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8 Claims.

This invention relates to the production of car-
bon black and gas mixtures of carbon monoxide
and hydrogen, and mare particularly to the pro-
duction of sald gas mixtures having a ratio of

5 hydrogen to carbon monoxide greater than one
und suitable for the synthetic production of com-
pounds - such as methanol where said ratlo 13
substantially equal to two.

The object of the present invention is 1o de-

10 vise an efficient method of producing sald gas
mixtures by the combustion and thermal dis-
sociation of hydrocarbons such as natural gas,
and at the same time to produce a Ligh grade
carbon black, and to attain other advantages as

15 mey be brought out in the specification and
drawing.

It is known that gas mixtures of carbon monox-
ide and hydrogen can be produced by the disso-
ciation of and reactlon between methane and

20 carbon dloxide either with or without & catalyst,
hut if the ratio of hydrogen to carbon monoxide
to be produced is greater than ome,-there is an
excess of free carbon produced, and if heavier
hydrocarbons than methane are used with carbon

og dioxide, the free carbon produced is stiil greafer,
When the reaction is carrled out in the presence

of a catalyst, the free carbon clogs the catalyst,

and when the reaction is carried out at high

temperature without a catalyst, the quallty of
0
exposure at the high temperatures reguired for
reaction. An example of the foregoing s seen
in the production of gases suitable for the pro-
duction of methanol where the reaction is repre-
sented by the equation

2CH1+-CO2-+Heat=2C0-4H14-C
It 1§ also known that a gas mixture suitable for
the production of methanol can be produced by
reaction between methane, carbon dioxide and
steam either with or without a catalyst and ac-
cording to the equation _

1% CH+%CO01-+ HaO - Heat=2C0+4Hz

but this reaction sbosorbs a great amount of hen_.i
for the decomposition of the steam and, Iurther-
more, the reaction is never complete. Another
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objection to.the foregoing methods is t.he dif- _

:ﬁculty of producing pure methane.
50 out in two steps; the fArst step is carried out at
the lower temperatures sultable for the produc-
tion of high grade carbon. black, while the s2cond
step 1s carried out at the higher temperatures
5 suitable for complete reactions. In the first sied,

carbon is sdversely affected by the prolonged

" The process of the preseht invention is carried -

(CL 23—212)

hydrocarbons are partially dissociated to produce
- & gas mixture of methane and hydrogen, the ex-
cess carbon resulting from this partial dissocia-
tion of hydrocarbons is separated from the gas
mixture as carbon black, and the gas mixture §
is then preferably subjected to catalytlc actlon
to convert any unsaturated compounds present
to methane. In the second step, carbon dioxide
1s added to sald gas mixture of methane and
hydrogen and the whole gas mixture subjected 10
to high temperatures to produce the desired mix-
ture of carbon monoxide and hydrogen. An
example would be in the production of a gas
mixture suitdble for the production of synthetic
methanel from a gas consisting substantially 15
of methane, in which the first step would be
represerited by the equation

2CH -+ Heat=CHi+2Hz+C

A.fter the separation of the carbon, the second 29
step would be represented by the equation

* (CHs+2Ha) +COi+Heat==2CO--4Ha

One type of apparatus suitable for carrying
out the process of the present invention is g
shown disgrammatically and partly in Ssec-
tion in the accompanying drawing. A and A’
are closed retorts capabie of operating at high
temperatures and suitable for alternating periods
of heating and dissociation. B and B’ are fillings 39
of refractory material and shown here as check-
erwork, @ and a’ are air inlet connectlons wiih .
valves b and ¥, c and ¢’ are nozzles for admiiting
hydrocarbons to the retorts, d and d’ are dis-
charge pipe connections communicatively joined gg
to pipes e and e, and f and f’ respectively, and
¢, o', h, and k' are suitable valves, C and C'-
are wsater tanks for the partial .cooling of the
gases discharged from retorts. Retort A" is pro-
vided with & noezle & for admitting carbon diox- 49
jide with the methane and bydrogen discharged
from retort A. A plurality of nozzles such as
k., ¢, and ¢’ could as well be provided. M, M',
and F are blowers, N, N’, and G are beat ex-
changers, H is an electrical precipitator for sep- 4§
arating carbon from the cracked gas leaving re-
tort A, and K is a catalyst such as nickel and
suitable for converting unsaturated compounds
in the presence of hydrogen to methane. D is an
apparatus sultable’ for the recovery of carbon gg
dioxide from the gases of combustion by any of
the well known methods, as, e. g., by absorption
in a suitable absoxgltn.nt which can be regen-
erated by heat, or by the compression and lique-

faction methoeds. E is a'gas holder. s
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2.

With the apparatus described the process may
be carried out In-the following manner: starting
with the heating period, heated air for combus-
tion is supplied simultaneously to retorts A and

A’ by blowers M and M’ thru hest exchangers

N and N’ to inlet connections @ and a’ while hy-
drocarbons for combustion are admitied at ¢
and ¢’, the combustion preceeds over checker-
work B and B" and the gases resulting from com-
bustion are discharged thru outlet connections d
and d' into pipes e and e’ respectively, where
they are partially cooled in water tanks ¢ and
C’ respectively, then passed in heat exchange
with the air for combustion thru N and N* and
thence to carbon dioxide separation apparatus
D where the carbon dioxide is removed and
passed thru pipe ¢ to gas holder E while the
remalning gases of combustion, consisting mainly
of nitrogen are discharged at s. The chject of
the partial cooling of the gas in tanks C and C’
is to protect the valve g, g', i, and R’ from ex-
cesgive heat and to reduce the temperature of the
gas to a point where it is practicable to use metal
heat exchangers, The heating is continged un-
til the checkerwork is heated to the temperature
desired, and preferably about 1800° to 2000° F.
for retort A and about 2400° to 2600° F. for
retort A’,

‘When the heating pertod is thus completed, the
valves are manipulated to change over to the dis-
sociation period. The alr supply to both retorts
and the combustible gas supply to retort A’ are
stopped. Hydrocarbons are now admitted to re-
tort A thru nozzle ¢ at a rate to give the de-
slred ratie of methane to hydrogen in the gas

leaving refort A, as, e, g., when producing a flnal

gas mixture in retort A’ sultable for the syn-
thetic production of methanal, the rate should
be such that the composition of the resulting
partially cracked gas leaving retort A is sub-
stantially CHu«+2Hy, 'this gas mixture with the

excess carbon produced 1s discharged at d info -

pipe f where the mixture Is partially cooled in
water tank C, then passed thru heat exchanger
G to the electrical precipitator H where the car-
bon Is removed and the remaining gas mixture
passed on thru catalyst X where any unsaturated
compoeundy present are hydrogenated to methane,
the catalyst K i5 operated at a temperature of
preferably about 550° F. The methane-hydro-
gen gas mixture leaving catalyst K thru pipe n,
and carbon dioxide from pipe m, are passed to
retort A’ thru nozzle &, the carbon dioxide being
drawn from gas holder E by blower F and passed
thru heat exchanger & to pipe m. The partially
cooled gases leaving retort A are thus utilized to
preheat the carbon dloxide entering retort A’
and since catalyst K is operated at an elevated
temperature, the gas mixture entering retort
A’ thru nozzle k is st a temyperature sufficiently
high to materially reduce the heat requirements
for reaction in retort A’. The reaction taking
place in heated retort A’ is represented by the

equation (CHu+-2Ha) +-CO2=2C0-+-4Hz.- The car--

bon monoxide-hydrogen gas mixture.ithus pro-
duced is passed thru discharge pipe 4’ to
pipe 7’ and thence out thru pipe p to gas holder
or other sultable siorage.

When hydrocarbons such as natural gas are
partially cracked there is always a small per-
centage of unsaturated compounds present In the

_ cracked gas and usually amounting to about 3%,

T8

and {n some natural gas there are small amounts
of the oxides of carbon, and a catalyst such as
nickel or cobalt and sultable for converting un-

2,173,008

saturated compounds in the presence of hydro-
gen to methane will also convert the oxides of
carbon to methane and water, therefore in car-
rying out the present process this water, if pres-
ent, could be condensed and removed after cata-
lyst K, but since in any event the amount would
be very stall and since the water would tend to
Teact with methane in retort A’ to form carbon
monoxide and hydrogen, it would be preferable
not to remove the water as the gas mixture would
scarcely be altered by its presence and consid-
erable heat is thereby saved.

With the checkerwork in retort A constructed
of special units as described in my U. S. Patent
1,580,827, Nov, 13, 1034, practically all the ex-
cess carbon produced can be recovered as valu-
able carbon black. By carrying out the process
in two steps as hereln disclosed and by hydro-
genating the unsaturated compounds formed in
the first step to methane, it is possible to op-
erate the first step at comparatively low tem-
‘peratures suitable for the production of carbon
-black and to operate the second step at high
temperatures suitable for the complete reaction
required in producing gas mixtures of carbon
monoxide and hydrogen. The value of the car-
bon black produced by the process of the pres-
ent invention is sufficient to nearly pay for the
cost of the carbon moncxide-hydrogen gas mix-
ture produced. The preheating with heat ex-
change as herein disclosed furnishes an economi-

:cal method of operation, and the partial cooling -

of the gases by lquld means makes possible the
use of metal heat exchangers whereby a large
portion of the heat usually wasted is saved hy
the operation of the present process. A further
advantage gained by the present process is the
ease and flexibility of operation afforded by the
operation of the process in two steps where any
desired ratio of hydrogen to ‘methane can he
produced in the first step, thereby permitting,
{n the second step, the production of any de-
sired carbon monoxide-hydrogen gas mixture
having a ratio of hydrogen to carbon monoxide
greater than one. ’
Now while, as previously pointed out, the proc-
ess of the present invention is particularly adapt-
‘able to the production of carbon monoxide-hy-
drogen gas mixtures having a ratlo of hydrogen
to carbon monoxide greater than one, as, e. g.,
g gas mixture consisting of CO+2H: and suit-
able for the synthetic production of methanol,
vet, the present process Is also useful for the
production of gas mixtures consisting of substan-
tially equal volumes of carbon mononxide and hy-

drogen (CO4Hz2) and suitable for the synthetic .

production of such compounds as formaldehyde
and acetic acid. The latter gas mixture can be
produced from egqual volumes cf carbon dioxide
and methane according to the equation
CO24-CH«=2C0O+2Hs,

but hydrocarbons such as natural gas usually
contain some heavier carbon compounds than
methane which by the process of the present in-
| vention are dissociated to methane and hydro-
gen with' the usual small percentage of unsat-
urated compounds and the free carbon, then
after the removal of carbon these unsaturated
compounds in the presence of hydrogen are hy-
drogenated to methane. There should be pref-
erably a slight excess of hydrogen to insure the

complete removal of unsaturated compounds,’

‘therefore the methane produced in the first step
of the process will contain a very small amowit
of hydrogen but the final gas mixture produced
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in the second step of the process will conslst
of substantially equal volumes of carbon monox-
ide and bydrogen, as, e. g, when starting with

‘a natural gas consisting of 85CH:+16C:He=100

volumes, and assuming about 3% of unsaturates
to be formed in the partial dissociation as be-
fore stated, then the process is carried out ac-
cording to the following equations. .

First step, carried out at about 12060° to 1600°
P, in retort A, :

§5CH+15C:He+-Heat== '
100CH1+ (3C2H14-9Hz4-9C)

Reactlon over hydrogehating catalyst after the
removal of carbon,

100CH 4+ (3C3H 44 0Hz) ==106CH:4-3Ha

" Second step, carried out at about 2400° to 2600°
F. in retort A',

106C 02+ (106CH«-3Hz) +Hea.t=21200+215H=

There are other modifications possible in carry-
ing out the process of the present invention, as,
e. g., an electrical precipitator has been considered
herein for the removal of carbon, yet other suit-
sble means such as filters could as well be used
for this purpose, and either the electrical pre-
cipitator or fiiters could be preceded by other
separating means such as the well known cyclone
type of dust collectors for removing the coarser
carbon and thereby grading the carbon to some
extent. The process could as well be carried oub
with carhon dioxide supplled from & source inde-
pendent of the process, bub the method herein
described for removing carbon dioxide from the
gases of combustion furnishes an ideal combi-
nation because the carbon dioxide from the heat-
ing gases of both retorts is just about equal
to the requirements of the process. ;

Obviously there are other methods of carrying

out the process of the present invention without -

departing from the spirit and scope of the pres-
ent invention and I do not wish to be understood
as limiting myself except by the following claims
when construed in the light of the prior art.

What I claim is:

1, The prooess -of producing carbon monoxide-
hydrogen gas mixtures, which comprises alter-
nating the perlods of combustion and dissocla~
tion of hydrocarbons within closed retorts, sepa-
rating carbon dioxide from the gases of combus-
tion, subjecting hydrocarbons to dissoclating tem-
peratures during. said dissociating periods fgr

producing a gas mixture of methane and hydro-.

gen, utllizing sald .carbon dloxide to cool the

products of dissoclation by heat exchange there-

with, catalyzing any unsaturates present to meth-

ane, then adding sald carbon dloxide to said .

methane and hydrogen and subjecting the result-
ant mixture to high temperatures to produce sald
carbon monoxide-hydrogen gas mixtures. .

2, The process of producing a gas mixture of
substantially equal valumes of carbon monoxide
and hydrogen, which comprises dissoclating the
heavier hydrocarbons than methane from a mix-
ture of methane and heavier hydrocarbons, sepa-
rating carbon therefrom, then hydrogenating un-
saturated compounds. to methane, and then sub-
jecting carbon dioxide with the gas thus produced
and consisting substantially of methane to high
temperatures while regulating the supply of the
gases and the temperature conditions for pro-
ducing a gas mixture of substantially equal vol-
umes of carbon: monoxide and hydrogen.

3. The process of producing a carbon mon-

3

oxide-hydrogen gas mixture, which consists in
dissociating hydrocarbons to produce a gas mix-
ture of methane and hydrogen, catalyzing any
unsaturates present to methane, and then adding .
carbon dloxide to said mixture and sutbjecting the 8
resultant mixture to high temperatures while reg-
ulating the rate of supply of the gases and the
temperature conditions to produce a ¢arbon mon-
oxide-hydrogen mixture having a ratio of the
hydrogen- to the carbon monoxide greater than
one, .

4. The process of producing a carbon monox-
ide-hydrogen gas mixture, which consists in dis-
socizting hydrocarbons to produce a gas mixture
of methane and hydrogen, cooling sald mixture

10

~and converting any unsaturates present in the

mixture to methane, and then adding carbon dl-
oxide to the mixture and subjecting the resnitant
mixture to high temperatures while regulating
the rate of supply of the gases and the tempera- 20
ture conditions to produce a carbon monoxide- -
hydrogen mixture having a ratio of the hydrogen
to the carbon monoxide greater than one.

5. The process of producing a carbon monoxide-
hydrogen gas mixture, which consists in heating
a closed retort by a combustlon step, then -dis-
sociating hydrocarhons within the retort to pro-
duce a gas mixture of methane and hydrogen,
then cooling said mixture by heat exchange with
carbon dioxide recycled from said combustion
step. and converting any unsaturates present to
methane, and then adding said earbon dioxide to
the mixture and subjecting the resultant mixture |
to-high. temperatures while regulating. the rate

26

of was supply and temperature conditions to pro- g -

duce a carbon monoxide-hydrogen mixture hav-
ing a ratlo of the hydrogen to the carbon monox-
ide greater than one,

6. The process of producing carbon and a car-
bon moncxide-hydrogen gas mixture, which con-
sists in heating a closed retort by & combustion
step, then dissociating hydrocarbons within the
retort to produce carbon and a gas mixture of
methane and hydrogen and separating the car-
bon therefrom, and converting any unsaturates
present in the mixture to methane, and then add-
ing to the mixture carbon dioxlde recycled from
the combustion step and subjecting the resultant
mixture to high temperatures while regulating
the rate. of gas supply and temperature condi-
tions to produce a carbon monoxide-hydrogen

46

- mixture having a ratlo of the hydrogen to the

carbon monoxide greater than one.

7. The process of producing carbon black and
& carbon monoxlde-hydrogen gas mixture having
a ratio of hydrogen to carbon monoxide greater
than one, which consists in dissociating, at high
temperature and in the absence of steam and
air, a gas consisting of substantially all hydro-
carbons to produce catrbon black and a gas mix- |
tur: of methane and hydrogen having a ratio of
hydrogen to methsne greater than one, then
separating the carbon black at Iowered tempera-
ture and catalyzing any unsaturates present in
the mixture to methane, then subjecting said mix-
ture of methane and hydrogen together with a
volume of carbon dloxide equal to the volume of
sald methane to the dissociating temperature of
methane whereby sald methane and carbon di-
oxide and hydrogen are reformed to & gas mix-
ture of carbon monoxide and hydrogen having a
ratio of hydrogen to carbon monoxide greater
than one. '

8. The process of producing earbon black and '
a carbon monoxide-hydrogen gas mixture, which 78
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. consists In dissoclaiing, at elevated temperatures
and in the absence of steam and air, the heavier
hydrocarbons than methane from 4 gas mixture
of methane and heavier hydrocarbons to pro-
duce carbon black and a gas mixture of methane
and hydrogen having a ratio of hydrogen to
methane greater than one, then at lowered tem-

perature separating the carbon black and then

hydrogenating any unsaturates left in the mix-

ture to methane, and then subjecting the result-
ant gas mixture together with carbon dioxide to
the dissoclating temperature of methane while
regulating the volume of carbon dioxide to an
amount sufficient to react with the methane snd
thereby reform the mixiure to a gas mixture of -
carbon monoxide and hydrogen.

FORREST C. REED.





