10

20

20

490

45

&0

Complete Specification Left: Avg. 3, ) 940.
Complete Specificatlon Accapted: Feb. 15, 1944,

' PATENT SPECIFICATION

Appilcation Date: July 5, 1939,

" No. 19623 / 39,

575,377

PROVISIONAL SPECIFICATION

A Process for the Production of Gas Mixtures containing Carbon
Monexide and Hydrogen

We, Micmams SIBINSCHLALGER, of no
nationality, and Overseas PFmvawce &
Cowueree (Loxven) LiMrTeD, a British
Company, both of Market Buildings, 29,

incing Lane, London, B.C.85, do here
by declare the pature of this invention 4o
be as followa:—

This invention relales to the production
of gascous mixbures comtaining carbon
monoxide and hydrogen snitable for use in
tha Fischer-Tropsch Prooess.

In order to carvy out the Fischer-
Tropsch precess in fhe most satisfactory
manner the proportion of bhydrogen o
carhem monoxide should be between about
1.8 and 2.0 volwmes of hydrogen per
voume of carbon monoxide,

Gases vocurring in nature or artificiall
produced do net have the desived composi-
tion  beceuse - they wre wsually rich in
earbon momoxide. Tt is therefore meces
sary lo apply special processes in erder o
obiain gases rich in hydrogen, which are
then mized with gases rich im carben
monozide, '

When coal is aoked, coke and coke oven
gas are obiained. Water gas, a gas rich
in carbon monoxide, mway be obiained
from the coke, and 2 gas rich in hydrogen
way be produced from the coke oven gas
by%eating it with steam. I1f these geses
are raixed a gynthesis gas is chiafned con
taining GO :H, in the proportion of 1:2,
This prucess has the drawhack that ths
coke being formed -during eaking nnd
gasiflaation is never completely used wp

and consequently the coal comsumption is

top bigh,

It is an ohject of the present invention
to overcome the afuresaid drawhack and
produce o gas mixture which nan be
solisfuctorily wutilised in the Tischer-
Tropsch process in'a cheap and efficient
manner or o produce s gas mixfure which
by {he mere addition of water gas will
vuntain hydrogen and earbon monoxide in
the corrent proportions,

‘With thiz objeet in view the process of
the present invention for the production
of & gas mixbure containing carhon mon-
oxide wod hydrogen suitable for use in the
Fischer-Tropseh synthesis comprises mix-

[Pricé 1f-

ing water gas with coke oven gas and a
gas containing hLydrogen and methane
produced by hesting the wazy residue de- 65
posited on the catalysts in the IPiseher-
Tropsch process with hydivgen or gases
aomtaining the same, heating the pas mix-
turg thus obtained in the presence of &
nickel ar cobalt eatalyst &0 pruduse anm
ail and a gag rich in wmethane and subject-
ing the sald gas to heating with steam to
produce a gas mixture confaining earbon
monoxide and hydregen, Preferubly
water gus is added fo this mizture to pro-
duce a gas Ioiziure containing carhon
monpzids and hydrogen so that the pro-
portion of hydrogen to carbon monoxide is
between abount 1.8 and 2.0 volumes of
hydrogen per volune of curbon monozide, T0
The amount of water gas to he added will

in general be hatween 10%-and 100% of
the volume of the gas to which it is added
the exact amount added being dependent
upon the working conditions empleyed in 75
the varions steps of the process,

The ecobalt or nickel catalyst employed
may if desired, he activuted with an
aelivator such ws thorium and the catalysi
may be mixed with a carrier such as kiesel- 80
guhr, magnesia or silica.

The following example illuslraies how
the process of the tnvention moy be carried
nte effect :—

* A coal having an ash eontant of about 83
7%, a sulphur content of about 1.3% and
containing ‘about 28% of volaiile con-
stituents was coked and yielded 76% of
coke caloulated as dry coke om dry coal,
the gas yield heing 355 eubie metres pex 80
ton of dry coal an iaving a calorific value
of ahout 4870 calories mer cubie metre.
The gas after treatment for the removal
of organic and inorgamic sulphur com-
pounds had fthe following vomposition :

OD=6%; H,:SG.O%'; CH‘=26%;

Hn=2,0%; CO,+N,=10.0%.

Parl of the ecke obtained from the cosl
way subjected to the waler gas reaction and
it was found that .56 kems. of dry coke 100
vielded 1 cubic metre of biue waler gas
which after treatment for the removal of
arganiy and inorganic sulphur compoundy
had the following composition : —
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. C0=40.7%; H,=£1.0%; CH,=0.3%;

00, +=N 2'—'8 0%

1,000,000 cubic metres of blue water gas
of the compomtmn deseribed above were
mixed with 550,000 eubic meizes.of coke
oven gas of the eompusition mentioned
above and with 70,000 ems. of a gas con-
sisting of 869% hych'ogen 129 methane
end 2% carbon dioxide + nitrogen chinived
by {reating a waxy material obfained in
the Fischer-Tropsch process and deposited
on the catalyst gy passing thereover a gas
cogtaining 98% of hvﬁrngen and obtained
from the blue water gas in koowa manner.
Thereby there were produced 1,027,000
cubic metres of 2 gas hereinafter referred
to as Synthesis Grag T of the following
com ogition :

=27.2%; Ho==04.3%; CH,=9.5%:

00 +N,=8.2%; OGH, =07

The synthesis Gas I was then passed
over # cobalt cafalyst activated with
thorimm ond mized wiik a kieseleuhr
carrier at a temperature of 160—220° C.
yielding per eubin meire of Synthesis
Ras I 87 grams of primary products and
0.4 cubic melres of residual gns herein-
after referred teo as Residual (as T, Tt
will thus he seen that s contraetion in
volume of-60% has taken place. .

The Besiduel Gas I had the followm,g'
wmposutlon

0=18.0%: H,~25.09%; OH,=235.0% ;

UO: +N,=R0.5%: CoHn=2.09%

The yesidual gas I was then mixed with
gleawm in ihe proporiion of 0.56—0.9 Lkem.
of steum per cublc metre of gus and the
mixiture heated in the presenca of a niekel-
molyhdantm sulphida eatalyst at » ten-
pernture of between 800—900° €. Therc
is thereby obiained per cubic meire of
Residual Gas T 2,22 cubie metres of a gus
of the following ecomposition:

C0=24.0%; H.=04%; CH;=1.0%;

CO, + N, 11.0%

1,440,000 cubic metres of this gas were
Hhen mized wilh 720,000 cubic wetes of
blue water gmas of the composition
described above and there was then

0 obtained 2,160,000 cubio metres of a gas

55

fif

(Synthesia Gas II} of the following com-
position :

CO=29.7%"; Hs-—ﬁg %3 CH, =0.8%

C0;+N.=9.8

This gas whmh had a Iow conient of
sulphur, i.e, about § of the sulphur content
af Synthcsm Gas I and contains about
80% of reactive constituents is suitahle for
use in the Fischer-Tropsch process. Ly
subjecting it fo the Fischor-Tropseh pro-
cess aboub 140 grams of primury products
are cbtained per cubic metre of gas,

375,377

I] the large coke obtained in the coking
of the coal is used for the production of
tlic blue water gas the smaller coke may €5
be uzed for heating the eoke oven plant,

The residun]l gus obtained after the
Synthesis (Fas IT has heen subjected to the
Fischer-Tropseh  proeess (Residual Gas
II) may also be used for Lhealing the coke 70
oven plynt the plant empleved in treat-
ing the Residual Gas T with steam and for
hcatmﬂ* the plant employed in the sulphur
pur].ﬁeatlon and it 1s then found that the
coal consumption is ahout 8.4F ioms of 76
conl per ton of primary products produred.
The expression * primury products *’ does
not inglede the oil Field in the ecoke oven
plant.

This consumption of coal is very low and 80
cannot even be approached bv any of the
processes hitherte knawn. If a different
process iz employed, far treafing the
methane with steam or if a different type
of coal is used the coal consamption wuuld 89
differ slightly.

The process af the present invenfion has
a number of advaniaves for example: (1)
low éonsuinyiion of coke and voke oven pas
and therefors low consumption of noal {2) 90
by regulating the addition of the gas rick
in hyﬁrorrcn ond methane the properiion
of carbon monoxida to hydrogen in
Svnthesis Gas T ean he adiusted ex:mtl_v
frrespective of the nature of the composi- 89
tion of the coke oven gas, (3) no-coke or
coke oven gas remains 50 that the nroduets
consist only of ths primary nroducts of
the synthesis and the hy-products of the
coking process, the onlvy waste being the 100
enlie sh. () it is not necessury to work
un the Synthesiz Gas I so estensively
which is advantageous, because the Svi-
thesis Gtas T Is ot se rich in reactive con-
stituents and not so free from sulnhur as 108
the Svnthesis Gas TI. ro that noisening of
the catalyst in the Fischer-Tropsch_ uro-
cess is wedueed (5) not sueh a lares
quantity of eatalvsi is required. in the
utilisaiiou of the Svnthesis Gas IT in the 110
Fischer-Tropsch process as would he
reqiiired if some other sas wers trenteﬂ
becanse the Senthesis Gas TI is rich in
reaotive constituents and hes a very low
su‘lphu;; content. 115

':]jaifed thiz 5th day of July, 1930,

-, BLEINGTON & FIVE,
Gonsultlﬂg Chemists & Chartered Patent

Agents,
90 to 23, Holborn, ]]nndon, B.C.1.
- Agents for the Applicants.
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COMPLETE SPECIFICATION -

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

We, Mromsns, SreiNscHLARGER, of no
ngtlonality formerly of Russian Nation-
ality, of 50,. Portsea Hall, Connaught
Square, Londen, W.2, formerly of Market

& Buildings, 20, Mimncing Lane, London,
E.C.3, and Ovensmas FiMancE & Cou
mERCE (Lowpow) Lasmrrsn, & British Come
pany, of Market Buildings, 29, Minecing
Lene, Loadon, B.(0.3, do herehy declave

10 {he nature of this invention and in what
moanner the same is to be performed, to be
particularly deseribed and ascertained in
and by the following statement : —

This invention velates to the produciion

15 of gaseous mixbures conlaining carbon
monoxide znd hydrogen suitahle for use in
the Fischer-Tropseh DProcess, or similar
process such as the Pischer-Pichler Pro-
cess, all of which are hereinafler referred

20 to for the saks of brevily as the Fischer-
Tropsch fruuess. .

In order fo carry ous the Wischer-
Tropsch process in the most setistactory
manner the proporlion of hydrogen to

26 carbon monoxide showld he hetwsen about
1.8 and 2.0 velumes of hydrogen per
volums of carbon monoxide.

Gases ooewrring in nature or artificially
produced do wot have the desired somposi-

38 tion because they are wusually rich in
carhen maonoxide., It iz therefore neces-
sary to apply special processes in order to
cblain gases rich in hydrogen, whick aze

" then mixed with gases rich in carbon mon-

85 oxide,

When coal is cvled, coke and coks oven
gas ure obtained. "Water gas, 2 gas rich
in earbon menexide, may be obtained from
the coke, and & gas rich in hydrogen may

40 he prodwoed from the coke oven gas by
heating it with stexmn. Tf these pases are
mixed a synthesis gas is obtained contain-
ing O0:H, in the proportion of 1:2.
This process bas the drawback that the

45 ooke being formed during coking and
gasification is never complefely used wp
and consequently the coal vonsumption is
too high.

It ie an object of the present invention

50 o vvercome the aforesaid drawback and
produce a pas mixture which can be satis-
factority utilised in the Fischer-Tropsch
procsss in o cheap and -efiicient manner or

~ 1o produce & gas mixinre which hy the

86 mere addition of water gas will coutain
hydrogen and carbon monoxide in the
correct praportions.

‘With this objeet in view the process of

-" the present invendion for the produetion of

a gas mixture containing carbon monoxide 60
and hydrogen suifable for use in the
anher—Trolgsch process comprises mixing
water gas with coke oven gas and a gas
containing hydrogen and methane pro-
duced by heating the waxy residue 69
deposited on the cutulysts in the Fischer-
Tropsch provess with hydrogen or gages
sonlaining the same, heating the gas mix-
ture thus ohtained in the presence of a
nickel or cobalt catalyst to produce an oil 70
and a gas rich in methane and subjecking
the said gas to heating with steam to PrO-
duce o gas mixture comprising substan-
fially carbon monoxide and hydrogen,
Preferably water gas iy added to this 19
mixture {u producs & gey mixiure contain-
itg carbon monaxide and hydrogen so that
the proportion of hydrogen to earbon mon-
vxide is between about 1.6 and 2.0 volumes

of hydregen per volume of caxbon 80
monoxide. The amount of water gag to ba
added will in general be hetween Zﬁ}% and
100% of the volume of the gas to which it

18 added the exact amount addsd heing
dependent upon the worldng conditions 85
euiployed in the varions steps of the PrO~
Geas.

The cobult or nickel catalyst employed
may if desired be activated with an acti-
vafor such as thoria and the catalyst may 80
be mized with a earrier suck as kisselguby,
magmesia or silice,

The following exumpls illusirates how
the process of the invention may he carried
into effect; - :

A eoal ilaving an gsh content of ghont
7%, & sulphur content of ahout 1.3% and
contaming ahdut 28% of volatile constity.
ents was ooked and yielded 75% of coke
caloulated as d.tg,v coke on dry coal, the gas
yield being 35 cubic wetres per ion of
dry coal and having a calorific value of
ahout 4670 eulories per cubic metre. The
gas afler treatment for the removal of
orgutic and inorganic sulphur compounds 105
bad the following composifion ;

00=06%; H,=56.0%; Ol =26.0%;

Colln=2.0%; CO,+N,=10.0%.

Part of the ooke obtained from the coal
was subjected ty the water gos reaction and 110
it was found that 0.5¢ kgmwms, of dry coke
yielded 1 cubic roetre UP blug waler gas
which after treatment for the remuval of
l:-r%amq andinorganic sulphur compounds
had the following composition ; — T 116

UO~=407% 1 ]T,,:El.o% H (}H,=0.3%;

D0, + N, = 8.0% :

1,000,000 cubic metres of hlue water oas

100
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of the composition described above were
mized with 550,000 cubic metres of coke
oven gas of the composifion mentiozed
ahove and with 70,008 cubic metres of a
5 gas consisting of 86% hydrogen, 12%
methune end 2% carbon dioxide + nifzogen
obtained by h'ea.tin%l a wagy material
obtained in the Tischer-Tropsch process

and deposited on the catalyst by pussing

10 thereover a gas containing 98% of hydro-
epn, and obtained frow the blwe water gas
in known manner, ‘Thereby there were
produced 1,627,000 cubie metres of a gas
hereinafter referred fo as Synthesis Gas 1

14 of the following composition:

CO=27.2%" H,=i43%; CH,=%5%;
. G0+ N.=8.2%; CH.=0.7%.

The Synthesis Gas I was then passed
over a cobalt catalyst netivated with thoria

20 and mixed with a kieselguhr cerrier at a
temperature of 160-—220° O. yielding per
cubie metre of Synthesis Gas I 97 grams
of primary produsts and 6.4 cubie metres
nf residual gas hereinafter referred iu as

25 Residmal (3as I. T will thns he seen
that a contraction in volume of 60% has
talen place.

The Residual Gas T had the [ollowing
compasition.: ) o

80  C0=18.0%; H,=%5.0%; CTL,=8n.11%;

(0,4 Na=20.5% ; CoHn=2.0%

The Residual Gas T was then mixed
with steam in the properiion of (.5—0.4
kgm. of steam per cubic metra of gas and

85 the mixture heafed in the presence of a
nickel.molybdenum sulphide catalyst at a
temperature of hefween 800—300° C.
There iz thereby cbirined per eubic metre
of Residual Gus I 2.22 cubiy metres of o

40 gag of the following composition:

CO=24.0%; H,=84.0%; CH,=1.0%;

00, + N.=11.0%

1,440,000 cubie meires of this gas were
then mized with 720,000 cubic meires of

45 plue water gus uf flhe composition
deseribed above and {here +was then
obtained 2,160,000 cublc metres of a gas
{Synthesis Gus 1L} of the following com-

position : )
50 CO=20.7%; W,=59.7%; CH,=0.8%;
00=+N2'==9.8%

This gas which had a Jow content of
sulphur, i.e. about  of the sulphur con-
tent of Synthesis Gas I and contuins about

55 9019, of reactive constituents is suitable
for use in the Fischer-Tropsch process.
By subjecting it to the Fiseher-Tropseh
process about 140 grems of primary pro-
duets are obtained per cwbic metre of gus.

60  If the larre coke oblained in the coling

"~ of the coal ia used for the production of the

blue water gas the smaller coke may be
used for heating the coke oven plant.

the residual gas obiained after the Syn:

65 thesis fias 1T has been subjented to the

Fischer-Tropseh process (Hesidual Gas IT)
may also he used for heating the coke oven
lant, the plant employed in treating the
esiduul Gas T with steam and for heating
the pluut vinployed in the snlphnr purifi- T0
pation and it is then found (hat the coal
consumpion is about 3.4 tous of coal por
ton of primary produets produeed.  Alfer-
natively the Residual Gas IT afier removal
of carbon diovide may be heufed with @
steam in the presence of a mickel cafulyst
at v femperafure of 800° G. and mized
with blue water gas fo produrce o Syuthesis
(3as 13T of the ftﬁluwhzg composition :
CO=20.0%; H.=£8.0%; 80
COp+X, + CH, = 13,0%.
This Syniliesis Gas may be wsed in the
same mavnner as Synthesis Gases T and [T,
In this case the consumption s 0,9 cubic
melres of coke oven gas +3.45 eubic metves 85
of blus water gas per kgm. of primary pro-
duets. The expression ° primary pro-
duets ** does not include the oil yield in
the coke oven plant but merely includes
the produets obtained in the synthesis. 80
This eonsamption of ecoul 1s very low
and cannot even he approached by any of
the ‘processes hifherto known. Tf a ditfer-
ent type of coul is used the eoal consump-
tion would differ slighily. 9
The blue water gas may le replaced
wholly or in part th water gas obtained |
by the compleie gosificntion of coal i.e. &

. proeasd in which coul itself is subjected tn

the weter gas reaction. If the blue water 100
gas is wholly replared in the process of
the Exsmple by water gas obtained hy the
eomplets gasificution of u South Wales
medinm coking coul 2 consumption of
0.47 cubis metres of coke oven gus and 2.8 109
kg. of coal is necessary per kg. of primury
products.

The process of the present fnveation has
a number of advaniages for exumple: (1)
tow consumption of coke and coke voven 110
gag and therefore low consumption of coul
(2) by reguliting the addition of the gas
rich 1n hydrogen and methane the propor-
tion of earbon monoxide to hydrogen in
Bynthesis Gns I can be adjusted exactly 115
irzespective of the nature nf the composi-
tion of the coke oven gas, {3) no coke ar
eole oven pas remains so that the products
vonsist only of the primary products of the
synthesis and the by-produets of the cok- 120
ing pracess, the only wuste belng the eoke
ash,. (4).it is not necessary to work up the
Syniliesis Gas 1 50 extensively which is

- advantageons, because the Nynthesis Gas I

is nol so rich in reactive constituents and 125
not go free from sulphur as the Synthesia
Gas: 11, so thet poisohing of the cakalyst
in the Fischer-Tropsch process is redueed,
(B} not such a large guantify of catalyst
is required in the niilisation of the 8yn. 130
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thesis Gtas 11 in the Fischer-Tropsch pro-
cess as would be required if some other gas
were freated because the Synthesis Gas 11
is rich in reoctive constituents and has a
very low sulphur content,

Having now particularly described and
aseertained the vafure of our said inven-
tion and in what manner the same is o be
performed, we declare that what wa claim
15 §—

L. A process for tho produetion of a ga4
mixture eonfaluing carhon monexide ang
hydrogen suitable for use in the Fischer-
’J.‘ropsgh synthesis which comprises mixing
water gos with coke oven gas and a gas
containing hydrogen and methane pro-
duced by heating the waxy zesidue
deposited on the catalysts in the Fischex-
Tropsch process with hydrogen or gases
containing the same, heaiing the gas mix-
ture thus ohtained in the presence of a
nickel or cobalt catalyst to produce sm oil
and a pag rich in m&ti . aad subjecting
the said gas o heating with steam fo pro-
duce » gas mixture comprising substan.
tially earbon monoxide and hydrogen.

97E,877

2. A process gs claimed in elaim 1 where-
m the amonnt of water gas added is
between 10 and 1003.3 of the volums of the
gas to which it is added,

3. A provess as claimed in olaim 1 or 3
wherein the cobalt or nickel catalyst is
activated with an aciivator such as thoria,

4. A proeess for the produetion of a gas
mixture containing carbom monvgide and
hydregen suitable for use in the Fischere
Teopsh  synthesis  substantially ga
described with reference to the example
given,

5. Gras mixtures confuining carbon mon.-
oxide and hiydrogen suitable for use in the
Figoher-Tropsch _synthesia when produced
by the process claimed in any one of the
preceding claims,

D&teﬁ ﬂ_:.isrércl day of August, 1940,

ELEINGTON & FIFE,
Consulting Chemists & Chartered Patent

Aprants,
20 {0 28, Holborn, London, E.C.1,
Agants for the Applicants.
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t.eamington Spa: Printed for Hie Majesty’s Stationery Office, by the Coirrier Press.~—1946. Published at,
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pries Is. 0d, each {{nland) 1s, Id. (zhiuad) may he ohtained.




