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This invention relates to a process for the pPro-
duction of carbon monoxlde and hydrogen, 1.e. synthesis gas,
from liquid hydrocarbons by partial oxidation with an oxygen-
containing gas. 1In one of 1ts more specific aspects, the pre-
sent invention relates to non-catalytic process for generating
synthesis gas in whilch the hot gas is cooled from gas generator
temperature to a ftemperature above the dew point of the gas

stream and then contacted with hot oll at a temperature above

 the dew point to effect the removal of carbon therefrom. In

one of its still more specific aspects, the inventlon relates
@o_a method of generating synthesis gas by direct partial oxi-
défion of a hydrocarbon oll by reaction with oxygen and steam
wherein unconverted carbon 1s removed from the hot synthesis
gas generator effluent by scfubbing with hot o1l to form a
siurry of carbon in oll which is returned to the synthesis gas
generator as at least a part of the feed therefor and there-
after the clean, cooled gas stream 1s contacted with water to
insure removal of hydrocarbon oll vapors from the gas stream,
The generation of carbton monoxide and hydrogen, or
synthesls gas, by non-catalytic reaction of hydrocarbon ligquids
with oxygen or oxygen-enriched alr in the presence of steam or
carbon dioxide 1s known. Partial oxldation of liguid hydro-
carbons, especially heavy fuel olls, represents a highly eco-
nomical method for the production of synthesis gas in large
quantities., In the partial oxildation process, hydrocarbon is
reacted wlth oxygen-contalning gas In a closed, compact reaction
zone in the absence of catalyst or packing at an autogenous

temperature within the range of about 1800 to 3200°F, preferably

in the range of about 2200 to 2800°F. With hydrocarbon oils

ag feedsteock for the process, a modérator, such as steam or
carbon dioxide, 1s used to control the reaction zone temperature

wlthin the indicated range. The hydrocarbon oil is usually
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preheated and may be partly or completely vaporized and mixed
with or dispersed in steam, Such hydrocarbon oil and steam

mixtureé or dispersioné are usually preheated to a temperature

.An_the range of 500 to 800°F, generally to a temperature of

at least 600°F, whereas oxygen usually 1s not preheated.' The

reactlon zone 1s usually maintained at a preséure above about

100 pounds per square inch gauge, e.g. 600 to 1000 psig; recent

Jtrends are toward higher operating pressures up to about 2500

to 3000 psilg. The product gas stream consists primarily of
carbon monoxide and hydrogen and conbains relatively small amounts
of carbon dloxlde, methane and entrained carbon. Solid carbon
produced in the prgéess is liberated in very fine particle form
which 18 easily wet by water or oil.

The amount of oxygen supplied to the reaction zone

- is limited so that near maximum ylelds of carbon monoxide and

hydrogen are obtaingd. Usually 1t is preferable to employ high
purity oxygen, 1l.e., oxygen-rich gas streams containing in ex-
cess of 95 per cent oxygen by volume. Such oxygen concentrations
are readlily available from commerclal oxygen plants.

Product gases issuing from the gas generation re-
action zone. contain a large quantity of heat, The heat may be
employed advantagecusly to convert water to steam by passing
the hot gas stream through a suitable heat exchahger, such as
a waste heat boiler.

Generally it is desirable, for maximim efficiency
of oxygen utilization, to operate the synthesls gas generator
so that from about one half to about two per cent of the carbon

eontained in the hydrocarbon supplied to the gas generator is

1liberated as free carbon which is entrained in the product gas

leaving the gas generator. Entralned carbon in the synthesis
gas stream may be removed effectively by contacting the gas

stream wlth water in a sultable gas-liquid contacting apparatus,
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for example, a, spray tower, bubble plate contactor, or packed
colunn. Serubbing of the gas stream wlth water forms a slurry
of carbon in water which is fluid and pumpable up to about 3
welght per cent concentration of carbon in the slurry. Disposal
of the slurry in many cases presents problems so that various
methods have been devised for the recovery of carbon from the
water slurry, usually by trénsferring the carbon to oll to form
1a slurry of carbon in oi1l which may be uséd as fuel for the syn-
EFhesis gas generator or for other purposes. Sultable methods
10, -fbr recovering carbon from a water slurry are known and are
- V déScfibed in detai{, for example, in U.S. Patents 2,999,741 to
R. M. Dille et 21 and 2,992,906 to F. E. Guptill, Jr.

The subjJect invention relates to an improved method
rFr removal of carbon from synthesis gas wherein_the carbon 1s
directly transferred from the gas to oll thereby eliminating
the necesaslty for costly and troublesome procedures for effecting
the transfer of carbon from a carbon in water slurry to a hydro-
cafbon oll, The process of the present invention therefore re-
presents an improvement over the conventional synthesis gas

20 generation process as described above, The present method 1is
particularly advantageous in that 1t‘permits the capture of
carbon from the synthasis gas directlj by a hydrocarbon oil

~ thereby eliminating the necessity for the use of intermediate

1light distiliate fractions, such as gasoline or naphtha as a

carbon transfer medlum. Although varlous h&drocarbon liguids
are sultable as feedstocks for the generation of synthesls gas,
hydrocarbon oils having an API.gravit&.léss than 10; API.are
preferred for economic reasons., Heavy fuel oils which are
suitable for use in the process include, for example, heavy

30 distillates, residuai fuel oil, bunker fuel oil, No. 6 fuel oil,

end fluid residua from varlous petroleum distiallation and
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cracking process operations, and the like. Preferably the hydro-

carbon 1igquid has an initial boiling point above about 4O0°F

which 1s utilized as feedstock fof the synthesis gas generator.

STl The accompanyling drawing is a dlagrammatic eleva-

tlonal. view of a sultable arrangement of apparatus by which
a preferred embodiment of the pfocess of this invention may be
carried out. | . §
4 With reference to the drawing, hydrocarbon feed-
€§bk from a sultable source, as described hereilnafter, is
supﬁlied through line 7 to burner 8 of synthesis gas generator
9. fn‘a preferred embodiment, the hydrocarbon oil reedstock
supplied through line f contains carbon removed from the syn-
thesls gas generator product by direct contac@ with the hydro-
carbon oll feedstock as explained hereinaftgr. Steam from a [
suitable source of supply may be 1ntroduced,l1f desired, with
the o1l from line 7 as explained herelnafter. Oxygen from a

sultable source of supply, optlonally admlxed with steam, enters

1iquid phase through a central duet of burner 8 into admixture

with oxygen from line 11 axially into the upper end of reaction
zone 10 of gas generator 9. Detalls of burner structures sult-
able for use as burner 8 in the synthesls gas generator 9 are
shown in U.8, Patents Nos. 2,928,459 and 2,928,460, Eastman et
al, issued MarcH-IS, 1960. The synthesis gas generator 9 com-
pfises a2 cylindrical pressure vessel 12 wilth a refractory lining
13 defining a cylindrical compaet, unpacked reaction chamber 10,
A réaction mixture from burner 8 comprising oil, carbon, steam,

and oxygen, 1s injected axially inte the upper end of reaction

chamber 10 through inlet passageway U4, Products of reaction

are discharged axially from the lower end of reaction zone 10

through an outlet passageway 15 into connector 16 and transfer

line 17 both of which are provided with a suitable refractory

lining 18,
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g . In reaction zone 10 of synthesis gas generator 9,

: the mixture of oil, carbon, steam,_apd oxygen'react at an auto-
genous temperature abovg 1800°F, e.£., At a temperature in the
range of 2200 to 2800°F, producing synthesis gas comprising

carbon monoxide and hydrogen and containing minor amounts of

carbon dlgoxide, lnert atmospheric gases and solid carbon.

The relative proportions of oil, steam and oxygen

% iare carefully regulated to convert substantially all of the
% }garbon content of the hydrocarbon o0il to carbon_monbxide and
g A0 fd maintain an autogenous reaction zone temperature in the
,, “range of 1800 to 3000°F, preferably in the range of 2200 to
g' 2800°P. Small amounts of free carbon, e.g., one to five per
%.. cent of the carbon in the feedstream from ling 7 appears as

SRR

801id carbon in the product gas stream. Also, small amounts

of carbon dioxide,_e.g., 5 to 7 mol per cent of the.product

-gés, dry basis, appear in the synthesls gas product. Usually,
from 90 to 92 per cent -.of the carbon in the hydrocarbon feed

T TR R R LR RO

stream 1s converted directly to carbon monoxide, At least a
- part of carbon dioxide appearing in the product is the result
20  of the water gas shift reaction. A small amount of methane,
e.g. 0.2 to 0,5 mol per cent, dry baéis, is usually also pre-
.sent in thg product gas‘stream. Some nitrogen and argon may
q . also be included in the product gas depending upon the purity
of thé 911 and oxygen gupplied to the process. ‘
Any ash contalned in the hydrocarbon oil, for example
ash 1iberéted in the converslion of a heavy residuum to synthesis

"gas, is dischéfged from the lower part of the reaction zone 9

as ash or slag which 1s accumulated in slag chamber 19, dependent
from connector 16. Any molten ash or slag discharged from out-
3¢ let 15 of reaction chamber 10 drops directly into a pool of

water 21 méintained in slag chamber 19 which effects quick

o o . mh_;s_, L
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: coéiing of the hot ash or slag from the generator and forms

: gréﬁular solid particles. Water ls supplied to the slag accu-
c mulator 19 through'line 22, flows through a water jacket 23 in
th% upper part of slag chamber 21 and is discharged through
opénings 2k into the interior slag chamber 19. Water jacket
23 protects from overheatlng that portion of slag chamber 19
which 1s above the level of the pool d?'water_al and below the

tlevel of refractory lining 18 of connector 16, Accumulations

?pf s0lid material, for example so0lidifled slag or ash from the

b 10 fuel, may be wilfhdrawn as requlred from slag chamber 19 through
% iihe 26 as controll@d by ?alve 27. The water level in slag

% ?ﬁamber 21 suitablyhis_controlled by discharging water there-
? from through line 29 as controlled by valve 28 responsive to

E% liQuid level controller 30,

3: . Heot product gases from gas generator § ére passed

i

ﬁhrough transfer line 17 to a waste heat boiler 32 wherein the
% gas stfeam 1s cooled by Indirect heat exchange with water'to a
temperaﬁure above 1ts dew point, e.g., to a temperature in the
- range of 400 to 550°F, generating high pressure steam which is

20 delivered from steam drum 33 through line 34 for process use,

Water for the waste heat boller 1s supplled as regulired from

’ line 35 to mud drum 36. G@Games passing through thé waste heat

§§ boller contaln entrained carbon particles produced in the syn-

thesis gas generation,
' Cooled product gas leaving waste heat boliler 32
g 1s passed through transfer line 38 to a gas-liquild contactor
j,, J“-“m"39'1nto which o0il is injected from line 41 through injection =~
nozzles 42. Intimate contact between product gas from line 38
“and oll from line 41 is effected in contactor 39 which 1s pre-
30 ~ferably in the form of a venturl, but which may be in the form

of a nozzle or plate orifice. In contactor 39, the gas stream

-6-
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is accelerated and olil injected into the accelerated gas stream
at the throat of the venturl or oriflce, from a plurality of
nozzles 42, two of which are illustrated diagramatically in
the drawing. Both ventgri and orifice contactors are known in
. the art. |
Contactlng or scrubbing of the gas stream with hydro-

carbon liquid is carried out at a temperature above the dewpoint
temperature of tha‘product ERS, €.Z., at a temperature in the
range of 350 to 500°F. Typically, the dewpoint of the product
gas stream 1s within the range of 300 to 400°F, The hydro-
carbon 1iqu}d used is preferably one hafing an initial atmos-
pheric boiling point, above 300°F., preferably above 400°F,
Generally, process fuel oil is sultable for scrubbing the
product gas stream to effect carbon removal; the carbon-oil
mixture from the gas scrubbing.operation is suitablé for use as
process fuel. O0il rates in the range of 1 to 10 gallons per
thousand cubic feet of gas may be employed; preferred oil rates
are in the range of 2 to 5 gallons of oll per thousand cubic
feet of gas, |

_ The resulting mixture of gas and oll formed in contactor
39 is directed into separator 43 wherein separation 1s effected
_betweeﬁ cocled, clean product gas and oil-contalning carbon
removed from the product gas stream. Separator k3 is suitably
a cyclone type vessel from the upper end of which clean gas is
discharged centrally and axially to line 447 Hydrocarbon oll,
sultably oll feedstock for the synthesls gas generator, is
supplied to separator 43 through line 45 by pump 46, The oil
15 passed through heater 47, suitably as controlled by a valve
48 responsive to a liquid level control U9, into the lower
part of separator 43 where it is mixed with carbon in oll

separated from the product gas stream,
A carbon-oil slurry is withdrawn from separator 43,

part of which 1s passed by pump 51 through.line 41 to injection

T
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- Nozzles U42. The remainder of the carbon-oll slurry drawn from

4

separator 43 is passed by pump 52, suitably as controlled by
valve 53 1n response to a rate of flow controller 54 through
i . dine 55 to line 7 as feed for the synthesis gas generator. O0il-
containing carbon from separator 43 may make up all or part of
i ~ ”u"'the chargestock to generator 10, If desired, oil feedstock from
line 45 may be passed through heater 47 and line 56 to pump 52 -
; as controlled by valve 57. Carbon-oll slurry may be withdrawn
2 through line 58 as controlled by line 59 for use as fuel.

10 :1: Clean,cooled product gas dlscharged from separator

‘gga through line 44 is passed to a gas-liquid contactor 60 into
N R

which water 1s injected from line 61 through injection nozzles

62. 1In contactor 60, the product gas from line 44, which may

:contain some o1l vaporé and carbon particles carried over from
Jseparator 43, is intimately contacted with water from line 61.
\Contactor 60 suitably is & venturl or orifice contactor similar
?{]‘ £0 contactor 39 in which the gas stream 1s accelerated and water
o injected into the accelerated gas stream at the throat of the

~wventurl or orifice from & plurality of nozzles 62,‘two of which

are 1llustrated diagrammatically in the drawing.

The . resulting mixture of gas and water formed in
contactor 60 is directed into separator 63 wherein separation
.;s‘made between cooled, clean product gas and water containing

. residual oil and carbon removed from the product gas stream.

Separator 63 is suitably a tower having a packed sectlon 64 above
the point bf entry of the gas stream from contactor 60. wWater
5%:- . ~-—4g circulated from the lower part of separator 63 to contactor
o 60 by pump 65. Fresh water, e.g., condensate from the process

B system, 1s introduced 1nto_toﬁer 63 from line 66 by pump 67,

" 30 suitably at a rate COntrolled_by'a rate of flow controller &8.
Water containing o1l and carbon separated from the product gas

. stream accumulates in the lower portion of separator 63 and is

-8
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withdrawn from separator 63 through line 69, suitably as con-
trplled by valve 7C in response to liquid level control T1.
Waﬁer from separator 63 may be drawn frqm the system through
11|e 72 as controlled by valve 73 or may be passed by pump 74
through line 75 %o heater 76 to supply steam to synthesis gas
generator 9. -

Preferably the temperature in the water scrubbing step

is kept as high as possible consisient wibth effective removal of

~oil vapor from the gas stream. The water scrubbing temperature

:may be 1n the range of 100 to 500°F, preferably in the range

6;5300 to 450°F. CGenerally it is desiraﬁle to carry out the
water scrubbing stép at ﬁ-temperature about 50°F below the tem-
éf the o0ll scrubbing séep. Water ratlo in the range of 1 to 10
gallons per thousand cubic feet of product gas may be employed
in the water scrubbing operation.

| Heater 76, suitably of the monotube boller type,
converts water to steam for use in the process. Steam from
heater 76 is passed through line 77 to either oxygen supply
line 11 or tb oll 1line 7 as determined by valves 78 and 79, re~
spectively, as desired, Part or all of the steam required for
the synthesis gas generation may be suppllied from the water
withdrawn from separator 63 or part or all of the steam may be
generated from fresh water supplied through line 81 by pump 82.
When it 1s desired to supply steam to the synthesis gas gene-
rator mixed with the oil from line 7, part or all of the steam

is advantageously made from water containing o1l drawn from

‘separator 63, If steam 1s to be supplied to the oxygen line,

it should not contain any oil vapors and in this case, it is

preferable to supply all fresh water from line 81.

EXAMPLE
Process fuel oil having an 8.80 API gravity is pre-
heated to 235°F and charged to_a 1.85 cubic foot reaction zone

flow-type synthesis gas generator at the rate of 457.4 pounds

-0~
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(54.4 gallons) per hour. Oxygen of 99.7 volume percent purlty !

is preheated to 400°F and supplied at the rate of 5500 standard

eubic feet per hour in admixture with 215.8 pounds per hour of ;
’““WHQE?fF process steam to the reaction zone. The resulting mixture -

of oll, steam and oxygen reacts 1n the generator to maintain

sutogencus temperatures in the range of 2200 to 2500°F at 1260

psig.

; Product gas discharged from the reaction zone at 2200°F
ignd at the rate of 22,485 standard cubic feet per hour has the

10 following compositlion, expressed in volume percent or mol per

cent (dry basis).

barbon‘monoxide 45 27
Hydrogen k5,05
Carbon dloxide 6.36
Methane 0.79
Nitrogen ' 0.33
Hydrogen Sulfide 0.14
Argon 0.06
Carbon (% of C in fuel) 1.63
20 _ The raw product gas from the generator contains 6,88

mol percent water vapor (83,05 pounds per hour ), The product
~gas stream has a dewpoint of 318°F and contains 6.5 pounds per
hour of free carbon produced as a byproduct,

Product gas from the synthesis gas generator 1s cooled
to 500°F by indirect heat exchange in a waste heat boller and
contacted in a venturl contactor and separator with 8.8° API
fuel oll as used for the process fuel. Direct contact with
oil cools the product gas to about 470°F and removes soot from
the gas stream. 011 18 charged to the venturl contactor-separator

30 at the rate of 2.3 gallons of o0ll per thousand cubic feet of dry
gas, or 51.7 pounds per hour, Carbon laden fuel oil is with-
drawn from the gquench contactor at the same rate, the oll con-
taining 1.42 weight percent of.carbon. Unconverted carbon in
the product gas amounted to 1.63 weight percent of the carbon

in the feed.

-]10-
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An important advantage of the present method of
operation of a4 synthesis gas generator wherein carbon is re-
moved from the product gas stream by scrubblng wilth hydrocarbon
pil is that this method eliminates the necessity for recovering
carbon from quench water as in conventional operation of the

synthesls gas generatlon process. My method eliminates the

. necessity for a number of heat exchangers and separatlon vessels
'ﬁordinarily required and makes practical the use of a waste heat

‘boiler to utilize heat contained in the hot synthesis gas dil-

éectly for production of high pressure steam.

“

-11-
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The embeodiments of the invention to which an
exclusive property or privilege is claimed are defined as
follows:

1. A process for the production of carbon
monoxide and hydrogen by direct partial oxidatlon of liquid
hydrocarbons with oxygen and steam in n flow-type reaction
zene at an auiogenous temperature within the range of
1800 to 3200°F, with the incidental production of free
carbon, and which comprises cooling the gaseous effluent
from said réaction zone by indirect heat exchange to a
temperature above the dewpolnt of water vapor contained in
sald effluent gas stream and intilmately contacting said
cooled product gas stream with said hydrocarbon liquid
scrubbing fluid at a temperature above the dewpoint of water
vapor contalned in saeld gas stream thereby effecting removal
of entralined carbon particles from said product gas stream

without condensation of water vapor contained therein,

2. In a process for the productlion of carbon '
monoxide and hydrogen by the partlal oxidation of a feedstock
comprising a liquid hydrocarbon fuel with an oxygen-rich
gas and steam in a reaction zone of a noncatalytic unpacked
synthesls gas generator at an autogenous temperature within
the range of 1,800° to 3,000°F., with the incidental production
of free carbon, the improvement which comprises woling the

effluent gas stream from said reaction zore to a temperature

above the dew point of water vapor in said effluent £a85 stream

by indirect heat exchange in a gas cooling zone; introducing
the effluent gas stream leaving the cooling zone into a gas
scrubbing zone, contacting said effluent gas stream therein

with & scrubbing fluid produced subsequently in the process

12
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at a temperature above the dew point of the effluent gas
and in the amount of about 1 to 10 gallons of scrubbing fluid
per thousand cubic feet of efflueht gas fhereby simultaneously
cooling said effluent gas stream without condensing water
vapor contained therein and removing substantially all of the
particulate carbon from said effluent gas stream as a hot
pumpable liquid hydrocarbon fuel particulate carbon slurry;
éeparating the scrubbed effluent gas stream from said hot
pumpable slurry in a gas-liguid separating zone; mixing
fresh liquid hydrocarbon fuel with said pumpable slurry and
Iintroducing a portion of said mixture into said gas scrubbing
zone as said sérubb;ng fluid, and introducing a second portion
of said mixture into the reaction zone of said synthesis gas
generator as at least a portlon of sald feedstock.

3. The process of Claim z‘with the added steps
of scrubbing the effluent gas stream leaving said gas-liguid
separating zone with water at a temperature in the range of
about 100° to 500°F. and in the amount of about 1 to 10 gallons
of water per thousand cubic feet of effluent gas thereby
removing any remaining particulate carbon, condensing hydro-
carbon oll vapors from sald effluent gas stream and producing

& mixture of water and oil.

4. The process of Claim 3 with the added steps
of vaporizing a portion of said water and oil mixture in a
heating zone forming a steam-oll vapor mixture, and intro-
ducing said steam-oll vapor mixture inte saild reaction zone
of the gas generator as at least a portion of said steam

and liquid hydrocarbon fuel,

13
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5. A process according to Claim 2 wherein said
gas generation step and said cooling and scrubbing operations
are carried out gt substantially equal pressure within the

range of 100 to 3,000 psig.

6. The process of Claims 1 and 2 wherein
the amount of entrained free carbon particles in said effluent
gas stream is from one to five per cent by weight of carbon
present 1in the liquid hydrocarbon feed to the reaction

Zane.

T. The process of Claims 1 and 2 wherein the
hydrocarbon llquld contacted with the cooled product gas

stream has an initial atmospheric boiling point above 300°F.

8. 'The process of Claims 1 and 2 wherein the
geseous effluent from the reaction zone 1s cooled to &

temperature in the range of 400 to 550°F.

9. The process of ciaims lad 2 wherein the
product gas stream 1s contacted with hydrocarbon liquid at

a temperature in the range of 350 to 500°F,
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