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Organie Compounds,

I, Hexry Depyros, a eitizen of the
Swiss Republic, of Celunese House, 22 &
28, Hanaver Sgquare, Liondon, W. 1, do
hereby declare the natire of this inven-
tion te be as follows: —

This Invention relates {o the manufae-
ture of organic comapounds and parbice-
lerly of oxypenated organic compounds
from oxides of earbon and hydrogen, or
alternatively from  compounds  syn-
thesiged therefrom, e.g. methyl alechol,
wized or not with oxides of carben and/or
hydrogen,

According to the present invention oxy-
genated organic compounds are produeed
by the cafalytic hyfrogenation of carbon
manoxide or earbon dioxide or mixiures
thercol in presence of irom, cobalt and
nickel in the form of their horates, eili-
cates and phosphates or selis of other
oxy-acids, of phosphorus.

The said ron, nickel and cobalt esta-
Iyste alome or n admixture with esch
vther may he employed aceording to the
present invention in comjunction with
eopper, the presence of the copper, even in
sruall propoviions, exercizing e favour-
able infinemce upon the resction. Alter-
natively o in addition, as hereinafter re-
ferved lo, the reaction may be cmried oub
in copper vessels or in copper lined vessels.
The catalysts or eatalyst mixbures of the
present invention. mey furthermore be
uced in admixture or in asscciation with
the catalysis of my eo-pending Applica-
ton No. 22,779/20 (Berisl No, 8£87.014)

ie. alkali or alkaline eartl ferrites, fer- -

rates, nebaltates or cobalbites.

It is advan{ugeous for the prodnek of
the oxygenated eompommds, of a higher
order than methyl eleohol, parbicularly
contemplated by the present imvention, to
use the irom, cobalt or nickel catelysts of
the present invention in assoclation or
chemical combination with metals of the
alkali o alkaline earth series, for example
sodium, potassium, ealeivm, berium and
magnesiuom. The alkali aod slkaline
earth metals mey be present in any de-
gired proportion i relation to the iron,
cobalt o nickel. Tor example they mey
be present in a proportion of 1 equivalens
of the alkali or alkeline esrth metal to
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2 equivalents of iwom, cobalt and nickel,
but improved results are obtaimable by
using them in « relatively higher pro-
portion such as 1, 1% or 2 of more equiva-
lents of alkall or alkaline esrth metal to
1 eyuivalent of iron, sobalt and nickel.

Doubls salts- (i.e. borates, silicates or
rhosphates or sells of ather oxyacids of
phospliorus) of the afkali or alkaline
earth metals and the fron, cobult or nickel
may be employed.

Initially the iron, cobalt ar nickel are
present in the form of a salt of any of the
oxy aeids of boron, silicon or phosphorus;
for example in the form of ortha, pyro
or meta phosphates or in the form of phos-
phites or hypophosphites or in the form
of orthe or mets silicafes.

BSueh compoinds may contain the metal
and the acid radicle In any convenient
proporion,. bug it Is found thet by using
a salt containing the acid radicle in an
excess over -that ¢hemically equivalent to
the metal, “piciicularly advavtageous re-
sults are obtamable. Where such com-
pounds are aeid salts such sas aecid phos-
phates, eeid silicatss, and the Iike they
may he produzed in any conveni-
ent manner. © For Instence they may
be produced by a partisl neutralisation of
the acid or they may be prodneed sither
previcus to ‘or "dumring the resction by
simple heating "of a complex msiallo
smmoenium salt of the avid, for example
a complex metallo ammonium phosphate.
In place of an acid sals, 2 normal salt In
admixiure with the acid ray bs used,

Beacting gases of varging composition
may be emploved for the purpose of the
present invention, for example rescting
guags containing twa volomes of carbon
monezide or “diexide {0 ocme volume of
hydrogen. or” equal volumes of earbon
monoxide or dioxide and of hydrogen, or
one volume' of ° dorbon monoxide or di-
oxide to two"voltines of hydrogen, Mix-
tures contsining intermediate propertions
of carbon monogide or dioxide and hydzo-
gen may bs employed, or mizxtures con-
taining the weaeting gnses in -proportions
outside the limits indicated abova. Mix-
tures of carbon manaxida and dicxdde may
of course be employved.
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The reaction according to the presenb
inwention may be conducted at smy suit-
able temperature for the symthesis of or-
ganic compounds, for cxampls tempera-
tures ranging from 200° to 250° C. to

. 400° to 500 ar even B00° C. vr more, bub
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referably temperatures are used belwoen

2500 gnd 400° C., and partienlarly be-
tween temperpfures of 2500 fo 300° fo
850 C. The reaction is  preferably
cmried out mnder pressuve, for exuwple
pressures of 50, 100, 200, 800 or 500 at-
mosphercs or more.

I hive furthier found thab the cetalysts

or catalyst mixbures of the present in-
vention may he employed for the produc-
tion of fwrther oxygenated crgenic com-
pounds from compounds, e.g. melhyl or
sthyl- aleohol or other aleohals,, obtain-
able from oxides of earbun and hydrogen.
The methyl aleohvl or other compounds
indiceted may be uged alone or in conjunc-
tion with carbon monciide, carhon di-
oxide apdfor hydrogen. ~In this modifi-

, eation of the lavention methyl aleohol,

for example, may be converted into com-
pounds of & higher order, for example

. into ethyl slechel, acetaldehyde, acetie
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 acid, ete.

" " heréhy declare

aleaho! or other compound may be passed
wilh or without earbon monoxids er &i-
oxide and with or without hydrogen over
the catalysts of the invention contuined
in 5 heated reaction vessel. The earbon
monoxide or dioxide and/or hydrogen, i
used, may be mixed with methyl aleohol
vapour ~im wny desiréd manner, for
example such a mixture may bs prepared

by bubbling ‘the gases through s heated:

vessel conteiping methyl aleohol, or el-
ternatively “the methyl aleohol may be

rayad into = currend of the pas.” The
methyl aloghol or other compound may

be prepsred In a preliminary operation:

continuonshy with its oga aceording to the
piesent imvention for the preduction of
higher oxygenated orgenic compounds.
Mixtures of ecarbon monexide or carhbon

The vapowrs of the methyl

dioxide and hydrogen or gases coulaining

-such mixtures may be possed through a

regetion chamber cormteining zine oxida or
basie zine chromete or other catalysts or
cabnlyst mixtures capable of produving
methyl alachol, and the resulting gas or
vapours passed directly over the cafa-
lysts or catulyst mixtures of the prescnt
invention.  Instead of using methyl
gleohol or other compound obtainable
from carbon monoxide or dioxide end
hydrégen, compounds eapable of yielding
the -methyl aleohol, ste., may be used,
for - ¢xpmaple ~ methyl formaate, methyl
agetate; or diwethyl ether. )

_ T the presemt invention i 15 not of
eoutke necessary to wutilise pure rescting
gases,  Mixtures containing the desived
Tezcting gascs mey be employed, for
example ccke oven gas, producer gas,
waber gas snd the like. The proportions
of reacting geses In such industrial gases
may be adjusted if desired by suitable
additions.  The reacting gascs may ¢on-
tain incrt geses such as nifrcgen. or they
may contwin hydrocarhons for example
methana.  The presence of methene or
other paraffin  or other bydrocerbong
formns en important feature of the present
invention, The methane or the like, may,
it desired, wholly or partly raeplace the
hydragen or may be used in addition
theretd, )

_ The’ regetions secording to the present

invention may be-cueried out in any snit-

able reaction chambers. As relerred to
above-thi use of copper chambers or copper

Tined <himbers presents advantages, buk

gtes]l vvohambers, and particulerly steel
gontaining . molyhdenum, tungsten, man-
guncse, ¢obalt; nickel or the like, may also
be uged. -
_ Déted this 24th day of July, 1920.

- WHITEABAD & STEPHENS,

Chartered Patent Agents,
Cclanese Tlouse, :

. 23-& 98, Ha-nq%cr Square, London,

A -~ . COMPLETE SPECIFICATION.
" Improvemsents in or relating o the Manufacture of Oxygenated
- T : Organic Gompuun_ds. - -

-1, Hevey Drevrus, a ditizen of the
Swiss Republin, of Celanese House, 22 &
28, Hanover_Sqhndre, Lodden, W. 1, do
e nature &f this inven-
tion and in-what munokr the same is fo
be dpe.rfm:mnaﬂ, fo he particularly deseribed
and aseertainéd in and-by the following

" shatement: — :

- This invention relates to the manufec-

ture- of oxygenated organie compounds
from oxides of -carbon' and hydragen, or
alternatively frem  compounds  syn-
thegised” therefrom; e.g. methyl =aleohol,
mixgd ‘or” mot - with oxides of carbow
and for ydrogen. =~ - :

. Apediding to the present invention oxy-
genatéd “organic compounds ure produced
by the’ catalytic hydrogenstion of earbon
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monoxide or carbon dioxide or mixtures
thereof in presence of iron, cobalt and
nickel in the form of their borates, sili-
eates and phosphates or salts of other oxy-
acids of phosphorus.

The soid iron, wickel and cobalt cata-
Ivete ulune or m admdxture with cach
othar may be emplayed sceording to the
pregent  invention o eonjunelion with
copper, the presence of the copper even in
small propartions, exereising a favour-
able influence upon the reaction.  Alter-
natively or in addition, na hereinaficr re-
ferrad fo, the reaction may be carried oub
in copper vessels or in copper lined vessels.
The catalysts or cutalyst mixtures of the
present invention may furthermore be
uged in admizture or in association with
the eafalysts of my eco-pending Appliea-
tion Neo. 23,779/20 (Sertal No. 587,014),
ie. alkali or alkaline earth op other fer-
ritag, ferrates, cobaltates or cobaltites.

- T s advantageous for the produckion of
ihe oxygenuled compounds, of a higher
order than methyl aleohol, particularly
eontamplated by the present invention, fo
uge the iron, cobalt or nickel catalysts of

.the present invention in assoeiation with
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mebals of the alkalf or alkaline earth
soriey, Ior exemple sodium, potassium,
culcium, barium and megoesivm.  These
alkali and allgline earth metals may be
present in any desired proporion in rela-
tion to the iron, cobelt or nickel.  For
exampls they may he present in a propor-
tioh of 1 eqnivalent of the alkali or
alkaline earth metal $o 2 equivalents of
iror, cobalt and nickel, but lmproved re-
sults are obtainable by using them in a
relativaly higher proportion sueh as 1, 13
or 2 or more equivalents of alkali or
wlkaline eurth metal to 1 equivalent of
irom, nohalt and wickel. Double salts (i.e.
borates, silicafies or phasphates or salts of
other oxy seids of phosphorns) of the
allull or alkaline esrth metsals and the
iron, cobalt o nickel may be employed.
- Inifially the from, cobalt or nickel arve
present In the form of a =alt of any of the
oxy acids of boron, silicon or phosphorus;
for example in the form of ortho, pyro or
meta phosphates or in the form of phos-
phites or hypophosphites or m the form
of ortho of meta silicates.

Buch compounds may contain the metal
and the acid radiele in any conveniant

- proportion, bubk it Iy found that by using

60

a salt containing the =zcid radicle in zn
excess over that chemiecally equivalent to
the metal, particularly advantageous re-
gults are obteinakle. Where such com-
pounds aze acid galts such as acid phos-
phater, acid silicates, end the like they
may -be produced in any conveuient man-
ner. For instanes they may be produeced

by a partial neutvalisation of the acid or
tl{c_y may be produeed efther previous fo
ot during the reagtion by sirnple heating
of 3 complex metallo ammonium salt of
the acid, for exsmple a complex metalls
ammonium vwhosphate. In place of an
acid ealt, a nporfnal saft in admixture with
the weid may be nged, or for instance
there may be employed other compounds
of the metals with the acids referrad to
and having en excees of acid radicle over
the metal radicle, as f{or instance ferrie

silicate, e.p. the minerzl anthesiderite
e, 0,0810,, nickel octaborate, cobalh
oclaborate.

Reaciing gases of varying composition
may be employed for the purpose of the
present invention, for example reacting
gases containing twe volumes of earbon
monoxide or dioxide to one volume of
hydrogen, or equal volumes of earbon
monoxide ¢r dicxide and of hydrogen, or
one .volume of carbon roonoxide or di-
oxida to two volumes of hydrogen, Mix-
tures oontaining imtermedizte proportions
of curbon monoxide or dioxide and hydro-
gen may be employed, or miztures con-
taining the resphing gases in proportions
outside thg limits indicated above. Mix-
tures of carbon imouoxide and dioxide may
of coursd be’ gmiployed.

The resstioif~avcordibg to the present
lnvention méy be condueled b quy suit-
able temperature for The synthesis of or-
ganic compounds, for example tempera-
tures ranging from 200° to 250° C. fo
4009 to 5009 or even 600° C. or more, but
preferably femperatures are used between
250¢ and 400° C., and particnlarly be-
tween tomperstures of 250¢ to  B00°
to 5500 C. ' The reaction is preferabl
rarried out under presswre, for example
pressures of 50, 10D, 200, 80D or 500 at-
mosphercs or mors.

{ have further found that the catalysty
or catalyst mixbures of the present inven-
tion may be employed for the production
of further oxygenalbed organie compounds
from compomnds, e.g. methyl or ethyl
aloohol or-other sleahols, obiainabla from
oxides of eathon and hydreogen. 'Tha
methyl aleohol or other compounds indi-
cated may be iked alone ov in conjunction
with earbor “righozide, carbon dioxide
andfor hydrogets In $his modification of
the inventlon fetliyl alcohol, for example,
may be ‘estiverfed into compounds of a
kigher order; ‘¥or example info ethyl
gleohol, ncetaldehyds, acetie acid, efe.
The vapours ¢f fthe methyl aleohol or other
eompound may be pussed with or withoub
carbon monoxide o+ dloxide and with or
without hydrogen -over the oatalysts of
the invention contained in 4 heated re-
netion vesgel. ' The earhon monoxide or
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gre in o Jray Lpitative.”
- Bxamers 1.
" Wattr gas conbafning dbdut 30% carbon
'monomé{e and 659 hydrogen Is pasded
.65 @nder g pressure between shont 100 and

% , 57,409
GlO’ﬂde and[or hyrhogen; if used, may ha 200 atmespheres in contact with a cata-
mixed with methfl aleohol vapour in any lys composed, of one or moxe of the follow-
desired munmer, for exumple such 2 mix- ing compounds heated io a femperaturs .
. ture may be prepared by bubbling the - batween 250° and 400% €., viz:— .
5 gasex throwgh a heated- vessel eontammw .- - Cobalt octaborate - : 70
methyl  aleohol, ef  altcroslively i.he Vo kel uuLabm.a.te i
methyl aleohol may be prepared inte a Gobals ~ moagnesinm borate -
current of the gas. The methyl aleohel (2B ,04{CHhO0M0},)
__ or ether componnd -may be prepared in s Farrie meta phosphate S
1¢ preliminary operation continucusly - wilk “Foagic _ silieatc * fe.g.  anthosiderite &
ity uge ageo: to the present fmvem- - . :2Fe,0 59810,)
fion for the prodwetion of higher oxygen- - There resnlts copious yield of sthanol
ated ovganie compounds. Mixtures of and ‘higher alechols tngethe‘r with al&e-

.- tarhon monoxide or earbon diexide und ledes aud acids. L
IF bydrogen or gases containing such mixe . ‘EzanrLe 2‘ 80
tures may he passed through a reaction Methénol or & mixture of methanol and
¢hamber eontaining zine oxide or besic’ cerbon menoxide, carbon dioxide o hydru-
#ine chromale or ofher vatalysts or catd- gen is passed under a pressure of he-

... lyst mixitures .capshle ~of producing tween- abou 100 and 200 stmospheres in .
20 metiyl aldohol, and the resulting gas er contact with a catelyst composed of ome 85
Tapouls passec'{ directly. over the eatalysts or more of the metal compounds referred-
or. catulyst Iiztures of the presamt inven-: to in Example T heated to a ftemperature-
ifon. . Instead_of using met}:;srl algohol or  between’ 230° and 400° O. “There like-

_ other cornjiound . obbamEble T fom catbon  wise resalls a copious yield of ethanol and
25 mono¥ide or divxide and hydrogen, comi- higher  alcohols. .- In the ease where 0
pownds capable of  yielding the methyl methano] js employed slone or I con-

- zlechal, efe., may be used, for cxaipple  juncfion with carbon monoxide or dioxide
methyt -formate, methyl aee’w.ic. or di- (acd pazt;mﬂmly cathon dmx:de) acetal-

. methyl cther, deliyde, acetie acid and higher aeids,
80 1o the present invention it is not of al&ehvdes ‘and ‘esters appesr in the pro- 95
conrse- necessary to-uiilisc pure readfing duet. - ‘Whin, however, hydrogen is em-
gfsce. Mixzitires. yontaining the -desived ployed in conjimetion with the methanol
1eam:tnn gases may he emp?oyed Jor  thg zldehydss,. aeids “and esters are sub-
_._example coke -oven ‘gas;  producer gas, s#:un 5 absent fvom the product )

85 - water gas grid the Hke, Tll.:e proportions - -
’ of reacting geSes in such ‘Indusivial gases Eavmg now patrleulariy ﬂesem‘ned and 100
‘may he adfusted ¥ HEsired by smtable asosrtdined the nature of my said imven-
. addifions.  The resoting gases ay gon- tion. and  in what manner saine is
_ .. tadn Inert - gases, such a9 nitrogen, or fo_be performed, I- declave that what I
A0 - ﬂ:.e.y may , conlain  Bydrocarbons. ; for al.a:m 13.—-_ _ o o=
exardple methene. The presenge, of - ’ )
inethane or -other "paraffing or  other 14 l‘mcess for_the  manufacture of oxy- 105
hydrocarbens forms- an inporiant “fealire gana’ae& organie wmpounds and partien-
... of the present invention. The methane off lkuly ' ethamol "and higher aliphatie
45 - the Yike, may, If desived, Whoﬂy or partly dlcohols from miztnres of hydiogen end
réplacy the bydrogen or may. bhe used in oxides of aarbon, characterised inr that the
a&dl’ﬁmn thereta. renction is -pesformed in presence of a 110
7. The reactiong aecordm,g to The presenfz wtalyst tonsisting of from, hiekel or
_ ifiventigh riay be papried ouf In any guit- acbalé in' the form of their holal;es, sili-
50" uble reaction chambers. “As relerred t¢  cated, phosphates or salts of gther oxy-
. above tHe tuse of eoppir chumbery or am.ﬁs of phosphorus.
copper lined  chambers ‘presents advan- - 2.'Procesy according to claim 1 and 115
. Ttgges, hut sﬁeal ehambem and particn- wherein'the 35id mefals are used i gssoei-
. Ty stéel comfaining " molyfdenym, abion’ mth metals of the alkali or earth
B85 - fingstcn, Hieggenese, cobalt ‘niekel, or SlkalT seﬂas T
" the like,’ may alsé be tged. 3. Prbpess _aoeording, to claim 1 or 2
" .Phe following examples serve fo iflus ahd in dhe said metals are employed 120-
) frate conveniemt formg of excoulidn & the i ‘the form of the said compounds con-
e mvanhon, it’ boing Tndeisiood that they tammg' #n exeess of deld redicle over fhe
60 - dre given | onIY by way of flustration and chamwal equivalent of the wmefal.

4. Prgséss acpording to clzim 1,73 or 8

- and Wherein_the réastion is Peﬁormcd st 125

temperaturds - botween: 3000 gnd 600 .
and -gspadially botwéep 2600 and 200°°C.
‘5. Prasces povording to claim 1, 2, &
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or 4 and wherein the reaction is performed
under pressures of 50—200 or more at-
mospheres.

6, Modification of the proocess aeceord-
ing to any of the preceding claims,
characterised in thet there is employed in-
stend of the miziure of hydrogen and
oxides of carhon oxygenated organie eom-
pounds ebtaineble by synthesis from
oxddes of carbon and  hydrogen, awd
especially methavol, ethanol, or other ali-
phatie alnahols, the uvxygenated organic
compounds belag employed in presence o
absenee of carbon monoxide, carbon di-
oxide andfor bydrogen.

7. Process for the manufacture of oxy-
genated organie compounds substantially
43 described in Example 1.

8. Process forithe menufacture of oxy-
genated orgunic ‘compounds substantially
as degeribed in FBxample 2.

9. Proceas for the manufucture of oxy-
genated organic .compounds substantial Y
as hercinbefore described,

10. Oxygensted organic eampounds
whanevor prepared by the process claimed

in suy of the precedmg elaims.

Dated this 20th day of May, 1980.

WHITEHEAD & STEPHENS,
Chartered Pafont Agenls,
Celanese Houge,

22 & 923, Ha-nu_%?r Square, London,

. L

Abingdon @ Frinted for His Majosty’s Stationery Office, by Burgess & Son.

[Wt. B030,—80 /5710383

20

a6



