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TION, 5 corpuration orgemiged and existing ‘The prinvipal sidéredetion which may 5§
under the laws of the State of Maryland, occnr is the formabion of methane, which
United States of America, locited ab Terre  isillustrated below : )

Hawvte, Vige Uotinby, State of Tudinow, CO + 311, =CI, +H,0

United Stotér of Arherica {Assimnees of . 0, +4H, =CH, - 2H;0 ) .
Jomw Cavrrrerh Woongurr, a cifizén of | In addition tov the methano side-reaction B0
tic United Siates of America, of 1598, theve are other side-reactivhs which some-
South Sixth Street, Terre Hauté, Vige times vocur in which there are produced
County, State of Indisne, United Stabtes ésberd, aldehydes, m%‘nie acids, ~kebomes,

of America, and Cgovoh Broodyrory, a  and hydrossrbons othsr than  wmethane ;
citiven of the United Bimbés of Aweriom, Ihése reactions oécuting as the resuit of €5
of 1308, Houth Uenter Stvcch, Terie s polymerization of condensation of
Fraute, Vigo [ounty, Staté of Indiang; methauol or its defioraposition produsts,
TUnited States of America, do hershy - Wheb & gas mixtubé ¢omprismg cerbon
declare the naturc of this nvention amnd ‘ofides mixed with #n eZcess of hydrogen
i what manmer the same i to be pert ovet the amount thedreticafly required to 70
formad to he particularly deseribed and  prodube wethaisl s passed over a
3soertained. in and by the following stabe- catalytic substwnce ooinprising metals or
ment (— ‘ . their oxides at % presswre above 50 aimo-

. Thisz inventicn relates to the production gpheres and at a temperature above 250° G,
of methanol by Lhe high pressure catalytic Yor example ab 350° to 450° C., there is 75
tombination of vxides of carbon with nearly atwaye produced some reaction be-
hydrogen, und Perteins more direotly ©  tween the gaseons compodents. The extent
the preparation and . employment of im- of this reaction depedids to soma degréa on

. proved catalysts in the Twidcess. spude velocity, temperaturs, and pressare, .

-7 Methanol may Bé produced by combin. Tub the Tach remadns that dnder the eondi- RO
ing oxides of carbon with hydrogen fn the tions outlined, carbon vxides and hydvo-
presence of a siitable cotalyst ab elevated wem react to some extent ii all eases.
temperature sod pressures  Carbon mion- "The substances formed by sueh a pro-
oxide, carbon dioxide, and mixbuve of the vess depend, both as bo idendity amnd as
two oxides may be employed, these sub- 10 amount, almost entirély on the nature 85
stamnes reacting with hydrogen according aod activity of the catalytie substance
%o the following wquations—  present. The mwethanol éatelyste peoposed

Carbon  monoxide—C00 +2H, =UH,0M. in the past .have been of two principul
Curbon dioxide—C0, -+ 8E, = CH O + ypes, 6. — )
H,0. . Mixtuies of finely divided metals, or, 90
It is observed that when carbon dioxide -what s equivalent, ‘mixtures of easily
is the oxide employed, one moleculs wi retlueible roétaloxides ;
water iz formed for every molecule of 8, Miztures of oxides of metals non-
methanol produead. On the other hand reducible, or difiiealtly rcducible mmder
whon pus carbon monoxide “is used, +the conditions of the methanol syuthesis. 95
theoretivally there is nothing produced by Tn the past, also, one ¢lass of easily
the resetion but methancl.” Actually i woditeible metel oxideés, that is the oxides
practice pure carbon monozide apd pure ‘'of iron, nickel, and eoball, have hesh

. ‘earbein diozide ave both diffeult to obtain  described as absulutely worthlesds for the .

- veonomically, so that ‘the methanol produection of methancl catalysts sinve 100
gynthesls in camied out by reacting & mix.  these metals wnder normal conditions pre-
ture of carbon monoxide wad carbon  vent the formation of methanol, the reac-
dioxide with hydragen. tiva protueing only methane.

In addition to the reactione proddcing We are aware thub in (he axt of pre-
methanol there are, in the tnethanol paring bydrogen and corben dioxide from 104
synthesin._mmdesirable side-reactions which carhom or carbon-containing substenecs it
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has been proposed to use' ss & catalyst a
mixture  comprising  axygen-contuining
galts of the alkali or alkaline earth metals
or ocompounds from whish snch  salts

wmder the oonditions of the process may -

be formod, together with inorgsuic oxides
or hydroxides having the character of a
non-volatils weak acid or acid anhydride
or ocomponnds, which may include
alumininm er tn chloride, from which
such ogides or hydroxides undor the eon.
ditions of the process may be formed; I
thiz manufacture oxides of iron, chromium
or manganese’ or combinations of such
oxides can Dbe incorporated with a view

- {0 increasing the catalytic effect

‘We have discovered w» mnew type of
methunol catalyst  which produces a
higher wyicld of wethanol than thuose
formerly employed in the art, and abt the
game time produccs e very pure methanol,
uncomtaminated by  by-products.  An
additional advantage accruing from the
nse of ouz eatalysts ig that the formation
of methany In process—with the con-
gaquent destruction of velnable hydrogen
— is practically eliminated.

We have now diseovered a new type of
voluable methanol catalyst which initially
copiprises” threa main elements, ie. -

(1) One wr mote difficultly reducible
metal oxides - swech as  the oxides of
zine, magaesiuin, oadmium, chrominm,
vanadinm, tungsten. -

(2) One or more easily rcdueible metal
oxides such ag the oxides of coppor, silver,
iron, nivlel, sobalt. :
. {3) A metallic halide.

The new cutelyst forming a part of
the eubject matber of the present inven:
tion preferably has a predominating pro-
portion ~of diffienltly roducible oxide,
while the owides used are gencrslly those
of metals in the second, sixth snd scveuth
groups of Mendeleef's Periodic Tablo of
the Hlementa.

By the term “ diftteultly reducible
metal oxide” iz meant a metallic oxide
which is substuntially non-reducible by
hydrogen. or miztures of hydrogen and
carbon monoxide under the vperaling con-
ditions of the mathanol -synthesis. Easily
reducible metal oxides, on the other hand
ars rednced undor those conditions,

-Tt will he observed thet in our Improved
calalyst we may employ substanees nor-
mally delaterious to the methanol resciion
—nauwely the oxides of ° methanating
metals —iron, nickel or cobalh. In owmr
improved catalyst compositions these nor-
mally deletericus substances serve advan-
tageously, apparently exerting only a
normal  hydrogenating  catalytic action
productive of methancl. Or we may
employ easily reducible oxides such us

those of copper or silver which are ulroady
nown in the art a8 advantageons com-

ponents of certain methanel eatalysis. In

these cases, however, our Improved
catalysts containing halides produce far
better results then those kmown in the art
for otherwise identical eafalyst mixtures.
The precise method by which the
metallic halides produce the improvement
iz not known to ms. At least three
theories 1wy be used o accomnt for the
phenomenon—neamely :—

(1) The metallic halide aets as an
ordinsry " promoter” In  inereasing
eatalyst activity ;

{2) The mefallic halide intcraets with
otker metollic oxides presemt in  the
eatalyst to produee oxychloride compounds
which, In turn, vcither serve as catalysh
promoters, or muy so modify the purely
physieal state of the muss =9 to produce
8 more aclive catalyst ;

(3) The motallic halide may be reduced
by the high pressurc eontact with hydro-
gen and carbon oxidus dm-iuf the com-
Inencement of its use a3 o cafalyst and the
rezultant finely divided mctel may
increase the eatalyst activity, or alicena-
tively, the metallic balide may firsh
veact with onc of the metals of the
origindl oxides producing the halide
thereof, which may be reduced m the
BRLLE ANTIAT. ) .

However, the precise explanution for
the improved result attained by the addi.
tion of metullic halides to methanol
cofalysts is not known snd forms no parh
of our invention.

To produce otr improved catalysts it
is. mot necessery that the amomns of
metallic halide added thear any exactk
weight relutiun io the vemaining consti-
fuents of the estelyss, thovgh the amount
of halide added sbould preferably be less
than that which is chemically eqnivalent
to the amount of the metallic oxide present
in the largest molecular proportion in the
cubelyst, ’

As lustrstive of our invention we will
cite a mumber of speeific eatalysts. In
order to indicate the comparative efficacy
of these catalysts in methancl production
we have selected a stunderd set of com-
ditions of use ss fallows. The repoeted
vields of condensste from the methanol
reaction by uwse of the following
catalysts is based on the effact produced
when a gas mixbure comprising 8% car-
bon dioxide, 3%, of carbos monoxide and
80% égdrogen is passed throogh 1 Hfer
of catalyst granmles at a space velocity
of 75,000——100,000, at & pressure of 2000
pounds, and ab a temperature of
2340-—~450° C.

Tn selecting a standurd set of conditions
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it iz onr intention only to.thus display (Co(NO,),6H,0) are dissolved in 250
the ostalys efficacy smd by no means ta lters of water and the selution is heated
limit the scopc of vur invention. Modifi< &0 95° C. There is then added 7.5 kilo-
cation of the conditions of the reaction grams of zine oxide after which the solu.

5 will, of course, modify the results, but the is vigorously stirred and sufficient 70

- results will always depend on the oatalyst ammonmm%z yiroxide iz added te precipi-
cinployed. tate the w'balt as cobali hydrate, The

or exzample,. an increased space veloc;ty precipitated mass is recovered by decanta-
produces an incressed bourly wield w tiom and ﬁltmatlon, is washed, dried, and

10 an increase in operafing pressure heas the broken up info pranules. The gTanuIes 75
same effect. Likewize the use of pure are then moistened with a solubion con.
carban. monoxide as distingoished from  taining 1480 grams sine chloride and
ocarbon dioxide or a mixture of the two dried oncemore,
regulls In am  inoresscdl mcthenol per- The hourly yicld of condensste is aboub

15 centage iu the condenswbe, snd, sinec car- 1.0 libees snd contains abows 58% of 80
Lo monoxide sevms to react more readily, methanol. -
an Increased condensate volume. Exaners IV.

xawerre L. : It the zing chloride in Bxample [IT is
8 kilogrems of chromic nftrate replased by 1300 grams of magpesivia

20 (Ce(N0Q,), 9H:0) and 1.5 kilogeams of bromide the hourly yield of condensstc 83
mickel mitrate (Ni(NO0,).6H,0} are dis- and percentage vicld of methsnol s not
solved in 150 liters of water, and to this greatly modified.
solution thersa is added the #heoretical Exawers V,
amount (5.4 liters of 1? 75 normal) of . 38500 grams of ferric nitrate Iz dissolverd

25 smmonivm  hydroxide Q:Fram itate in B0 Iiters of water and suffcient 90
chromium hydroxide and mck hydeate.  ammonium hydroxide s added to preeipi-
The solutivn. is then cenimifuged to recover tate all of the iron as ferrde hydroxide.
the precipitated hydrates and the vesultant The focoulent mass iz filtered and washed
precipitate iz thoroughly washed with and to it iz added 9 Lilograms of zine

30 water, dried, and broken up intn granoles. oxide and the mixture thoroughly stirred. 05

: The resnlbant granmles are moistensd The resulfant pasty mass is allowed {o dry
with an aguecus solulion of 200 grams and is theén broken up mto gramules, To
zing chloride and sgain dricd, whereupon Sthese granvles is added o solution con-
they are ready for use. teining . 1500 grams ferric chloride. The

85  Tha hourly vield of condensate is about mass is apain dried, whereupon it is ready 100

-1 liter. whick analyzes sbout 83% foruse -
mothenol. : The hourly yield of candensate ir aboub

: Exavrre[f 15 lters and oontains about B55%
2230 grams of xickel . nifrate msthanol. Exaupre V1. '

40 ({Mi{NO.).8H,0) are dissolved -in 250 4 kilograms chromic nitrate {Cr{NO,),. 105
liters of water and the solution is heated VYEH,O) and 780 grams nickel nirate -
to 83° (. 7500 grams of zine oxide i3 then (Ni{ING,),.6H}) ate dizeclved in 5 liters
added with stireing. To {his solution of water. 2.5 kilograms of zine oxide i=
there is added sufficlent ammonium  added with stirring and the mass is heater

43 hydroxide to precipitate the nickel as 4o dryness and s then further heated till 116
iuckel hydrate. The precipitated mass ia  no more nitrio oxide fumes are given off,
recovered by deesatation snd fltebion, ds  whereby the misture o frangformed 1o
washed, dried, dnd Throken wup into chromic oxide, nickel oxide, and wine
granules. oxide. The resultant mass is broken up

53  To this mass is added a solution com- into pranules and iz then moistenad with 115
taining 740 grams of gine chloride amd a solution conbaining 450 grams of zine
the mass is again dried. chloride. The granules are agsin dried

The houely yield of condonsste is about wnd ace ready for wse. T desived, 4850
L liter and contains about 30¢%, methunol. grams of dextrin or a similer agglutint.

85 Tf the amount of zine chloride used i&  img agent may be added with the zine 120
doubled, the hourfy condensate will be chloride, wherehy flemear granules are
incroasod to about 2.5 Iifers and the per- obtained on deyin, 5
contage of methanol will be increa,sec% The hourly yield of condensate ig aboud
aboub 569 1 litor and ocontaing about 50% of

80 Substitution of chemically cqoivelent methunol 125
guantities of magnesium chleride or zine Exanprr VIL
hromida for the weine chloride produces In place of moistening the granules of
similar results. the catalyst in FExample VI  with =zine

. Bxawere 1LY ohloride & chemically eguivalent amovmk
65 2250 gramz of cobalt nlirate of chromio chloride may be cmpleyed. 180
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The results Will ot bé greatly varidd.
- Exawbtw oo

" 9600 prams of zine oxidé i powderdd
form, 5 mixed by thordigh #iting With
500 gréins of black copper txide,  The
regullant Thixtite Iy olvéh&d with an
dolution donteiniig 160 gams
chldride  and 900 giade of
doxtrin. The refultadt Hass Tz JFivd, 3Ad
broken up intd pideés whereupon it I3
veady Yok ags. .. oo A
The Wourly yield of dondensite is aboid
1.2 liters ~containing - aboit 40%, of
methanil. o -
Having how partiolaily deserilied =id
sscertained the nature of our sdid H¥éh-
Hon and in whét Haninét the same-is to
Yo perforied, we doolare that what we

1. A misthanol- catag% inilially, 6t
ifficultly reducibla

metal oxides, one or raore sazly reducibl
metal oxides, ani wmetal halide, |
2. A methanol catilyst ay olainiéd in
Cloiti 1, chavictérised fn thiy thab a pre-
dominsting - propirtion  of  diffioultly
Ferdaratble axidle 15 préssiit. o

3. A rethangl Getalyst. as clamied Ji
Cladms 1 a8d 2, in \?&lioh the metallic
halido is prédent in amointé Jess thad oF
proporiionsl t6 that which iy cheinically
equivalent to thé smount.of the diffioitly
Teducible mgtal oxide, or oXides. -
_ anol . ¢atalyst - as, cliimed i
flatms 1 16 3, chafactorised i this thab

oirous

- an oxide of a metel of the seoond, sixth of

i

Soventh. parfodic, group is present.
- 5. A thsthanet . catalyst Be claiméd if
Claims 1 to 4, ohiracterized .in this tH3%

the difficultly pediicible . metal oXide or

siidcs cotnfitise oné or wioig of the follov-
thg mietelst—aific, Magnesiim, uadmivm;
chrofiinm, vabediam, tahgsten. )

8. A methaiol ocefalyst 2 claimed i -

qlllamg 1 16 5, chewactersed in this thab
this saslly Feducible xmetal oxidé or oxides
comprise one or more of the following
thetaly s jron, wickel, coball, dopped.
1. ";ﬂ,ﬂth.'&&i_ﬁl catalyst as cleimed in
dny Of the prooeding claims i whieh a
Toignesium hulide éonstitites the halide.
B, A viethanol cetolyst as claimed 3
Guy of the preceding claims, In which &
metmllit dhlovide, sich as wide chloride of
niggngsiam - Ghloride of chromins chloride;
employed. . _
9, A Taethanel odtalyst as dlajzded In
Claims 1. to 7, il which 2 metallic
Frotaide, Hich #s mgnesium bromide, or
zing hipiids, s used, .
10. The aiethandl cstalyss sibstantially
38 heréinbéfor¢ desoribed. ’
©11. An improved Process for the produe-
fion of synbhetic methanol which comi
Prigés passing 5 mixbare of hydrogen and
carbon oxides whder pressare al en ele-
vated témperskice over the improved
watalyst  hereinbifore  deseribed  emid
Clawed. S
19, An imprdved process for the produc-
Yion of synthetis Pethanol as dlaimed i
Cladrar 11, iu which the gases aie subjcated
%o % pressuit i exoesy of 50 atnospheres
ot & temperature of 860° O. to 450° C,
. 18, The. improved, process Yor the pro-
‘dutlion of synbheic methwnol substan-
tially s hersinbefore deseribed. '
Dated this-%oth day of April, 1927.
T RKS & CLERK.

... Abfugdon} Btitedfor His Majesty's Stékividy Offcs, b Burgess & Son
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