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PROCESS USING NICKEL CARBONYL IN HYDRO-
GENATION, DESULFURIZATION, AND GASIFI-
CATION OF CARBONACEOUS MATERIALS

Bertrand J. Mayland, Bartlesville, Okla., assignor to Phil-
lips Petroleum Company, 2 corporation of Delaware

Application May 7, 1951, Serial No. 224,917
17 Ciaims. (CL 196—53)

This invention relates to an improved process for mak-
ing synthesis gas or fuel gas by gasification of carbon-
containing materials. In one aspect this invention relates
to an improved process for making fuel gas or synthesis
gas from high sulfur carbon-containing material wherein
the sulfur content is reduced, by mild hydrogenation. In
another aspect this invention relates to an improved proc-
ess for liquefying coal or upgrading residuum by hydro-
genation with the hydrogen being prepared by gasification
of the residuum, In still another aspect this invention
relates to a novel method for using and recovering a cata-
lyst in the conversion of carbonaceous materials into gases.

In the conversion of carbon-containing materials into
gases, a high temperature, long contact time or a catalyst
are required. The first requires an excess of oxygen and
resulis in loss of carbon in the feed to carbon dioxide
and the second requires excessive reactor size. The pres-
ent invention involves the use of nickel carbonyl as a
catalyst to reduce the residual hydrocarbon to an equilibri-
um value,

In this invention, oil containing dissolved nickel car-
bonyl is sprayed into a combustion chamber together with
steam and oxygen. At the temperature of combustion the
nickel carbonyl is decomposed to elemental nickel which
is finely dispersed throughout the products of initial com-
bustion and acts as a catalyst for reforming residual hydro-
carbons. The reactions products are cooled by quenching
to a point where nickel carbonyl reforms and then it is
scrubbed from the gases by the fresh liquid hydrocarbon
and reused.

In the hydrogen of coal, part of the pasting oil contain-
ing dissolved nickel carbonyl may be diverted to a hydro-
genation step wherein 2 mild hydrogenation of coal or of
other carbonaceous materials may be accomplished. The
coal is mixed with pasting oil containing nickel carbonyl
and the mixture preheated wherein the nickel carbonyl is
decomposed to elemental nickel. The slurry is then con-
tacted with hydrogen at an elevated pressure in the hydro-
genation zone. A portion of the coal is liquefied and the
sulfur in the coal is converted to hydrogen sulfide. The
hydrogenated coal and catalyst slurry is passed to a sepa-
ration zone to remove hydrogen sulfide and liguid product.
The residual slurry together with nickel catalyst is taken
through a gasification process as previously described.

Because the sulfur content of coals may be as high as
10 per cent by weight or more, fuel gas or synthesis gas
made by conventional coal gasification processes is in
many cases high in sulfur, which is undesirable for various
reasons such as corrosion, catalyst poisoning, gum forma-
tion, etc. Sulfur compounds may be removed from the
gas by many methods including physical absorption and
chemical reaction but because of the volume of the gas
stream and the presence of high carbon dioxide content,
the methods are expensive.

The removal of sulfur before gasification in this inven-
tion overcomes the previous difficulties just mentioned.

"Referring to the drawing a residual hydrocarbon oil is
introduced through a line 32 containing valve 36 to the
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scrubber 30. Nickel carbonyl contained in a gas mixture
formed in the process is admitted to the scrubber 30 from
line 37 and is dissolved in the oil. The residual hydro-
carbon oil containing usually less than 1.0 per ceat by
weight of nickel carbonyl based on the feed stock, and
preferably between 0.1 and 0.5 per cent by weight, is
passed through line 31 and line 26. This mixture is
sprayed into the gasification chamber 29 together with
oxygen from line 27 and steam from line 28. At the tem-
perature of combustion the nickel carbonyl is decomposed
to elemental nickel which is finely dispersed throughout
the products of initial combustion and acts as a catalyst
for reforming residual hydrocarbons. Typical operating
conditions for the gasification process are:

Preferred
Range

Broad Range

Temperature, Fo. oo
Pressuare, atms_ oo oo
Contact time, seconds.

1,800 to 2,000.
21to7.
1to0b.

t
0.1 to 10.

The reaction products are: methane, water, carbon
dioxide, carbon monoxide and hydrogen. A typical an-
alysis may be as follows:

Mol percent

CMethane oo 1.0 or less
Water 6to8
Carbon dioxide 3to4
Carbon monoxide 251035
Hydrogen 65to 52

35

40

45

50

60

65

The reaction products are cooled for example by water
quenching, to a point where nickel carbonyl reforms and
then it is scrubbed from the gases in the scrubber 30 by
the fresh liquid hydrocarbon feed from line 32 and re-
used in the gasification step by recycling through line 31,
The nickel is converted to nickel carbonyl in the pres:
ence of carbon monoxide at temperatures of 200 to 300°
F. in a suitable reaction chamber prior to removal of ash.

A cyclone separator (not shown) is placed in line 37
after the water quench to remove the ash through line 39.
" Carbon monoxide and hydrogen-containing gas are with-
drawn from the scrubber 30 through line 33 to outsidé
utilization through line 34 containing valve 38, or a
portion of this gas may be conducted to a water gas shift
reaction step 35 to produce a high hydrogen content gas.
The high hydrogen content gas is conducted through line
13 and line 14 to the hydrogenation step 15 to be described
subsequently. )

A mild hydrogenation of coal may be accomplished
using nickel as a catalyst obtained by the decomposition of
nickel carbonyl. The process is described with respect
to coal but it can be readily modified for other carbon-
containing materials such as ground oil shale, shale oil,
refinery residuums, etc. In preparing the coal or other
carbonaceous material for hydrogenation, it is desirable to
pulverize to a relatively fine state of sub-division, prefer-
ably such that it will pass through a standard Tyler screen
of about 80 mesh. The powdered coal is treated by con-
ventional mechanical separation methods to remove inor-
ganic sulfur. After being pulverized, the coal is con-
ducted through feed line 10 to chamber 11. In chamber
11, the coal is admixed with a pasting oil from line 12
containing usually less than 1.0 per cent by weight of
nickel carbonyl based on the carbonaceous material. This
pasting oil is a recycle oil produced in the process as will
be described. In general from one to three parts of past-
ing oil per part of coal provides a suitable fluid consistency
for reaction. In general, about 0.01 to 1.0 per cent and
preferably between 0.1 and 0.5 per cent by weight of the
nickel catalyst based on the carbonaceous material is a
sufficient amount. )
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The mixture of coal and pasting oil containing nickel
carbonyl is pumped along with hydrogen from ‘line 13
through line 14 and through a preheater (not shown) into
the hydrogenation zone 13. - Typical oper atmc gonditions
for the mild hydrogenatlon of coal are:.

Bmad Rapge Preferred
T Rarige
Temperattre, P ...l 750 to 1, 000..._ 800 to 900.
Pressure, atmospheres ¢ 350 to 550.
Cantact time, hours...._..--.........s . 1to3,
H}drogen, cu. f&. per 1b. of charge _____ L 10 to 15.

The nickel carbonyl is 'de,com,p.qscﬂ to elemental nickel
in the preheater, and the elemental nickel acts as the cata-
Tystin the hydrogenation zone 15,

The hydrogenated coal . and the catalyst slorry. is with-
drawn from the- hydrogenanon zone 15, and passed
through line 16 to a separation zone 17. Hydrogen-rich
gas is taken off ithrough line 18, and recycled to the hydro-
genation step. Light gases and hydrogen sulfide are taken
off through line 19. The gasoline fraction boﬂmg below
400° to 430° F. is separated from. the remaining heavy-
oil slurry. . The gasoline fraction is taken off through line
20. The heavy—01l slurry boiling: above 400° to 430° F.
is--withdrawn - from ‘the separation zone 17 and passed
through line-21 to a steam distillation vnit 22, with steam
being admitted through line 23. ' The heavy-oﬂ slurry -is
steam- distilled .to obtain a pasting oil fraction taken off
through line 24 and:a residual slurry taken off through
line 25. . The pasting -oil fraction -is passed through-line
24 to-a separation zone-40 where-water is taken off through
line 41. The pasting eil is-withdrawn from the separation
zone 40 through line 42 and-passed to a serubber 30, Ex-

cess pasting oil not required for the process can be with- 3

drawn through line 43.

The residual slurry containing the nickel catalyst :from
the steam distillation unit 22 is: taken off through lme 25
and passed to line 26, Part of the pasting oil containing
dissolved. nickel carbonyl from hne 31 may be diverted
into line 26 and there admixed with, the residual slurry
in order to obtain a fluid consistency. suitable for spray-
ing into the gas1ﬁcatxon champer. The ga51ﬁcatxon prac-
ess has been previously described.

Vanatmn and modlﬁcatlor; are possible -within the

scope of the specification, drawings and the appended .

claims to this invention, the, essence of which is a method
for decomposmg nickel carbonyl in a reactlon zone to
form elcmcntal mc}mi as:a catalyst f01 the reaction and
cooling .the reaction products to reform mckel carbonyl
and: abserbing. the reformed mckel carbonyl in the liquid
hydrocarbon which comprises the fresh feed 10, the reac-
tion. zope., .

1 claim:

1. T.he process-of convertmg a carbon-contalmng mate-
rial into liguid hydrocarbons, boiling in the gasoline range,
and a.gas containing carbon monoxide and hydrogen
which .comprises passing .a:hydrocarbon pasting oil con-
taining nickel carbonyl in admixture with hydrogen and
a carbon-containing material into.a hydrogenation zone;
maintaining therein a hydrogenation reaction at a temper-
ature sufficient todecompose nickel carbonyl to. nickel
and carbon monoxide and to hydrogenate at least a por—

coverm_s liquid hydrocarbons, boiling in' the gaso_lme»

range, as a.preduct of the progess; steam distilling a re-
maining heavy oil. so.as 1o obtain a pasting oil overhead
product and a residuum, containing said nickel, as the bot-
toms.product; passing said pasting oil-into contagt with a
gaseous stream containi.ng

i

um: admﬂ ing sald p‘cstto" o;t ‘z_m‘d rfe _lduum w;th _s‘te)am
apd: oxygen; subjecting. the resulting mixture to gasifica-
tion reaction conditions of temperature and pressure sg as

c1gel carbonyl 50 asto dissolve.
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to substantially convert the mixture into gaseous prod-

ucts containing substantial amounts of carbon monozxide -

and hydrogen, and to convert the nickel carbonyl into
nickel and carbon monoxide; cocling said gaseous preducts
so as to convert nickel and carbon monoxide into nickel
carbonyl as a vapor; passing said gaseous product into
contact with said pasting oil overhead product so as to
remove nickel carbonyl from said gaseous product by dis-
solution in said pasting oil as hereinbefore set forth; re-
covering a portion of said gaseous product as a product
of the process; passing the remaining portion of said gase-
ous product to a water gas shift reaction so as to produce a
gas having a high hydrogen content; and passing said gas
having a high hydrogen content to said hydrogenation zone.

2. The process of claim 1 wherein the amount of nickel
carbonyl is maintained in the range 0.1 to 1 weight per
cent based on the pasting oil; the hydrogenation reaction is
maintained at a temperature in the range 750 to 1000° F.,
a pressurg in the range 70 to 700 atmospheres, a contact
time of 0. 75 to-8 hours and a hydrogen content of 5 to
23 cublc feet per pound of charge stock the gasxﬁcatlon
to 3000° F a pressure in the range 1 to 20 atmospheres,
and with a contact time in the range 0.1 to 10 seconds;
and the temperature to which the gaseous products of
gasification are cooled is below 300° F.

3. The progess, of claim 1 wherein the amount of nickel
carbonyl is mamtamed in the range of 0.1 to 0.5 welght
per cent based on the pasting oil; the hydrogenation reac-
tion. is maintained at a temperature in the range 800 to
900" F., a pressure in the range 350 to 550 atmospheres,
a contact time of 1 to 3 hours and a hydrogen content of
10 to 15 cubic feet per pound of charge stock; the gasifica-
tion reaction is maintained at a temperature in the range
1800 to 2000° F., a pressure in the range 2 to 7 atmos-
pheres and w1th a contact time in the range 1 to 5 sec-
onds; and the temperature to which the gaseous products
of gasification are cooled is in the range 200 to 300° F.

4, The process of claim 3 wherein the carbon-contain-
ing mater1a1 is coal

5, ‘The- process of ¢laim 1 wherein the carbon-contain-
ing. matenal is coal.

6. The process of claim 1 wherein the carbon-contain-
ing material is oil shale.

7. The process of claim 1 wherein the carbon-contain-
ing material is refinery residuum,

8. The process oi:"convertin«Y a sulfur-containing car-

carbon monoxide whlch comprlses passmfr a hyorocarbon
pasting oil, containing nickel carbonyl, in admixture with
a sulfur-containing carbonaceous material and hydrogen
into a hydrogenation zeng; maintaining therein a hydro-
genation reaction at a temperature sufficient to decom-
pose.said nickel carbonyl to nickel and carbon mon-
oxide, .fo hydrogenate at least a portion of said carbon-
acegus material to hydrocmbons and to hydrogenate said
sulfur to. hydrogen sulfide; separating and removing hy-.
drogen sulfide from the system; separatimy and recovering
produc_t of the pro,ces_s steam distilling a remalmng heavy
oil 50-as to obtain a pasting oil overhead product and a
residuum, containing said nickel, as the bottoms product;
passing said pasting oil into contact with a gaseous stream
cont;umng nickel carbonyl so as to dissolve nickel car-
bonyl in the pasting eil; admixing a por tion of said pasting
qil containing mckel car‘oonyl with said residuum and
wwh steam and pxygen; subjecting the resulting mixture
to. gastﬁcatlon reactvon conditions of temperature and
pressure so.as to substanually convert the mixture into
gaseous products containing substantial amounts of car-
bon monoxide and hydrogen, and to convert the nickel
carbenyl.into nickel and ecarbon monoxide; cooling said
gaseous. products.go, as- to convert the nickel and carbon
monoxide into nickel ca‘rbonyl as a. vapor; passing said
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gaseous product into contact with said pasting oil over-
head product so as to remove nickel carbonyl from said
gaseous product by dissolution in said pasting oil as here-
inbefore set forth; recovering a portion of said gaseous
product as a product of the process; passing the remaining
portion of said gaseous product to a water gas shift re-
action so as to produce a gas having a high hydrogen con-
tent; and passing said gas having a high hydrogen content
to said hydrogenation zone.

9. The process of claim 8 wherein the amount of nickel
carbonyl is maintained in the range 0.1 to 1 weight per
cent based on the pasting oil; the hydrogenation reaction
is maintained at a temperature in the range 750 to 1000°
F., a pressure in the range 70 to 700 atmopheres, a con-
tact time of 0.25 to 8 hours and a hydrogen content of
5 to 25 cubic feet per pound of charge stock; the gasifica-
tion reaction is maintained at a temperature in the range
1400 to 3000° F., a pressure in the range 1 to 20 at-
mospheres, and with a contact time in the range 0.1 to
10 seconds; and the temperature to which the gaseous
products of gasification are cooled is below 300° F,

10. The process of claim 8 wherein the amount of
nickel carbonyl is maintained in the range of 0.1 to 0.5
weight per cent based on the pasting oil; the hydrogena-
tion reaction is maintained at a temperature in the range
800 to 900° F., a pressure in the range 350 to 550 at-
mospheres, a contact time of 1 to 3 hours and a hydrogen
content of 10 to 15 cubic feet per pound of charge stock;
the gasification reaction is maintained at a temperature
in the range 1800 to 2000° F., a pressure in the range
2 to 7 atmospheres and with a contact time in the range
1 to 5 seconds; and the temperature to which the gaseous
products of gasification are cooled is in the range 200 to
300° F.

11. The process of claim 10 wherein the carbon-con-
taining material is coal.

12. The process of claim 8 wherein the carbon-con-
taining material is coal.

13. The process of claim 8 wherein the carbon-con-
taining material is oil shale.

14, The process of claim 8 wherein the carbon-con-
taining material is refinery residuum.

15. In the conversion of a carbon-containing material
into a gas containing carbon monoxide and hydrogen in
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prises passing an admixture of nickel carbonyl, liquid
hydrocarbon and a carbon-containing material into a
combustion zone together with steam and oxygen, de-
composing nickel carbonyl to elemental nickel and carbon
monoxide by heat of combustion evolved, cooling prod-
ucts of said combustion sufficiently to reform nickel
carbonyl, as a vapor, absorbing said nickel carbony! from
said combustion product gases in a liquid hydrocarbon
and passing said liquid hydrocarbon containing said ab-
sorbed nickel carbonyl to said combustion zone.

16. The method of claim 15 wherein the amount of
nickel carbonyl is maintained in the range 0.1 to 1.0
weight per cent based on the liquid hydrocarbon, the
temperature in the combustion zone is maintained in the
range 1400° to 3000° F., the pressure is maintained in the
range 1 to 20 atmospheres, the contact time is maintained
in the range 0.1 to 10 seconds, and the temperature to
which the combustion products are cooled is below
300° F.

17. The method of claim 15 wherein the amount of
nickel carbonyl is maintained in the range 0.1 to 0.5
weight per cent based on the liquid hydrocarbon, the
temperature in the combustion zone is maintained in the
range 1800° to 2000° F., the pressure is maintained in
the range 2 to 7 atmospheres, the contact time is main-
tained in the range 1 to 5 seconds, and the temperature
to which the combustion products are cooled is in the
range 200° to 300° F.
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