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ABSTRACT OF THE DISCLOSURE 
A heavy hydrocarbon stream is converted in a high 

temperature, high pressure fluidized coker into a distilla 
ble, lower-boiling hydrocarbon product oil while pro 
ducing a coke product. The coke product is converted in 
a high-pressure, high-temperature, partial combustion re 
actor into carbon monoxide, by reaction with steam and 
a small amount of substantially pure oxygen. The carbon 
monoxide is converted into carbon dioxide in a shift re 
actor. The hydrogen produced in the water-gas reactor 
and the shift reactor is preferably used to hydrocrack 
the lower-boiling hydro-carbon oil product from the 
coker, or may be used for other purposes such as hydro 
fining, etc. 

This application is a continuation of S.N. 693,303, now 
abandoned. 

BACKGROUND OF THE INVENTION 
Heavy hydrocarbons such as residuum (particularly 

when containing appreciable amounts of sulfur) can best 
be cracked into light products by thermal (coking) proc 
esses. Such heavy hydrocarbons have been converted into 
lower-boiling products in fluid cokers such as that dis 
closed in Jones et al. Pat. 2,895,904 (especially FIG. 2). 
These fluid cokers have been operated at low pressures, 
and the coking temperature has been maintained by burn 
ing from 10 to 30% of the coke product, by combustion 
with air in a separate burning zone (such as zone 64 of 
the Jones et al. patent). The product coke is removed 
from the coker in amounts corresponding to the difference 
between the coke being formed from fresh feed and 
coke being consumed to support the coking temperature. 
Currently, there is a very limited market for sulfur-con 
taining coke such as that produced in a fluid coker from 
a "sour' residuum, and only a limited market even for 
low-sulfur fluid coke which is produced from "sweet” 
residua. The resulting excess supply of coke gives rise 
to a disposal problem; in at least one case the unwanted 
coke was accumulated in a pile for a number of years 
before the resulting "mountain' could be sold. Attempts 
to burn the coke in the combustion zone have also proven 
to be unsatisfactory, since the heat generated in such a 
system is far in excess of that required for the coking 
reaction. By the present invention, this coke is used to 
produce hydrogen, thus allowing the desirable thermal 
conversion process to be used for initial conversion of 
the heavy hydrocarbon feed, and the hydrogen is then 
available for use in a subsequent hydrogenation step for 
hydrofining or hydrocracking all or selected portions of 
the coker gas oil product (or for use in hydrotreating 
other feedstocks if desired). 

Hydrogen is used in many refinery operations for hy 
drocracking, olefin and aromatic hydrocarbon conversion, 
or sulfur and/or nitrogen removal. It has been suggested 
that hydrogen can be produced by the reaction of coke 
with steam at elevated temperatures, either with or with 
out the addition of oxygen to the water-gas reaction zone. 
This is shown, for example, in FIG. 1 of the Nelson et al. 
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2 
patent, U.S. 2,729,552, where coke is contacted at 400 
500 p.s.i.g. and 1800-1900 F. with steam and oxygen. 
The prior art has not, however, recognized the unique ad 
vantages of the present invention, wherein the coker and 
partial combustion zone are used to produce CO for later 
conversion into hydrogen. 
By the present invention, the temperature and pressure 

of the coking step are raised so as to be compatible with 
a high-temperature, high-pressure partial combustion re 
action zone, and high purity oxygen is used in the partial 
combustion reaction zone to promote the formation of 
carbon monoxide for later use in producing hydrogen 
in the shift reaction. The use of high pressures and pure 
oxygen make it economically feasible to produce hydrogen 
from residuum, by reducing the size (and cost) of the 
conversion vessels. Surprisingly, the use of pure oxygen 
for combustion to provide heat for the coker does not 
increase the cost of operations by an amount sufficient 
to offset the investment savings, because the combustion 
is incomplete and the carbon monoxide is used to produce 
hydrogen. In its most specific aspect, the present invention 
provides a balanced, self-contained process for producing 
light products from heavy feedstocks, generating the hy 
drogen required for hydrocracking without the need for 
an external hydrogen supply. 

SUMMARY OF THE INVENTION 
The present invention utilizes a partial combustion 

reactor to perform two functions: (1) to provide heat for 
operation of the fluid coker which itself supplies coke to 
the partial combustion reactor and (2) to convert coke, 
oxygen and steam into carbon monoxide and hydrogen, 
with a minimal production of carbon dioxide and with 
substantially no net coke make for the system. It has 
been found that the small amount of ash which is formed 
is taken off overhead with the gas product and can easily 
be separated therefrom for disposal. It has also been 
found that the fluid coker can be easily operated at tem 
peratures and pressures high enough to meet the require 
ments of the system. 
The coker is operated to treat a heavy hydrocarbon 

oil such as residuum at a temperature of 600 to 1200' F. 
and a pressure from 150 to 1500 p.s.i.g. (preferably 900 
F. at 200 p.s.i.g.) and the coke product is substantially 
all converted into gaseous products (CO, CO2 and H2) 
by contact with steam and substantially pure oxygen in 
a partial combustion reactor at a temperature of 1200 
to 2400 F. and a pressure of 100 to 2000 p.s.i.g. (pref 
erably 1800 F. and 200 p.s.i.g.). In the partial combus 
tion reactor, the oxygen/steam mol ratio is from 0.05 to 
0.5 and the steam partial pressure is from 1 to 250 p.s.i. 
(preferably a ratio of 0.15 and a partial pressure of 
20 p.s. i.). 
The carbon monoxide content of the gaseous product 

of partial combustion is converted into carbon dioxide 
by reaction with steam in a shift converter, thus producing 
more hydrogen. A purified hydrogen stream is obtained 
by removal of HS and CO2, and conversion of residual 
CO (and CO2) into methane. The resultant hydrogen 
stream is useful for many refinery purposes, but is pref 
erably used to hydrocrack the coker gas oil which is 
produced in the first step. 

BRIEF DESCRIPTION OF THE DRAWING 
The single figure in the drawing is a schematic repre 

sentation of the present invention, set out as a flow diagram. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 
In the present invention, the coker and partial com 

bustion reactor are mutually dependent; that is, the coker 
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may be omitted entirely, as may be the gas compressors 
normally required for light hydrocarbons from the coker 
reactor, since the coker is also operated at high pres 
sures. As has been stated above, the use of higher pres 
sures and the elimination of nitrogen allow the reactors 
to be reduced in size, thus providing even more economy 
in plant investment. 
The effluent from the water-gas reaction zone will 

include unreacted steam, carbon monoxide, carbon di 
oxide, hydrogen, and trace contaminants such as hy 
drogen sulfide and nitrogen. Exemplary ranges of the 
constitutents are given in the table below. 
TABLE W.-CONSTITUENTS OF WATER GAS PRODUCT, 

WOL. PERCENT 

Minimum. Maximum Preferred 

Product gases, dry basis: 
CO 30 60 43 

O 20 5 
20 60 47 
O 10 3 
O 5 2 

Thus, it is seen that the partial combustion reactor 
product is preponderantly made up of carbon monoxide 
and hydrogen, with only small amounts of CO2 being 
produced. The CO is later converted, on virtually a 
mol-per-mol basis, into CO while yielding hydrogen as 
a product. Before this is accomplished in the shift con 
version reactor, however, it may be desirable to remove 
the hydrogen sulfide contaminant, so as to avoid poison 
ing of the shift catalyst. 

Hydrogen sulfide removal: Particularly when the cata 
lyst in the shift converter is sulfur sensitive, it is desirable 
to treat the carbon monoxide-rich gas to effect the removal 
of hydrogen sulfide therefrom. The product gas is prefer 
ably first passed through a condenser and separator to re 
move substantially all of the unreacted steam, to avoid 
undue dilution of the H2S solvent. The 'dry' gas (i.e., 
with most of the steam removed) is then contacted with 
a suitable solvent in a liquid-gas contacting apparatus 
such as a packed column (Beryl Saddles or Raschig rings 
are suitable). Solvents such as ethanolamine, methyl ethyl 
amine, potassium carbonate, sodium carbonate, sodium 
hydroxide (polysulfide), etc., can be used at a tempera 
ture from about 100-400 F. The ratio of solvent circul 
lated per m.s.c.f. of gas feed may be from 100 to 1000 
pounds per m.s.cf. Sulfur may be recovered from the 
solvent, e.g., by the Claus process. 

Shift conversion: In the shift conversion Zone, carbon 
monoxide is rected with steam in the presence of a suitable 
catalyst to produce carbon dioxide and hydrogen. This 
well-known process is carried out in the presence of suit 
able catalysts, most of which are sulfur-sensitive. (A 
sulfur-insensitive cobalt-molybdate catalyst is described 
and claimed in a copending application Ser. No. 687,681 
(now abandoned) by Glenn A. Stankis based upon BPRL 
67.29, and entitled "Production of Hydrogen.") The re 
action is represented as 

CO-H2O2CO2-H2 
Exemplary of sulfur-sensitive catalysts are iron oxide, iron 
sulfide, copper/zinc supported on alumina, etc. Use of the 
catalyst allows reduction of the temperature to favor pro 
duction of CO: to a range from 500" F. to 900 F. Car 
bon dioxide is removed from the product by any of a 
number of well-known expedients, such as adsorption on 
solids or absorption by liquids. Suitable solids are alkaline 
earth oxides, such as the oxides of calcium, barium or 
strontium. Calcium oxide (lime) is a cheap and readily 
available material. See U.S. Pats. 3,188,179 and 3,108,857. 
Residual CO and CO may be undesirable and are pref 
erably converted to methane by reaction with hydrogen in 
a methanation zone in contact with a suitable catalyst, all 
as is well known in the art. 
The CO and CO having been removed, the high-purity 

hydrogen stream can be used for any purpose. Preferably, 
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6 
however, it is used to provide hydrogen in the hydro 
treatment (e.g., hydrocracking) of coker gas oil produced 
in the coking zone. A molecular sieve-type catalyst may 
be used in the hydrocracking zone, and the reaction is car 
ried out at high pressures (e.g., 2000 p.s.i.g.) and tem 
peratures (e.g., 700 F.), all as is well known in the art. 

Schematic flow diagram: The process of the present 
invention can be seen as a whole by advertence to the 
drawing wherein it is seen that a heavy oil, such as 
residuum, is introduced into a coking reaction zone 100 
by way of line 102, for conversion into a distillable prod 
uct which is removed by way of line 104 to a fractionator 
156, and into a coke product which is removed by way of 
line 106. The coke product is transferred into a partial 
combustion zone 108, preferably by means of a differen 
tial pressure and fluidation steam stream which transports 
the carbon through line 110 into the lower portion of the 
partial combustion zone 108. In the partial combustion 
zone, the coke is contacted with steam which is introduced 
by way of line 112 and oxygen introduced by way of line 
114, as well as the steam in the transporting stream. 
From the partial combustion zine, a recycle coke stream 

is removed by way of line 116. This recycle coke stream 
may be carried into the reaction zone 100 through line 
118 by means of differential pressure and fluidation steam 
or an inert gas stream introduced by way of line 120. 
The unreacted steam and gaseous products from the 

partial combustion zone are removed therefrom through 
an internal or external cyclone separator 122, and are 
passed through line 124 into a cooler or steam genera 
tor 126 and separator 128, for the condensation and sepa 
ration of water which is removed by way of line 130. If 
desired, steam may be introduced into the inlet into the 
cyclone separators by means of line 132. This improves 
the operation of the cyclone separators and minimizes 
metallurgical problems associated with the high tempera 
tures in the partial combustion zone. 
The water-free product gas containing carbon monox 

ide, hydrogen sulfide, and some CO2 is passed by way of 
line 134 preferably into a hydrogen sulfide scrubber 136. 
In the hydrogen sulfide scrubber, the gas stream is con 
tacted with a solvent (such as potassium carbonate) intro 
duced by way of line 138 and removed by way of line 140, 
which serves to absorb the hydrogen sulfide. 
The hydrogen sulfide-free gaseous product, now consist 

ing essentially of carbon monoxide, hydrogen, and some 
carbon dioxide, is passed by way of line 142 into a shift 
converter 144, wherein the gas is contacted with steam 
introduced by way of line 145 under conditions chosen 
to convert the carbon monoxide into carbon dioxide. The 
catalyst used in this zone may be sulfur sensitive (iron 
oxide or iron sulfide, for example). If a sulfur resistant 
catalyst is used, the hydrogen sulfide removal step may 
be placed downstream of the shift converter rather than 
upstream. In such a case, the cooler 126 would reduce 
the gas temperature to a level suitable for shift conver 
sion 144, and a conventional high temperature filter (or 
filters) would be placed between generator 126 and shift 
converter 144 to remove any particulate matter not re 
moved in the cyclones. 
From the shift converter, a gaseous product is passed 

by way of line 146 into a carbon dioxide removal zone 
148. In the carbon dioxide removal zone, the gas is 
scrubbed with a solvent such as potassium carbonate or 
methanol, to absorb the carbon dioxide, or it is contacted 
with a solid such as calcium hydroxide or calcium car 
bonate to effect the removal. From the CO2 removal Zone, 
a hydrogen-enriched stream is removed by way of line 149 
for introduction into a methanator 150 to remove the last 
traces of CO and CO and thence to other uses 153 or 
(preferably) to the hydrocracking zone 152 via line 151, 
where it is contacted with at least a portion of the dis 
tillable product from the fractionator 156 via line 158, 
which is hydrocracked in the well-known manner. A 
product hydrocarbon stream is obtained by way of line 
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154, which may be fractionated into the desirable boiling 
ranges and post-treated as is needed. 

Having described our invention, we claim: 
1. A process for converting a heavy hydrocarbon liquid 

boiling above 1000 F. into lighter products which com 
prises: 

(a) in a fluidized bed coking zone, coking said heavy 
hydrocarbon liquid 

at a temperature from 600-1200 F., 
at a pressure from 150 to 1500 p.s.i.g., and 
at a feed rate from 0.3 to 5.0 barrels of liquid 

feed per hour per pound of fluidized coke 
within the reactor, whereby a distillable liquid 
product and a coke product are obtained; 

(b) continuously withdrawing only one portion of the 
fluidized coke from said coking Zone and introduc 
ing all of that portion into a fluidized bed partial 
combustion zone, 

(c) in said partial combustion Zone, reacting said coke 
in a fluidized bed with steam and 95% -- pure oxy 
gen in the absence of air 

at a temperature from 12 to 2400 F., 
at a pressure from 150 to 2000 p.s.i.g., 
at a steam partial pressure from 1 to 250 p.S.i.a., 

and 
at an oxygen/steam mol ratio from 0.05 to 0.5, 

said conditions being correlated to minimize the pro 
duction of carbon dioxide and maximize the pro 
duction of carbon monoxide, whereby a product gas 
rich in carbon monoxide and hydrogen is obtained, 
and 

(d) continuously removing only one portion of said 
fluidized bed from the partial combustion zone and 
recycling all of that portion into the coking Zone, 
in quantities sufficient to provide the heat necessary 
to support the coking reaction, 

(e) all of the conditions in both the coking zone and 
in the partial combustion zone being correlated so 
as to have substantially no net production of un 
consumed coke. 

2. A method in accordance with claim 1 wherein the 
conditions in the coking zone are: 

Temperature: about 900 F. 
Pressure: about 200 p.s.i.g. 
Steam rate: about 2 lbs. per hundred lbs. of feed 
Feed rate: about 0.5 to 1.0 barrel per hour per pound 

of coke in the fluidized bed, 
and wherein the conditions in the partial combustion 
ZO6e. Ire: 

Temperature: about 1800 F. 
Pressure: about 200 p.s.i.g. 
Steam partial pressure: about 20 p.s.i.a. 
Oxygen/steam mol ratio: about 0.5. 
3. A method in accordance with claim 1 further com 

prising the steps of: 
(f) separating unreacted steam from the partial com 
bustion Zone product gas to obtain a dry gas; 

(g) contacting the dry gas with a suitable material for 
removing sulfur therefrom and to obtain a sulfur 
free gas; 

(h) contacting the sulfur-free gas with steam and a 
shift-reaction catalyst, whereby the carbon mon 
oxide is predominantly converted into carbon dioxide 
with the production of additional hydrogen; and 

(i) separating the unreacted steam and carbon dioxide 
from the hydrogen product, 

Whereby an enriched hydrogen stream is obtained. 
4. A process of converting a heavy hydrocarbon liquid 

boiling above 1000 F. into lighter products which com 
prises: 

(a) in a fluidized bed coking zone, coking said heavy 
hydrocarbon liquid 

O 
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at a temperature from 600 to 1200 F., 
at a pressure from 150 to 1500 p.s.i.g., and 
at a feed rate from 0.3 to 5.0 barrels of liquid feed 
per hour per pound of fluidized coke within the 
reactor, 

whereby a distillable liquid product and a coke prod 
uct are obtained; 

(b) continuously withdrawing only one portion of the 
fluidized coke from said coking zone and introduc 
ing all of that portion into a fluidized bed partial 
combustion zone, 

(c) in said partial combustion Zone, reacting said coke 
in a fluidized bed with steam and 95% -- pure oxy 
gen 

at a temperature from 1200 to 2400 F., 
at a pressure from 150 to 2000 p.s.i.g., 
at a steam partial pressure from 1 to 250 p.s.i.a., 
and 

at an oxygen/steam mol ratio from 0.05 to 0.5, 
said conditions being correlated to minimize the pro 
duction of carbon dioxide and maximize the pro 
duction of carbon monoxide, whereby a product gas 
rich in carbon monoxide and hydrogen is obtained; 

(d) continuously recycling a portion of said fluidized 
bed from the partial combustion zone into the coking 
zone in quantities sufficient to provide the heat neces 
sary to support the coking reaction; 

(e) contacting said carbon monoxide and hydrogen 
rich product gas with a shift catalyst under reaction 
conditions whereby the carbon monoxide is con 
verted into carbon dioxide by reaction with steam; 

(f) separating the carbon dioxide from the products 
of the shift reaction, leaving a hydrogen-rich stream 
as a product; 

(g) reacting at least a portion of the distillable liquid 
product of step (a) with at least a portion of the 
hydrogen-rich product stream under hydrocracking 
conditions, 

whereby a light hydrocarbon product is obtained. 
5. A method in accordance with claim 4 further com 

prising the steps of removing sulfur from the gaseous 
product of step (c) before it is contacted with the shift 
reaction catalyst. 

6. A method in accordance with claim 5 wherein the 
conditions in the coking zone are: 
Temperature: about 900 F. 
Pressure: about 200 p.s.i.g. 
Steam rate: about 2 lbs. per hundred Ibs. of feed 
Feed rate: about 0.5 to 1.0 barrel per hour per pound 
of coke in the fluidized bed, 

and wherein the conditions in the water-gas reaction zone 

Temperature: about 1800 F. 
Pressure: about 200 p.s.i.g. 
Steam partial pressure: about 20 p.s.i.a. 
Oxygen/steam mol ratio: about 0.5. 

References Cited 
UNITED STATES PATENTS 

2,600,430 6/1952 Riblett -------------- 208-54 
2,888,395 3/1959 Henny ------------- 48-197 
3,172,840 3/1965 Paterson - 208-79 
3,424,554 1/1969 Jahnig et al. 23-199 

HERBERT LEVINE, Primary Examiner 
lU.S. C. X.R. 

208-55, 127; 48-197; 23-212; 252-373 


