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Improvements in the Catalytic Production of Mathanol.

We, Comvwroral, SoryeNTs CORPORA-
AION, & ¢ ation orgunised and existing
under the Jaws of the State of Maryland,

Tnited States of Americs, located &b
Terre Wautu, Vign County, Stabe of
Indiana, United States vi  Ametica

{Assignees of Jouy CAULFTRLD WOODRUFE,

a oitizen of the Tnited States of Amerioa,

of 1528, South Sixth Stwect, Terre Hante,
Viga County, State of Indiana, United
Stuies of America, and Ggovir BrooM-
smrn, 4. citizen of the Thnited States of
Ameries, of 1306, South Crnber Réreet,
Terre Haute, Vigo County, State of
Tndisns, United States of America), do
hershy declare the nature of this invenbion
and in what manner the same is to he
performed, to be particulaxly described
und ascertained in and by the following
stutement; i—

This invention rdlates to the production
of methanol hy fhe high pressure catalytic
combination of oxides of carbon with
hydrogen, and pertaing mora directly lo
the prepazation and employment  of
improved catalysts n the process.

Methanol may be produced by combin-
jng oxides of carbon with hydrogen in the
presence of o smitable catolyst at elevated
temperaturc  and  pressure. Carhon
monoxide, carbon fioxide, and a mixtwre
of the two oxides may be gmployed, these
substances reaciing with hydrogen 46COTG~

‘ing to the followinyg equations :—

Carbon monoxide—CO + 28, ~ CH,0H
Carhou dioxide—{0, +8H, =
- OHLO0H +H,0.

Tt is observed that when carbon
diexide is the pxide employed, one -mole-
cule of water is formed for every maleculs
of methanal produced. On the other hand
when pure carbon monoxide is used,
theoretically there is nothing preduced by
the reaction bub
practice pure earbon monozide and pure
carbon dioxide sre hoth difficult to obtaiu
ceomomically, so  thaf the wmethanol
gyuthesis s carried ont by Teacting mix.
ture of oarbon monoxide and earbon
dioxide with hydrogen.

Tn addifion to the reactions producin
methanol there aws, in the methano
gynthesis, pudesizable -~ sifle-reactions

Cating

methanol. Actually in

which out down the yield of the desired
product.  The principal side reaotinn
which may occur is fhe formation of
methane, which is Mustrated below :.

C0 +8H,=CHK, +H,0

00, +4H, =CH, + 2H,0.

Tn sddition to the methanc side-reaction
there are other side-reactions which some-
times oocour in wihich there are produced
osters, sldchydes, crganic acids, ketones,
end hydrooarbons other than methanc ;
these Teactions occmmring ss the resulb of
the polymeriration or candensabion of
methanol or its decomposition products.

Wkhen a ges mixture cosprisin carbon
oxides mixed with an excess of nydrogen
aver the amount thooreticaily reguirved to

rodnce methanol is  passed over o
catalytic substance comprising metals ox
their oxides at o pressure above 50 aimo.
gpheres and st & temperaturc above 250°
C. there jis nearly always produced some
renction hebween the gaseous components.
The exient of this. resetion depends to
some degrec on space velacity, tempera-
fure, and pressure, but the fact remains
that under the conditions outlined, carbon
oxides and hydrogen react to some extent
in all cases.

The substances foxmed by such & pro-
cess dopend, hoth as §o identity and as bo
amount, slwost enfirely on the naurc and
activity of the catalytic substance presont.
Tn geteral, finely divided metala or mix-
turer of metallic oxides mon-reducible %o
frec metal mmder the econditions of the
methanol synthesis are catalytio sub-
gtances which cuwuse the production of
more or less methsnol, Tron wnd mickel
and. their oxides, while usein]l hydrogen-
and dehydrogenating oatalysts in
meny other instances, huve in the pusb
heen deemed unsuitable for cmploymend
as meshanol eatalysts on account of fheir
strong methanating action whick largely
prevents mothenot formedion, the carbon
oxides being reduced o methane.

We have direovered a bew type of
methanol eatalyst which produces a higher
yield of methanol than those formerly

- employed in the art, and at the same time

methamol, wneon-
A additional

produces o VETY pure
taminated by by-products.
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.2 suitable catalyst, but in

adventage scorwing from the use of our
catalysts is that the formation of methsne
in the process—with ©the conweguent
destruetion of valuable hydrogen—is
praatieslly eliminated. -

It iz Lknown that metal oxides, non-

redueible fo metals under the conditioms

of the mythenol reaction serve us satisfae-
tory base or priosipsl moterials in the
formulation of methano]l catalysts (Speci-
fication WNo. 227,147). For ezample &he

oxides of metals of the second gromp in.

the Bendeléeff’s Pariodiec Table of Iie-

‘ments—sush #a zine and magnesium—may

be  allernotively employed as 1principal
cutwlysts, bul sinee by fhemsslves the
oxides ave not true catelysts they are com-
bined with smaller guantities of catalyst
* promoters “-which in turn may con-

gist of other metallic oxides of the Third .

{0 Hoventh Periodio Table groups.

For cxamples, ziie vxide—per se—is notb
izbure with
a less basic metal oxide, such as the oxides
of chrominmm, manganese, malybdenum,
titeninm, eprfum, vanadivm, tongshen,
ebe,, the ssid additive oxides apprrontly
acting as ° promoters”, “the — mixiure
becomes a pgood catalyst for methanol
produstion,

Simflarly magnesiom may he used fo
replace zine in fhe -production of sueh
catalysts, In the prior art the cabalysb
mixtures of fhis’ type ualformly conbained
a grester proportion of the more basic
(zine or magnesium) oxzide, sod a lesser

_proportion of the additive Gxids;

‘We have now discovered that mebhanel
catalysts ocomprising mixztures of "nom-
yeducible metal  oxides, ie. metaliio
oxides which are non-reducible under the
conditions of the rewction, may be greatly
improved by the additicn of a metallic
halide. The precizse mefal employed in
the halide may be either identieal with or
differant froni. the metal of stther or any
of the cxides, .

The metliod by which the metallie

holides produce the Dmpravement is not

known to us. Al least three theories msy
be tsed fo account for the phenomencn—
namely =—  ° o '

(1), The metallic hdlide acts
ordinary  “promoter” in
oafalyst sotivity; .

(2). The mefallic lhelide interacts with
ofber ractallic oxides prosemt in the
catalyst to produce oxychloride compounds
which, in %orn, either mervé as catelyst
promoters, or mey se modify the purely
physical state of tha masg as to producs a
more active oabalyst ; '

(8). The motallio holide may be reduced
by the high® predmuoe condact ‘with
hydrogen snd cathon oxides during the

as  an
increasing

commencement of its use as a cakalyst and
the fesultant finely divided metal may
increase The oatalyst aetivity, or alterna-
tively, the metallic halide may flvst react
with one of the metal oxides producing
the halide of that mefal, which may be
reduced in the same manner.

However, the ciss explanation for
the improved result attained by the addi-
tion of metajlio halides to methanol
cabalysly iz not known and forms no pact
of this invention,

To produce our improved cutelysts iv iz

not necessary that the amount of metallic

halide added bear ahy exact weight rela.
tion to the remaining constituents of the
cabalyst, though the amount of helide
added should preferably be Jess than that
which is chemicelly equivelent to the
amonnt of principal metallic oxide pre-
sent in the cabalyst,

This invention Is of widespread useful-
ness In the mothenol art sod to forther
disclose it but in no mammer to limit it
bheyond the limitationz derived from the
whole Specitication the following Mlustra-
tive examples of such calalyst rixtures
are given —

Zine uxide—chrominm
chtoride.

oxide—-zing

Fine oxide—chrominm ozide-—ramadiom

chloride.
Zinoe  oxide—manganese

oxide -magnes-
. ium ohloride.

Magnesivon  oxide—vanadivm  oxide—
- -magnesium fnoride.
Magnesium  oxide—chromium  oxide—

chromium chloride,

Btrontinm  oxide—chramium  oxide—zine

chloride,

Zino  oxmide—vanadivm  oxide—magnesinm

chloride.
In gemerad, catalysis of this type are
most effective if the oxide of the second

group metal is present in predominating

quantity over the other, promoting, oxide.
Iowever catalyeis containing oxides in the
reverse ratio produce methanol and are
included in this invention.

The addition of o solution of zine

“chloride to & wmixbture of zine oxide and

chromium oxide, followed by a drying and
recovery of the mass, produees a catalyst
giving vesulis superior to those known in
the art. Bimilar improved catalysts are
obfained when other combinetions of
second group metal oxide and metallic
halide are msed—jfor example magnesinm
oompornds.
. As illustrative of our improved ecatalysts
the following vesplis ara appended.
' Hxamerw 1.

A cotalyst base materiel i3 prepared by
dismolving 8 kilograms of chromie nifrate
(Or(NQ,},9EL,0) In 5 lters of water; add-
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relattve non-volutility and ready accessi-

272,864 3
ing with stizring 3 Lkilograms of zine about 9 litess of condensate analyzing
odide, evaporating the mass to dryness, about 579 methanol,
amd heating until the chromic nitrate is In the absence of the zinc chloride the
converted Lo chromic oxide. The mixture total volume of condensate will be reduved

5 iz then broken up snd sieved through a and the percentuge vield of methanol will 70
67 mesh screen. be gréatly reduced.

¥ a guantity of this material is mixed Exsarrn IV.
with 10%, of dextrin or a  simiar I in Example III, lthe =zina oxide is
agghttinating agent dissolved in 10 parts replaced by magnesivm  oxide,  the

1¢ of water and the resultant mixture dried resullant catalyst under similar operat- 75
sud broken np into pranules, a catelyst is ing conditions will produce sbout 1.3
obtuincd suoh as is described in the prior liters of condeusate per hour, ihe methraol
art, aontent remaining about the same.

When o migtore of earbor oxides and Exaurre V.

15 hydrogen comprising, say, 10% of caxbon 2600 grams of zine nitrate (Zn(NOg,. 80
dloxide and 909, of hydrogen at a pres- 6ILO) and . 160 grams of iongstic exide
gwre of 2200 pounds is passed thromgh (WoD,) are mixed and heated until the
1000 eubie cendimeters of such a catalyst zinc Titrate is -converted %o zine oxide,
af a apace velociby of 76,000 and at a tem-  The resultant yellow Tunas is powdered and

20 perature of about 950—400° C. there will mixed -with 200 grams of 609% zine 83
o produeed abouwt 900—1000 cubic centi-. bromide solution. The resulbant mess is
meturs  of condensate pet hour. On  dried epd lwolren up into grapodcs. When
sialysis  this condensatc will show @& ges mixture comprising §% c¢arbon
40—46%, methanol, the remsinder bei dioxide, 5% carbon monoxide, and 90%

95 largely wuter. An analysis of the resid Jhydropen iz passed through 1000 cubic OO
gas will show a considerable methene  centimeters of tlis catalyst at & space
Formation. velocity of about 100,000, a temperature
“If 4o the dextrin solution nsed to gramu- of sbout 400° C., and at o pressure of
late the sieved medcrial theve is added a  2500—3000 pounds, there wil be pro-

30 zine halide, preferebly wine oxide in duced, hourly, ahout 1.5 liters of con- Y5
such amount theb it rvepresents from densate analyzing aboub #0%, methanol.
6—10% of the weight of zinc oxide and Exsmerm VL
chromic ozide, the mass heing dried and 3900 grams zinc nitrate (Zn(N0,),.6H,0}

. broken up in the seme manner, an eand 5H00 grams uramium  nitrate (00,

35 improved catalyst will resnlt. Under the (N0;)2.61L,0) are dissolved in & liters of 100
samme reaction conditions this catalyst will warm water. To this mixture is added
produce from 1.7-—2.0 liters of condensate sudficient otassium carbouate to precipi-
per hour and this condensato will show tate gll of the zinc and uraniwn as oar-
about 56% of methanol, the remeainder bonate utd basie  carbomate. The

4) being smbstantiaily pure water. Furthor. resultant precipitatc is recovered, washed, 105
more an analymis of the residual gases will dried, a,ndpr moistened with o solution con-
chow a diminution in methane forma- taining 200 grams uine chloride. The .
tion. 7 magx 18 apain dried, ‘and is broken up into

- Exsyrre 1. gennales, wherenpon it is ready for use. _

45 It the zine halide mentioned in Nizample  When a ges mixture comprising 10% LG
T is veplaced by an eguivalent quantity carbon dioxide and 90%, hydrogen is
of msgnesium chloride similsr improved passed ab a space velnaity of 75,000 over
results will be obtained. The yield of cons 1 liter of catalyst granules &b a pressure of
denzate may fall to about 1.6 liters per 2500 pounds and @ lemperature of

50 hour, the methanvl content being un. 380—440° C. there is vbigined hourty 115
ohanged. ahout 3 litors of condensate uauclyzing

Exawrrzr I abowt 489, methanol. A similar catalyst
2200 grams of gine oxide and 300 grams  @n which & metallic halide iz net added
" of chromic ozide are mized in » solubion gives a far smaller yield and conversion

&6 of ahout 200 grams of zing chloride and to methanol 120
950) grams of dextrin in 3 liters of water. The specific examples we have related
Tho maes is dried snd broken mp into are intended to display various phases of
gronules. When a gas mixbure sompris. our invention and not to Hmit ib. While
ng lﬂd% carbon dioxide 29, ocarbon in the above specific examples we have

60 monoxide, and 889} hydrogen is passed shown the use of metallic chlorides and 125
through 3000 eubie centimeters of tha metallic . bromides, it shonld be under.
catalyst, ab a temperature of about stood that similar results are aftained wilh
480-420° (., at a space velocity of other halides, though in general we prefer
75,000—100,000 and at a pressure of 3000 to employ chlorides on acecnmt of their

65 pounds there will be preduced, houly, 130
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 aware beon sug

bility.  There exists, of ocourss, 3
possibility of almost infinite variety in
changes of percemtage composibion of our

improved catalysty. ~We have abserved
however, that while changes in the pro-
portionate amount of second group metal
to promoter produce changes in catalyst
effectiveness, at the same time the

rasence of w metal halide in the catalyst
fuvariably produccs greatly improved
resukts.

T4 is, of course, obvicus that one may
replace & single second group oxide by a
mixture of two such oxides. For example,
wine oxide may be replaced by & mixtmre
of zinc oxide and magnesium oxide. Like-
wise instead of one promoter oxide such
a5 ehromium oxide, one may employ a
misture. Smch changes arve within the
spirib of our jnvention und the appended
claims. .

An increased space velocity produces an
ingreased houly yield and an iourease in

operating presswo bas the same effcet.

ewise the nse of pure carbon monoxide
ay distinguished from carbon dioxide or &
mizbure of the two results in on inoreased
methanol peroentage in the condensabe,
and since carbon monoxide seems to react
more readily,
valume.

We are aware that it has been proposud
to use catalysts in the manmfacture of
wmmenia, or snlphuric acid in whieh a

an inoreased condensate

- metallic balide is carried on & sugport of

or mixed with o diffienitly reducibic mebal
oxide such aw chrominm oxide, bub the
employment of a difficulily redacible oxide
or oxides with a metal halide in the pro-
with consequent
advantages, has nob, ipsofar as we are
ted hitherto, The
use of iron, nickel and cobals in the
of axide or other compound in conjunciivn
with » difficultly reducible oxide in the
produetion of oxygenatcd organic com-
pounds depends upon the seturation of he
contect mass with the compounded ele-

ment o that the formation of free fron

metal does unob ocemr; furthermore, no
previous indication has been given of the

forior'-
rm

use and advantages resulting from the use
of halidcs.

Having pow particnlarly described and,
ascertained the nalure of our said inven-
tion and in whyt menner -the same is lo
be performed, we declave that what we
clain is :— -

1. Ao improved process fur the produe-
tion of synthetis methanol which com-
prises passing s mixture of hydrogen and
carbon oxides at a pressure in excess of 50
ptmospheres and at an elevated tempera-
ture over a catalyst iuilially comprising a
mixture of mefal oxides non-reducible
under the ennditions of the reaction and a;
metallic halide.

9. An improved process for the produc-
Hon of synthetic methanol as claimed in
Clgim 1, characterised in this that the
metal oxides comprise s metal or metals
of -ths second to the seventh groups of
Mendeléef's Perfodic Table.

3. An improved process for the produe-

thon of synthetic methanol as claimed in
Claims 1 and 2, fn which 2 second group
metal oxide predominates.
.4, An improved process for the pradue-
tion_of synthetie methanol as claimed in
(laimes 1 o 3, in which the mefallic halide
is present in amounts not exceeding that
which ig chemically equivalent to that of
the second group czide.

. An jmproved proccse for the produe-
tion of synthetic methuncl as claimed in
Claime 1 %o 4, in which onc or mgre of the
folowing mctals are present either as
oxide or hulide, or both :—Zinc, magues-
iurn and strontium.

6. An improved process for the produc-
tion of synthefic methanol as claimed in
any of the preceding claims, in which the
halide employed is a chloride.

7. The jmproved process for the produe-
tion of synthetic methancl substantially
a3 hereinbefors deseribed,

8. Metbanol whenever prepared or pro-
duged by the processes hereinbefore
deseribed and olaimed.

Dated. this 20th day of April, 19217,
T _ MARKS & CLERK.

Abingdon: Printed for His Majosty's Stationery Office, by Fungons do Son.
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