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This invention relates to the produceion of a gas
mixture containing carbon monoxide and hydrogen from a liquid
hydrocarboh. |

Petroleum commonly contains small quantities of
heavy metals. The most common heavy metals contained in
petroleum are #aeadium, nickel, iron, chromium and molybdenwnd
These hEavy metals presumably occur in petroleum as compoundsd
The exa¢t chemical compositions of the heavy metal compounds
are gomewhat in doubt. It is genefaily,agreed that the
metals_are present, at least in part, in the form of oil-
soluble metaILOmorganlc compounds. Crude olls containing
heavy metal constituents, and some heavy distillates from
such crudes, have been found unsatlsfactory Por many purposes
because oft the nature ef the ash from these fuele.

- In particular, the- naturally occurrlng compounds of

oxidation, apparently yleld very corrosive. or- erosive aeh.
The extant to which compounde of Lheee metals are present in

petroleum.may vary from about 1 to about 1000 parts per

In general petroleum oils conteining.even‘minor amounteﬂof.
vanadium and nickel are troublesome when ueed ag’ fuel. The
aah friom these fuels 1srcerr031ve or eroalve to both refrac—
tories and to alloy metals._ Of the heavy metal contamln&nts
in petroleum fuels, vanadlum and nlckel appear to be the most
detrimental to high temperature refractories, particularly '
aluminum oxide refractories.
_ A number of attempts have been made to treat ash-

centainihg liquid hydrocerbon fuels for removal or reduCtien

of ash-forming constituents. These attempts have bean
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generally unsuccessful., The heavy metal constituents of
crude oils may be conceantrated, to some extent, by means of
distillation, the heavy metal constituents largely remaining
in the distillation residues.. Nevertheless, the metals or
their compounds are also present in ﬁany distillate products;
particularly in heavy fractions,_such as products of vacuum
distillation. The presence of the metals in the distillates
may be due either to actual vaporization of the metal COmi~
pounds or to physical carryover or entrainment. These metals
have also been found in such stocks as propane-deasphélted
oil and solvent-refined distillate, - _' :
.Recently, partial oxidgﬁion of.hydrocarbons with
oxygen to carbon monoxide and hydrogen hés_begn develobed
commercially; the process is disclosed in U.S. 2,582,938 to

dﬁBpis.Eastman and Leon P. Gaucher. 1In this' process, a hydros

oxygen, or oxygen-enriched air in a cloSed, compadt‘réaction
zZohe at a temperatﬁre in the range of about'2;000 to'ébout '
3;200°F. The reaction zone is free .from packing and catalyst
and has nearlj minimum interhal surface. Thé reéptiqn may be
conducted at atmospheric pressure or at an elevated préésure
which may be as high as several hundred pounds per sq@are‘
inch. The reaction temperature,‘suitably about 2,600?F;,_is
autogenously maintained. Preheating of the reactants is gen-
erally desirable. The amoﬁnt of uncombihad 6xygen supplied
to the reaction zone is limited so that near-maximﬁﬁ,#ields‘of
carBon monoxide and hydrogen are obtained. The product con-
sists essentially of carbon monoxide and hydrogen and_bon- _
tains.relatively small amounts of unconverted hydrocarbon and

carbon dloxide,
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Air, oxygen-enriched air, or substantially pure
oxygen may be employed in the process. Oxygen may be
obtained by the rectification of air: Commercial oxygen
plants are available capable of delivering large amounts of
high purity oxygen. Commercial oxygen, so produoed; usually
containg in‘exoess o£‘95 mol per cent oxygen. Substantially
pure oxygen, ®.g., commercial oxygen, is generally preferred
for generation of carbon monoxide and hydrogen.

' The use of ash«forming hydrocarbons,‘particularly
those.contaioing vanadium and nickel; as. fuels for the prow
duction of carbon monoxide and hydrogen by partial oxidation
with oxygen has resulted in operational difficulties. The
reaction zone in which the partial oxidation takes place
generally comprigses a steel pressure vessel provided with a
high temparature refractory lining, for example aluminum
oxide. Ash from the fuel apparently oombinas with the re-
fractory to form & composite having a. lower melting point
than that of the original refractory. the result of this
comblnation is that the refractory melts away in a relatively
short time (often.a matter. of a few hours) at usual operating
temperatures of the order of 2500. to 2800°F. This results
in overheating of the pressure vessel, a particularly,
dangerous condition when the gas generotor is. operated atl
elerated pressure. Since the low cost and the high Btu
content of heavy fuol oills. and residua make them particularly
attractive as fuels for tha production of carbon monox1qe and
hydrogen by partial oxidation, it is_most‘desirablo.to devise
a method for preventing attack on .the refractories employed
as linings for the gas generators. The present invention

provides a method for the production of carbon monoxide and
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hydrogen from ash-containing hydrocarbons by partial oxida-
tion with free oxygen in which the ash is sequesﬁered with
carbon, protecting the refractory lining of the gas generator,
In accordance with this invention, a hydrocarbon
fuel containing mineral ash-forming constituents which are .
detrimental to the life of the refractory lining of the
synthesis gas generator are introduced into thejreaction Zone
of the gas generator together with sufficient free oxygeﬂ to
react exothermically with the fuel to autogenously maintain a
temperature in the range of about 2200°F. to about 3200°F.
and to convert not less than about 90 per cent and not more
than 99.5 per cent of the carbon contained in the fuel to
carbon oxldes. The extent of conversion of the carﬁdn méy be
varied within this range depending upon the amounts of:heévy

matals contalned in theﬁfuel.. The. quantity of ﬁnqon#artgd.

the combined welghts bf.tha nickel-and vanadium contaiﬁe@ iﬁ
the fuels on the basis of the walght of the metal cbnpent of
the metal=containing constituents present in the fuela-:The
unconverted carbon from thé hydroqarbon_ig libafgtedléslf;ée'
carbon., Under these conditions. of ;imitedccapbon'cqnversion,
the ash~forming constituen;s 6fAthe fuel,-pgrtigularly the
ash.resulting from the heavy metal constituents, are
assoclated with the carbon and thé composite is liberated as
a carbonaceous solid in particle form. The carbonaceous
séiid particles'containing the heavy metals are sgbétantially
harmless to- the refractory lining of the gas generator.

In a specific embodiment of the procesa of the
present invention; oil containing mineral ash-forming con~

gtituents including nickel and vanadium 1s admixed with steam
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and fed into a compact, unpacked reaction zone, The reaction
zone is free from packing and catalyst and has an'internal
surface area to volume of znot more than 1.5 times the surface
of a_sphere equal inrvolume to the volume of the reaction

zone., An oxygen~rich gas containing in excess of about 95

per cent oxygen by volume is introduced into the reaction

zone into intimate admixture with the oil and steam. ' The

generator may be operated ét atmospheric or superatmospheric

pressure. Preferably ﬁhe generator is operated at a pressufe

within the range of from about 100 to about 600 pounds per

squara inch gauge. The temperature within the gas genarator

is:aﬁbogenously maintained within the range of 2500 to 2900°F
The quantity of. free oxygen supplied to the-gas

generator 1s limited so that the conversion of carbon to

.carbon oxides 1s limited to 90 to 99.5 per cent of the carbon

content of the oll fed to thplgaa"generator. ‘From about 1.8

Ilto about 1.9 mols of frge 6xygan are supplied_tq the gas -

generator for each million Btu's gross heating value of the

oil feed to the gas generator.

The amount of unconverted‘carbqn.releaséané-g car-
bonaceous solid in the generator is at least 50‘pimes-by .
welght the combined weights of the nickel and vanadium con-
tained in the oil; based on the weight of_the'frea_meﬁq;'

content of the nickel and vanadium compounda ip”tbe fuels

Free carbon released in the gas generator is entraihed;in,tpe.

gaseous products of reaction. Ash from the fuel, particularlj

the heavy metal constituents,‘is_subﬁtantiaily completely

retained in the carbomaceous reaidue. The hot gases from the|

generator contalning entrained carbon are cbntacted with wates

in a gag scrubbing and quenching operation in which the gases

.,
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are rapidly cooled to a temperature below the reaction tem-
perature. The carbonaceous solid is removed from the gas
Stream in the scrubbing operation. The product-gas is a
mixture of carbon monoxide and hydrogen useful as feed gas
for synthesis of hydrocarbons, methanol synthesis; or as a
source of hydrogen for the synthesis of ammonia or for other
purpOSes.'

The following specific examples illustrate the

effect of the limited carbon conversion on the life of a

typical high temperature gas generator refractory. In each
of the following examples the fuel o0ll was a San Ardo crude

01l of the following composition and physical properties:

Gravity 12.8° API .
Viscosity 650 8.F., at 122°F,
Flash ' ‘ 235°F,
Pour Point 50°F,
Gonradson Carbon ‘ 9.6 .
Gross Heating Value 18,450 Btu/lb.
- Uktimate Analysis |
':, Carbon : 85.5 wt. per cent
Hydrogen 1.0" noon
Nitrogen ) ‘ .o e
Sulfur 1.9 rom
Oxygen 06 mom
Ash: Vanadium 68 ppm,
Nickel 56 "
Iron 57"

The oll was atomized with steam and mixed with oxygen of
99.9 per cent purity in a flowetype gas generator of the type
disclosed in U. S. patent 2,582,938. In each of the examples
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Examglo 1 Example 2
High ) Moderate
% . Carbon Carbon -
Conversion Conversion
Feed Rates - :
Oxygen CF/hr 5,186 12,187
0il lbs/hr 401,5 954,
Water lbs/hr 224,1 ‘258
Dry Gas Production CF/hr 20,195 47,915
Soot Production : ' -
lbs/hr 1.50 o 15047
Weight % of carbon fed 0.44 1,89
Operating Conditions ‘
Temperature °F, 2,600 2,850
Predsure psig, = 373 341
Preheat temp, °F, : '
© Qil=-steam ‘ 710 - T4O
Oxygen 67 70
‘Mols Og/MM Btu of ' -
oll fed R 1.847 - l.824
Product Gas Analysis- °
" Dry Basia-mol% S S
CO - _ 47,0 49,06
002 , 5.5 3.7
Ho8 - 0.l Oully
s , .- - 0,02
Hz 47,0 ' 46,51
Na. : - 0.3 . 0.2
CH4 } Bl 0.0
Total 100 00 - 100.00°

oy . (’:&i’tﬁ‘!":

the generator was provided with 2 1/2 inches of high purity
alundum (aluminum oxide) lining surrounded by insulating

firebrick.

After 186 hours of operatlon under operatlng ¢on-
ditions of high carbon converslon, representative daba for
whioh are shown in Example 1, the alundum lining of the:_
generator was examined and was found to be so badly_déoorio-
rated as to preclude further operation of the gahafotor.- The
lining was replaced and after about 673 hours of operation
under conditions of moderate caroon conversion, some of the

data for which are shown in Examplp 2y _the lining was examined

and was found to be iIn excellant—condition. Operations
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continued with the same generatbr under similar conditions
of moderate carbon conversion until a total operating time
of about 3091 hours had been accumulated. During this
period a number of heavy fuel oils was fed to the generator.
Some’ of the fuel; oils contained larger amounts of Yanadium _
and nickel than the amounts contalned in the San Ardo crude.
At the end of this period, inspection of the lining‘of the
generator showed that it was in excellent condition.

_ It will be evident from the fqregoing'that limiting
the extént of carbon conversion in a synthesis gas generator
wherein mineral ash-forming_constituents are contained in the
fuel so that sufficient free carbon 1s released to;sequester
the ash; results in long life of the refractory lining of
the generator aﬁé»ééﬁisfactory operation over.lqng-pefiods of
time. o ’ -

‘ Obviously; many modifications and‘fariétiong of the
invention, as herainbéfbre sét forth, may be made:withqut o
departing from the épir;t and scope thereof and therefore -
only such limitations should be imposed as are‘indicapéd in

the appended claims.
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The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as follows:
<. 1. In a process for the generation of carbon
monoxide and hydrogen from an ash-forming_hydrccarbcn liquid
wherein said hydrocarbon is subjected to reaction with steam
and a gas ccnta{ninglfree oxygen; the improvement which com-

prizes introducing said reactants into a reaction zone;
 supplying said oxygen-containing gas to said reaction zone

in an amount such that at least 0.5 per cent and not more
than 10 per cent of the ca:Bcn contained in said hydrocarbon
is uncombined and is liberated as a carbonaceous sclid to-
gethcr.winh ash from said hydrocarbon while autogenously
maintaining the reacticn Zone at a temperature in the range
of 2000°F. and higher, and withdrawing from the reaction -zone
an effluent stream of gas ccmprising.carbcn monexide and
hydrogen together with said carbonaceous solld containing ash

from said hydrccarbcn.l

2+ The method according to Glaim 1 wherein said

gas containing fres cxygen is essentially pure oxygen,

3. -The.methqd_accorcing to Claim l.whqrein said

'gas containing free cxygen is air.
! ! i

lt+. The method acccrdlng to Claim 1 wherein said ;f

gas containing free oxygen is cxygen-cnrlched air.

5. The methcd acccrding to Glaim 1 wherein ‘the
pressure within the reaction zone is at least 100 pounds per.

square lnch gauge.,
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6. In a process for the production of carbon
monoxide and hydrogen from an ash-forming liquid hydrocarbon
wherein said hydrocarbon is subjected to reaction with steam
and free oxygen at a temperature above about 2,QOO°F. in a
closed, compact reaction zone free from catalyst and packing,
the improvement ‘which comprises introducing said reactants
into said.reaction Zone in relative proportions such that at
least 90 per cent but not more than about 99.5 per cent of
the carbon contained in said hydrocarbon is converted to
carbon oxides and at least 0.5 per cent of the carbon cone-
tained 1n said hydrocarbon is liberated as a carbonaceous
solid in combination with ash from said hydrocarbon; énd con-—
tinuously removing frqﬁ the reaction zone gaseous products of‘
reaction, and said carbonaceous solid combined with ash frém

said hydrocarbon.

_ ~ 7+ A proceds as defined in Claim 6 wherein said
ash-forming liquid hydrocarbon contains vanadium and nickelL
-and the weight of the carbon liberated as a solld by said re-
action 1z at least 50 times the combined welghts of the
nickel and venadium contained in sald hydrocarbon feed to. the

reaction zone.

8. A process as defined in Claim 6 whérein‘ﬁhe'
amount of free oxygen‘supplied to sald rgaction_zone ;s
within the range of from about l?ﬁsté 1.9_mols of free oxygen
per million Btu's gross heating value of said liquid

hydrocarbon.

/]




628324

9. A process as defined in Claim 6 wherein said
ash-forming liquid hydrocarbon contains vanadium and nickel
and the weight of carbon liberated as a solid by said reac-
tion is at least 100 times the combined weights of the nickel
and vanadium confained in said hydrocarbon feed to the reac~
tion zone. ot

lO. In a process for the production of carbon
monoxide and hydrogen from an ash-formlng liquid hydrocarbon
containing vanadium and nickel whereln said hydrocarbon is
subjected to a partial combustion reaction wiph steam and
free'oxygen at a temperature above 2,000°F, in a reaction
zone fres from fixed”cdﬁalyst and pécking,.thé improvement
which comprises introducing said reaetants.into said reaction
zohe in relative proportions such thét a portion of the
carbon contalned in said hydrocarbon 13 uncombined and 1s _
liberated as A carbonaceoua solid togethar with ash from said
hydrocarbon and the welght of the carbon liberated as a solid
by said reactlon is at least 50 times the combined weights of
the nickel and.vanadium contained in said liquid hydrocarbon
supplied to the reactlon zone, and cont;nuously‘rem?v;ng'frqm

the reaction zone gaseous products of reaction and,séid.car-

Jlbonaceous solid combined with ash from.said.hydrocarbop.

i
b
t
2
L
‘
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11. In a process for the generation of carbon
monoxide and hydrogen from a hjdrocarbon liguid wherein said
hydrocarbon liquid is subjected to reaction with'steam and
free oxygen, the improvement which comprises introducing said
reactants into a reaction zone, supplying said oxygen to said
reaction zone in an amount such that at_least 0.5 perlcent ar
not more than 10 per cent of the carbon contained in said
hydrocarbon liquid is uncombined and is liberated as fres
carbon while autogenously maintaining the réééﬁibn zZone at a
température in the range of 2,000°F. and higher, and with-

drawing from the freaction zone an éﬂfluent stream of gas

-eomprising carbon monoxide and hydrogen together with said

carbonaceous solid from said hydrocarbon.

12. In a process for the production of carbon

- monoxide and hydrogan from a hydrocarbOn liquid whereln sald
Jhydrocarbon liquid is subgected to reaction with steam and

”ﬁxygen at a temperature in the range of . 2200°F. to 32OQ°F,

and an slevated pressure of at least 100 poun&s per squafe in
gauge in a reaction'zonelfree from fixed catalyst and pack-
ing,.thé improvement which comprises‘inérqducing salid r eac=~
tants into said reactipﬁ.zone in relative pr0pontionsVSuch

that a portion of the carbon content o£‘said hydrocarbon. liqy

‘is 1iberated as solid carbon while'autogenously‘maintaining

_the temperature in aald reaction zone within the aforesaid

range, .gaid 1iberated carbon being equivalent to at least
0e5 per cent and not more than 10 per cent of the carbon
contained in said hydrocarbon, and withdrawing from said
reaction zone an effluent stream of gas comprising carbon

monoxide and hydrogen together with said selid carbon from

said hydrocarbon.

/J






