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This invention relates to a process for the man-
ufacture of hydrocarbon oils and is particularly
concerned with the production of products rich
in olefines.

Primary produects obtained by the Fischer-
Tropsch or like processes from gases containing
CO and H: in ratios varying between 1:1.5 and
2:1 by volume are rich in valuable olefines. On
the other hand, in order to avoid the formation
and deposition of carbon on the catalyst and so
to destroy or damage the activity of the same, it
is necessary to maintain the operating conditions
such that the yield of primary products rich in
olefines per cubic metre of gas used in comparison
with the yields obtained in the synthesis processes
using gases having a ratio of CO: Ha=1:2 by vol-
ume is low. Consequently a high consumption
of fuels, high cost of production and high capital
expenditure for the plant are involved. .

The following suggestions have been made to

overcome these drawbacks:
" (@) Re-cycle the residual gases and vent a part
of the residual gas so as to avoid a too high con-
centration of inerts such as carbon dioxide, nitro-
gen and methane;

(b) Separate the inerts from the residual gases
before mixing them with the original gas by re-
moving carbon dioxide by absorption, nitrogen
by liquefaction (very high cost of: 1, the opera-
tion; 2, the plant; 3, the power consumption);
and by converting methane to carbon monoxide
and hydrogen;

© (e) It has been further suggested to use oxygen
in the production of synthesis gas but as will be
shown hereinafter the cost of the oxygen produc-
tion and the cost of the plant for production of
oxygen increase considerably the cost per unit of
primary products obtained.

The disadvantages of the prior proposals are
dealt with in detail hereinafter.

An object of the present invention-is to over-
come these drawbacks and in addition to provide
the considerable amount of sulphur free carbon
dioxide required to produce carbon monoxide-
rich gases for example from natural gas accord-
ing to the reaction CHs--CO2=2CO+|2Hz.

It has been suggested to obtain the carbon di-
oxide by the burning of residual gases (which is
wasteful; it is better to convert the residual gases
into primary products -as far as possible) and
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washing out the carbon dioxide. If other sources
of carbon dioxide are used such as combustion
gases from natural gas not freed from organic
and inorganic sulphur it is necessary to purify
the carbon dioxide obtained from the above im=
purities. .

To obtain primary products rich in olefines
usually cobalt or iron-containing catalysts are
used and the reactions involved in the synthesis
are as follows:

A. Cobalt catalyst:

CO-2Hz=CH24-H20--heat
CO-3Hz=CHs-}-Hz0-+heat
B. Iron catalyst:
2CO-H2=CH2-4-COz2-}-heat
2C0O+-2H2=CH4}CO2-+heat

Using an iron catalyst it is possible also to ob-
tain a part of the products as in the cobalt re-
action and consequently it is possible to regulate
the amount of carbon dioxide (and the composi=
tion of the residual gases obtained in respect of
carbon monoxide and hydrogen content). obtained
according to the requirements in the process.. -

The present invention provides a process of
producing normally ligquid hydrocarbons rich in
olefines by synthesis of carbon monoxide and
hydrogen which comprises, in an initial synthesis
gas-forming step, reacting fixed hydrocarbon
gases (previously freed from sulphur and other
undesirable impurities) with carbon dioxide of the
residue gas produced in the synthesis reaction to
form a carbon monoxide-hydrogen mixture (syn-
thesis gas I) containing CO and H2 in a ratio
varying from between 1:1.5 and 2:1 by volume.
The synthesis gas-forming reaction may be
brought about by the use of any suitable reform-
ing catalyst and heating to a suitable tempera-
ture. For example, the mixture of fixed hydro-
carbon gases and carbon dioxide may ke heated
at 1000° C. in the presence of a nickel catalyst.
The resulting synthesis gas mixture is then caused
to undergo a hydrocarbon synthesis in the pres-
ence of a catalyst selected from the group con-
sisting of cobalt, nickel and iron at a temperature
of between 150° and 400° C. in a first reaction
zone to produce primary products rich in olefines
and a residual gas (residual gas I). The liquefi-
able hydrocarbons rich in olefines are then sepa-
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rated from the residual reaction gases. At least
a large part of the carbon dioxide present in the
residual gas is also separated and recycled to the
initial synthesis gas-forming stage. The remain-
der of the residual gases is then mixed with gases
rich in gaseous hydrocarbons and with steam in
proportions adjusted to insure on subsequent re-
forming a synthesis gas containing CO and H:
in proportions within the range previously stated.
The resulting mixture is then subjected to a cata-
Iytic reforming as by heating at a temperature
between 800° and 1500° C. in the presence of a
nickel catalyst thereby producing a second syn-
thesis gas mixture (synthesis gas II). This sec-
ond synthesis gas mixture is then caused to un-
dergo a hydrocarbon synthesis at a temperature
within the range and in the presence of g cata-
lyst of the group specified for the first stage syn-
thesis. The liquefiable olefine-rich hydrocarbons
formed in the second synthesis step are then sepa-
rated as before, and likewise at least a large part
of the carbon dioxide is separated and recycled
to the initial synthesis gas-forming step. The
successive steps of catalytic reforming of the
residual gases from each preceding synthesis step
with fixed hydrocarbon gases and steam added
in‘proportions to insure formation of fresh incre-
ments of synthesis gas containing carbon mon-
oxide and hydrogen in the controlled proportions
previously stated and the synthesizing of the
resulting synthesis gas to form olefine-rich mix-
tures, followed by separation of the liguefiable
hydrocarbons, removal and recycling of at least
part of the carbon dioxide, and addition of fresh
incremerits of hydrocarbon gases and of steam
for the successive catalytic reforming stages, are
all repeated in sequence until the inert content
of the residual reaction gases has built up to the
point where the yield-of liguid hydrocarbons rich
in olefines has been substantially lowered so as
to make for an uneconomic operation. The final
residual gases may-then be used as low grade fuel
for supplying heat needed at certain stages of the
process-or for other heating purposes.

Examples of hydrocarbon-containing gases
which may be used are natural gas and coke oven
gas. .
The composition of the synthesis gases I, II,
ete., ean be varied according to the primary prod-
ucts ‘which are required and according to the
catalysts used.

Some embodiments of the process of the inven-
tion and the .advantages thereof using natural
gas as the hydrocarbon-containing gas will now
be further described in the following examples
(in ‘which the percentages are by volume), and
with the aid of the accompanying drawings, in
which:

Fig. 1 is a flow sheet showing the manufacture
of valuable produets according to the invention
starting from natural gas, and

Pig. 2 is:a flow sheet showing. a modified form
of the process illustrated in Fig. 1.

In the drawings valves and other controls are
omitted for the sake.of clarity.

EXAMPLE 1

Referring to Fig.1 of the drawings, natural gas
having a composition CH:=90.0%, C2He=8.0%,
and COz+N2=2.0% was admitted through line i
into a conventional desulphurising apparatus 2
and 250,000 -cubic metres of the purified natural
gas obtained was mixed with 300,000 cubic metres
of carbon dioxide admitted through line 3, and
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line 3.

4

the mixture passed through line 4 into cracking
apparatus 5 where it was cracked at 1000° C. in
the presence of a nickel cracking catalyst to pro-
duce a synthesis gas I having the composition
C0O=46.0%, H2=51.0% and CH¢+N2+CO02=3.0%.

1,000,000 cubic metres of the synthesis gas I
was passed through line 6 and subjected to a hy-
drocarbon synthesis treatment at 180° C. in vessel
1 which contained a cobalt catalyst.

The products obtained were passed via line 8
into a condensation and absorption plant 9 where
92 metric tons of liquid hydrocarbons and Cz and
Cs hydrocarbons rich in olefines were condensed
and removed through line {8. The gaseous prod-
ucts were then passed via line { { to a conventional
carbon dioxide removal plant (2 where the carbon
dioxide was removed and re-cycled via line 13 to
The residual gas I which was removed
via line 14 amountd to 500,000 cubic metres hav-
ing a composition of CO=56.0%, H2=32.0%,
CH:+N2=12.0%, and was mixed with 50,000 cubic
metres of natural gas of the composition given
above, admitted through line 5.

After addition of 120,000 kgs. of steam admit-
ted through line 16 the mixture was heated in
heater 17 at 1000° C. in the presence of a nickel
catalyst and the treated gas, amounting to 810,000
cubic metres (synthesis gas II) had the follow-
ing composition: CO=45.5%, H2=515%, and
CHs+N2+4-C02=3.0%. The synthesis gas IT was
then passed by line 18 to vessel 19 which con-
tained a cobalt catalyst and wherein the tem-
perature was maintained at 180° C. The prod-
ucts were passed via line 20 into the condensation
and absorption plant 21 where 75 metric tons of
liquid hydrocarbons and C3 and Cs hydrocarbons
rich in olefines were condensed and removed
through line 22. The gaseous products were then
passed via line 23 to a conventional carbon di-
oxide removal plant 24 where carbon dioxide was
removed and re-cycled via line 25 to line 3. The
residual gas II obtained after removal of the car-
bon dioxide amounted to 405,000 cubic metres
and had the following composition: CO=56.0%,
H2=32.0%, and CHa-}+N2=12.0%. This residual
gas IT was withdrawn through line 26 and mixed
with 45,000 cubic metres of natural gas of the
composition given above, admitted through
line 21.

After addition of 110,000 kgm. of steam ad-
mitted through line 28, the mixture was heated
in heater 29 at 1000° C. in the presence of a nickel
catalyst and the treated gas amounting to 670,000
cubic metres (synthesis gas III) had the follow-
ing composition: CO=44.8%, H2=51.8%, and
CH4+N2--C02=3.4%. The synthesis gas III was
then passed via line 30 to vessel 31 which con-
tained a cobalt catalyst and was subjected to a
hydrocarbon synthesis treatment therein at
180° C. The products were passed via line 32
into the condensation and absorption plant 33
where 62 metric tons of liquid hydrocarbons and
Cs and C4 hydrocarbons rich in olefines were con-
densed and removed through line 34. The gas-
eous products were then passed via line 35 to a
conventional carbon dioxide removal plant .36
where carbon dioxide was removed and re-cycled
via line 37 to line 3. The residual gas III ob-
tained after removal of the carbon dioxide
amounted to 335,000 cubic metres and had the
following composition: CO=54.0%, H:=32.0%
and CHs+N2=14.0%. The residual gas III was
now withdrawn through line 38 and mixed with
30,000 cubic metres of natural gas of the compo-
sition given above admitted through line 39.
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After addition of 80,000 kgs. of steam admitted
through line 40 the mixture was heated in heater
41 at 1000° C. in the presence of a nickel cata-
dyst and the treated gas amounting: to 510,000

6
cubic metres -of this purified natural gas leaving
the purifier through line 54 was mixed with
274,000 . cubic metres of carbon dioxide ad-
mitted through line 55 and the mixture passed

cubic metres (synthesis gas IV) had the follow- 5 through heat exchanger 56. into the cracking
ing ‘composition: CO=45.0%, H2=51.0% and apparatus 57, where it was cracked at 850° C. in
CH:+-N2-+CO2=4.0%. The synthesis gas IV was the presence of a nickel cracking catalyst to pro-
then passed via line 42 to vessel-43 which con- duce 1,000,000 cubic metres of a synthesis gas I
tained a cobalt catalyst and was subjected to a hayving the composition CO=52.0%, H2=43.2%,
hydrocarbon  synthesis treatment - therein at 10 CO2=1.8%, N2=1.6% and CHs+=1.4%, which was
180° C. The products were passed via'line 44 passed through line 53 and through heat ex-
into the condensation and absorption plant 45 changer 59 to vessel 60 in which it was subjected
where 47 metric tons of liquid hydrocarbons and to a hydrocarbon synthesis treatment at 250° C.
C3. and .C¢ hydrocarbons rich in olefines were The vessel ‘60 contained an iron catalyst. : The
condensed and removed through line 46. The 15 products obtained were passed via line 61 into a
gaseous products were then passed via line 47 to condensation and absorption plant 62 where 92
a conventional carbon dioxide removal plant 48 metric tons of liquid hydrocarbons and Cs and
where carbon dioxide was removed and re-cycled Cs hydrocarbons rich in olefines were condensed
via line 49 to line 3. The residual gas IV was re- and removed via lines 62a¢. The gaseous products
moved via line 50 and used for heating in the gp (583,000 cubic metres) were then passed via line
plant. 63 to a conventional carbon dioxide removal plant

If desired, the gas leaving vessel 33 may be 64 where the carbon dioxide was remaoved and
reacted with steam to increase the proportion of re-cycled via line 65 to line 55. The residual gas
hydrogen before being passed to the plant 36 for I which was removed via line 66 amounted to
the removal of carbon dioxide. 25 488,000 cubic metres and had the following com-

The results obtained are summarised in the position: CO=55.2%, H2=33.1%, CH:=7.0%,
following Tables I and II. N2=3.3%, CO2=1.4%.. The residual gas I was

Table I
Synthesis Gas NO. . .cucoeet 1 2 3 4
b Pioduction of ymihets Ous | NURE 5 e | e Wb i | M TR e | "5 T o
presence of a cata- in the presence of a in the presence of a steam in the presence
lyst at 1000° C. catalyst at 1000° C. catalyst at 1000° C. (E‘f a catalyst at 1000°

e e e e — 258888:::::::::::::::: N ——

mefres. 30.000.
& Cooaposition Sof “Syntbesis preisy

Gas CO+H:%.
6. Compnsmon of Residual 5432,

Gas CO-+Ha%.
7. Yields of primary produets | 82 ..o . looee £ J—— L — 47,

rich in olefines (metric tons) .

Table 11
Inerts | ’
‘ Cubie CHANA-COz | Natural gas Residual g‘féé’ﬁ’gg
Synthesis Gas No. metres used, cubic | Gas, cubic obtatned,
Cubie metres metres tons -
Porcent | petres ¢
1, 000, 000 3.0 30, 000 250, 000 500, 000 92
810, 000 3.0 24, 300 50 000 405, 000 75
670, 000 3.4 22, 700 45, 000 335, 000 62
510, 000 4.0 20, 400 30, 000 255 000 47
12,990,000 |-ccamimaan 97, 400 375,000 |-cooemoaeoos 276

11, . approximately 3,000, 000

Consumption of natural gas per kg. of primary products:
1. For synthesis gas production 1.36 cubic metres.
2 For heating purposes, 0.6¢ cubic metre.

Total consumption per kg. of primary produets rich in olefines, 2.0 cuble metres

EXAMPLE 2
Referring now to Fig. 2 of the drawings, nat-
ural gas havmg a composition CH:=70.0%,
CoHe=7.0%, C3Hs=10.0%, CiHi0=5.0% - and
N2=8.0% and a net ealorific value of 10,800 cals.
per cubic metre was introduced through line §l
into heat exchanger 52 and thence into a con-

now passed through heat exchanger 67, 40,000
kes. of steam were admitted through line 68 and
the mixture was heated to 1000° C. in the pres-
ence of a nickel catalyst in heater 89 to produce
580,000 cubic metres of gas which was withdrawn
through line 18. The gas had the following com-
position: CO=51.8%, H2=43.7%, .CH1=0.6%,

ventional desulphurising apparatus 53. 204,000 75 N2=2.7% and CO2=1.2%.
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A further 420,000 cubic metres of synthesis gas
I made from 86,000 cubic metres of the natural
gas referred o above was mixed with the 580,000
cubic metres of gas by introduction through line
Tl to form synthesis gas II and synthesis gas II
was now subjected to a hydroecarbon synthesis
treatment at 250° C. in vessel 72 which contained
an iron catalyst. The products obtained were
passed via line 18 into a condensation and ab-
sorption plant 14 where 92 metric ‘tons of liquid
hydrocarbons and C:z and Cs hydrocarbons rich
in olefines were condensed and removed through
line 76. The gaseous products (583,000 cubic
metres) were then passed through line 76 to a
conventional carbon dioxide removal plant 7171
where the carbon dioxide was removed and re-
cycled via line 78 to line 55. The residual gas
II, which was removed via line 79, amounted to
493,000 cubic metres and had the following
composition: CO=54.4%, H2=—33.8%, CH1=5.9%,
N2=4.7%, and CO2=1.2%. The residual gas II
was now mixed with 35,000 kgs. of steam ad-
mitted through line 80 and the mixture heated
in heater 8t at 1000° C. in the presence of g nickel
catalyst to produce 570,000 cubic metres of gas
which was withdrawn through line 82. The
gas obtained had the composition: CO=51.5%,
H2=43.2%, CO2=1.3%, N2=3.3% and CHs=0.7%.

A further 230,000 cubic metres of synthesis gas
I made from 47,000 cubic metres of the natural
gas referred to above was mixed with the gas
by introduction through line 83 to produce syn-
thesis gas III. Synthesis gas III was now sub-
jected to a hydrocarbon synthesis treatment at

250° C. in vessel 84 which contained an iron cata- 3

lyst. The products obtained were passed via
line 89 into a condensation and absorption plant
86 where 74 metric tons of liquid hydrocarbons
and Cz and Cs hydrocarbons rich in olefines were
condensed and removed through line 81. The
gaseous products (460,000 cubic metres) were
then passed through line 88 to a conventional
carbon dioxide removal plant 89 where the carbon
dioxide was removed and re-cycled via line 90
to line 55. The residual gas III which was re-
moved via line 91 amounted to 393,000 cubic
metres and had the following composition:
CO=53.8%, H2=328%, CHi=55%, N2=6.1%
and CO2=1.2%. The residual gas III was now
mixed with 26,000 kgs. of steam admitted through
line 92 and the mixture heated in heater 93 at
1000° C. in the presence of a nickel catalyst
to produce 450,000 cubic metres of gas which
had the following composition: CO=51.2%,
H2=42.0%, CO2=1.1%, N2=5.3% and CH:=05%.
The gas was withdrawn through line 94 and
mixed with a further 50,000 cubic metres of syn-
thesis gas I made from 10,000 cubic metres of
the natural gas referred to above, the said syn-
thesis gas I being admitted through line 95, to
form synthesis gas IV. The synthesis gas IV
was now subjected to a hydrocarbon synthesis
treatment at 250° C. in vessel 96 which contained
an iron catalyst. The products obtained were
passed via line 87 into a condensation and ab-
sorption plant 98 where 46 metric tons of liguid
hydrocarbons and Cs; and Cs hydrocarbons rich
in olefines were condensed and removed through
line 99. The gaseous products were then passed
through line 180 to a conventional carbon dioxide
removal plant 101 where the carbon dioxide was
removed and re-cycled via line 102 to line 55.
The residual gas IV (250,000 cubic metres)
having the composition CO=53.0%, H3=30.0%,
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8
CH:=5.1%, N2=10.7% and CO2=1.2% was re-
moved via line {83 and used for heating in the
system.
In this example the reactions with carbon di-
oxide which take place may be expressed as
follows:

{a) CH1+4-CO2=2CO-}-2H>2630 cals. per cubic
metre of CHa.

(b) CoHg+2C02=4CO--3H2—4420 cals. per cubic
metre of CaHs. :

(¢) C3Hg+43CO2=6CO-|-4H2—6050 cals. per cubic
metre of C3Hs,

(d) CsH10+4C02=8CO--5Ha—1T7500 cals. per cu~
bic metre of CsHio.

The average reaction heat required (assuming
90% conversion of CHs into CO and H2) per cubic
metre of the natural gas employed amounts to
2940 cals.

Per cubic metre of natural gas 4.90 cubic metres
of synthesis gas I of the following average com-
position have been obtained:

COo H; CH, N3 CO2

Percent . _._.._...__.... 52.01 43.2 L4 16 1.8

The total heat required to convert 1 cubic metre
of natural gas into 4.9 cubic metres of synthesis
gas I amounts to: (Assuming that the natural
gas is heated in the presence of a catalyst to
850° C. and the natural gas and carbon dioxide
are pre-heated to 500° C.)—3390 cals. per cubic
metre.

Furthermore, assuming that the mixture of
natural gas and carbon dioxide is heated in re-
generators or stoves which have been heated by
a previous operation by using pre-heated gases
and air for combustion.

Taking the efficiency of the plant at 85%, the
amount of heat required to produce 4.9 cubic
metres of synthesis gas I will be

3390
m-—inOO cals.

or equivalént to 0.37 cubic metre of natural gas.

The amount of carbon dioxide required per
cubic metre of natural gas is 1.3 cubic metres.

In the above example an iron catalyst was used
and the average yield per cubic metre of synthesis
gas is chosen low (50 as to avoid the formation
and deposition of carbon on the catalyst)—92
gms. per cubic mefre (liquid hydrocarbons and
Cz and Cs hydrocarbons rich in olefines).

Reactions using iron catalysts:

(2CO+-H2) z=(CO2+CH2) =
2CO+-2H—=CHs}-COz

(CO+-2H2) »=(H20--CHa2) z

1

CO+4-3Ha=CHs-}-H20 (2)
The reaction in the example:
For production of—
CH:z 1.5C0O-4-1.5Hz—
0.5CO2+1%H:04-CH: (la)

CH: 1.5C0O+-2.5Hs=CHs-+%CO2+146H0 (2a)

As a considerable amount of carbon dioxide is
required in the process the reaction in the ex-

- ample may be varied so as to vary the amount

5

of carbon dioxide obtained in the process.



9 :

2,630,447

The results aré summarized in Tables 11X axid

10 |

hydrocarbons and with steam in proportions ad-

Iv. justed to insure on subsequent reforming a syn-
Table II1
1 2 3 4
1. Production of Synthesis gas from...__._| Natural gas treated | Residual GasItreated | Residual Gas II treat- | Residua]l Gas = III

with CO; in pres-
ence of catalyst at

850° C.—Synthesis
Gas I
2. Synthesis Gas, cubic metres. .. ... ... 1,000,000 cenccmeccmaaan
3. Residual Gas used:
{a) Residual Gas+COzformed, cubic |- oo ooouenomecacaee
. metres.
(b) -After removal of CO;, cubic met- | ... . icoiamiioan
res.
(c) After treatment with steam at | . . o..o..
elevated temperature. :
4. Synthesis Gas I used, cubic mefres.__._ 1,000,000,
Or equivalent of Natural Gas, cubie | 204,000-..
metres.
5. Composition of Synthesis Gas, CO+ | 52.0+43.2=95.2. _..___
Hy, percent.
6. Composition of Residual Gas after re-

moval of CO»: -
CO+Hy4-CH4+N34CO2

. Inert contents of the Synthesis Gas:
COs+N3+CHy, percent

55.2+33.14-7.0-+3.3+
14,

~

1.841.64-1.4=4.8___...

8. Yields of primary produects rich in ole- | 92.. . . ...
fines, tons.

9. CO: production according to the reac- | 83,000 cubic metres. ...
tions (1) and (2). .

10. CO; removed from Residual Gases, | 95,000 - cocoomeanios

cubic metres.

ed with steam in
presence of catalyst

treated with steam
at elevated temp,—

with steam in pres-
ence of catalyst at

850° C.—Synthesis | - at 850° C.—Synthe- Synthesis QGas I,
Gas I, Synthesis sis Gas I, Synthesis Synthesis Gas IV,
Gas IT, Gas ITI,
1,000,000 - o oczoanasn] 800,000, ¢ ooiiiiiinnas 500,000,
583,000 - e occnacan 583,000 - ciceneneans 460,000,
488,000 oo, 493,000 - ueoamn o 393,000,
580,000 cccmiliicaanas 570,000 - «enmiocnmanaann 450,000,
50,000.
10,000.

51

54

1.34+2.34-0.9=4.5......

83
90

8+48.7=85.5. ... 51,5+43.2=04.7 ....... 51.2-42.0=03.2.

i42-l-33.8-!—5.9—!—4.7-}- ‘53i82+32.8+5.5+6.7+ 53i0;-30.0+5.1+10.7-¥;

1.34-3.34-0.7=5.3......| L1453-+0.56=6.9 (Re-~

sidual Gas IV 250,000
. cubic metres).
..................... [ SR—— - (.
,000 cubic metres.._.| 67,000 cubic metres....| 41,000 cubic metres.
1000 - o 60,000 - oo 40,000.

Total amount of natural gas used for synthesis and freed from sulphur compounds=347,000 cubic metres;

Primary products=304 tons;
CO; removed=285,000 cubic metres;

Natural gas used for the synthesis per kgm. of primary products rich in olefines=

347,000
304,000

=1.14 cubic metres (or 5,000 cu. ft. per barrel of oil);

Natural gas used for heating after deducting the heating value of the residual gas=0.34 cubic metre per kgm.;
Potal amount of natural gas used per kgm. of primary products rich in olefines=1.48 cubic metres,

Table IV
Inerts Cubic metres Natural | Residual :
. f GOz 0b- Primary
Synthesis Gas No. 32322 Gag]gisgd, Gﬁét‘;‘gm tained, cu- | produets,
X A
COwNz | CH: | COs+N3 | OHi | metres COp | biemetres|  tons
1, 000, 000 3.4 1.4 34,000 | 14,000 204,000 oo ___._. 95, 000 92
1, 000, 000 3.6 0.93 36,000 | 9,300 86,000 448,000 90, 000 02
, 000 4.6 0.7 37,000 { 5,600 47,000 493, 000 60, 000 74
500, 000 6.4 0.5 32,000 | 2,500 10, 000 393, 000 40, 000 46
3,300,000 |-uooema|omaeae 139,000 | 31,400 347,000 |oeoooaos 285, 000 304
_139,000X100 . =170,400X100
COs + Nz———m 4,2%; CO; + N; 4 CH: ~3.300,000 5.2%

This application is a continuation-in-part of
my application Serial No. 492,949, filed June 30,
1943, now abandoned, and is related to my co-
© pending patent application Serial No. 322,603,

filed November 26, 1952, which is directed in part
to matter disclosed but not claimed herein.

I claim:

1. A process of producing normally liquid hy-
drocarbons rich in olefines by synthesis of carbon
monoxide and hydrogen which comprises, in an
initial gas-forming stage, reacting fixed hydro-
carbon gases with carbon dioxide of residue gas
produced in the process to form a carbon mon-
oxide-hydrogen mixture containing CO and He
in a ratio varying between 1:1.5 and 2:1 by vol-
ume, synthesizing said mixture in the presence
of a catalyst selected from the group consisting
of cobalt, nickel and iron at a temperature of
between 150 and 400° C., separating the lique~
fiable olefine-rich hydrocarbons from the residual
reaction gases, separating at least a large part
of the carbon dioxide present in said residual
gases and recycling same to the initial synthesis
gas-forming stage, mixing the remainder of said
residual reaction gases with gases rich in gaseous
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thesis gas containing CO and H2 in proportions
within the range previously stated, subjecting the
resulting admixture to catalytic reforming to
produce a. second synthesis gas mixture of the
controlled carbon monoxide-hydrogen ratio above
stated, and synthesizing said second synthesis
gas mixture at a temperature within the range
and in the presence of a catalyst of the group
specified for the first stage synthesis.

2. A process of producing normally liquid hy-
drocarbons rich in olefines by synthesis of carbon
monoxide and hydrogen which comprises, in an
initial gas-forming stage, reacting fixed hydro-
carbon gases with carbon dioxide of residue gas
produced in the process to form a carbon mon-
oxide-hydrogen mixture containing CO and Hz
in a ratio varying between 1:1.5 and 2:1 by vol-
ume, synthesizing said mixture in the presence of
a catalyst selected from the group consisting of
cobalt, nickel and iron at a temperature of be-
tween 150 and 400° C., separating the liguefiable
olefine-rich hydrocarbons from the residual reac-
tion gases, separating at least a large part of
the carbon dioxide present in said residual gases
and recycling same to the initial synthesis gas-
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forming stage, mixing the remainder of said resi-
dual reactionn gases with gases rich in gaseous
hydrocarbons and with steam in proportions ad-
justed to insure on subsequent reforming a syn-
thesis gas containing CO and H: in propertions
within the range previously stated, subjecting
the resulting admixture to catalytic reforming
to produce a second synthesis gas mixture of the
controlled carbon monoxide-hydrogen ratio above
stated, synthesizing said second synthesis gas
mixture at & temperature within the range and
in the presence of a catalyst of the group speei-
fied for the first stage synthesis, then separating
the liquefiable olefine-rich hydrocarbons formed
in the second synthesis step and thereafter re-
peating in successive stages the catalytic reform-
ing treatment of the residual gases from each
preceding synthesis step with fixed hydrocarbon
gases and steam added in proportions adjusted
to insure formation of fresh increments of syn-
thesis gas containing carbon monoxide and hy-
drogen in the controlled proportions previously

stated and synthesizing the resulting synthesis:

gas to form olefine-rich mixfures of liquid hydro-
carbons and residual reaction gases, and interme-
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diate each synthesis step and the succeeding re-
forming step separating the carbon dioxide
formed in the synthesis and recycling same to
the initial synthesis gas-forming stage of the
process, said successive carbon dioxide recycling,
synthesis gas reforming and hydrocarbon syn-
thesis steps being repeated until the inert con-
tent of the residual reaction gases has built up
to the point where the yield of olefine-rich liquid
hydrocarbons is substantially lowered.

MICHAEL STEINSCHLAEGER.
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