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PROVISIONAL SPECIFICATIOR

yelating to Processes for Producing Gaseous
Monoxide and Hydrogen suitable

for Conversion inte Hydrocarbons

We, ILowpox Trstove TiAuURATORY
Lrsrren, s British Company, of 81,
Canunon Strect, Londen, E.C4, and

ILCHARTL STLEINSCHLARGER, vf no nation-
ality, uf the above Company's address, do
Lereby declare fhe nature of this
invention to be us follows;—

This invention relates to the praduction
of aaseons mixiures ‘containing cerhon
10 monoxide and hydrogen snd suitable for
conversion into hydroearhens,

Tt is kuown that mistures of these two
oases can he converted eatulytically into
nrixiures of hydrocarbons which ran he
utilised s lubricants snd as power fuels
for internal eombustion engiues wnd fhe
Lke. A number of meibods ate known
for producing suitable miztures of rarhon
monoxide and hydrogen from vartous
industrial gases including coke oven gas
and it is the chief ohject of the inven-
tion 4o evolve u process of increased
efficiency making usc of coal distillation
gases such as coke oven gas as one of the
starting materinls, _

Aceording to the invention o gas, such
as water gas, counsisting principally of
carhon monoxide and Lydrogen is mixed
with eoal distillation gas, and the mixture
ix pussed over u echalt or nickel eatalyat
produring  gases xich. in methane these
cases then heing-converted with sleam m
a decomposing plant viclding o gas eon-
sisting priveipally of a mixinre of
85 covhon monoxide and hydrogen.  This

gas can then be used in known apasner for

ihe cetalytie preduction of hydroearbons.
The proportion of carbon monozide io
hxdrogen in the gas produced by the above

40 process will generally he less than 1:2.

In order to obtein the hest yleld of

Liviroearbons, however, it is necesswyy

that thae relative proporfions hy velume of

earhon monoxide and hydrogen in the pas
45 should be between 1:1.8 and 1:2.
According to @ further feature of the
invention, thercfore, a suituble gas or
gaaseons mixture is added to the gases
undergoing reaction o to the final gases.
50 Thns water as or the gas produced by
the passage of water gas over a cobalt
catalyst, being tich in carbon monoxide,

[Price 1{-1  §:%: 3o

13

2l

25

80

ean be added to the final gas after ils con-
version with steam in order to raise the
relative proportion of ecarbon monoxide
to the desired value.  Also the gas after
conversion with steam can be mixed with
s further quantity of the mixture of wuter
Zas with coal distillation gua, the propor-
tion of eurbon monoxide in this mixture
being adjusted if necessury to a suiiable
Ligh vulue by modifying the quantity of
¢nal distillatinn gas in the mixlure.’
Coal distillation gases rontain a czrtain
properfion of sulphur compounds which

would poison  the vobult or nickel
catalyste. Tt iz, accordingly, uecessary

fo romoave these eompounds praciically
completely from the mixture of @ases
before the lalter reach the enfalyst.

The invention will he more fullv
described with reference in lwa specific
eximples, 1,000,000 cubic metres of
water gas predoced from coke and con-
taining 40% of carbon mopoxide and 51%
of hydrogen are mixed with 600,00 cubic
metres of eole oven gas h aving the follow-
ing composition: -

(Carbon monoxide. COQ - 6.0%
Methane, CH, - - 28.0%
Tydrecarhons - C ¥, - 2,084
Hydrogen, H, - - 58.0% -

This produces 4 gas mixiure containing
27,29 nf earbon: monoxide and 53.5% of
hydrogen, these two reactive ingredients
thus represeniing S0.7% of the total
volume of gas.

These gagses ure then passed over a
cobalt or nickel catalyst and with a 65%
reduction in volume vield a gas having
ihe following composition :

Carbon monoxide, GO - 5.0%
Hydrogen, H, - - %835,2
Methane, CH, - - - 40,09,
Hydrocarbons, C.H,, - 2.09%
Nitrogen + eavhon dioxide 28.0%

This gus is then robmitted to the
decomposition action of rteam and on tha
hosis of a 0% decompogition of methane
and 10055 'deoompnsition of hieavy hivdro-
carbans vield approximately 1.200.000
vubic metres of gas rontaining 25.2% of
carbon monoxide and 62.4% of hydrogen.
For the most elficient conversion inte
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hydrocarbons oils suitable for wuse us
lubricents or fuels, the relative propor
tions of carbun monexide wnd hydrogen
ghould he approzimately 1:2. In crder
5 to achieve thig 400,000 eubic metres of
~water pas are added whereby 1,600,000
cuhic metres of gay containing 20.U% of
carbon monoxide avd 59.0% of hydrogen
are obtained. This gas can then be
10 mized with 1,600,000 cubic metres of the
original ges mixture which confains
27.2% of carbon monoxide and 53.5% of

hydrogen, thus giving 38,200,000 eubic

mietres nf gas eontaining 28,19 of carbon
monoxide and 54.5% cof hydrogen, - this
being svitable for the catalytic production
of hydrocarbons,

According to a furfher evample
1,140,000 enbic metres of colee waler gus
are mixed with 475,000 eubic metres of
coke oven gus, giving 1,615,000 cubic
metres of 4 inizbure containing 53,1% of
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hydrogen and 30% of carbon monoxide.
i aver a cobalt

Thie mixture ig passed
eatalyst with a 65% reduection in volumse
and the resulien{ gag is then decomposed
as iz the ubove example. The gases after
this decomposition are mixed with the
original mixture of waler gas and coks
oven gas giving.a fing] gaseous mixture
containing 28% of carbon monoxide and
56% a{ hydrogen which mixturve is suit-
able for “the calalylic production of
hydrocerbons, If desired the composi-
86 tion of this gaseons mixture and the-pro-
portion of ingredients capable  of
veggtion, ie, ecarbon munoxide and
hydiogen, van be adjusted by admixing o
quantity of gases withdrawn from the
0 gystem after the passage over the cobalt
catalyst and Defore the decomposition,
This progress possesses a number of
important  advantages over  those
ponerally msed heretofore, Tt will he

25

80

seen that in the first exumple given gbove 45
ouly 1,400,000 cubic wmetres of water gas
aw] 600,00 cubie metres of eoke wvven
as were used, whereas in order to pro-
duce the sume finul gquontily of mused
gases by the kovwn process for the con-
version of water gas alone it would have
been mecessary 1o use 2,880,000 eubic
metres of water gws. Thus the plant
used can be cunsilfel'ably reduced in size
and, therefore, in cost. o5

Furthermore, comparatively small
desulphurising apparatus can be .ysed.
The removul of sziphur compounds from
gases on an industrial scale suffers from
copsiderable difficulties and presents a
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‘problsm which has not ag vel becn com-

pletely solved. It is peossible by Linown
methods to reduce the {otal content of
salplur compounds in the gas to about
0.2—0.6 grammes of sulphur per 100
cnbic mefres of gas. It is found, however,
that even such a relatively low sulphur
content polsous a cobalt or nickel

it

“catalyst fo such an extent that after 2000

working hours there is a reduction in the
vatalyst efficiency of 40—50% as .com-
pared wilh a cutalvst working on n mas
completely free from sulphur. In the
process of the present inventinn, how-
ever, a part of the gas wixtare is sub- 75
stantially free from sulphur with <he
result thet the sulphur econtent of the
miziure as a whole ig rediced and thus
the life of the catalyst increased.

Dated this 17th day of Pebruary, 1938,

HASELPINE, LAEE & Co.,
28, Southampton Buildings, London,
England, and
15—26, West 44th Styeet, Wew York, -
- U.8.A.,
Agenta for the Applicanis,

OOMPLEDE SPECIFICATION

Improvements in or relating to Processes for Producing Gascons
Mixtures containing Carbon Monoxide and Hydregen suitable
for Conversion into Hydrocarbons

80 We, Tomson TrsTixe TuBoRiTORY
Lowrrep, e British Company, of -81,
QOannon  Street, London, E.C.4; and

MicrarL STEINSCHLATGER, of no nativn-
ality, of the aforesaid Company’s address,

85 do hereby declare the nature of this inven.
tior and in what manner the same is to
be performed, to be particularly described
and aseertained in apd by the following
statement : — .

90 This inventlon relates to the pro-
duction of gaseous miztures containing

carbon monoxide and hydrogen and suit-

able for conversion into hydrocarboms.
1t Is known that mixtures of these two
guses can be converted catalylically into
mixtures of hydrocarbons which ean he
utilised as Iubricants and as powsr fuels
for internal combustion engines and the
like, A number of methods arc known
for producing suitable mixtores of car- 100
bon monoxida and hydrogen from various
industrial gases including coke cven gas
and it is tha chief objeet of the invention
to avolve a process of inpreased: effeinnoy
making use of coal distillation gases such 105



as colie oven pas os one of the starfing
nalerials.

According te the invention a gas, such
af water gas, consisting prineipally of
carbou monoxide and hydroger s mixed
wilh coal distillation pas, and tlie mixiure
13 passed over a catalyst produecing mases
rich in methane, these gases then being
converted with steam af a temperature of
10 1400°—1450° (. in o decomposing planf

lined with refractory bricks, yeilding

gas eonsisting principally of a wixture of

egrbon moncxide and hydrogen. The

addition of steazn sauounts to 4 or & times
i the quantity theoretically necessary, This
gas pan then be used in known manner
for the catalytie production of hydrocar-
hons, The temperature and pressure
muintained in the catalybic astage are
thoze ermmonly employed in the art for
the produetion of gases rieh in methane
from gases rcomiaining carbon manoxide
snd Lydrogen. In general, the fempera-
ture should he in the region of 180°—3200°
C. and the pressure should be glmospherie
or slightly higher. The catalyst also s
selected from those commeonly nsed in the
art, cobalt or niekel cubolyst being part-
ticularly snitable, A partienlarly suit-
80 able eatalyst is a eobald-thorinm-kiesel-
sohr catalyst in the ratip 100:18: 100,

The proporiion of carbun monoxide fn
hydrogen in the gus preduced by the
nbove process will penerally be less thun
1:2. TIn order to obtain the best yeiid
of hydmocarbons, however, it is necessary
thut the relative proportions by volume of
varbon monexide and hydrogen in the gas
ghould he hetween 1:1.3 and 1:2. Accord-
ing ta a further preferred feature of the
invention therefore, a suitable gas or
wusevus mixture is added to the gases
undergoing reaction or o the finul guses,
Thus water gas or the gns produced by the
45 passage of water gas over a cabali eafa-
Iyst, being richer” in carbon monaxide
than in hydrowen, ean be added to the
final gas after its conversivn with steam
in order to raize the zelative proporiion
of carbon monoxide to the desired value.
In addition to or instead of the addition
of pazes rieh in carbon menexide the gas
after conversion with steum can be mixed
with a further quantity of tlie mixiure of
water gas with coal distillation ga=, the
proportion of carbon menoxide In this
misture belng adjusted if necessary to a
suitablee high value by medilying the
quantity of eoal distillation gases 1n the
miziure,

Coul distillalion gescy vontain g certain
proportion of sulphur compounds which
wounld poison the cobalt or nickel catu-
Iysts.  1f is, accordingly, necessary to
85 remoeve these compounds practically com-
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pletely from the mixture of guses before
tiie lulber rewrh lhe cofalyst,

The invention will he more fully
described with referencs to two speeific

esumnples. 1,000,000 cuble mnetres of 70
waler gus prm.{u{.-ed frow coke and having
ihe felluwing composition
Carhon monoxide C'0 - 40.0%
Hydrogen H, - - hl.u%
Methane CIT, - - 0.3% 7
Carbon dioside + Nitrogen
G0, + N, “- - . 8.7%
are mixed with (00,000 c¢ubie metres of
coke oven gns having the follewing
compogition ; 80
Carbon monoxide, €O - 6.0%
Meihane, OH, - - 20.0%
Hydrocarbons, C.H,, - 2.09%
Hydroger, H, ~ - - 96.09%
Carbon dioxide+ Nitrogen, B85
€0, + N, -~ . - 10,05,
This “produces a gas mixture of Lhe
following evmnosition
Carbon monoxide, G0 - 27.2%
Hydrogen, H, - - - 22,89 a0
Methane, CIL, - - -« 10.0%
Hydroearbons, C,H, - 0.75%
Curben dioxide + Nitwogen,
OO N, - - - 4.259%
The two reaciive ingradients, carbon 85

monoxile and hydreeen thus represent
B0.0% of the fotal volwine of gas.

These gnses are then passed over a
cobalt opr vickel calalyst and with a 63%
reduction in volume yield a gas having 100
the following aomposition :

Curbon monaxide, G0 16.0%
Hydrogen, H, - = - - 16.0%
Methane, CII, - - - 41.09%
Hydroearbons, CHy - 2.0% 105
Nibrogen + carbon dinxide 26.09%

This gas iy then sulmitled to the
decomposilion uetion of steant as herein-
before desvribed and on the basis of o DO,

decomposition  of  methane and 1009 110
decompozition of heavy hydrocarbons
vields approximately 1,240,000 eubic

metres of gos conluining 20.2% of carbmm
menoxide und 62.4% of hydrogen, Tor
the most efficient conversion inte hydro-
carbons nils suitable for use as lubricants
or fuels, the relative proportiona of carhon
moneside aund hydeogen should  be
approsimalely 1:2, In onler to achieve
thiz 400,008 cubir metres of water gny are
added whereby 1,610,000 cubic metres of
gus eonfaining 20,29 of curbon monoxide
and 83.4%, of hxdrogen are obiained, This
gas pan be used in known manner for the
catalytie production of Lydrecearbons. Tf 195
desived, it can be mixed with 1.800.000

enbic melres of the original gag-mixture

which eontains 27.27% of rarbon monoxide

and H52.89% of hydrogen, thus giving

3,280,000 cubic mefrey uf gus containing 18¢
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23.29% of carbon mopoxide and 55.6% of
hydragen, this also Leing suitable for the
eatalytic production of Tydrucarbons.
According tw a further
5 1,140,000 cubic metres of coke water gas
are mixed with 475,000 rubic metres of
coke oven gas, giving 1,615,040 cahie
metres of a mixlure contalning 53.1% of
hydrogen and 30% of curbon munoxide,
10 This mixture is passed over a cohalk
catalyst with a 65% reduction in velume
and the resultanl gas Is then decomposed
as in the above exainple. The guses aller
this decomposition are mixed with the
15 ariginal mixture of water gas and coke
oven gos giving a final gaseous mixture
eontaining 23% of carben monoxide and
B6% of hydropen which mixture iz snit-
able fur the catalytie production of hydro-
20 carbups. If desived Lhe eomposition of
-this easeous mixture and the prepertion
of ingredients capable of reavtion, i.v,
carbon monoxide and hydrogen, can be

adjusted by wdwising a quantity of gases

25 swithdrawn frem the syvstem after the
assage over fhe cobalt vatalysi and
wauw the decompnosition.
This process possesses a number of
important advantages aver those generally
80 used heretofere. It will be seen that in
the first example given above only
1,400,000 cuble metres of waier mas and
600,000 cubie metres of coke oven gas
were used, whersas In order to produre
35 the same finnl quantity (3,280,000 culic
meires) of mixed gases by the known pre-
cess for the cunversion of water gas alone
it twonld have bheen nceessary to uss
2,880,000 cubie metres of waler gas. Thus
40 the plant used can be considerably reduced
in size sad, therefore, in cost.
Turthermore, comparatively small de-
sulphurising apparatus can bhe msed.
The removal of sulphur eompounds
45 from gases on an_ industriul  scale
suffers  frown  considerable  difficulties
and presemts a problem which has
nob as yet heen complelely salved.
It 18 possible known melhods to
60 reduce the total content of snlphur com-
-pounds in the gus to about 0.2—0.6
grammes of sulphur per 100 cubic mefres
of gas. Tt iz found however, that even
sneh a relatively low sulphur cvootent
55 polsons a cobalt or nickel catalyst to such
an extent that after 2000 warking hours
there iz u redeelion in the catalyst
efficiency of 40—50% as vompared with
a eatalyst working on a gas completely
60 frec from sulphur. Ia the process of the
present invention, however, a nart of the
gas mixture is substantially free from
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“sulphur with ihe result that the sulphnr

econient of the mixture as a. whols i
reduced and thus the lifc of the entalyst 85
Increased.

Having now parfiewlarly deseribed and

_aseertained the nalure of vur said inven-

{ien, and in what manner the same is tn
be performed, we declare that what we 70
claim is: —

1. A process for the production of
gaseous mixtures containing carbon mon-
oxlde and hyfdrogen and suitable for eon-
version into hydrocarbons, in whick & gas 76
mixture vonsisting principally of carbon
muneside and hydrogen iz mixzed with
coal distiliation gases and the vesulting
mixture is passed over g catalyst produc-
ing gases rich in methuane, these gases 80
being then eonvarted at 1400°—1450" (.
with steam in a decomposing plant lined
with refractory bricks, yielding a gas con-
sisting principally of 2 mixture of carbon

.monoxide and hydrogen, 85

2. A process according to claim I, in
which water gas is mixed with coal disiil-
lalion gases to forn the primary gas
mixtare.

. 8. A process according to claim 1 or 90

claim 2, in which in order to increase the
proportion of carbon monoxide in the final
mixivre, uyuitable gas or gaseons mixtura
ix added to the gases undergoing reaction :
or to the final guses, 95
4, A process acgording to any of the
preceding claims in whieh water pag or
the gas produced by the passage of water
zras over a cobalt eatalyst is added o the
gas mixture after conversion with stesun, 10p°
5. A provess seeording tu any of the pre-
veding claits, in which the s2s mixture
after conversion with steam is mized with
a further quantity of the mixture ot water
gag and coal distillation gases. . 105
6. A process according to any of lhe
preceding claims, in which a eobalt or
nickel catalyst is used in the ratalytic
stags. :
- 7. A process for the production of 110
guseols mixtures of earbon monoxide and
hydrogen suitable for comversion into
hyvdreocarbons smshstantially as herein-
hefore described, :
8, Gaseous mixztures of varbon monoxide 115
and hydrogen when prepared by a process
arcording to any of the preceding clzims.
- Dated this 17th day of February, 1930,
HASELTINE, TLAEE & Co..
28, Seuthampton Buildings, Lundox,
ngland, and
19—25, West 44th Streel, New York,-
T.8.A,
Agents for the Applicants,

Lenuningten Spa: Printed for Ifis Majasty;-xa- Statiunery Offiee, by the Courier Tress.—1939,



