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ABSTRACT OF THE DISCLOSURE 
A process for producing hydrogen from an excess re 

?nery stream or mixture of re?nery streams by hydro 
cracking, steam reforming a vaporous fraction from the 
hydrocracking step, contacting the effluent from the re 
forming step admixed with additional steam with a water 
gas shift catalyst, recycling a portion of the hydrogen 
separated from the shift reaction to the hydrocracking 
step, and recovering the remainder of the hydrogen as 
product. 

This invention relates to a process for producing hydro 
gen from excess re?nery streams ranging from C6 to heavy 
oils. 

In most petroleum re?neries a complete balance of 
operations is rarely achieved. Usually, there is an excess 
of materials such as naphtha, distillates, gas oils, residual 
oils, and the like, and there is almost always a de?ciency 
of hydrogen for use in hydrotreating, hydrogenation, hy 
drocracking, and similar operations. 

This invention is concerned with a process for convert 
ing excess liquid petroleum streams to hydrogen. 

Accordingly, it is an object of the invention to provide 
a process for converting liquid hydrocarbons to hydrogen. 
Another object is to provide a simple and e?icient process 
for converting liquid hydrocarbons into H2 and CO2 with 
recovery of heavy aromatic oils from the process. Other 
objects of the invention will become apparent to one skilled 
in the art upon consideration of the accompanying dis 
closure. 

In accordance with the invention, a liquid hydrocarbon 
feed comprising an excess re?nery stream or a mixture 
of re?nery streams ranging from C5 to heavy oils is hydro 
cracked in admixing with hydrogen under severe hydro 
cracking conditions; the hydrocracking e?luent is cooled 
so as to condense C5 and heavier hydrocarbons therein 
with separate recovery of the vaporous fraction and the 
liquid fraction; the vaporous fraction is admixed with 
steam and passed to a steam reforming step in contact 
with a reforming catalyst to produce principally H2, CO, 
and CO2; the e?iuent from the steam reforming step in 
admixed with additional steam as required for reaction 
and/or cooling, and passed to a Water gas shift step for 
conversion of the CO to CO2 in contact with a shift re 
action catalyst to produce additional H2; and the gaseous 
e?iuent from the shift reaction is separated into an H2 
stream and a C02 stream, a portion of the H2 being re 
cycled to the hydrocracking step and the remaining por 
tion being recovered as product H2. The effluent from the 
hydrocracking step is partially condensed in indirect heat 
exchange ‘with water to convert the water to steam, which 
is then passed to the steam reforming step and to the 
water gas shift reaction. The C6 and heavier hydrocarbons 
comprising the condensate from the cooling step is passed 
to a separation zone for recovery of a heavy aromatic oil 
as a product of the process and a lighter fraction which is 
recycled to the hydrocracking step. When catalytic hydro 
cracking is used, essentially no heavy aromatic oil is made, 
and the total liquid product is recycled to the hydro 
cracking zone. 
The liquid oil feed is hydrocracked under severe crack 

ing conditions, either pyrolytically or catalytically, such 
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that only about 5 to 12 percent of the feedstock is yielded 
as heavy aromatic hydrocarbons. Operating conditions in 
the hydrocracking zone or step include a ratio of hydrogen 
to feedstock in the range of 1,000 to 15,000 cu. ft./bbl., 
a pressure in the range of 250-1000 p.s.i.g, a temperature 
in the range of 750-1350“ F., and a liquid hourly space 
velocity in the range of 0.1 to 1-0 (catalytic) or a contact 
time of 0.1 to 10 minutes (pyrolytic). It is preferred to 
utilize a catalyst but pyrolytic hydrocracking is feasible. 
Any hydrocracking catalysts having both a hydrogenation 
component and a cracking component may be utilized. 
Preferred catalysts include the metals, oxides and/or sul 
?des of nickel, moylbdenum, platinum, palladium, ruthe 
nium, tungsten, and/or cobalt deposited on alumina, 
silica-alumina, silica-zirconia, or silica-magnesia support. 

Conditions in the steam reforming zone include a steam 
to dry gas mol ratio in the range of 1:1 to 10:1, a pres 
sure in the range of 250-1000 p.s.i.g, a temperature in 
the range of 1250-1600° F., and a dry gas hourly space 
velocity in the range of 500 to 10,000‘. The preferred cata 
lyst is nickel on alundum (aluminum oxide) but any of 
the steam reforming catalysts known to the industry may 
be utilized. 

In the water gas shift reaction, conditions include a 
steam to dry gas mol ratio in the range of 0.521 to 3:1, a 
pressure in the range of 300-500 p.s.i.g, a temperature 
in the range of 450-850“ F., a dry gas hourly space ve 
locity in the range of 500 to 5,000, and, preferably, an 
iron oxide-chromium oxide catalyst. Other water gas shift 
reaction catalysts known to the industry, such as zinc 
copper chromite, may be utilized. 

Separation of H2 and CO2 from the e?iuent from the 
water gas shift reaction is effected, for example, by ab 
sorption of the CO2 in ethanolamine in conventional man 
ner. Any manner of effecting this separation is within the 
scope of the invention. 
The C6 and heavier oil fraction downstream of the con 

densation step is either separated by fractional distillation 
or any other conventional means into a heavy aromatic 
oil and a lighter fraction which is recycled to the hydro 
cracking step (pyrolytic hydrocracking) or is recycled 
without such a separation step (catalytic hydrocracking). 
The heavy aromatic oil is a marketable product of the 
operation, for example, for carbon black manufacture. 
A more complete understanding of the invention may 

be had by reference to the accompanying schematic draw 
ing, which is a flow or arrangement of apparatus suitable 
for performing the invention. 

'Referring to the drawing, a suitable liquid oil feed 
in line 10 is fed to hydrocracking unit 12 in admixture 
with hydrogen from line -14 and the liquid oil fraction 
from line 16' obtained as hereinafter disclosed. The 
hydrocracked e?iuent is passed via line 18‘ thru indirect 
heat exchanger 20 and cooled therein by heat exchange 
with water introduced thru line 22 which converts at least 
the major portion of the water to steam. The heat ex 
change in exchanger .20 is controlled so as to condense 
the C6 and heavier hydrocarbons and leave most of the 
C5 and lighter hydrocarbons in vapor form. The e?iuent 
from exchanger 20 passes thru line 24 into knock-out 
drum 26, the liquid oil being withdrawn from the bottom 
of the drum thru line 128 and the overhead vapor being 
passed thru line 30 to steam reforming zone 32 in ad 
mixture with steam from line 34 which connects with 
line 22. 
The e?iuent from steam reforming zone 32 consisting 

essentially of H2, CO, and CO2, along with steam, is 
passed via line 36 to water shift reaction zone 38 in ad 
mixture with added steam 'from line 40. The water shift 
reaction converts CO to CO2 with the formation of 
additional hydrogen, the effluent from this reaction being 
passed via line ‘42 to separation or absorption zonev 44 
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where it is contacted with ethanolamine from line 45 
The ethanolamine, containing CO2, is Withdrawn from 
this zone thru line 46 and passed to CO2 recovery means 
(not shown) to condition the ethanolamine for reuse in 
the process. The CO2 is recovered as a product of the 
process. The hydrogen remaining in vapor form after 
contacting with the ethanolamine is recovered thru line 
48, a minor portion being recycled thru line 14 to the 
hydrocracking operation in zone 12 and the major por 
tion being recovered as hydrogen for use in re?nery proc 
esses or for any other suitable use. 
The liquid C6 to heavy aromatic oil fraction recovered 

from knock-out drum 26 thru line 28 is passed to sep 
aration zone 50 in which the oil stream is fractionated 
into a heavy aromatic oil fraction and a lighter oil 
fraction, the former being recovered as a product of the 
process thru line 52 and the latter being passed thru 
lines 16 and 10 to the hydrocracking step, or is recycled 
directly to the hydrocracking step via line 51. 
The following example is illustrative of the process 

of the invention but is not to be construed as unneces 
sarily limiting the invention: 

EXAMPLE 

A kerosene distillate boiling in the range of 350 to 
520° 'F. and having a gravity of 40° API is diluted With 
8000 cubic feet of hydrogen per barrel, and pyrolytically 
hydrocrac-ked at 500 p.s.i.g. and 1300° F., with a contact 
time of 1 minute. About 10 weight percent heavy aro 
matic oil is formed. Product gases amount to 8700 cubic 
feet per barrel of kerosene and have the following ap 
proximate composition: 

Mol percent 
Hydrogen __________________________________ _.. 40 

Methane __.._ _ _____ _ 40 

Ethane ____________________________________ .. 17 

C3+ ______________________________________ __ 3 

These product gases are then reacted with steam at a 
mol ratio of steam to dry gas of 2:1 and a dry gas 
hourly space velocity of 1500 over a nickel-alundum 
catalyst at about 500 p.s.i.g. and 1500° F. to convert 
the hydrocarbons to hydrogen and the oxides of carbon. 
This mixture is {further reacted with additional steam 
over an iron oxide-chromium oxide shift catalyst using 
a steam to dry gas ratio of 0.6: 1, a pressure of 400 p.s.i.g., 
a temperature of 1800° F., and a dry gas hourly space 
rate of 1500 to convert the carbon monoxide to carbon 
dioxide with formation of additional H2, and the carbon 
dioxide in the resulting stream is absorbed in ethanol 
amine. This operation produces 31,000 cubic feet of hy 
drogen per barrel of kerosene of which 8000 cubic feet 
are recycled. Thus, the net hydrogen production is 23,000 
cubic feet per barrel of kerosene. 
The foregoing example clearly demonstrates the ef 

fectiveness of the process in producing large amounts 
of hydrogen per barrel of feed, the net hydrogen pro 
duction being 23,000 cu. ft./bbl. of kerosene distillate. 
Other excess re?nery streams of liquid oils, alone or in 
admixture, are amenable to hydrogen production in ac 
cordance with the invention. 

Certain modi?cations of the invention will become 
apparent to those skilled in the art and the illustrative 
details disclosed are not to be construed as imposing un 
necessary limitations on the invention. 

I claim: 
1. A process for producing H2 from a feed comprising 

available re?nery oils ranging from C6 to heavy oils, 
which comprises the steps of: 

(a) hydrocracking a stream of said oils in admixture 
with H2 under severe conditions to form principally 
C5 and lighter hydrocarbons; , 

(b) cooling the cracked e?luent ‘from step (a) to 
condence C6 and heavier hydrocarbons including 
heavy aromatic oils and leave C5 and lighter hydro 
carbons in vapor form; 
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‘(c) catalytically reforming the vapor effluent from 
step (b) in the presence of steam to convert same 
principally to H2, CO, and CO2; 

(d) contacting the effluent from step (c) in admixture 
with steam with a Water gas shift reaction catalyst 
to increase the production of H2; 

(e) selectively removing CO2 from the e?luent from 
step (d) thereby leaving the H2 in the vapor form; 

(f) recycling a portion of the H2 of step (e) to step 
(a); 

(g) recovering the remaining portion of H2 from step 
(e) as product, 

(h) separating the C6 and heavier fraction of step (b) 
into a heavy aromatic oil fraction as a product and 
a lighter fraction, and 

(i) recycling the lighter fraction of step (h) 'to 
step (a). 

2. The process of claim 1 ‘wherein step (a) is ef 
fected pyrolytically and only about 5 to 12 weight per 
cent of the feed is yielded as heavy aromatics. 

3. The process of claim 1 wherein step (b) is effected 
by indirect heat exchange with water to form steam and 
resulting steam is used as steam in steps (c) and (d). 

‘4. A process for producing hydrogen from a feed com 
prising essentially a kerosene distillate boiling in the 
range of about 350° to 520° R, which comprises the 
steps of: 

(a) hydrocracking said feed in admixture with H2 
under severe conditions of a ratio of Hz to feed 
in the range of 1000 to 15,000 cubic feet per barrel, 
a pressure in the range of 250 to 1000 p.s.i.g., a 
temperature in the range of 75 to 1350° F., and 
a contact time in the range of 0.1 to 10 minutes in 
the absence of a catalyst, to form principally C5 and 
lighter hydrocarbons; 

(b) cooling the cracked e?luent from step (a) to 
condense C6 and heavier hydrocarbons including 
heavy aromatic oils and leave 0;, and lighter hydro- > 
carbons in vapor form; 

(0) passing the vapor e?iuent from step (b) to a 
catalytic steam reforming step including a nickel 
alundum catalyst, a steam to dry gas mol ratio in, 
the range of 1:1 to 10:1, a pressure in the range of 
250 to 1000 p.s.i.g., a temperature in the range of 
1250 to 1600° F., and a dry gas hourly space velocity 
in the range of 500 to 10,000, to convert said vapor 
e?iuent principally to H2, C0, and CO2. 

(d) passing the e?luent from step (c) in admixture 
with steam to a water gas shift step with a steam 
to total dry gas mol ratio in the range of 0.5: 1 to 3: 1, 
a pressure in the range of 300 to 500 p.s.i.g., a 
temperature in the range of 450 to 850° F., a dry gas 
hourly space velocity in the range of 500 to 5000, 
and an iron oxide-chromium oxide catalyst, to in 
crease the production of hydrogen; 

(e) passing the ef?uent from step (d) to a separation 
absorption step where it is contacted with ethanol 
a‘mine to remove CO2 and to leave H2 in the vapor 
form; 

(f) recycling a portion of the H2 of '(e) to step 
(a); and > . 

(g) recovering a remaining portion of H2 from step 
(e) as product. 

5. The process of claim 4 wherein step (a). is ef 
fected pyrolytically and only about 5 to 10 Weight per-v 
cent of the feed is yielded as heavy aromatics. 

6. The process of claim 4 including the step of: 
(h) recycling the condensate of step (b) to step (a). 
7. The process of claim 4 including the steps of: 
'(h) separating the C6 and heavier fraction of step 

a lighter fraction; and 
(i) recycling the lighter fraction of step (h) to step (a). 
8. A process for producing H2 from a feed comprising 

available re?nery oils ranging from C6 to heavy oils, 
which comprises the steps of: 
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(a) hydrocracking a stream of said oils in admixture 
with H2 under severe conditions to form prin 
cipally C5 and lighter hydrocarbons, said severe 
conditions including a ratio of H2 to feed in the range 
of 1000 to 15,000 cu. ft./bbl., a pressure in the range 
of 250 to 1,000 p.s.i.g., a temperature in the range 
of 750 to 1350° F., and a contact time in the range 
of 0.1 to 10 min. in the absence of a catalyst; 

(b) cooling the cracked e?'luent from step (a) to 
condensed C6 and heavier hydrocarbons including 
heavy aromatic oils and leave C5 and lighter hydro 
carbons in vapor form; 

(0) catalytically reforming the vapor e?luent from 
step (b) to convert sarne principally to H2, CO, 
and CO2, using a nickel-alundum catalyst, a steam 
to dry gas mol ratio in the range of 1:1 to 10:1, 
a pressure in the range of 250 to 1000 p.s.i.g., a 
temperature in the range of 1250 to 1600° F., and 
a dry gas hourly space velocity in the range of 500 to 
10,000; 

(d) contacting the e?luent from step (c) in admixture 
with steam in a steam to total dry gas mol ratio in the 

range of 0.521 to 3:1, at a pressure in the range 
of 300 to 500 p.s.i.g., a temperature in the range of 
450 to 850° F., a dry gas hourly space velocity in the 
range of 500 to 5000, with a water gas shift reaction 
catalyst comprising an iron oxide-chromium oxide 
catalyst, to increase the production of H2; 

(e) selectively removing CO2 from the e?luent from 
step ((1) thereby leaving the H2 in the vapor form; 

(f) recycling a portion of the H2 of step (e) to step 
(a); and 
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(g) recovering the remaining portion of H2 from step 

(e) as product. 

2,989,460 

3,202,664 
3,291,850 
3,362,903 

2,756,188 
3,028,331 
3,147,080 
3,246,951 
3,264,207 
3,297,408 
3,321,395 
3,361,534 
3,382,044 
3,387,942 

859,079 
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