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PROVIBIONAT, SPECIFICATION.

Imruements in or relating to the Manufacture of Oxygenated
Organic Compounds.

T, HEvRY Drryrus, & eitizen of the
Bwisz Hepublie, of Celanese House, 22
& 28, Hanover Hquare, London, W.1, do
Lereby declare the nature of this inven-
tion to be as follows: —

This invention velates to iwprovements
in organic syalbeses andl in  particular
in the production of oxygenated cvganie
gormpoutds. .

I have found that oxygenated orgame
componnds may Le produced by bringing
mothane fo reaction with s{ewm.

The guses ov vapours are most advan-
tngeously brought o rewction. in presence
of eatelytie agents. and in  partieular
catalytic agents ennsisting of or coatain-
ing metals, metal oxides or other metallic
compormds.  The renetion may. be, and
peeicvably is, comdneted under pressure,
for example 50 or 100 atmospherss or
mnre, and is mousl advantagenusly effected
at relatively high pressures, such as 200,
800 or SN0 atmospheres or more. Apain
the reaction lemperature may vary from
relatively low temperatures sveh as 2009
to relatively high temperatures such as
7082 or more. ParHonlarly  valusble
products are obtainable by using tempera-
tures intermediate withinn this rangs, for
example temperatures of 2409, 800°,
850, 400° or 500% C.

A very large number of metfals and
metallic eampounds have a catalytio sffect
upon  the reaction. The alkaling earth

.metals may be used as eatalvsts or uny

of the metals of groups 4, 5, 6, 7 and 8

. of the periodie system, and also In addi-

tion aluminfum, magnesivm and zine,
The alkali mebals and thelr compounds
ara prefersbly used in eonjunetion with
Copper, silver and gold
have also a catalvtic effect but as with
the alkali metal eompounds ther are pre-
ferably used in conjunction with othar
metals or metal compounds. As examples
of metallic catalyste which I may use
{for promoting fthe production of oxygen-
ated organie compounds aecording to fhe
present  invention I may Instance
zing, magnesinm, ecalcium, aluminium,
chrornium, manganese, vanadium, molyb-
denum, titanium, iron. nickel and cobali
and the rare earth metnls. Sueh metals
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may be used in the metullic state but ave
preferably used in the form of oxides or
hydvoxides or other componnds and par.
ticularly compounds with the metulloids,
sieh as sulphur or arsenie, or as salts of
the oxy acids of metalloids, for example
phogphates, silieates and boretes. it
Is frequently of “advantage to nsa two
or more of the shove medals or thelr
eomponnds in admixture or in chomical
combination, and in this counection it
mey be stuted that the various adnrixtures
and chemieal eompounds eontaining two
or wore suctals which influence fuvourably
the produetion of oxygenated organic
compounds from carbon monoxide or
earhon dioxide and hydrogen are alse of
value in promoting or dirceting the ze-
actiong gccording to the present invention.
As ingtaness of sueh  mixtures  far use
apearding to the present invention I may
menticn zing chromsate, . Imanganese
chromate, zine vanadats, zine manganate,
gine tungstate or zine molybdate, or the
corresponding  salts of cther metals such
a8 magnesum, ealeium  or  aluminium.
I may elso. use any. of the cafalysts or
catalyst mixtures coatsining  cobalf,
niekel and iron’ referred to In my co-
pending  appliestions Noes,  22,778/29
{Serinl  No. " 887,014) and 22,780/20
{Serial No. 337.409). The relative pro-
portions of mefals in.the partioular cata-
lyst mixture cmployed also  exercises a
direetive influence on the wowse of ihe
syntheses. For example alkali and alkali
earth metale may ba vssd in conjunction
with other mctals in any proportion but
most valuable vresults are in  general
obtainable by employing  equimolscular
proporiions or proportions in which the
alkali or alkaline sarth metal predomin-
ates, e.g. proportions of 14 or 2 or more
moleenles of alkali or alkaline earth
mefal Lo 1 moleeule of other metal.

For the purposes of the invention the
methana may be used in conjunction with
gleam or 1 rconinnetion with steam and

carbon monoxide or diexide. To the
teaction wages, I mey further add other

gases capable of exercising either a redue-
ing or oxidising effect. For example
edditions of oxygen may be made, such
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_presmires, suel: as 260, 560 or

additions heing preferably swwdl in com-
parison with the total volume of the re-
action gases, zo as to praduse ecompounds
of a higher order of oxidetion, such as
aldeliydes, ketones or acids. On the other
hand additions of hydregen may be made
to the reaction gases 0 as to improve the
yicld of oxygenated orgunic compounds
of a lower order of oxidation such as
aleshols.  The addifion of inert gases
such as nitvogen, to the rescting guses
frequently tends to retard the preduetion
of undesirable gassons decnmposition pro-
ducta.

The reastion gocording to the present
invention may be eonducted in any suit-
eblo apparstus, for example apparntus
made of copper or allays of copper, or of
steel Iined with copper or alloys of copper,
or made of steel containing venadium,
insuganese, cobalt, nickel or the like.

‘Dated this 248 day of July, 1929,

WHITEE AL & STEPHENS,
. Chavtered Patent Agents,
S Cclanese House,
23 & 28, Hanover Square, London, W.1.

COMPLETE SPECIFICANION,

Improvements in or relating to the Manufactnre of Oxzygenated
Organic Compounds,

I, Hexey Drerrus, a citizen of the
Swiss Republic, of Celansss House, 22
& 28, Hanover Square, London, W.1, do
hersby declars the nature of this luven-
tion and m what meanner the same is to
be performed, to be particulaly deseribed
and ascertnined In and by the following
statement:—

" This inventiowy relates ta the manvfac-

ture of oxygenated orgenic compounds
from methane by the subjection of
methune ta the aetion of steam.

Aecording to the invenfion T have found
that oxygenated orgenie ecompoundy can
bs produced from methune In a highly
satislpelory  manmer by  subjeeting
methane to the aetion of steam ot tem-
peratures hetween 200° and j00° C.

For performing the invenlion the gases
or vapours are maost advantageously
bronght to reastion in presence of eela-
Iytic agonts, and in pavticular catalytic
agents consisting of or containing metals,
metal oxides ar ather meafallia eoropounds,
The reastion may.be, and preferably is,
conducted under pressure, for example 50
or 100 atmospherer or more, and is nost
advantageously effectad af relatively high
300 atme-
sphercs op mcre, ’

A very large number of metals and
metallic eoripounds have a catalylic effect
upon_the remetivn, The alkaline earth

‘metals muy be vsed as catalysts ov Any of

the metals of groups 4, 5, 6, 7 and 8 of
the Perindie System, aud slso im addition
aluminimm, wmngnesium - dnd zine. © The
alluli metals -and their eompounds are
preferably nsed in conjunction witly other
metals.  Coapper, silver and gold: have
aleo o catalytic effect but ag with ' the
alliali mete] compotinds they avs prefer-

~eorvéspionding  salts

ably used in eonjunction with other metals
o Mmetal conrpunnds,  As examples of
metallic catalysts whiel: I may use for
promoting the produetion of vxygenuted

urgame  cornpounds  according te  the
present  jovention 1 may  instauee
zme, magnesivm, ealeium, sluninivm,

chrominin, manganese, vanadium, moiyh-
denum, #tanium, iron, nickel and cobali
and. the rare earth metails. Sveh netals
nay be used in the metallic state but are
preferably used in the form of oxides or
hydroxides or other compounds and pu-
ticularly : compounds with the metalloids,
snch as sulphur or wesenice, or as salts of
the oxy seids of metalluids, for example
phosphates, silieates and borates. It' s
fraquently of advantage to use two or
more of the above metals ar their com-
pounde . in admixtura or I chemiesl
combination, and in this conpeection it
may be stated that the various admirtures
and chemieal compounds eontaining two
or more metals which influence fuvourably
tha preduetion of oxygenated organie
compounds from carbon monaxide or
curbon dioxide and hydrogen are also of
value in promoting or dieeling the re-
actions aecording to the present inven-
tion. As instanees of such mixtures for
use aceording to the present invention T
may 'mention zine chromate, manganese
chromalbe, zine vanadate, zine mangansle,
zine tungstnta or zine molybdate, or the
of other metals
magaesinm, raleinm or

smeh - as

aluntiniin, 1T may alse use any of the
‘catalystsior eatalyst mivtures containing
“enbilt, “iekel ‘wnd iron referred to in my
" oo-pending * Application Na.
‘(Serial* No. 837,014), namelvy cntulysis
congisting of or comprising one or move
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887,410 3
ferrites, furrutes, cobaltites, cobaltates und  containing bélween "20 ihd 509, zine
particuiarly ferrites, fervutes, cobaltites oxide) heated to a'temperature between
or cobaltuies of the alkali or earth alkuli 350° and 430° C,
metals, or in my co-pending Application There results a copious  yield of oxy-

4 No. 22,780/20  (Serial’ No. 837,409), genated orgamic compounde composed 70
namely catalysts comprising irom, nickel essentially of ethancl and ligher ali-
or eobalt in the form of their borates, phatic aleohols, whilst the production of
silieates, phospliates or salts of other vxy- more oxidised products such as aldehydes,
ucrds of phosphorus, The relutive pro. acids and ketones is substantiallty avoided.

10 portions of metals ju the partienlar eafa- BxaMPIE 2, 75
iyst mixture employed also exercige n A mixture of steam, inethane and
directive influence on the ecourse of the oxygen coulaining about 15 parts by
syntheses. For exnople slkali and alkali  volume of steam to sach part of methanc
earth metals may be uSed in conjunction and between & and 209 oxygen relutively

16 with other matals in any proportion bul to the stesin, s pussed under a préssurs 80
most valuable vesuits wre in gemersl of between 150 and 2450 atmaspheres in -
rhtammable by ewmploying equimolecular contaet with a eatalyst mass composed of
propurtions or proporiiens i which the a mixture of zine chromate and cobalt
alkali or alkaline earth metel predomin- oxide {e.g. containing hetween 20 and

20 ates, e.g. proportious of 1} or 2 or move 309, zine oclromabe) at a temperature 85
mplecules of alliali or alkaline enrth  Dbetween about 8800 gnd 500° G,
metal to 1 molecule of other metul. - There results a copious yield of oxy-

For the purposes of the inventivn the. genated organié . vompounds’ ecamposed
niellane may be used in eonjunction with essentinlly  of aliphintle aldchydes and

35 steam or in conjuneiion with steam and & aeids (including ucetic acid, acetaldehyde 90-
gas or gages eapable of yielding exygen. wod higher aeids and aldehydes) in sub-
for instance curbon monexide or dioxide, stantial absence of aliphatic alechols.

To the reaction gases I may further ald Exameis 8.
other gases eapable of exercising cither o A mixture of methane, steam and

S0 -redueing or oxidising ceffecl.  For ex- Lydrogen contasining Letween 1—3 parts 95
wnple additions of oxygen may be made of steam to eash part of methane and
such additions being preferably small in  containing between about 10 and 409,
enmparison with the totel volume of the hydrugen relatively to the steam, is passed
renction gases, 50 a8 to produce compounds  under a pressure of between abowt 150

80 of & higher order of oxidation, sueh as and 200 atmospheres in vontact with «ine 100
aldehydes, ketones or acids. On the other chromate heated to u temperature of
hand additiona of hydrogen may be made Thetween 250° and 8252 C,
to the resction goses so as to improve ihe There rosults 2 coplous yield of oxy-
yield of oxygenated organic compounds of genated organic rompounds composed sub-

40 a lower order of oxidation such ag  stentially ol methsnol togsther with 105
alechols.  The addition of inert gases,  higher aliphutic wleohols.
sueh as nilrogen, to the reacting gases Having now partieularly deseribed and
frequently tends fio vetard the production aseertained the nature of my said inven-
of undesirahle gaseous deeompeosition pra-  tion end in whet mosner the same is to

45 duels. be performed, I declare that what I 120.

The weaction aceording to tha present olaim is:— o '
invention meay be condueted in any suit- 1. Process for ths manufacture of oxy-
able epperatus, for oxample epperatus genated organic:gompounds from methana
wiade of copper or alloys cof copper, or of which comprises ' subjecting methane to

A0 steel lined with eopper or alloys of eopper, the action of gheam: ab & temperature 115
or made of steel containing  vanadium, Detween 200° and 500 C.
manganese, ccbalt, nicksl or the like, 2. Process aceording to elaim 1 and

The following examples serve o ilus- whorein the reaefion is periormed in
trate convenient forme of exeeuntion of the  presence of catulysts coosisting of or com-

85 invention, it being understood that they prising inetals, metal oxides or ather 120
are given only by way of illustration and metial eomponnds.
are it nn way limitative. 3. Process aceording fo elaim 1 and

Exauprr 1. wherein the reaction iz performed in

A mizture of steam end methune con- pressnce of one of mors of the following

60 taining abovt 1—5 parfs by valume of metals, and poeticularly in presence of 135
steam (o ench part of methane is passed one or more of the following metals n
under uw pressure of about 180—8B50 the form of their oxides, hydroxzides, or .
afmospheres over or in contact with a2 other  ecompounds, namely:—alkaline
catalyst mass composed of a mizture of  earth metals, metals of groups 4, 5, 8,

63 potaseiure biehromate and zine oxide (e.g. 7 and 8 of the Periodic System, 180
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gluminium, magnesivm and zine.

4, Process according to elaim 1, 2 or
3 and wherein the reaction is performed
under pressuve and especially under pres-

sures of between 50 and 106 atmosphcres

of MOre.

5. Proeess accordiuy te claim 1, 2, 3
or 4 comprising subjecting s mixture of
methane sud stcam and containing earbon
monoxide of carbon dioxide to the re-
aetion.

8. Process acecrding to claim 1, 2, 3,

4 or 5 comprising subjecting a mixture of
methane and steam eontaining oxygen lo
the reaction. - '

7. Provess aceording to claim 1, 2, 5,

‘A" 5, or B comprising subjecting & mix-

fure of methane and steam containing a
reducing gos, especially hydrogen, to the
reaction.’ :

8. Provess seoording to any of the pre-
ceding olaims and whevein the reaction
mixture is diluted with an indifferent gos
such as nilrogen. -

9, Process for the manufacture of oxy-
genated organic compounds substantially
as deseribed In Hxample 1, 2-0r 8.

10. Process for the mannfacture of oxy-

_genated organic compounds substantially
. ag-hereinbefora desaribed.

"11. Oxygenated organie  compouuds
whenever prepared or prodneed by the
piocess claimed in any of the preceding
claims, -

Duted this 15th day of May, 1930,

WHITEHEAD & STEPHENS,
Cliartered Patent Agenls,
: Celanese House,
a3 & 98.- Flanover Sguare, Lohdon, W.1.
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