carbon moncxide gconvarted indicates that
vortion of 4he total sarbon axides in the gas converted to
methenol in & single pase through the catalyst. Both earben
menoxide and ecarbon dloxdide are ineluded in this caloulation

aince portiong of both appear aa methantl.

Froduetion ratico indicates grame of refinsd methano)
pruﬂucaﬁ by <ne iiter of- eatalyat in cae hour.
HofCh ratio indicates the camblning ratic of hydro-

gen with cartion oxidgs ap the ratlo of the velume of hydrngen

_ earhan Alaxide car*ectad on the basis of :lta comhlnlng :
:pawe:r.* ]‘i’lth Eydrogen :Ln tke mothanol reactdotl. ".L"hua., o %
'._¢'E'l ¥ 8o =@ HEE,'JH- End €0p » 3Hg = ¢ EglH + BEul, hanqé, the E
|18 caﬁﬁingﬁg ri=y =34 ui'eafbun diaxi&e with Bydrdgen ic 1.5 tines E
.grea*t.er than taat of earbon monozide, and the volume of na.rho;n
.ﬂtlﬁxidﬂ _in_thli g&s is mu_l-*t.iplied hy l-:ﬁ in obtaining tha Hg,/ﬁ%)

ratic, as in a gis conteining 4% COg, 223 €O, 64% Hp and 10%

Hg, the Hé;yr"i,‘.ﬂ"":f‘ﬁ.tio' is. i = 2.285.
"TEE 3 (L.S x &) ]




theérein were waried.
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TABLE I

In tha axpai'imenta tabulated halow, cotalysts werem
tue¢d baving & constant content of Qrgly and Fe-Cr, viz. Eﬁ;ﬂﬁ
and 1i.1% ra_spactivéljr,,md the proportions of Znd amd Cud
In each oase the inlet gas ﬁoﬁt&inﬁﬂ

about 3% to &% €0p, B0F to 66% Hp, 22 to 253 CO and 63 to 10W

- %he slynificant Hp/GO ratic for esch. partitular gas is

‘Space Valooity
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in theze experiments, cataiyete werse used in which
the effect af varying the ampunt of all four constituenis is

E showhe The dinlet gess waes simllar to that given for Table I

Spaca Velsclty

10,000 30,000
Hat

$ % % % €6 GO0 Preio ¥ 00 Trod:
CrQs PeCr Znd Cud Ratilo Conys Rabdoc Souv. Ratio |

FIIT 4000 340 0 13,1 76,7 14.2 2,22 15.8 782  17.7 & 2245

IIT 4130 3607 8.0 13.0 671 11.8 2.08 15.6 2ses
ITE 3986 361 G623 18.1 54a% Ge7 1,06 81,0 3472
I 4000 GT6 2045 1340 GZ.3 6.6 215 16,1 534 1.2 1885
IT1 300 490 45.5 192 40.6 0.68 2.20. 13.1 0L 8,1 1082
]Iz 530;@_'3?@ 479 13.1 gg;o 0 2.04 11.9 57% 15.5 2104
{137 23000 440 49,1 11,7 §' 352218 4.9 20 3.6 458

R -

"

. The forsgeing tables clezrly indicste the characters

ITII 4000 370 20c6 0.6 60,4 8.5 2.05 18,7 768 17.5 2470 |

g ' : L : "
1istlcs of my ngw catalysts znd the process edpleying:thems. ..

| e guantlty of metaliic innluﬁiuﬁ. ferrockrominm, may bhs
varied it desirsd. ﬂacréasing'tha amouni detracts from the
heat ecapsalty of the catalyet, while inersasing smounic bave

no particular bepefit, and serve to peduce the yields by reducs

1
4

fherthe guantity of active nmaterial in the catalyot. Gthes |

- 13. :
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"maballic additlions may be subsatituted for ferrochromiom, Fop
: axanple, I have successfully smployed zins duat, pure irom
f and feoepl steel turninga. I have suployed ap Lo 5% of inﬂrt

‘meballle eddltlond, but I prefer Lo uas less then mboub S04,

The long aobive 1life of uy new catalyast ia made

é apparent by the faot fthat varlous batchea thereol have opersted

fnantinuausly without sporeciabie desrsase in activity in tha
I

|Ipruductian of methanol for periods in arxcessz of alghtean
dmnnths The reslatance of the catalystes whish I have dla-
':ﬂcvsred to polsona, auch as gulfur, is demonstrated hy the
faut thet theas catalyata have momtinued to operate satia-
racturily In prod@ucing good yislds of methanol afben they
hnvﬂ become conbtaminated with sulfur to tue extent of 108 or
;mura of the welight of thes oatnlyat,

Within the ranges of conditions fom the naw procpas

whigh T have given, I prafer to opesrats with setive pregsures

imf about 3000 powmda per aguere lnch, end with an outlet apaca

|valouity of ebout 183,000 o mhout 20,000 wolumea per wolmme

,per hour. Tnder theae conditioma, temperatures of about 300¢
| .

btﬂ atout ITE® 0. aps rreferred,
I

i
H

i ' 14,



1 GLATNM:

l. Methanol ocabalyst Initielly comprliaing ms the
‘aole easentlal logreldlenta zine oxide, chromivm trloxida, :
atxd copper oxlde et least in gn amount whlch rendera pnsaihlai
a viclent end highly exothermic reduction In the presence of ]

ooncentrated rodusing gas.

2« llethanol ecatalyat initislly sowprising sa the
g0ls esgentlal ingredienta zine oxide, chromium triczide
end at least about 1.5% by welght of copper oxide, the combin-

od content of zinc omtde, chromiuvm trioxlde, snd copper nxiﬂa,
belog greater then sbowt 50% by welght of the tobel.

i
S+ lMethsnol catalyst initially comprising esgen-

5161y zinc oxlde, chromium tricxlde, copper oxlde at least
in an smount which renders posalble & violent and highly
exothermic reduction 1n the pressnce of concentrsted reducing
‘gha and en Inert metallle sddition. !
|

4. Hethenol eatalyst initislly pomprlalng as the
2ola easentlal ingredients from about 5% to aboutb EE% zing

_oxide, from sbout £% to sboub 508§ chromium tricxide, and

from about 1.58 to. eboub 35% oopper ﬂxida, all by welght;
the mmount of zinc ozide belng groster than that required to
form & chromste wlth the chromivm oxide pressut.

B Methanel catalyst Initially compitlaing esssn-
telly from about 26% to mboub 65% zinc crlde, from ebout 8%
to sbout 50% ohromium trioxide, from sbout 71, 5% to about 55%

copper oxlde snd up o ebont 50% of sn Inert metellin addition'
il by waight.



tll‘\

84 Yethanol catelyst initially comprising exsen-
_tlelly from about 25% vo sbout 65% zinc diidn,_from about &% .
éétn about 504 chromiwn trioxlde, from ebout 1.6% to atout 558 :
E;cﬂppar oxlde, end up to ebout 508 ferrochromium, all vy weighté

| 7. Methanol catalyst Inltlelly comprlising sssen-

%itially Trom about 2¢f to shout 65% zine oxide, about 25% i
Ichrﬂmium triozide, from about 1.5% to mbout 35% copper axide, |

i
; ,end sboub 185 ferrothromtum, a1l by weight. !

r.' 1

i Ba Methenol cetalyst inltially comprising spsen- |
I

| tlally about §5% zineg oxlde, soouk 25% chromium trioxide,
about 7% copper oxlde and about 1z¢ ferroshromlum whisgh son—

teins aboub 704 %o va% ehiromlum and less then about 2% carbon,
| all by welght, R d

| 9. Nethancl catelyet substantielly 1dentiosl
i with a catalyst resulting from the redustion by means of a

hydregen~contalning gzea at rresaures less than 800 pounda
Per aquare Inch and st tempereturea beﬁwﬁan about 2007 gnd
jlabout Z00° ¢, of 2 eatalyst loltially comprising as the aole
iﬁaaantial Ingredients zine oxide, chromium Erloxide, and o

L

i substantisl amoumt of copper vxlde, the combined welght of

Zine oxlde, chromium tricxide, and copper oxzlde being mare
Than 5O¥ of the tobal.

i10. Methanol catalyst subatantiall&-iﬁentinal ®ith |
}a catalyat rssulting from the redustion by mesna of n hadragan-!
containiug Ba8 A% presgures leas than 800 pounds oY aguare

Ineh and at temperatupes bstween gbhout 200° and 300° G. of &

I
i‘
eatalyat Initdally comprising ezdantlally zinc uxide, chromtym !

I%rioxidn, copper oxide at least In an amount wileh rondens
'pmaaible & violent and highly exothermic roduction in he prea-f
| :

Fnﬂﬂ of congentratad reducing gzap snd en inert mateliic additinﬁ.

@



| inoh and st temperatures batwoen ahnut_EDﬂ“ and sbout 300° g,

lof g cebalyst inltielliy cbmpriaing from about 26% to aboub
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1l. MNethanol nabtelyst substantially 1ldsntical wlth
a catalyat resulting Irom the redusilcn oy meana of a hydrogans
coentaining gas at pressures leszs than 400 pounds per sguers

inch and et bemperatures between about 200° snd shout 300° ¢,

i of o catelyst initially comprising sadentislly 2ing oxlide,

chromim trioxide, at lenat aboub L.5% Ly weight of copper

oxtde and an inert metalllc addition, i
|

12. Hethanol cataiyst substantislly tdenficel with
B catalyst resulting from the reduckion by meena of a haﬂrogan-

I contalning gas ab pressures less than 600 pounds per squars

inch and ak tampara?urua betwean sbout EﬂD” and about 300° 4.
of a catalyat Initislly comprisalng as tha_éole esgentia)
lngredient f2om ebout £6% to about 65% zino oxlde, from about
8% to about 50F chromiwm trioxide, end from sbout 1,68 to
ebout 55% copper oxids, all by welghty the mptwnt of zine
¢xlde Teing greoater than thet ragalred to form a chromsta
wlth the chromivm oxiga Iresent,

13, Hethanol ecabelyst aubstantially iﬂantieal ﬁith=
8 cetalyat rasulting from the radunt*un by maene of o hyﬂrugan-

i

eentalning gas &t pressurss 1es= than GO0 pnunﬂa par square ;

85¥ zinc oxlde, from about 3% to abont 50Y chromium trioxtde,
and rfrom ebout 1.5% to sbout Z5¢ copper oxide, together with E

l2as then about SO¥ of sn Inert metallic addition, =11 by
welght,




14, HMethanol catelyst substentially ldentical wlth

8 catalyst resulting from the redustion by mesus of & hydpe-

pounds per sguere Inch sud ab temperatures betwesn sbout 200° |

;- gen-conbeining gas &t proasures of about BOD to mbout 500

é and about 300° S, of & cetalyst initislly comprising from

| least 2000 pounds per sguars inch Eng st e spece velooliy of

K]
it

wbout 264 to about 85% zine oxlde, about. 25% chromlum triexide;

chromium, &1l by weighk.

; from ahout 4% to shout 35X copper oxids, end about 13% ferro-

15+« Process of melting methanol which comprises

of aboul 0% to shout 450°

groater than that roguirsd to
chrowitm oxide prament,

; rassing carbon oxides together with hydrogen ot a temporsture
" of about 300° to about 450° .

ﬁ OGO to abeut 50,000 volumes Por volime por howr over g

catelyst initlally comprising zine exide, chromium tricxide,
{ end & aubstentliel amount of Coppar oxide.

16. Frocess of waking methanol whleh comprizes
PRAzlng oarton oxidss together with oydrogen at & tempersture
e with an sctive preasure of at
y Leaat 2000 pdunda par Squaﬁe ineh and at a spase valoclty of
1&bﬂub 10,000 to sbout 30,000 volumes per volume pexr hour over
‘2 oabalyed inltially cemprising ss the sols sssential ine
gredlents. zinc oxide, chromtum trioxide, snd copper oxide st
l1east in en apount which renders posaible s violent and
bighly ezothermic preduction; the anotmt of

2inu oxide belng
Torm s chromete with the

with an aotive pressure of st
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1%. PFrooeas of making methancl whlch comprisea

? passing carbon oxldes togethisr wlth hydrogen at o temperaturs :

and nickel.

of gbout 300 to sbout 450° {. wlth an acklve peossure ol ab
least 2000 pﬁunﬂa per aquafa Ineh and et a2 space velociiy of i
about 10,000 te about 30,000 wolumes per wolvme por hoar

ocvear a cotalyst Epltlally comprlslng espentiglly 2ine oxide,
chromivm trioxlde and et least sbout 1,5% of copper oxids,
topether with sn inerd wmetsellic sddition.

18, FProoess of malking methanol whdeh compriznes

pasalng cerbon oxides together with Lydrogen at & temperature
of sbout SF00° to smbout 375° 0. wlth en setlws pressurs of
about 3000 to ebout 4000 pownda per Squere lnok sad e b

apace veloolty of aboub 18,000 to about 30,000 volumsa per ;
volmme per hour over 6 catalyst inttlslly comprising essen-
tlally from about 26% bte aboubt &5% zinc ﬁxida, about 28% .
chromitm oxids, frow sbout 1.5% to sbout 35% copper oxlde,
and about 13% ferrochromivm,

19, DProceaa of making methang) which comprisea
passing carbon oxidea together with hydrogen at a tanperature

‘of ghout ICO® Lo abowt £50° C. with en active pressure of

i
) ) |
.at least 2000 pounda per sguare inch and ab a apaoce veloolty !

of 5000 to aboub 50,000 volimes per volume Dar hour over a :
catelyst inifially comprising essentlelly zine oxide, shrowlium
trioxlde end a substanblal smounmt of copper oxide, said i

]

catelyat belng conbained withln a veszel having lmner surfaces

copposed of an sustenitle glley stesl contalalng bosh nhramium!

1
i
1
1
1
i



| swrfaces composed of an austenitic alloy ateel contelning

: bout BOOD to sbout 4000 powunds per aguars inch and ab a

. spade veloclty of aboub 28,000 to ebout 30,000 volumea par

A

)
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20. Procsss of meking methancl whieh comprisgen
pazaling carbon oxides together wilth hydbtogen at a temparature
of abogt F00° to about 460° ¢, with an active prassure of at
Teast 2000 poundz per square inch snd at a spece veloolty of
gncot 10,000 to about 20,000 volvwmes psr volums psr hour :
over & catalyst inltially somprising essentlally zine oxide, E
chromivan tricxide end at least ebout 1.5% of copper oxlde,

aald catelyst being conbalned within a vessel having inmer

both chromium end nlckel.

£l, Proceas of meking methancl which comprizes
passing oarbon oxldes togather with hydrogen al s temperature

i
i
|
i
i
|
|
[
of ebout 3007 te abopt 375° C. wlth an setive pressure of

volume per lour over a cabtalyst initislly comprlalng essen- |
t1ally from about 26% to about 65% zinc oxbids, abouk 25
chfﬂminm oxide, from about 1.5% to zbout 354 copper cxlds

gnd about 13% ferrochromiws, sald catalyat belng conialned
withln & voszel tawing Inner surf'scea composed of aﬁ auzatanltin
zlloy steel conbelning both chromium end nislkel,




