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COMPLETE SPECIFICATION.

Process for the Catalytic Production of Methanol.

Weo, CoumERcist, SoLvenrs CoRrrona-
wrow, a corporation organized and exist-
ing under the laws of the State of Mary-
land, United States of America, located
at Terre Haule, County of Vigo, Btate of
Indians, United States America,
{Assignees of Jomy CavrFiELD WOODRUFE,
of 1526, South Sixth Street, Tare Heaute,

Indiana, Upited States of Ameries,
Gnover Buoomrmmrd, of 1308, Svuth
Conter Strest, Toree Ilaute, Indisus,

United States of America, and Wriiram
Jawes Daswwres, of 14304, South Center
Street, Terre FHuube, Indiana, United
Qtates of America, all eitizens of the
tinited States of Americn), do hereby
declare the nabure of thiz invention and
in what maoncr the same is fo be per-
formed, to be particfarly described and
nsuertained in snd by the following state-
ment -—

Thig invention relutes to the production
of methanol by the high pressurs catalybic
combination of oxides of ocarbon with
hydrogen, and pertains morc direotly to
the preparution of improved uatalysts and
thejr use in the process,

Methano! may be produced by ¢ombin-
ing oxides of earbon with hydrogen iz the
presence of a suitable catalyst at elevated
ternperature and presswrc. Carbon mon-
oxide, carbon doxide, and mixtures of the

" two oxides may ba employed, these sub-
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ghavees reacting with hydrogen according
to the following equations —
I. Carbon monoxide — 0 +2H, =UH0R
II.  Carbon dicxide-CO;+3H,—
CH,O0H +H 0
It iy ohserved that when carbon
dioxide is the oxide employcd, ome mole-
cnle of wator s formed for every molecwla
of methanol prodvced. On the - other
hend when pure carbon monoxide is used,
theoretically there is nothing produced by
the reaction but methanol. Actually in
peactice pure carbon monoxide and pure
vacbon Aoxide are buih diffieult to obtain
economioally, so that the methanol syn-
thesis is frequently carried out by react.
ing & mixture of carbon monoxide and
carhon dioxide with hydrogen.
the production of methanol by the
interaction of ‘hydrogen and - curbon
[Price 1s.]

oxides iz ecggontially a hydrogenwbing ro-
action effected by hydrogenating cabe-
lysts. While the methanol reaction s
grdiparily represenied scsording to equa-
tions T and 1Y above, it is probable that
there is an intermediste reaction and that
this resclicn may involve the prodaction
of formaldehyde which iz afferwards fur-
the, hydrogenated to mefhanol, thus —
TIL GO +H, =CH,0 +H, =0H,0H
Tn the case of corbon dicxide, the first
reaction cceurring ir probably the redue-
Hon of that waterial fo carbon monoxide,
and Bquation II may thus be expanded
as follows :—
Iv. C0,+H,=H,0+CO
C0 +Hy;=CH,0 + H,=CH,0H
Under cerfain conditions no methanol
is produced by the high pressure vabalytio
reaction of hydrogen and carbon mon-
oxide—only methunc being formed. This
venction iz illustrated Dby the following
cquation —
V. (0+3H,=CH,+H,0.
Tt is, of course, certain that Equation Vv
represonts & summation of scveral inter-
mediate reactions. 1t represents the com-
plete hydrogenation of carbon monexide,
A possible course of reaction iz indi.
cated below.
V1. G0+H,=CHO
GIL,O + H, - CH,0L
cH,0H + B, — CH, + Hy0
In addiion %o the methane reaction
there are other side-reastions which some.
fimes ooenr in which there are produced
esters, aldehydes, organic arcids, ketones,
and hydrocarbons other than methane ;
these resctions oecurring as the result of
the polymerization or condensation of
methanol or its decomposition products.
When a gag mixture comprising cerbon
oxides mized with an exeess of hydrogen
over the amount theoretically required to
produce methanol i passed nver a cata-
ﬁiﬁ suhstance consisting of metals or
theiv oxides at a pressure ahove 60 atmo-
spheres and at a temperabure above 250°
¢ there iy nearly alwaye prodused some
rezction betwocn the gaseous components.
The extent of this reaction depends to
some degree on spa0e veloeity, {empera-
ture, and pressure, but the fact remains
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© pound is reduced i the presemoe of ‘a

that wunder the conditions outlined
carhon oxides and hydrogen react to some
extend in all cases.

The snbstances formed by such a provess
depend, both -as to identiby and ax fo
ainount, almost entirely on tha nature and
aolivity of the oatalytic substanoe present.
The methunol calulysts moptioned in
prior patents and lterature are vombine-
tions: of metals or their oxides which sub-
gtences normally exert a hydropenating
catalytio effect on gasg reantions,

The liferature on fhe high pressura
tatalytic  proecss  for  synthesiving
methanol states that the presence of
nickel or any of ite compounds in & ceta-
Iyst destroys or peisons the uabalyst and
tends  to inhibit methanol formation.
‘While nickel ahtained by a reduction pro-
cose §8 an ewcellent hydrogenating cata-
lyst for meny reactioms, it has been re-
poried to react with earbon monoxide,%and
with mixtuces of hydrogen snd the carbon
oxides {il.e. otrbon monoxide and jor
sarhon dioxide) used in the methanol
reaction, forming a volatile earbonyl com-
pound which, it has been shated, inhibits
the methanol resction. The normal effect
of the presence of nickel in e methancl
catalyst according to present theories is
{0 cause the reaction of hydrogen and
earhon oxides to produee mainty methane
and water.

. Wa are aware that it has been proposed
to prepare wpicksl catalysts for reduction
processes by the reductiom of a mnickel
compound in the presence of o oarrier by

the action of hydrogen ab tempesutores of

400° 0. or er, A temperature of
about 550° C. has also been proposed for
the reduction of nickel somponnds with
hydrogen and for a subseqiend ing of
the product in & sivewn of cerbon dixide,
moreover nickel has been reduced with
carbon or a carbon-containing ecompound
at B50° to 630° C. in a non-oxidising
abmosphere, the catalyst produced heing
wmed in the hydrogenation of fatty ofls.

A further kmowm method conmists in the
preparation of nickel cafalysta for mee in
: ochnction of methanol wherein the
wiokel is in the sfate of an alloy, with the
metel element of o diffieultly zedueiblé
meébel oxide, or compoonnded with the
metalloid element of a difficultly reducible

non-mefal oxide, the ~ nickel ‘heing
saturated or even supersaturated with
the dissolved ar compéimded ‘ele-

Fn this cage the nickel ocom-

diffieultly roducible oxide ab & tempera.
ture of nof more tham 400° C. and the
tltimate catalyst contdins =nickel Id

. chemical combination or in' the form of
* an alloy or & solid solution. ’

Tn the methanol art it has never been
thought vossihle hitherto to mse z nickel
catalyst In which the nickel is m a free
condition and uneontaminated with other
tumpeunds or metals sinee the activity of
this cutalyst in the form as ¥mown
hitherto is so great as to decomposs any
methanel produced when such a cutalyst is
entployed.

oording to the present invention,
however, an improved process of produe-
ing methangl is disclosed, in  which
hydrogen and carbon monoxide and/or
carbon dioxide are padsed under pressure
at an elevated temperature over a catalyst
consigbing of nickel, and ihis invention
iz oharacterised by the fact that the nickel
camployed has been prepared by redueing
s nickel compound hy the acton of
Lydrogen at a bemperatre of from. 300°
to 950° C. Pre:ferabl; a redustion tem-
persture of from 500° to 600° C. iz used
and it is sometimes sdvantageous to per-
mit the nickel thus preduced to ecol in
the atmosphere of hydrogen prior to use.

It hos been discovered that a nickel
catalyst of ihis type is puitabie for use in
the high-pressure synthegis of methanael,
all of the prior art literaluze el with-
standing. ‘lhe lack of success of priox
offarts to employ nickel eatalysts in the
synthetic mefhanol reaction is attributed
t0 the character and to the degres of cata-
lytic.. activity of the nickel oatalyst
employed. "Avcording to our. own experi-
ments, ordinary nickel catelyste smch as
have been employed in obhor similay
chemical pwecesses are not suitable for
gynthetic mathanol prodaetion. ¥ has
heon  diseavered, however, that nickel,
prepared by the treatment with hydrogen
af elevited temperubure of reducible com-
pounds of nickel such as the hydrate,
the oxide, the nitrate, or various organie
sidfs ‘guch as the oxalate or farirate, may
form w very wvalnable eatalyst for aym-
thetic methanol produetion.

- In prior atlempts to adapt nickel cata-
lysts o synthotic mothanol production a
catalyst of high activity hes apparenily
been employed and the rusolb attained Lag
merely been the complebe hydrugenation
of rarhon monoxide to methane, as wes
indisated in liquations V and The
pickel catalystz which were formd value-
less in. prior ert tests were composed of
nickel or nickel oxide in admizts with
an inert support or In edmizturc with
another catalytic oxide. In case the cate-
Iyt inifially confained mickel oxide, it
wwould, of comurse, be largely reduced to

. mefallio pdekel, either prior fo or during

uge.  Eb is & fact well-established in the
catalytic hydrogenntion art that ndekel
obtaincl by s vedustion process while in

T

75

il

85

90

100

105

110

116

120

126

130



279,377 ¥
admiztnre Wwith an inert supporting mass duce ouly methane. IF has been dis-
is & more active catalyst than is the nickel coverad that nickel catalysts produced by 30
obtained  from  the idemtical mickel the redustion of nickel compounds with
eampound when reduesd at the same fem-  hydrogen within a temperature range' of
5 persture in the wbsonce of 4 ‘supporting 300 50 ¢, mav he employed in the
medizm, It is also well known that a synthetic methauol rcaction. 16 has been
reduction temperature above 300° C., all further discovered thab aickel chtainerd 33
other things being equal, produces & loss Dby reduetion of mickel compounds with
aetive mnickel cabelyst than doss a lower hydrvogen within & temperature range o1
10 temperature. It has been found, how- 500-—0600° C. i the best gynthetie
sver, that o granular nickel oatalyst pre- methunol vatalyst. .
pured by the veduction of nickel vom- n the tabulation below the resnlts 40
pound, psr se, may satisfactorily serve as attainad in the synthetic methenol process
a methanol catalyst, provided the propsr are shown, with the improved mickel vata-
13 degrea of activity is xmparted during She lysts forming the subject matter of this
reduetion. . invention.. The process was carried oui
Wickel obtained by a reduclion process by passing a mixture uf fram 84 o 82%, of 45
at temperatures in excess of 060° C. has hydrogen and 16 to 18%, of carbon mon-
litile or no catalyvtic effect in (he syn- oxide through 10" ve of granwlar nickel
90 $helic methanot reaction., This fact is oatalyst under the pressimes and at the
sitributed to the oharscter of the nicksl; tempevatwres indicated, the methanel
ohtained by reduction at so high a tem- being yeeoversd by cooling the reacted B0
porature 1 is %00 inactive s ocatalyst. gases and condensing under pressure.
Nickel obtained hy a reduction process at 'The per cent. methanol in the condemsate
25 temperutures belaw 300° C. is 50 active & ig raported and it shomld he understood
catalyst that its effect in the synthetiv that the residmal per cent. of condensate
imnethanol reaction iz to completely hydro- in all cages was waber. 545
genate carbon menoxide and thus te pro-
Produstion %
af catalyst Reaction Reaction  Spuee .0, e carbon
by temp.  pressure velocity condensate methan- monoxide
rednetion, =0 {lbs, per of | per ol in
80 °( #g. inch.) 8BS hour grag
300 450 3000 30,000 13 81.0 14.5
300 460 3000 20,006 2.2 47.8 185 -
300 400 3000 40,000 34 - 43T 16.5
800 400 3000 20,000 4 20 16.0
65 500 420 3000 40,000 3.4 "48.5 17.0
530 400 8000 5,000 L3 78 17.0
550 400 3000 3,400 1.1 . 83 17.8
830 400 3000 10,000 2.0 2T H2.9 17.0
350 400 3000 20,000 3.5 " B3.9 170
0 550 400 3000 40,000 3.4 T HR5 17.0
550 400 3000 60,000 8.0 T 802 17.0
GO 380 2000 75,000 4.7 - 45.8 10%
600 435 2000 75,000 27 49 16.6
850 400 3300 20,000 1.8 " 44.3 16.9
75 060 400 3300 40,000 2.5 416 16.9
050 480 3600 35,000 2.6- 41.0 14.0
#Cgrbon dioxide replaced carbon moneoside in this test.
The space velocity given in column four cise time required for reduction depends
above is the mumber of volumes of gas, on the area of maborial exposed and the
§0 messured at standard conditions, passed space velocity of the hydrogen. ~When
over one volume of satalyst in one howr.  redustion is completed it is preferable, 95
Tor the purposc of produsing the im- though nol necessary, thab the produeed
proved catulysts, ag & buge material any catalyat be allowed fo sool down %o roop:
essily-reducible vompound of nickel may femperature in a hydrogen atmosphexe,
85 be ewmyployed, for example the hydeate, Once prepared, the oatalyst i notb
nxide, nitrate, tarirate, or oxalute. There- damaged by exposure to air. 100

a0

dustion may be earried out in the ordinary
manner, known to those skitlad in the art,
which consists in heating granules of the
mickel compound to the proper tempera-
ture in a current of hydrogen. The pre-

Tf desived the reduction may be aceom-
plished in the synthetic methanol appa-
ratus immediately prior to mse.

‘When gronules of a nickel compound

are reduced with hydrogen -within the 103
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temperatuce range 300—050° C. the
nickel catalysé so produced is suitable for
methanol production, as was shown in the
above tabulation. Nickel thus produced

below 300° 0. reteins & powdery character

and no particle fusion is noted. The
catalylic aotivity of suck maferial is so
orest that complete hydrogemation of
carhon oxides is attaimed. Mickel thus
roduced within the temperature range
800 950° . is apperzently in a state of
incipient fosion such that it bhas just
enough ecatalytic activity to carry the
hydrogenation of carhon monoxide Go the
methanol stage. MNickel obtained by re-
dueing a mickel compound with hydrogen
ahove 950° (!, iy wceording to our belief
o completely fused as fo destray the cata-
lytic activity in methanol work.

Granules of nickel compound sullable
for reduction may be prepared by
moistening the powdered or crystalline
compound with water, compressing fhe
moist mass into tablet form, and permit-
fing it to dry slowly. In plsce of pura
water, @ dilute aqueous solufion of an
agglutinating substence suoh as dextrine
may be employed, and better granules
thus obtained.

Nickel hydrate in pure fom and, in
dense granules highly suitable for redue-
tion and subsequent use as a catalyst may
be prepared in the following ruanuer :—

A molutlon of mickel nitrate Ni{NOg),.
6H,0 or similar soluble nickel salt is
mude up in distilled water to a concentra-
tion of ebout 194. ‘Thiz sclution is heated
to 95-—100° C. and is then freatcd with
sufficient smmoninm hydroxide to just
vender it alkaling, as indicated by el
liant yellow * indicafor paper.

The precipitate thus formed is allowed
to seble and the supernatent liquor is re-
moved by syphoning or decantation. The
precipitated nickel hydroxide is scparated
in any convenient moumer, for example
by centrifuging, snd is washed with abouf

five times its volume of disiiiled water.

The precipitate is apain svperated, and
on uceounf of its voluminous charsctcr the

final separstion from the wash water is’

most conveniently done with a centrifuge.
The moist precipitete is them spread out
on plates in layers about 1 om. in thick-

ness and dreied st 100—105° C. for about Gb
10—315 hours. The precipitate forms
hard dense cakes during the drying,
period, and is subsequently Dbroken mp,
into grannles of a mize suitsble for ecata-
Iytic use. o :

Tt is understood, however, that. the-
specific example of the method of prepar-.
ing nickel hydrete for rednetien and sub-
sequent use as a methanol catalyst is flius--
trative merely. Other nickel compounds
mey be nsed ax the bagis of a nickel cata-
lyst uy was disclosed in & prior section of
thiz Bpecifieation.

While in the above tabmiation of the
results obtained in the production of syn-
fhetic mathanal with the improved nickel
catalysts, the reaction temperatures
employed vary from 380—430° C., it

.should be understood that these catalysts

oxé ¢perative throughout the cntire opers-
five ronga of reaction femperatarve for
synthetic  methanol production—that is
250-—450° C,

Having now portieularly described and
ascertained the natwrc of cur said inven-
tiom and # what manner the seme I8 to
be perfermed, we declare thut whab we
claim is —

1. An improved procass’ of producing
methanol which, consists in passing a mix- 88
ture of hydrogen and oarbon monoxide
and Jor carbon dicxide under pressure ab
su clevated temperature over a cuialyst
consisting of nickel characterised in this
that the mickel eatalyst has been formed 90
by the reduction of a nickel eompomnd
with hydrogen ab o tomperatmre of from
300° %o 950° C.

2, An improved process of producing
methgnol as claimed in Claim 1 wherein
the cetelyst employed has been reduced
ab & tewmperature of frora 500° o 600° C.

3. An improved process of producing
methsnol as claimed in Claims 1 and 2
whersin - the nickel catalyst huy been pes- 100
mithedl to conl in an atmosphere of
hydrogen prior fo its wse. e

4. The improved process of producing
methanol substanbislly @8 hereinbefors
desaribed, 105

/0

Dated thiz 28th day of March, 1927.
MARKS & CLERK.

Abingdon :

Printod for His Majesty's Stationery Offico, by Burgess & fon.
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