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A Process for the Production of Gas Mixtures _l;aﬁtaining Carbon
' . Monoxide and Hydrogen =

T, MrcEapn STENSCHTARGER, of ‘1o

netionglity, formerly of Russian nation-
" ality, of 50, Portsea Hall, Connaught

Square, London, W.2, do hereby declare
Bihe naturs of this inventiom to be as

follows :— . .

This invention relates to the produstion
of gaseous mixiures comtaining carbon .
monoxide and hydrogen suitable fer use

10 in the Fischer-Lropsch process. . ..

In order to carry out the ¥ischer
Tropsch process in. the most safisfuctory
manner the propurtion of . hydrogen to
carbon monoxide should be between about

15 1.8 and 2.0 volumes of Dbydrogen per
volume of carbon monoxide.

(Gasey nceurring in nuture or artificially
prodnoed do not have the desired eompasl-
tign because they are usually rich in car-

20 hon wonoxide, It 1a thevefore necessary
to apply particulur processes in order to
obtain gases Tich.in hydrogen, which are.
then mixed with gases rich in carbon
monuxide, . -

25  When coal is eoked, poke and coke oyen
gag ave obtained. Waler gas, a gas rich
in ¢arhon monpxide, may ke abtained
from the coke, and a gas rich, in hydragen
may bo produced from the voke oven 'gas

30 by heabing it with steam, If these guses .

are mixed s synbhesis gas is obtained con-

taining CO :H, in the proportion of 1:2.

This process has the drawhaek that the

cole heinyg formed during coking and gasi-
fication is never completely used up and.

cnn}sequently the coal comsmmption is too .

high, ’ -

.gﬁ: is an ohject of the pretent imvention
to overcome the wforesaid drawhack and.
produce a oas mizture which can be satis- |
faciorily ntilised in the Fisechcer-Trousch
praocesg in a cheap and efficient manner ov
o produce a gas mixture which by the
mere addition of water gag will contain
hydrogen and carbom munexzide in the.

correct proportions, .. . . .o
With thiz object.in view the process of

the prusent invention. for the productien
of o gas mixdure containing carbon men-.

50 oxide and hydrogen. suitable for wse in the -
Pigcher-Tropsch synthesis comprises heat
ing & coke oven gos with steam ab g tem-

[Price 1f-]

8b
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- the process: of the invemtion may

. Bas, wnd the mixture heated in

peratura of l&:%UG_ to 1500° €. without a -
catalyst, or from 8O0 to 900° C. in the

. presence of a nicked or iron cai-algst, mix- 58

ing the gus thus produced with biue water
s in such proportion ag to produce a gas
containing carbon mongzide ond Lydro-
gen 1a a proportion suitable for use in the
Fischer-Tropech process, healing the miz. §0
fure_thug produced in the presemee of a
cobalt, nickel or iron cutalyst at & tem-.

. perature bebween 160 and 200° C. to pro-

duce oils and a gaseons product, mixing

the gaseony product with steam and heat. #5

_ing tg a temperature of between 1200 and

1500° O, withoub a catalyst or o a fem-
perature of hetwaen 800 and 906° C. with
a mickel or iron catalyst and mixing the
produet with blue water gas in such » pro-
portion s to form a gas containing hydre-
gen and curbor ‘monoxide in 2 proportion
suitable for use in the Fischer/Tropseh
PToCess, .00 il : )
The cobali, nicke] or jron catelyst eme
ployed may;'if desired, be activated with
an agtivater such as thoria and the cata.
lyst may be mixed with a earrier such ps-
Kieselguhr, magnesis, silics, pumice o
alnminium ewrths, - ' 80
Al the gases etmiployed in the process
should be purifled’éo that they econtain

1o

75

_not more than 4 gmg - of total sulphur

per 100 cubic inetres of gas.
The following examples illustrate how

be
earried anfo effect, :

L 475,000 cubic mcetres of coke oven
gas having ths following composition s
OO=7.0%, H.=30%, -CH,=20.0%,
Colln=3.6%; Nu=4.4% and 00.=2.0%,
were mixzed wilk steam in the proportion
of 0.5 kegm. of steam per cubic metre of
! the press’
snce of g nickel eatalyst (containing 109

85

90

g5
Thery was therehy

- hy weight of mggnesium oxide} at a teim-

pernlure of 820°-C.

. obtained per rithic metre of coke aven kas

Z.10 cubio metres of & gas of the following

eomposition: —C0 -+ 17.0%, H,=75.0%. 100

CH,=2.5%, N. =8.2% and CO.mI 3%,
1,000,000 cubie metres of this gas were

. then mized with 1.508, 000 cubic metres of

blue waber gas of the following composi-

209
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tion : —00 =40.7%, H.=51.0%, CH,—
0.3%, 00,=5.0%, and N,=2.09%, and
there was thus obtained 2,500,000} eubie
métees of a gas, hereinafter veferred to as
5 Synthesis Gas I, of the following com-
position : —C0 = 31.0%, H, = 61.0.,%.
CH, = 1.0%, G0.=4.3%, and N.=
2.7%. :
The Synthesiz Bas I was then passed
Waver a cobald catnlyst activated with thoriy -
ond mixed with a Tieselaubr carrize ot a
temperature of 1680 +o 220° G, yieldi;llg :
per eubig metre of Synthesis fias I 12
gms, of primary pr
15 meires of residval guas, hersinafier re.
ferred to as Residual Gas I. Tt will thus
be seen that a comfraction in velume of
66% took place, The Residual Gas T had
the following composition : —C0 =250,
20 H.=40.0%, CH,-15.0%, (0.=12.6%
and K, =7.49%,

The Resideal Gas T wna then freed from
carbon dioxide by washing with an
agqueous solution eontaining o mixture of

a5 a-ﬁcylﬁlamine bases, and mixed with stenm
in the proportion of 0.25 kgm. of steam
per cubic meire of gas and the mizfure
heated in the presence of a niekel eatalyst
al a temperature of 820° . There wag”
80 thershy olhtained per cubie mefre of
Residual Gas 1 1.53 cubic metres of a gas
of the foliowing composition: =
26.0%, H.=064.0%, CH,=].0% aid
CO,+ Ko 5.0%.
1,145,000 cubic metres of this gas- weta:
then mixed with 485,000 eubic mefres of
blue woter gas of the above-mentioned
comiposition and there war thus obiained
1,680,000 cubic metres of o gay lereins
40 after referred to as Synthesis Gas IT of the
following  composition: —CO = 50.4%;
H,=60.2%, CH,=0.8% and CO,+ X, =
8.0%. .
By suhjecting the Synthesis Gas IT to
45 the Tischer-Tropseh process about 140
gmg, of primsry products and (.25 ewbie
metres of residusl gas can be obtained per
eubic metre of Synthesiz Gus 1[. This
residual gos, which s hereingfler referved
5D to as Hesidual Gas II. may be used for
heating the coke oven plant, the plant
employed in treating the Residwal Gog 1
with steam and for heating the plaut em-
ployed in sulphur purification, and it is
65 then found that the coul consmmplion is
" about .75 tons of coal per ton of primary
products produced. o
2. 495,000 cubic melres of colke vven
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gos having the following composition: — -
Eg_-’54.U + ﬁE‘r_Qg.ﬂ:nﬂé‘{ ’
C.H.=3.6%, N,=4.4% and €0.=2.0% -
were mixed with steam in the proportion °

60 CO=7.0%.

of 1.8 kem, of steam per cubie weire of

gad, and the mixlyre heated without s p

Hy=581.0%, (¥, =0.3%
"Ny =8.0% and there was
‘cubic metres of a gag hereinafter yeferred
toias Synthesis Gas I' of the following

uets and .34 cubie

dollowing
' IL-:-mﬁ%,

" diidve-nientioned composition and 50,000

OOy

catalyst at 1450° O, There was thug pro- 65
duced 1,000,000 enhic metres of a gas of
the foilowing composition :-—C0 =21.0%,
H.=66.0%, CH,=1.6% and CO,+N.=
11.4%. which was then mixed with
800.000 cubic metrey of hlue water gas of
the following compasition :—(0=40.7%.
y OO == 0.0% and
obirined 1,800, 0()

70

ril

compositien 1 —CO=20.7%, H.—59.3%,

CH, 22 1,0% and CO,4-N,=10.0%. A
‘The SBynthesis Gas I was passed over

‘¢obelt catalyst activated with thoria and

mixed with a kieselguhy carrier at o tem- 80
perature of 160 to 220° C,, yielding per
éubip mebre of Syuthesis Gas I 108 ems.

of primary products and $.34 cubic metre

of residual gas hercingiler referred to as
Residual Gas I Tt will thus he seen that 85
a contreeiion of 3% had taken place. The
Residual Gas I' had the following com-
position: — CO=24 (%, H,=32.09%,
CH,=15.0% and €0, + N.=28.0%,

The Besidual Gas I' (B12,000 cubic
metres) was then mixed with steam in the
proportion of 0.6 kg, of steam per eubia
metres of gas and the mixture heated in
the wbsence vf catalysts at a temperaiure
of 1450° 6. There was therelhy obtained
870,000 eybic metres of gas Laving the
composition : — C0 =7 4%,
. CH,=0.7% and Cl+X.=
26.8%. This was mived with 720,000
éidbla metres of bluc waler gas of the

90
95

ioe

dubie- metres of converted hlue woter mas

of “the following enmposition:—(}g:

4.0%, H,=91.0%, CH,+N,=8.5% and

1.5% obtained by heating hlue 105
water gas with sleam at 450° €. and wash-
ing with an aqueous solution eontaining a
mixture of alkylolsmine bases ta remove
ajrbon diexide. There is thus ohtained
1,940,000 cubic moetres of a gas herein-
after referred to as Synthesis (Gag TI? of
the lollowing composition : —C0 =98.0%,
IH;E;%’:':&O%, CH,=05% and CO.+N,=

Tiv subjecting the Synthesis Gas 117 o
the Fischer-Tropsch process about 129
giuy. of primary products and .81 rubie
meites of residual gas can he obtained per
metre of Synihesis Gas 7T, This residual
ras, which is hereinafter referred tn aa
Resddual Gag TT!, may be used for heatine
the cclee oven plant, the plant emploved
L. ireatine the Residual CGas 1! wilh
i and for heating the plant emploved
Iphtir purification, and it is then
“ihat the eoal eonsumption is nhoys
E_ms:l per ton of primavy products

110
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Dated this 10th day of May, 1940,

ELEINGTON & FIFE,
Crnsuliing Chemists snd Charfered
: Paitent Agents
20 to 23, Holborn, London, B.0.1,
Agenis for the Applicant.

COMPLETE SPECIFICATION -

A Process for the Production of Gas Mixtures .containing Carbon
‘Monoxide and Hydrogen

I, Mrcorawr. STEINSCHLABRGER, of no

wgtionality, formerly of Russian .npalion-

ality, of 00, Porlsca Hall, Connaughi

Bguare, London, W.2, do herchy declare
5 the nature of this invention and in what
manner the ssme is to he performed. to

ba partienlarly described and ascertained .

in and by the following statement:—

This invention relates tn the produciicn -

10 of gasevus Toixtures confaining carhnu
monoxide and hydrogen snitable for use in
the Tischer-Tropsch process.

In crder to.carry ont the Fischer-
Tropsch process in the most satisfactory

156 manner the proportion of hydrogen to

carben monoxide should be between ubout-
1.8 and 2.0 volumes of Dhydrogen per
volume of carbon monoxide.

(iases oeourring in nature or artificiolly - °
~ ynd mixing the produet thus obtained with

20 preduced de not have the desired compogi~
tion because they are weually rich 1m
carbon momnoxide. Ii is therefore neces-
sary to apply particular provesses in order-
to obtain gases rich in hydrogen, whink
are then mired with gases rich in carbon
monexide, . . e

When coal is coked, colte and coke. oven
gas ave obtained. Water gus, & gas rich
fn carhon momoxide, may be oblained
80 from the coke, and a gas rich in hydrogen

may be produced from the coke oven gas

2h

by heating it with steam. Tf-thess gases -
are mixed a synthesis gas ig obtained con-

faining CO: 1L in the properiion of 1:2.

38 This process has the drawback that the :
eolie being formed during coking and gasi- .

-feation is mever completely used up and

consequenttly the soal comsampiion is dve-

high.
40
to overcome the aforesaid drawback and
produce a gas mixture which cun be-salis-
factorily utilised in the Fischer-Tropsch

process in a cheap and efficient manner or .

44 to produce a gas mixture which by the

mere addition of water gag will contain

hydromen and carbon monoxide in- the 1 .
- obiained per cublc melre of coke oven gasz

correct proportions. T

“With thiz objert in view the present in--
vention provides a progess for he prodme-
tion of a gas mixture confaining ' earbon
monoxide and hydrogen suitable for wse in

Tt is an object of the present invention

the Fischer-Tropsch synthesis which eom-
prises heating a coke oven gas with steam
u} a temperature’ vf 1200 {o 1500° G. with-
ont a catalyst, or. from 800 o 500° C. in

presence of a nickel or irom catalyst,
wixing the gas thus produced with blue
water gas in such proportion as to produce
a gas mixture containing earhon mom-
oxide and hydrogen in a proportion suit-

bt

60

_able for use ir the Tischer-Tropsch pro-

vess, heating the mixture thus produced
in the presence.of s cobalt, nickel or iron
catalyst ab o temperatute between 160°
and 250° (. tc.;ﬁ;&duce oils and a gusecus
product, mixing-the gassons praduct with
steam and heating to a temperature of be.
tween 1200 and 1800¢ C. without a cada-

lyst or to a temperature of between 800 70
angd $00° O, with a nickel or iron catalyst

65

blue water gas in such a proportion az fo
form a gas coutaining hydrogen and car-
hen monaxide in g proportion switable for
use in the Fischar-Tropsch procesa,

The cobalt, nicks] or iron cetalyst em-
ployed may, if desired, be activated with
an achivalor syell as thoris end the cata-~
lyst may be mixed with a carrier such as

)

80

. Teselgwhr, "magnesia,  silica, pumice or
aluminium éarths,: -

AT tho-gases employed in.the process
should Le purified sc thai they comdain-
not mors ‘than 04 gms. of total sulphur
per 100 eubin melres of gas.

The following examples illustrate hew
the process of the Iivenlion may be earriad
into effest:— -7y

1. - 475,000 cubic metres of coke oven
gus baving the:following composition : —

0—7.09%,  H.=£40%, OH,=29.0%
CH,=3.6%, Na=4.4% and C0.=20%, --
were mixed with steam in the proportion
of 0.5 kagm. of atearmn per cubic metre of 95
goa, end the mixture healed in the pres-
ance of g nickel catalyst (containine 109
by weight of magnesium oxide} ab g tem-
pevative of 820° C. There was thereby

86

90

100
2.10.cubic metres of a gas of the following

_eomposition : —00=17.000, H,=75.0%,

CH,=2.5%, Na=3.2% and 00:=2.3%.
1,000,000 eubig'metres of this gas wers
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then mixed with 1,500,000 cubic metres of
blue water gas of the following composi-
et : —L0=40.7%, H.=51.0%, CH,=
0.8%, 00.=56.0%, and N,=8.0%, and
& there was thus obisined 2,500,000 cubic
metres of o gas, hereinafter referred tv as
Synthesis Gas I, of the following com-
posiion—00 = 31.0%, H, = G1.0%,
CH, =1.0%, CO.=4.8% ond N,=2.7%.
10 The Synthesis Gas I was then passed
over g cobalt catalyst activated with thoeig
and, mixed with g kieselgubr carrier at =

temperature of 160 to 220° C., yieldin’g-

per enbic metre of Synthesis Gas T H2
16 gms, of primary produets and 6.34 cubic
anetres of residual gas,
- ferréd to as Resideal Gog 1. If will thus
be séen that s coutesetion in volume of
66% took place.
following composition : —C0 =25.0:9%,
He=40.0%, ©CH,=15.0%, C0.=12.8Y
and N,=—7.4%. : .
The Residual Gas I was then freed from,
carbon dioxide hy -washing with en
25 agueous solution conteining a mixiare of

pllcylolamineg beses, and mixed with steam -

in the proporiion of 0.26 kgm. of steam
per cubic matre of gas and the mixture
heated in the presence of o nielel catalyst
80-at a temperature of 820° ©. There was
thereby ohtained per cmhic metre af
Residual Gas X 1.53 cubie metres of o gas
of the following composition:—CO=
26.0%., H,:f’&'ﬁ%, CH,=1.0% and
86 CO. 4 N =3.058, -

1,145,000 cubie metres of this gas were

then mived with 435,000 cubic melrey of
blue water gas of the aboye-mentioned
composition and there was thus obtained

40 1,830,000 sublc metrea of a gas herpin-

affcr referred {o as Syntkesiz Gas IT of {he

following  domposition ;—CQ0 = 30.4%,

E%;;ﬁﬂ.g%, CH4=-=0.8% and GO:-{-I\'g:_

8‘ Fi-X} - * - -

By subiseting the Synthesis Gas 1T ta
the Higcher-Tropsch process pbowd 140
gms, of primary. products and 0,25 cubic
metres of residwal gas cam he obizined per
cubic metre of Synthesiy Gas T1.

50 residual gas, which is hereinafler referred
to as Residual (Glas TT, may be used for
heating - the coke oven plant. the plant
employed in treating the Residual Gas T
with steam wnd for healing the pland em-

66 pleyed in sulphur: purification, and 1t is
then found that tha coul conmsumption is
ahout 3.75 tons of coal per ton of primary
products produced,

2. 495,000 cubic mchres of colke oven

60 gas having the following comnesition :—
CO=T.0%, - H.=064.0%, C(H.=29.09%,
C =269, No=4.49% and C0-x2.09

46

were mixed-with steam in the proportion:

of 1.8 kgm. of sleam per cubie melre of
63 gas, and the mixfure leated without o

hereinafter rg=

The Ragidual Gas I had:

This-

eatalyst at 1450° ). There was thus pro-
duced 1,000,000 cubic mefres of a wus of
the following compesition ;-0 =21.0%,
ngﬁﬁ.o%, CH, =1.G% and 004N,
11,4%, which was then mixed with 70
800,000 cubin metres of blue water gny of
the following composition ; —CO=4047Y%
H,=51.0%, CH,=0.8%, 00.=5.0% and
N:=8.09% and thers wasobtained 1,800,000
enhic metres of o gas hereinafter referred 75
to as Synthesis Gas I* of the following
cemposition : —00=29.7%, H.=59.3%,
CH; =1.0% and COu+IK, = 10.0%.

“The Synthesis Gas I* was passed over a
cobalt catalyst aetivated with thoria and
mixed with a keselguhr careicr at a tem-
perature of 160 1o 220° C., yielding per
enhic metre of Synthesis Gas T 103 gms.
of primary products and (.34 cubic metrae
of residual gas hereinafter referred to as
Ttesidual Gas I, It will thus be seen that
a contrection of B9 had taken place. The
Residual Gtas I' had the following com-

vsition: — CO=24.0%, H,-=352.0%,

H,2=15.0% and €O, + N.=20.0% . 90
" Thé Hesidual Gus I (612,000 eubic
metres) wos then mixed with steam in the
proporlion of 0.6 kem: of stesin per cubie
metres of gas ond the mixiure heated in
the absence of calalyets ot a temperature
of 1460° C. There wag thereby obtained
870,000 cubie metres of gag having the
following - composition: — CO;-_-?L_I'?_(}%,
H.=46.09%, CH,=0.7% and CO.1 N.=
26.3%. This was mized with 720,000
cublg metrés of blue water gas of the
ahove-mentioned composition and 890,000
cubic meires of converted blne water gas
of 'the following composition;—CQ'=
4.0%;, H,=91.0%, CH,+N:=3.5% =znd 105
CO:=1.5% obtained by heatine hine
whler gas with wleam at 460° C. and wach-
ing'with an aguevus solution containing a

80

B

25

106

" mixturp of alkylolamine bases tn remove

earbon dioxide. There is thus obtained 110

. 1340000 eubic mefres of a gus hersin-

after relerred to as Synthesis Gas I1 of
the following composition :—CQ =28.0%,
Hi=80:0%, CH,=0.5% and CQo4 N.w
15.5%. : -

By subjecting the Synthesis Gas 11 to
the Fischer-Fropsch process ahout 129
gms. of primary produets and 0.3¢ cubic
medres of residual gas ean be obtained per
netre of Synthesls Gus IT:. This residual
gas, which is hereinafter referred to as
Hesidital Gag IT', mav he nsed for heal-
ing: the ecoke oven plént, the plant em-
ploved in ireating the Residuel Gus I*
with steam and for heatine the plant em- 125
plaved ‘in sulphur purification, and it is
then found $hat the coal sonsumption iv
abiimt 3:8 tons per ton of primarv products

115
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produced.

' The expression. ** primery - products 2 13U
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as used herein means hydvocarbons con-
taining three or more earbon atoms in the
wmolecnle obieined in the synthesiy and
daes not include the oil vield in the coke

5 oven plant,

Having now particularly deseribed and
arcertained the maluve of my said inven-
Hon, and in what manner the same is o
be performed, I declare that what I elaim

10 igs—

1, A process for the production of a gas
wmixture containing carbon menoxide and
hydrogen suiteble fur use in the Fischer-
Tropsch synthesis which comprises heat-

16 ing u coke oven gas with sleam at a lem-

perature of 1200 to 1500° 0. without a
autalvst, or from 800 to 800° C, in tha
presence of o nickel or iron catalyst, i
ing the gas thus prodiced with hlue water
gas in such proportion as to preduce a gus
mixture containing carhon monoxide and
hvdroren in a propurtion suitable for use
in the Fischer-Tronsch prpcess, healing
the mixture thus produced in the presence
of u cobalt, nickel or iron catalyst at a
teruperature hetween 160 and 250° O, to
produce oil and a gaseous product, mixing
the pasevus produch with steam and heaf-
jngr to o temperature of between 1200+ and

30 1500° C. withont a catalyst or o a tem.-

Teamington Spa: Printed for-His Majesty’s Stationery Office, by the Courier Press—1948. Puhliched at

pergture of between 800 and 9007 . with
a nicke] or iron calalyst and mixing the

produet with blue water gas in such a pro-
portion as to form a gas containing hydro-
men and cachon monoxide in a proportion
suitahle for use in the Tischer-Tropsch
process, o

2. A prooess as claimed in Claim, 1
wherain the cobalt, nickel or iron eatulyst
is activated with an =aclivator such as
HhoLIS. : )

8. A proecss as claimed in Claim 1 or 2
wherein all the zases employed in the pro-
ecess are purified so that they contein not
more than 0.4 gms. of total sulphur per
100 cukiv meires of gas.

4. A process far the produstion of a gas
mixtuze contaihing carbon moncside ond
kydrogén suilable for nse in the Fischer-
Wropsch synthesls substentially as de-
seribed with reference to the Examples
piven. L .

5. Gas - miztures containing carbon
monexide and hydrogen suitable for use in
the TFischer-Tropsth process when pro-

- duded by the process elaimed in any one of
the preceding Claims.

Dated this 12th dav of May. 1944,
EGEINGTON & FIFE,
Consnliing Chemists and Chartered

_ DPatent Agents,
20y {0 23, Halharn, London, E.C.1,
Apents for the Applicant.

The Fatent Office28, Soathempton Buildings, London, W.0.2, from which copies,
price 1. 0d. each (inland) Is. 1d. (abroad) Ty be cbiuined,
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