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Prodaction of Hydrocarbons

We, GEWERKSCEHAYT AUcUsTE, of 11,
Wilmstrasse, Obechausen (Bleinland),
Germany, & body Corporate, orranised
under the Taws of Germany, do herehy
declare the mature of this invention and
be per-
formed, to be particularly described and
aseartained in and by the following state-
ment:-— )

This inveniion relates to the preductian
of hydrocarbhong and more partizularly to
a process which renders it possible to
carry out on an industrial seale reactions
of a atrongly endothermic rcharacter,
which hitherto forbade their large-scale
utilisation, between gases ur belween
gases and liguids,

The invention. is especially concerned
with the production of valusble hydro-
earhons from methane auwd the oxides of
earbon,

We have found that strongly endo-
thermic reactions can be held under con-
frol and utilised in the production of
hydrocarbong by eamsing reactions of
exothermic character, such as for inslonce
the reaction

0 +83H,=CH, + H.0 (2}

{(which are heveinafter termed * stecring
reactions ’), to cecur simultanecousty,
thereby steering the algebraic sum of the
frea energieg of the iwo reactions inta
thermodynamically favourable regioms.
‘We thus succced in obtaining the final
products of reactions, which, owing to the
particular thermal conditions, i.e. owing
te their highly endothermic character,
could hitherto be carzied out on an
industrial seale, if at all, only with great
diffieulty.

Thoe frec encrgics are the measure of
the course of a zesclion. According lo
this invention their algebraic sum must
net exeeed the walue of 4 5500
gram fcalories per mol. of hydrooarbon
produced (calenlated accordiag - o the

[Price 1-]

method diselosed by Liewis and Bandsl],
for instauce in ' Thermodynamics
published by MeGraw & Hill, 1923).
Thig sum may also have a negative value.

The control of the free- enercies
achieved by this rule of working offers
the great advantage of allowing the re-
aetions to be carried out  wnder high
pressure. High pressure iy w uvecessity
because under .normal pressure the
mathane molscule i very stable and does
nof readily enter into any reaciion.

A sufficiently ‘high pressnve activates
(polarises} the methane melecule, which
then bacomes a readily reactive com-
pound, According to jhe law of mass
action the high pressure also acts towards
inereasing the yield, so-that we are mew
enabled fo earry out suceessfully even
reactions whiell pussess a comparatively
smell physico-chemical constent K and
accordingly also enly & low negative or
even o positive free cnergy (nof exceed-
ing 5500 g./cal.). Apart therefrom the
high pressure offers the further advantage
of highly accelerating the reaction.

W have found that in this manner we
can preduce hydrocarbons {or their
polymers or isomers} which may carry
side chaing, from mixtures of (a—-{ carhon
moncxide, which may be wholly or partly
replaced, in such mixture, by carbon di-
oxide, (b) hydrogen, which may be
wholly or partly replaced by waler and
() methang, being enabled so to infinence
the reaction that either aliphaiic or
bydroaromatic or arematie hydrocarbuas
predominate in'tlie product of the process,

Agvcording to the present invemtion a
process is provided of selectively produc-
ing wnder high pressure mixfures of
hydroearbons lucluding these " with side
chaing in which predominate cither
aliphatis or hydvoaromatic or aromatic
hydrocarbong which Is cheracterised -in
thab in an endothermic reaction (funda-
mentul reaction), according to the squa-
tion of which the desired corpounds can
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forin from methana and carbon oxides,
part of the methane is replaced by =
mixtura of hvdrogen or water and carbon
menoxide end/or carbon dioxide, from
5 which mixiure methane can forra in
accordance with the equation of an
‘exothermic reaction (steering reaction),
su that the fundamenfal reaction egualion
is ehanged inlo e veaction equation, the
free energy of which, if ealeulated
according to tho method indicated by
Tewis and Bandall, does not excesd
4. 6500 gram calories per mol. of the
produrt ta he produced, and whick valne
may slse be megative, the molecular
quantity of methane present in the start-
ing gas mixture being at leust one fourth
of the moleeular quantity of carbon cxides
present In lhe mixture. . .
20  Our iovention will first be explained
more in detail with reference to the
synthetic preductivn under pressurs of
the aliphatic compound octane. The
proecss 1z here ecarried out in su.e]% o
manner that in the fundamental reaction
equation

1TOH, + 700 = 3CH, + TH,O

0

15

25

which, being shongly endothermie, can
be utilised as such, if at 2ll, only with
great difficulty, pari of the methane is
replaced, by way of the steering reaction
(n}, by & mixture of hydrogea and carbon
monoxide in the molecular proportion of
8 H. to 1 CO. H. and GO are gradually
introduced inte the endethermie funda-
mental reaction equation uniil & reaction
equation has been Teached, the free
energy of which remains below + 5500
g.feal. per mol. of oclome. DUy iniro-
dueing H. and CO in the molecular pro-
portion mentioned above we thus steer {he
process from the thermodynamieaily -
favourabls region into » region which
under high pressure conditivns iy thermo-
dynamically faveurable,

If the whele of the (CH, 1o be iniro-
dueed in sccordance with the hasie Te-
acticn .

170H, + 700 =38CH,, + TH.O

50 were replaced by 2 mixiture of 3 parts Ha.

35
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110, + 1300 + 180, —3C.H

and 1 part CO, there would result the
eguation

17}:[2 - SCU = U::]—I;s + Son

{end reaction equation} which ut fechnie-
ally favomrshle temperatures is s0
strongly exvthermie that it rannot le
controlled. Even If ihis resction were
carried out wnder vigorous eooling, inevit-

able loeal overheating would lead to a

decomposition of the hydrucarbon lo be
prodiced gnd o the formation of methane
as yu undesited by-product. The technical
difficulties which prevent ihe sullicieatly
rapid removal of the large guantities of
heat cvolved, are felt particularly when
vperating under high pressure, sinee in
this case the heat i3 evolved in a smaller
space and leads to a mare rapid and more
secentunted rise of femperafure. We thus
svoid reactions, which, nunder the eondi-
tions of operation chosen, are stromgly
exothicrmic. In the preduetion of ociane
for 1nslapnce such resciions are preferably
selagted in which the free enargies lie
below 4+ 8500 and between 45500 and
--10000 g.feal. per mwol. of octane
produced.

Between the fundamental rezetion and
ths end reaetivn equalivn mentioned
above a lurge number of different reac-
tiom equations ean be formed by raplacing
any fraction of 1he quanlily of methune,
which 13 reguired acreozding to  the
findamental reaction equation, by the

_eorresponding guantity of a misiure of

. +C0. The free energies of these
intermediate eguations lie hetween the
fres energy of the inndamental rveaetion
and thaf of the end recelivn, They are
determined In o well known manner. and
the sturling materials are Throught
together in those moleeniar proportions
which correspond to an intermediate
reaction, (ke {ree energy of which at the
workinge {emperafure does not exceed the
value of +4500 g.feal. per mol, of
actane, and max thus also be pegutive.
It is advisehle (o start from gas miztures
which under the pressure and at the
temperature used will not evolve any heal
or ton large quantities of heaf. for
mstance mixtures whick correspond to the
following egmalions:

+ 13H~0 - - 1

105 (—1056 g.[ral. per mol, C.H,; abf 550° ahsolute)
(15087 &./cal, per mol. C.H,, at 575° absolute)
ar: o
10CTL, + 1400 + 21H,=3C H. v 14H.0 - - - - 2
(—~7573 g.fcal. per mol. O H 5 at 550" absolute)
110 (- 989 g./ceal. per mol. C.IE,"at 575° absolute)
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or:

. 90H4+1500+24:H3:303]I_15 +lﬁH£gp - e - - a
(—14001 g./cal, per mol. C,li;; ab 800° absvlute)
(— 70186 g.{ecal. per mol. C,H,, al 575° absolute)

The fipures indicate the approximate
values of the free encrgies at 550° and
575° absolute (degrees Kelvin), respec-
tively. When working at 5507 absolute
it is preferred to use equation 1 or 2 and
when working ai 575° absolute it i3 pre-
ferred to use eguation 2 or 3.

The synthetio produciion of oefane
acearding to the fundamental equation

1VCH, +7C0 = 3C,H,, + TH.O

ean also be sleered or directed with the
aid of tha reaction

IO + 4C0 = CH, + 300, (b

The strougly exothermie eud reaction
then reads

OH.0 + 2500 =CH,, + 37C0,.

Agnin the free energics of the interme-
diate stageg are determined and a suitabls
stage is selevted for the practical opera-
tion according to the principles developed
abuva.

In the production of cctanme oma may
also stact from the fundamental reaction
equiations

9CI, + 1400 =20, .+ 700,
or  250H,+ VC0,=40,H,,+ 14H.0
Besides the steering reactions (a} and (h)
mentioned above we muy also avail our-
selves of the steeving reaction

2. + 200 = ('H, 1 CO, (e)

Witk all fundamentel reaction equa-

tigns thera may further he comhined the
steering reaction

4dH. + G0, = CH, + 2H,O {d)

The above explanations have been
developed with respect to oclawe becausa
this compound iy considered to be the
most Important representativée of the
henzine group and occupies the centra of
the aliphatic series of the benzine hydro-
carbons. .In the practical operation of
tho reactions, however, no chemically
pure oetane will be produced, heeanse for
instance the following combinations

represent {he same amourmts of free
energy:

2‘03}__{]3 = G'rHlu - ODIIE!I =CGHM+ Ganaa—

Therefore thess different producis will be
formed simultanecusly.

In substaniially the same manncr ag
explained above for the production of

sliphatic compounds products may also

be produced which contain aromaiic or
bydroaromatie (alieyclie) compounds a3
the predoteinent constitwents. 1In the
praduction of these eompounds & rela-
tively Higher. percentage of carhon
monoxide is wsed than in the produetion
of the corresponding aliphatic com-
pounds, since these latier ara richer in
hydrogen.

Strangly  cndothermic reactions in
which ‘either benzene or hexahydro-
benzens is formed from suethane and
carbon oxides, may for instance he
steerad info rewions which nre thermo-
dymamiecally faveorablo when operating
under high pressure, ie. into such
regions in which the reactions, which
actually proceed, possess free energies
lying Lelow +5500 @./eal.

Thiz is again sffected for instance by
causing to proceed simultancously, in the
moanner deseribed above the highly
oxofhermic reaction.

SH. 4 CO =00, +H.O

Thus the produition of benzene from
methane and rorbon mwovoxide can for
inslange he assumed to proceed according
to the fellowing. fondamental reaction
equation S

3CH, + 8000 = C.H, + 8H.0.

This reaction is

voary highly endo-
thermie, Iis frea

energy amounty for
inglance at 3R7° O. to +14.019 g./ecal.,
8o that it could be carried omt om an
indusirial scale, if at all, only with ke
greatest -diffienlty, Aceording to our
invention we now partly replace in this
fundamental reaction equation the I,
by H. and GO in the molecular propor-
tion of 3:1, introducing into the suid
reaction equation that quantity of this
mixiure which according {o eguation {a)
corresponds to the quantity of methane
which is to be replaced in the funda-
wental reaction eguation, We raplace so
much, of the CH, by a mixtures of 3 parts
H. and 1 part CO fhat the frec eneryy of
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the resulting reaction does nof exceed, at
the operating temperature + 5500 g./cal.
per mol. of the hydrocarbon to b
produced.

The following example illustrates in 2

somewhat differaut manner. how  to
replace the wmethane by hydrogen snd
eaThan monexide in the manner described
above:

"Fundamental reaction:

+ (8, +

3CH.+

3.0

3C0=C.15.:+
GO L= H;:O + CH;)

Sum total: Salfat (B—n)CH, + 3+m)C0=Cl.+ @+ n)H.0

Here n may possess apy integral or
fraclicnal value above zevo, which value
however in the preceding example, coTre-
spunding to the number of O'H, -melecules
in the fundamental reaction equation,
cannot exceed 3. TFor if » becomes equal
io 3, the whole of the methane is replaced
snd ihe fundamental reactinn equation

30H, + 800 =C,H, +3H0
is changed by tho addition of

3(3H, - CO =0 + OML)
into the end reastion

a1, + 800 =G He + 6H.0.

n any aumber of reaciion
equations may be formnluted, which lie
batween thess two equations and the free
energies of which lie between the free
energy of lhe fundamenial reaction and
that, of the end reaction. Of these inter-
mediate cquations we velect for practical
use one which af the reaction tempera-
tures chosen pussesses a free encrgy which
ig thermedynamienlly favourable for
carrying out nnder high pressure. In
other words: by introducing the reaction
equation ;

3]3:2 -+ GO - CH4 + Hzo

By varviog

{or a fraetion or' a nmultiple of the same)
thers Tesult equations, with the aid of
which tha free energies may be varied ot
will within the limits determined by the
{rea energies of the fundamental reaction
equation and that of the end reaction
equation.

Tr all these caleulations one may uf
course also start fromn the exothermic end
reaction. In this case the hydrogen and
the carhon monoxide must he partly
replaced by methane.

Tn z similar maoner
prodhiced
Hion aceording te the eguation

toluene miay be

tendar the

an Lhe main product, the reac-’

11CH,+10C0 =3C,H, + 10H.0

being used for instance as the Lighly
endothermic fundamental reaction. A#
997> (V. the free energy of this reaction
amounts fo +o0805 g.feal., thus being, 60
ag in the preceding esample, so strongly
positive that the reaction s unfit for
indusirial use- I¥n order to be enabled to
suceessfully produce in spite thereot
tolnene from methane and carbor 65
monoxide, this reaction is steered by -
mennz of the stesring reavtions men-
tioned ubove into regioms, in which ihe
free energy reaches values which, aceord-
ing to the principles of thermodrnamies, 70
sacure u teehnieally favourable course of
the reaction under high pressure. These
regions lie below <500 g./eal. per mol.

_ of ofher aromatie 75
¢émpounds can be carried through in

-of toluene produced!
© . The produetion

aceordance with the sume principles.

" I preponderantly ydro-arcmatis
compounds, for instamce hexubydro-
bengene, are to be produced, ome may B0
gturi from the sfrongly endothermie
fundamenial reaction equation

40H, + 200 = H,. + 2H.0,

This equation has 2 large apusiﬁve free
energy, for instance at 227° C.+34780 Bh
g.;jcal., being thus so strongly endo-
thermie as not to be Gt for praectical
operation, In order neverihcless to be
able to produce hexahydrobenzene from
methane and carbon manoxide, {(his 80
fundamental reaction equation iz steered,
for instance by replacing part of the
methane by u wixinre of carbor monoxide
and hydromen in the moleeular propor-
tion of 3:1, into regiouns in which the 95
free encrgics possess values, which
formation of Lesshydrn-
benzene under high pressurs possible

without diffenlty.
.. The preceding fundumental reaction 100

equation can bo steered in the same
manner with the oid of the other steering
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requation of (he steerin

reactions deseribad above,

The steering of the fundamental reac-
tions with the aid of {hese steering reau.
tivne iy effeeted in the same mauner as
in the Jbreceding  examples, i.e. for
instance in applying the steering reaction
{e) one replaces part of fhe msthane,
which occurs on the left hand side of the
fundamental reaction equation (similarly
o3 wilh the steering reaction (a)) by such
& quantity of a mixinre of hydrogen and
carbon monoxide—in which raixture
however hydrogen and cerbon momoxids
are 10w present in the malecular propor-
tion of 2:2—1hat the molecular guantity
of the methane forming aecording to the

reaction, (c%
ar fuantity o
the equation of

corresponds to the muolee
methane to be replaced in
ke fundamental reaction.
Tn all cases the fundumental resetion
equadion is combined with the sheering
reaction equation in sueh proportion that
there results a reaction equation, the free
energy of whish lies below + 5500 z.jeal.,
and the starting muaterials are coused ta
react with cach other in the proportions
indionted by the equation of the result-
ng reaction, by wexposing them 4o suit-
abls conditions of temperaturs and pres-
gurg in accordance with tha prineiples
mentivned above. Obviously by applying
the above principle one is e.ua%ﬂa& to
reach. the regivn whiclh is most favourable
for the carrying out of tha reactions under
high pressures, in which the free emer
zies lie below +A500 Jeul. and  for
instazice between +55§0 and —10000
g. foml,
he following #undamental reaction
equations can for inetonce be steerpd by
maans of one of the steering reaclions
mentionsd above in accerdance with the
prineiple vnderlying this invention :

I7CH.+ 700= C.H,+ 7ILO
30H.+ 300~ OH, + SH,0
40H,+ 200= OH. 4 ?H.O
9CH +1400=2C,H,. + 700,
80T+ 1800 ~2C,H, + 900,

' 3CH.+ 600=CH. + 800,
- 250H,+ 00, =40,y + 14H,0
| 16CH, + 900,=40.H.+ 18O
OCH, 4 800,=20.,+ 8H.0.

The preceding fundamental reaction
equations represent primary types for the

production of aliphatic, hydraavomatic
and gromatic hydrorarhong, regpectively,
The invention is, however, not limited to
these primary fypes, One may siart in
the sume manner also from fundamenial
reaction equationa according to which ave
formed homologmes of these primary
types, such as toluens, x¥lene, methyl-
eyclohexanc or the like, and these fonda-
mental reaction aquations may be steered
with the aid of one of the steering re-
actions memtioned above,

In a similar manner, as explained in
the preceding examples with reference fo
the produstion of hexahydrobsuzena from
methane and carbon monoxide, teira-
hydrebenzena may for instanece be proo
dueed as predominant rroduct by ehoos-
ing different molecular Droportions
according to the fundamental reaction
equation

11CH,+ 700 = 8CH,, + TH.O

The produetion of other hydro-aromalic
compennds ¢an be eorried out on the
same primcipla, ;

From the free energies the well known
equilibrium constant may be cafenlated,
which forms o eriterion for the coleula.
tion of the yield and of the Prossures
required,

Hinee the heat enero{r produced in the
reaction can be controlled by means of a
steering reaction, we arc emabled to
operate o a largs seale wnder high
pressure, Apart therefrom  the high
pressure not only serves to increuse the
yield in accordunce with the law of mass
aetion, bub alse to activate {(polarige) the
methane moleaular, The pressure
employed in the process must be high
enough to cause such an eotivation; thig
is, however, abtained gt comparatively
low pressures, if in the mixtures there are
present larger guantities of CQ, tha mole-
cule of which iy rélatively unstable, i,
relatively readily highly polarised and
operntes in the polarisation of the
methans by influencs.

It will g:c useful in  most cases to
cperate ot high tolal ressures, for
instance zbove 500 &tmnspﬂeres angd pre-
farably above 1000 atmospheres. Whe
working femperature may a3 a rle be
chosen with advantege betwesn 450° gnd
800" abseluts (degrees Kalvin),

In the practics] operation the reactions

ers in. question can ouly be carried oub
with advantage, i¥ the molecnlay quantity
of CH, present in the starting gas mix.
ture amounts to at least one fourt
guantity of carbon oxides present, -

The presence of OH, in the starting gas
wixture also offers the advantage that the
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aecording to well kiown

undesired formation of CH, iz sup-
pressed and prevenied according ta the
law of mass action. The use of CilL
jnstead of 1. also leads fo a diminution

of the proportion of cathon oxides in the
starting gas mixture aad thus also fo o’

dimivution of tha highly exoihermie
formation of H.0. This is particularly
advantageons when operating under very
high pressures, st which it I diffieult, in
consegueuce of the small specific volume
to carry awuy the excess heat with suffi-
clent speed.

As already mentioned ahove, s a rule
the starting materialy do noj react with
each other aceording to enly one reacting
equation, but several reactions will
always proceed simultaneously, so that a
mixturs of various substances is obtained.
According to the quantilies of CIL, CO
or GO, used, i.c. ™ accordanve witl the
fundamental renclion equations used Im
practieal operation aliphatie or aromatic
or hydroaromatic compuunds will pre-
dominate in the rosultant product.

The starting maleriols need not e
chewically pure; inert gases which will
not participate in the reaction may ba

resent ic the reaetion wmixiure, For
instance natural gag or certair industrial
pases coulaining hydrogen, caxbon oxides
and{or methane may be used as starting
material, which may previously have
been, subjected to 2 thermal treaiment or
a conversion ageording fe well known
methoeds. : . .

For the purposs of sccelerating the
reactivns, parhenlarly when oporating at
not teo high pressures, eatalysts may be
used, which are produced and employed
in a mammer well kpown 1o a person
sidlled iu the.art. If catalysts are used
having a selective effcaey, i.e. which
accelerate with dilferent effert the forma-
tion, from the same sigrting materials,
of different compounds, the compasition
of the end produets may be influenced
rinciples, Ia
such case .the ahove explanations apply
with egual foree to the fundumental re-
action equaiivms, which are preferably
accolerated hy the respective catalyst.

Tn the practical operation of our inven- .

tion we wmay for ingtance proceed as
follows .
) Exanrre 1.

Through a eontact tube filled with an
iron-molybdenum-catalyst are continu-
onsly forced, afier the reduction of the
catelyst, 1000 enbic metres per hour of
a gas mixture having the following vom-
positon: 88% (by voiume) of H,, 1% of
CO and 319% of CH,. The pressure is
maintained at 850 atmosphcres above

.CJ;.HI: .

'n.armal, the temperature at 230° C. There 63
_result 815 kgs. of hydrovurbons, consisl.

ing mainly of oetane, and (99 kgs. of
woter per hour,
In the maln lhe reaction

5H,+4C0 + 4CH,=4H.0 + CH,,
(frec energy: —283 g.feall)

has gecurred., The steerlug veuetion

30 CO=CH,+ H,0
(free euergy: —21019 g./eal.)

way used to change the strongly endo-
ihermic fundarmental reaction

1?CH; gE TCO = ‘ECSH:; + TH—;O

(free emergy: +104,771 g.feal))
into the reartion

(free eneroy: —849 g feall)

80

which iz cqual to
4CH, +4C0 +- 58, =C.H,.+-4H.0
Exsurrs 2.

1000 ecubie metres of a gas miviure
consisfing of 33.3% (br velume) ol He.,
83.8% of CO and 83.4% of CH, are
passed per hour fhrongh = contact tnbe
containing redueed molybdenum-iron, the
pressure being muintaiued ai 800 atmo-
spheres above nermal, the femperature af
225 $0 230° C. There wre formed per
hour 330 kes. of hydrocarbons, consisting
mainly of evelohewanp, and 240 kos, of
water,

Here the reaction

83

80

3H, + 3CH, + 300 =3H.0 + ...

has besn carrled cul, the fres energy ol
which -at. the working temperature
amouniz to 42888 g feal, per 1 msl. 100
The reaction resulis from the
fundamental reaction eguation

4011, - 200 =211.0 + UnHw,

{the free energy of which at the workiug
temperaturs gmounnts to +25 178 . /eal.} 1py
by replacing therein exaefly ICH, by
8H, + 100 in aecordauce vwith the slcering
eaatlon

SHg -~ CO = CI'I.{ + ]Izzo.
the fres energy of which at the workisg 119

temperature amounts to —22 430 g.feal,
por 1 mol, of CIL..
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Examers 3.

Through a contact fube charged with
the same oatalyst as in Exauipla 1 are
continuously forced 1000 cubin metres per

5 hour of the followine @ag mixture:
- 33.8% (by volums} of H., 22.29, of CH,
and 44.5% of C0. The pressure is main.
talned at 830 almoapheres above nermal,
the temperature a4 370 to 880° C. Thers
10 are formed per houy 212 kos. of aromatic
bydrocarhons, cousisting meinly of hen-
zene, and about 200 kgs. of wafer,
Here the reaction

8H= +_20'H4 -+ ":1:00 = CnHa + 4:1:-[20,

15 has been carried out. which at ihe
temperature mentioned hag s free energy
of +8295 g./cal. per mol, of bhengens.
The fundamental rcaction equation used :

80H, + 800 =8H.0 + U,H,

an heg at 370 to 880° (V. the fecs SLETEY
+ 16917 g./cal. per mol. of benzene and
is sieered hy the steering reaction {a)

8, + CO=M.0+CH,
(free energy: —13622 g.jcal.)

into the above mentivned ares whick is

25 th&rmodynamically favourable with a

view {o ihe conditions of operation
employed.

Exasurenn 4,

Through a contast: tube charged with

80 the same catalyst pg in Examplc 1 are

foreed 1000 rubic metres per hour of 4 gas

mistury composed of 41.7% (by volume)

of He, 167% of CH, and 41.8% of CO.

The pressure is maintained at 1450 atmo-

85 spheres above normal, the temperature at

370 fo 880° ¢, There are formed per

hour 278 ¥gs. of sromatic hydrocarbops,

consisting wmainly of toluens, and zhout

270 kgs. of water. The formation of the

40 toluene ook place according t¢ the

cguation

5H. + 20H, 4500 = C, H, + 5H,0
{free cmergy: —2081 g./eal))

In the
action

endothermic funduymental +o-

45 110H, + 1000 =10H.0 +3C,H,
{free energy: +61927 g, fcel.),
steered by the skering reaction (a)

31{2 -+ CO = GH¢ + HQO
{free energy: —13622 g./cal))

5 mols. of OH, have been replaced by a
mixture of 500, 15H,, so that there

resuits the reaetion

15H, + 6C0H, + 1500 = 15H,0 + 3¢, H,
{free energy: —6184 g.[eal.)

equal to
5H2 + 2CH4 + éCO = 51:[20 *f‘ U‘!Hs

lo which eorrespond the percentage of
starting maferialy stated ubove,
Exsurers b,

Through. o contact tube charged with
the sams catalyst ag in Ezample 1 are
forced 1000 enbic meires per hour of a
gas mixinre consistine of 2329, (hy
volume) CH, and 77.8% €0. The
pressure is maintained af 1300 atmo.
gpheres above nommnal, the temperature ot
370 to 380° (. Thore urs formed per
hour 320 kps. of hydrocarbons, mainly
benzens, 76 kgs, of water and 556 kgs.
ﬂf 002. )

Here the reaction

R0H, + 7C0 = C. M, + H.0 + 30,

played the main role, the fres energy of
which af the working temperature
amounts to 4768 g./eal, per mol. of
benzene produced. The fundamental ye-
aclion egnation

. 301‘[& - 300 = GaEs + 3H20
(free energy: +16917 g.fcal.)

was changed by the stesting reaction {d)

2H.0 +4C0 = 300, .07,
(iree energy: —23885 g, feal.)

inio the resulting reaction equation given
above. : ot
 Bxamerr 6.

Through n'contact tube charged with
the same cutalyet ag in Examplo 1 wers
forced 1000 oubic meiras per hour of 2
gas mixture consisting of 18.7% (h
volume) of H,, 168.7% of GH, and 66.6%
of 0O, The pressure was maintained ai
1270 atmespheres above wormal, the
temperature at 370 1o 380° (. hers
were formed per hour 259 kes, of eyelie
hydrocarbons, prepobderantly  opelo-
hexane, and 543 kgs. of £0,.

Mainly the conversion

3H2 -+ BCO + 2GH.: = :GeHm -+ 4:00.'!
took place, the fres energy of which under

the working conditions smownts  to
— 1057 ¢.fcal. The fundamental reaction

6C0 4+ (0H, = UBHJE + 3002,
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which cannot be carried vut praviically
under the working eanditions mentioned
in conseguence of its having a free energy
of 16019 g./cal. per mol. of cyclohexane,
was steered by the steering reuction (b)

2H. +200=C0.+CH,
(free energy: — 16976 p.fenll)

inta the ~thermodynamically favourable

ares of the reaction setually carried out.

i Exavrre 7.

Through 2 confact tube filled with a
reduced vanadium iron econtact are foreed
1000 cubic metrey per hour of o gas mix-
ture comnsisting of 62% (by vafume) of
H., 23.8% of G0. and 149 of CH,. The
pressvre is maintained ab about 868 atmo-
spheres, the temperature at about 250°
C, There are formed per hour 50 kys. of
bengzineg, which mainly consist of octane,
and 78 Igs. of water.

The formation of the benzines takes
plzée according tn the equation

13Hz + SCH.:, -+ 500: = CaE] [} + IOH;-,O
(free energy: + 1770 g.fcal.) '

which results, wher {he endothermic
fundamental reaction ) B

95CHL + 700, =40 H,, 1 14FLO
{free energy: +90985 g feall)

iy cansed ta procesd simultaneously with
the steering reaction ()

‘i‘H: -!-'GO; =CH.+ 21130
(free efiergy: — 18405 g [cal.)

Having now particularly deseribed and
ascertained the nature of var said inven-
tion and in what manner tha same iz io
be performed, we declare {hat what we
claim igs-— :

1. A pracess of seleetively producing

under high pressure mixtures of hydro-
carbons ineluding {kose with side chains
in which predominale either aliphatic ov
hydroaromatiec or aromatic Lydrocarbons
characterised in that in an endethermic

reaction (fundamental reactinn), accord-

ing to the eguuiivn of which the desired
gompounds ean form from methane and
carhon oxides, part of the methune is
repluced by o misture of hrdrogen or
water aud carbon menvxide mnd/or ecar-
bon dioxide, from whirh mixture methuns
ezu form in accordance with the equation
of an exothermic reaction (steering re-
action}, so that the fundamental reaction
cquation is changed inte a reaciion
equution, the iree encrgy of whieh eor-
responds to 2 value, which, if ealeulated
pecording to the method indicated by
Lewis gnd Randall, dacs not exceed
+ 3800 gram. celories per mol. of the
product to be produced, and which value
may also be negative, the molecular
guentity of methane present in the start-
ing gas mixiure being at least one fourth
af the molecular quautily of esrhon
oxides present in the mixture.

2. A process as claimed in elaim 1, in
which the operation is carried out under
o total pressurs of at least 500 atmo-
spheres.

"8. A process as claimed in elaim 1, in
which the operation is carried ouf under
n tofal pressure of at least 1000 atmo-

‘spheres,

4:"A process as claimed in any one of
thé preceding vluims, characterised in
that ‘the operation is carried out at
femperalures ranging between 450° and
S00° ahsolute (degrees Kelvin).

Dated this 17th day of December, 193G,
H. DOUGLAS ELKINGTOXN,
Consulting Chemist and Chartered

Patent Agent,
20 {o 28, Holborn, fiondon, H.G.1,
Agent for the Appliconts.
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