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HYDROCARBON CONVERSION PROCESS 
PROVIDING FORTEE TWO-STAGEHY 
DROGENATON OF SULFUR, CONTAIN 
NG OLS 

Armand J. de Rosset, Clarendon Hills, and 
Charles H. Watkins, Western Springs, Ill., as 
signors to Universal Oil Products Company, 
Chicago, Ill., a corporation of Delaware 
Application July 21, 1951, Serial No. 237,934 

(C. 196-28) 4. Claims. 
1. 

The present invention relates to an improved 
process for converting a hydrocarbon oil stream 
in a series of cooperative steps to provide a desir 
able and low-boiling hydrocarbon fraction. The 
improvement is also particularly directed to a 
novel two-stage hydrogenation system for treat 
ing and upgrading an aromatic hydrocarbon oil 
fraction having a high Sulfur content. 
In petroleum processing, it is frequently desir 

able to effect the hydrogenation and saturation 
of naphtha and gasoline charge streams in order 
to effect the conversion of olefins to more Satu 
rated materials, as well as the conversion of sul 
fur and nitrogen to hydrogen sulfide and ammo 
nia respectively, prior to effecting a subsequent 
catalytic reforming of the naphtha stream. It is 
also frequently desirable to effect the hydrogena 
tion of the unconverted gas oil in a catalytic 
cracking operation before it is recycled to the 
cracking zone, particularly aromatic oils and 
those containing Sulfur. Such oils are in general 
refractory towards further cracking; however, 
unconverted gas oils, containing olefins as well as 
aromatics, are also undesirable in that they tend 
to form more coke on the cracking catalyst. 
The hydrogenation of hydrocarbon oil over sul 

fur resistant catalysts streams may be carried out 
in a high pressure operation, above say about 2000 
p. s. i., so that the material is upgraded to pro 
vide a charge or cycle stock which is less carbon 
forming than the untreated material. However, 
a low pressure hydrogenation process, using a 
sulfur sensitive catalyst as provided by the pres 
ent invention is of considerable advantage, in 
that it is easier to work at lower pressure and 
there is a lower initial expense in the cost of 
equipment. Hydrogenation operations may be 
uneconomical where there is no cheap supply or 
ready means of obtaining the hydrogen which is 
necessary for the process, but where hydrogen is 
available from an improved catalytic reforming 
operation, and where the latter is used in com 
bination and in cooperation with catalytic crack 
ing and hydrogenation steps, a particular advan 
tage is obtained in the conversion of hydrocarbon 
oils, 

It is thus one object of the present invention 
to provide a desirable improved combined opera 
tion wherein hydrogen produced in One stage 
thereof is utilized in another to in turn increase 
the quality and yields in gasoline which may be 
obtained from a wide boiling charge stream. 

It is also an object of the present invention to 
provide an improved substantially low pressure 
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2 
and two-stage hydrogenation operation having 
but a single hydrogen recycle system. 

It is also an object of the present invention to 
take advantage of hydrocracking taking place 
during hydrogenation by providing means for 
separating and recovering low molecular weight 
hydrocarbons formed in the process. 

It is a still further object of the present inven 
tion to provide a low pressure two-stage hydro 
genation Operation in which a Sulfur containing 
aromatic oil stream is countercurrently contacted 
by the hydrogen Stream. 

It is still another object and feature of the 
present invention to provide in connection with 
a two-stage hydrogenation operation a substan 
tially sulfur free hydrogen stream which has been 
used in one stage thereof to countercurrently 
strip and remove dissolved hydrogen sulfide from 
a hydro-desulfurized oil stream, prior to effecting 
the actual hydrogenation of the Stream. 
in one embodiment, the present invention pro 

vides for the treating of a hydrocarbon oil stream 
having a high sulfur content in a manner which 
comprises, passing the oil Stream into contact 
with a Sulfur resistant catalyst in the presence 
of hydrogen and under conversion conditions 
effecting the Substantial desulfurization of the 
stream, without extensive Saturation, separating 
a resulting hydrogen sulfide containing hydrogen 
stream. from the oil stream while passing the 
contacted oil stream into contact with a hydro 
gen stream, obtained as hereinafter Set forth, and 
effecting the stripping of dissolved hydrogen sul 
fide from the oil stream, passing the resulting 
stripped and substantially sulfur free oil stream 
into contact with a hydrogenation catalyst in the 
presence of substantially sulfur free hydrogen 
and under conversion conditions effecting the 
hydrogenation of the oil stream, removing hydro 
gen sulfide from the separated hydrogen sulfide 
containing hydrogen stream, passing a resulting 
substantially sulfur free hydrogen stream into 
contact with the oil stream in the presence of 
said hydrogenation catalyst, and subsequently 
passing at least a portion of the latter hydrogen 
stream into contact with the substantially desul 
furized oil stream to effect said stripping thereof. 
This two-stage hydrogenation operation may 

be utilized in connection with low boiling hydro 
carbon fractions, including naphtha and gaso 
line; however, it is particularly useful for im 
proving the characteristics of residual oils and 
other relatively heavy stocks, such as uncon 
verted gas oil from a catalytic cracking opera 
tion, so that substantially all sulfur may be re 



2,671,754 
3 

moved and the aromatic content of the stream 
converted to provide a less refractory Stock and a 
material with a low carbon-forming character 
istic. 
As a particular feature of the present inven 

tion, it is noted that while two different reactors 
or two catalytic contacting stages are provided 
for the oil Stream, that in effect a single recycle 
Stream of the hydrogen is provided for contact 
ing the oil in the presence of the catalyst in each 
of the two Zones. In other words, in the first 
Zone or stage of contact the oil undergoes hydro 
deSulfurization in the presence of the catalyst 
and the hydrogen and a hydrogen stream con 
taining hydrogen Sulfide is separated from the 
contacted oil and treated with Suitable washing 
or purifying medium to remove substantially all 
of the hydrogen sulfide therefron. The result 
ing substantially sulfur free hydrogen stream is 
then passed to the hydrogenation zone where the 
Substantially Sulfur free oil contacts a hydrogen 
ation catalyst in the presence of this Substantially 
Sulfur free hydrogen stream to provide a desir 
able hydrogenated product stream. The hydro 
gen Stream that is separated from the hydrogen 
ated oil stream is still substantially sulfur free, 
and thus at least a portion of this stream is used 
ill a strippilhg Zone to contact the once contacted 
oil stream to in turn remove substantially all 
dissolved hydrogen sulfide, prior to the oil under 
going the final hydrogenation contact. Normally, 
only a portion of the hydrogen stream need be 
used for the stripping operation and this por 
tion may be added to the contaminated hydrogen 
sulfide containing hydrogen stream in order. that 
it may be purified for recycling. The substan 
tially sulfur free H2 stream from the hydrogena 
tion State, which is not used for stripping, is 
passed back to the desulfurizing stage of contact. 
The catalyst in the first stage of contact, effect 

ing the hydro-desulfurization of the liquid hy 
drocarbon oil stream is a Sulfur resistant catalyst 
and may be a sulfide of Group VI or Group VIII 
of the periodic System, or a mixture of the same, 
either as such or Supported on an inert carrier 
which may be composed of alumina, silica, diato 
naceous earth and the like. For example, molyb 
denum sulfide on activated alumina, or cobalt 
thio-molybdate Supported on alumina or Sulfided 
platinum or palladium supported on alumina may 
comprise a desirable catalyst for the first stage 
of contact. The pressure may be in the range of 
from about 100 to 1000 p. S. i. g., with tempera 
tures of from the order of 500 to 900 F. but 
preferably of the order of about 700° to 850° F. 
An excess amount of hydrogen should be present 
and the feed rate of the Oil Stream, or weight 
hourly space velocity, defined as the weight of 
hydrocarbon charged per hour per weight of cata 
lyst in the reaction zone, may lie within the range 
of from about 0.2 to about 20. 
In the Second Stage of contact, a catalyst Such 

as a supported metal of Group VIII of the peri 
odic system may be used. For example, metallic 
nickel, platinum, or palladium on alumina may 
comprise a desirable catalyst. The temperature 
in the second stage of contact may be Somewhat 
lower than that in the first and be of the Order 
of 350° to 700°F., and preferably say of the order 
of about 600 F. The optimum operating tem 
perature will increase as the hydrogen pressure 
is increased. Also, as in the first stage of con 
tact, excess hydrogen should be present and the 
charge conditions may be as hereinbefore set 
forth for the first stage of Contact. 
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4. 
A modified and simplified embodiment of the 

multiple stage low pressure hydrogenation opera 
tion of the present invention provides for treat 
ing an aromatic and sulfur containing aromatic 
oil stream in a manner which comprises, passing 
the oil stream downwardly through a desulfuri 
zation contacting zone having a sulfur resistant 
catalyst and contacting the latter in the presence 
of hydrogen passing upwardly therethrough 
countercurrently to the descending oil stream 
whereby to effect the substantial desulfurization 
of the latter, passing the resulting Substantially 
desulfurized oil stream from Said Zone to a hy 
drogenation zone and contacting a hydrogenation 
catalyst in the presence of an upwardly counter 
currently flowing substantially sulfur free hydro 
gen stream obtained as hereinafter set forth, 
withdrawing a hydrogen Sulfide containing hy 
drogen Stream and vaporized hydrocarbons of 
lower molecular weight than the charged oil from 
the upper portion of the first mentioned desul 
furization contacting zone and removing hydro 
gen Sulfide and hydrocarbons therefrom, passing 
the resulting substantially sulfur free hydrogen 
stream to the lower portion of the hydrogenation 
zone and passing it upwardly therethrough coun 
tercurrently to the descending oil stream as set 
forth, and Subsequently passing the hydrogen 
stream from the upper portion of the hydrogena 
tion zone into the lower portion of the desulfuri 
zation contacting zone as the substantially sulfur 
free hydrogen stream, and withdrawing an im 
proved sulfur free oil hydrogenated stream from 
the lower portion of the dehydrogenation zone. 

Also, in accordance with the desired embodi 
ment, the substantially sulfur free hydrogen 
stream which is withdrawn from the hydrogena 
tion Zone is utilized to contact and Strip dissolved 
H2S from the oil stream after the latter has been 
subjected to the first stage of contact in order 
that a substantially sulfur free stream is subse 
quently passed into the hydrogenation zone. 

It is particularly desirable, as mentioned brief 
ly hereinbefore, to obtain the hydrogen for a 
hydrogenation step as economically and advan 
tageously as possible, thus it is desirable to uti 
lize the present two stage hydrogenation opera 
tion in combination with a catalytic reforning 
operation which may be upgrading a straight run 
gasoline or naphtha fraction, or other such low 
boiling fraction having a boiling lange up to the 
order of about 425 F., and which effects a net 
production of hydrogen. 
Thus, in still another embodiment of the pres 

ent invention, in converting a crude oil or other 
wide boiling range hydrocarbon stock having a 
high Sulfur content, the improved processing op 
eration comprises, fractionating the heavy hydro 
carbon Stream to form at least a low boiling 
naphtha-gasoline fraction and a higher boiling 
residual fraction effecting the catalytic contacting 
of said low boiling fraction in the presence of a 
reforming catalyst and hydrogen under reform 
ing conditions providing an enhanced octane 
number gasoline stream and excess hydrogen, 
Subjecting the higher boiling residual fraction to 
vacuum distillation and separating therefrom at 
least a lower boiling gas oil fraction and a 
residual fraction, subjecting the gas oil fraction 
to conversion in the presence of a catalyst at 
Cracking conditions providing a cracked gasoline 
fraction and an unconverted heavier fraction, 
passing the unconverted hydrocarbon fraction 
into contact with a sulfur resistant catalyst in 
the presence of excess hydrogen withdrawn from 
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the catalytic reforming stage and effecting the 
hydro-desulfurization of the unconverted frac 
tion, separating a hydrogen stream containing 
hydrogen sulfide and hydrocarbons of lower 
molecular Weight than the above mentioned un 
converted hydrocarbon fraction from the de 
Sulfurized oil stream, Subsequently passing the 
contacted oil stream into contact with a hydrogen 
stream obtained as hereinafter set forth in a 
manner effecting the stripping and removal of 
absorbed and dissolved hydrogen sulfide, passing 
the resulting Stripped and substantially Sulfur 
free oil stream into contact with a hydrogenation 
catalyst in the presence of a Substantially sulfur 
free hydrogen at conversion conditions effecting 
the hydrogenation and Saturation of the oil 
stream, removing hydrogen sulfide and hydrocar 
bons from the hydrogen sulfide containing hy 
drogen stream separated from hydro-desulfurized 
oil stream, passing the resulting Substantially 
sulfur free hydrogen stream into contact with 
the oil stream in the presence of the hydrogena 
tion catalyst as set forth, separating hydrogen 
from the hydrogenated oil stream and passing a 
portion thereof into contact with the hydro-de 
sulfurized stream to effect said stripping, with 
drawing the hydrogenated oil stream from said 
hydrogenation Zone and recycling at least a por 
tion thereof to the catalytic cracking Zone to com 
bine with the gas oil stream from the vacuum 
distillation, whereby to provide an improved low 
carbon-forming cycle stock to the catalytic crack 
ing zone, and an increased yield of desirable 
catalytically cracked gasoline. 
Warious reforming catalysts and reforming op 

erations may be utilized in the foregoing improved 
operation in effecting the hydroforming of the 
straight run naphtha and gasoline fraction and 
the formation of excess hydrogen which is utilized 
in the hydrogenation steps, however, a preferred 
type of reforming catalyst utilizes at least one 
refractory oxide composited or associated with 
platinum or palladium, Said catalyst being capa 
ble of promoting hydrocracking of paraffins and 
dehydrogenation of naphthenes, such as that de 
scribed in U. S. Patent No. 2,479,109, issued August 
16, 1949. These improved catalysts comprise 
alumina, platinum, and combined halogen, 
especially combined fluorine, and combined chlo 
rine. The platinum-alumina-halogen catalyst 
has the halogen preferably in an amount from 
about 0.1% to about 2% by Weight of the alumina 
on a dry basis, and the platinum in an amount of 
from about 0.1% to about 1%. 
In effecting catalytic reforming with these 

platinum-alumina-combined halogen catalysts, 
the pressure may be in the range of about 50 to 
about 1200 p.s. i. g., although a total pressure at 
least 250 lbs. is ordinarliy preferred. Tempera 
tures may be of the order of about 600°F. to about 
1000 F. but ordinarily will lie in the range of 
from about 750 F. to about 1000 F. The weight 
space velocity, defined as the weight of hydrocar 
bon charge per hour per weight of catalyst in 
the reaction zone, should lie within the range of 
from about 0.2 to about 40. The amount of hy 
drogen charge along with the hydrocarbon usual 
ly will be from about 0.5 to about 15 moles per 
mole of hydrocarbon. After initial operation, the 
reforming operation will provide excess hydrogen 
which is utilized in the two stage hydrogenation 
operation as set forth. 

Reference to the accompanying drawing and 
the following description thereof will serve to 
clarify the improved operation of the present in 
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vention, as well as point out further advantages 
obtained in connection therewith. 

Figure 1 of the drawing indicates diagrammati 
cally a process flow for converting a hydrocarbon 
charge stream in an improved multiple stage op 
eration providing greater and improved product 
yields. 

Figure 2 of the drawing is a diagrammatic illus 
tration of an improved and modified two-stage 
hydrogenation system, wherein there is COunter 
current flow between the oil and hydrogen 
streams. 

Referring now to Figure 1 of the drawing, a 
crude charge is passed by way of line and con 
trol valve 2 into a fractionating Zone 3 from which 
a light overhead cut, say of the naphtha-gasoline 
range, passes by way of line 4 and control valve 
5 to a catalytic reforming zone 6. As noted here 
in above, various types of reforming catalyst and 
operations may be utilized within the Zone 6, 
however, preferably an improved substantially 
non-regenerative catalytic reforming System 
utilizing the aforementioned platinum-alumina 
combined halogen catalyst is utilized within the 

2.5 zone 6 to provide a high Octane desirable gasoline 
product stream by way of line 7 and control valve 
8. The improved reforming operation also pro 
vides excess hydrogen which may be withdrawn by 
way of line 9 and control valve O, while of course 
a portion of the hydrogen stream is continuously 
recycled through line and valve 2 to combine 
with the naphtha charge stream which is heated 
and catalytically reformed in Zone 6. 
The present arrangement indicates the topped 

crude being withdrawn by way of line 3 and 
valve 4 from the lower portion of the fractionat 
ing and separating Zone 3, and this material is 
passed through a vacuum flashing Zone 5 from 
which a suitable gas-oil stream may be withdrawn 
by way of line 6 and valve f for cracking in 
the catalytic cracking Zone 8. Heavy residual 
fuel oil is indicated as being withdrawn from the 
vacuum flashing or distillation Zone by Way of 
line 9 and valve 20'. 
The catalytic cracking zone f8 is indicated di 

agrammatically in the drawing and may comprise 
any one of the desired forms of Operation, in 
cluding the fluidized, fixed bed, moving bed or 
fluidized-fixed bed operation, and the unit may 
utilize a silica-alumina catalyst Or any of the 
well known cracking catalysts commonly used in 
the petroleum arts. A catalytically cracked gaSo 
line stock is continuously withdrawn through line 
9 and valve 20 while unconverted gas oil is dis 
charged by way of line 2 and valve 22. A por 
tion of the unconverted gas oil may be withdrawn 
by way of line 23 and valve 24 and mixed with 
the heavy residual oil from the vacuum flashing 
zone 5 in order to dilute the latter. 
This unconverted oil from the catalytic crack 

ing unit 8 is passing by way of line 2, is in 
general a refractory material, particularly in the 
case of an oil stream containing a considerable 
quantity of aromatics, and has a tendency to 
produce large quantities of coke on the catalyst in 
the cracking Zone. Also in a sulfur containing 
stock, it is desirable to remove the sulfur from 
the cycle material in order to prevent the build 
up of excessive quantities thereof in the cracking 
Zone. Thus, it is highly desirable to effect the 
hydrogenation of the recycle stock to convert the 
aromatics and to saturate the olefins, as well as 
to provide means for effecting the substantial 
desulfurization of those oils which have a high 



2,671,754 
7 

sulfur content and to lower the carbon-forming 
characteristics of the recycle material. 
In accordance with one embodiment of the 

present invention, at least a portion of the uncon 
verted gas oil in the cracking zone 8 is passed 
by way of line 2?, compressor 25 and line 26 to a 
heating zone 27. A hydrogen stream, obtained as 
will hereinafter be described more fully, is Sup 
plied from line 28 into admixture with the un 
converted oil stream prior to being heated in 
heating zone 27 and prior to undergoing Subse 
quent hydrogenation in the presence of a desir 
able catalyst. Also, as noted hereinbefore, the 
present two-stage hydrogenation system is par 
ticularly adapted for use in connection with those 
residual or unconverted gas oil stocks which have 
a relatively high sulfur content, thus the heated 
oil and hydrogen stream is passed from heater 
27 by way of line 29 into the first stage hydro 
genation reactor 30. The oil and hydrogen con 
tact a sulfur resistant hydrogenating catalyst in 
reactor 30 at a temperature say of the order of 
800 F. and at a pressure of about 700 p. S. i. g. 
and there is thus effected a hydrodeSulfurization 
of the oil stream in a substantially liquid phase 
operation. The desirable Sulfur resistant cata 
lyst may for example be a cobalt thio-molybdate 
alumina catalyst, while the Weight hourly space 
velocity may be of the order of about .5 to 1, 
although a wider range may be utilized as here 
inbefore noted, and a molal hydrogen to hydro 
carbon ratio of the order of about 2, although 
here again a greater range of ratios may be uti 
lized. 
The resulting substantially desulfurized oil 

stream and gaseous components are passed by 
way of line 3, valve 32, cooler 33, and line 34 to a 
suitable separating and stripping Zone 35. In 
the latter Zone, the oil stream is separated from 
the hydrogen, hydrocarbon vapors, and resulting 
hydrogen Sulfide, and the hydrogen sulfide and 
hydrocarbon vapor containing hydrogen stream 
is passed by way of line 36, cooler 00 and valve 
37 to a suitable hydrocarbon vapor separator Of, 
from, which condensed hydrocarbon vapors are 
drawn off by line 04 and valve O5. The result 
ing hydrogen sulfide containing hydrogen stream 
is passed by way of line O2 and valve O3 to a 
Suitable hydrogen Sulfide removal Zone 38. In 
Zone 38, the hydrogen Sulfide may be substan 
tially removed from the hydrogen stream by 
Suitable water Wash, Girbotol system, or the like, 
so that a resulting substantially sulfur free hy 
drogen stream may be returned by way of line 39 
and valve 40 to the hydrogenation system. A 
suitable vent line 4 and valve 42 connects with 
line 36 in order that methane or other undesir 
able gases building up in the system may be grad 
ually released and vented to prevent their 
build-up. 

In a preferred arrangement of the present in 
proved operation, the separating zone 35 also 
provides a stripping zone in which a Substantially 
Sulfur free hydrogen stream may countercur 
rently come into contact with the desulfurized oil 
stream entering Zone 35. Thus, hydrogen is in 
troduced by Way of line 43 and effects the strip 
ping of absorbed hydrogen Sulfide and low 
molecular weight hydrocarbons from the oil 
stream in stripper 35 such that a substantially 
hydrogen sulfide free oil stream of approximately 
the same initial boiling point as the above men 
tioned unconverted oil may be withdrawn from 
separating and stripping zone 35 by way of line 44 
and valve 45 for Subsequent passage to the hy 

5 

0. 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

75 

drogenation zone. Sulfur free hydrogen con 
bines with the desulfurized oil stream, by means 
of line 39 connecting with the line 44, and the 
mixture is passed by Way of pump or compressor 
46 and line 47 into heater 48. Heater 48 heats 
the oil and hydrogen stream to a temperature 
somewhat lower than that first stage of hydro 
genation, such that the material passes into re 
actor 50 by way of line 49 at a temperature.of 
the Order of about 600 F. The catalyst in re 
actor 50, comprising the Second stage of the 
hydrogenation system, may be a nickel catalyst 
as noted hereinbefore, or alternatively, in a desir 
able embodiment, a platinum-alumina-combined 
halogen catalyst similar to that used in the cata 
lytic reforming Zone 6 may be used. The catalyst 
must be capable of Saturating and hydrogenating 
the aromatics in the oil stream, as well as Satu 
rating the olefin content of the stream. 
The resulting hydrogenated oil stream and hy 

drogen passes by way of line 5 and valve 52 from 
reactor 50 to a Suitable cooler 53 and from the 
latter by Way of line 54 to a separating zone 55. 
In the latter, the hydrogen is separated from the 
hydrogenated oil stream and in view of the hy 
drogen Sulfide removal step as provided by zone 
38 is a substantially sulfur free hydrogen stream 
which may be withdrawn from the separator by 
way of line 56 and valve 57 for recycling to the 
first stage of the hydrogenation System by way of 
compressor 58 and line 28. However, in accord 
ance with the particular feature of the present 
embodiment of the invention, at least a portion 
of this Substantially sulfur free hydrogen stream 
is withdrawn from the separator 55 by way of 
line 59, valve 60, and pump 6 such that the ma 
terial may be introduced by way of the line 43 to 
the combined separating and stripping zone 35, 
in Order to contact the substantially desulfurized 
oil stream therein as hereinbefore set forth. The 
improved hydrogenated stock is withdrawn from 
the lower portion of the separator or receiver 55 
by Way of line 62 and valve 63, with at least a 
portion of this improved oil stock being utilized 
as cycle stock for transfer by way of line 64 and 
pump 66 to line 67, which in turn discharges the 
cycle material into the catalytic cracking zone 8. 
It has been found that by effecting the hydro 
desulfurization and saturation of the recycle 
stock for a catalytic cracking stage, particularly 
for a sulfur containing aromatic gas oil charge, 
that the upgraded and improved cycle stock 
which is charged with the gas oil from the topped 
Crude, by Way of charge line 6 in the present 
embodiment, will lower the coke formation to a 
great extent. The use of the improved hydro 
genated cycle oil will also increase the cracking 
Susceptibility of the entire charge stream to pro 
vide an increase in gasoline yield and a decrease 
in the yield of dry gas. For example, a cycle 
stock treated as set forth in the foregoing embod 
iment may effect the reduction of carbon forma 
tion from about 7% to say 1.3%. 

It should also be pointed out the the present 
two-stage hydrogenation operation is of particu 
lar advantage in that it uses a lesser quantity of 
hydrogen that might be necessary for a high . 
pressure hydrogenation operation of a topped 
crude. Also, in general, it is preferable to utilize 
the vacuum flashing or flash distillation treat 
ment of the topped crude, such as provided by 
Zone 5 in the present embodiment, in order to 
lessen the overall hydrogen requirements in the 
present combined and integrated conversion sys 
tem, whereby excess hydrogen from the catalytic 
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reforming unit 6, and passing by way of line 9 to 
line 39, is sufficient to sustain the present hydro 
genation operation. For starting-up purposes, 
or under an operation where additional hydrogen 
may be required, such hydrogen may be intro 
duced into the System by way of line 68 and valve 
69 into the hydrogen charge line 9. 

Referring now to Figure 2 of the drawing, there 
is shown a special embodiment of the present in 
vention, which, as mentioned hereinbefore, pro 
vides a two-stage hydrogenation operation 
wherein the oil stream flows countercurrently to 
the hydrogen stream in each of the two stages 
of catalytic hydrogenation. Thus, an uncon 
verted oil stream from a catalytic cracking unit, 
or other such desired oil stream as it may be de 
sired to hydrogenate, is charged by Way of line 
70 and valve 7, and compressor or pump 72 into 
a suitable heating zone 73. The resulting heated 
oil stream passes by way of line 4 to a hydro 
desulfurization reactor 75, and therein contacts 
a sulfur resistant hydrogenating catalyst at a 
temperature of the order of 800° F. and at a pres 
sure of say 700-800 p.s. i. g., while in the presence 
of hydrogen which is moving upwardly through 
the catalyst, countercurrently to the descending 
oil stream, whereby the latter is partially Satu 
rated and substantially desulfurized. The hy 
drogen stream enters the lower end of the re 
actor 75 by way of line 76 and is obtained as will 
hereinafter be set forth more specifically. Re 
sulting hydrogen sulfide, hydrocarbon vapor, and 
hydrogen stream is discharged from the upper 
portion of the reactor 75 by way of line 77 and 
valve 78, to cooler f06. Condensed hydrocarbon 
vapors are collected in separator 07, and with 
drawn by way of line 08 and valve 09. The 
hydrogen sulfide and hydrogen stream is dis 
charged from separator 07 by line 0 and valve 

, while a portion of the material may be vented 
through line 79 and valve 80 in order that 
methane or undesired gases may be prevented 
from building up in the system. The hydrogen 
sulfide in the hydrogen stream is substantially 
removed in a removal zone 8, which as de 
scribed in connection with Figure 1 of the draw 
ing may be a scrubbing or Girbotol type of H2S 
removing unit, permitting a substantially Sulfur 
free hydrogen stream to be withdrawn from unit 
8 by way of line 82 and valve 83. 
free hydrogen stream subsequently passes by Way 
of compressor 84 and line 35 to heater 86 wherein 
it is heated to a temperature of say of the order 
of 600 F. and passes by way of line 87 into the 
lower portion of the hydrogenation reactor 88. 
While the contacting temperature in the latter 
reactor is lower than that in reactor 75, a Sone 
what higher pressure say of the order of about 
800 p.s. i. g. is maintained for effecting the con 
tacting of the Oil Stream. 
The desulfurized oil stream from reactor 75 

passes downwardly by way of line 89, heat ex 
changer 99 and line 9 into the upper portion of 
the reactor 68. As in the first stage reactor, the 
oil stream effects the countercurrent contacting 
of the hydrogen stream which is rising through 
reactor C8 in the presence of a suitable hydro 
genation catalyst. The heat exchanger 90 per 
mits the hydrogen stream which is subsequently 
discharged from the upper end of the reactor 88 
by way of line 92, to become heated to a temper 
ature of say of the order of 700-800° F., by rea 
son of the higher temperature oil stream being 
discharged from reactor 75. At the same time, 
the substantially desulfurized oil stream from the 
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10 
upper reactor is cooled somewhat in exchanger 
90 and enters the second hydrogenation stage of 
reactor 88 at a decreased temperature to be sub 
Sequently contacted in the presence of the hy 
drogenation catalyst at a temperature of the 
Order of about 600°F. 

Resulting hydrogenated oil Withdrawn from 
the lower portion of reactor 88 may pass by Way 
of line 93, valve 94, cooler 95 and discharge line 
96 to storage, or other Such ZOne of use aS may 
be desired. For example, in the case of recycle 
stock, the improved hydrogenated cycle oil may 
be returned to a catalytic cracking unit for im 
provement of the gasoline yield and quality from 
the latter zone. The improved hydrogenated oil 
may also be used to advantage for jet fuel and 
other relatively light fuel stocks. AS in the emi 
bodiment of Figure 1 of the drawing, the hydro 
gen utilized in the two-stage countercurrent 
operation of Figure 2 of the drawing, may be Sup 
plied as excess hydrogen provided from a cata 
lytic reforming unit, whereby there is an eco 
nomical formation and supply of hydrogen avail 
able for use. The hydrogen supply to the hydro 
genation unit of Figure 2 is indicated as being 
supplied through line 97 and valve 98, with this 
line connecting in turn with line 82 which car 
ries the substantially sulfur free treated hydrogen 
stream passing from the top of the first stage 
reactor 75 to the lower end of the Second stage 
reactor 88. 
The embodiment of Figure 2 provides a very 

desirable simplification of a two-stage hydrogen 
ation system and is particularly adaptable for use 
with aromatic sulfur containing streams which 
are to be upgraded by saturation, as well as by 
reducing their carbon formation characteristics 
and removing substantially all of the Sulfur con 
tent thereof. The downward gravity flow of the 
oil stream through superimposed reactor Zones, 
such as 75 and 88, effects the elimination of one 
of the pumps such as required in the two-stage 
arrangement of Figure 1 of the drawing. The 
heating load of the heater for the first stage, in 
this case heater T3, is reduced by virtue of not 
having to handle the hydrogen stream. The hy 
drogen stream is heated by countercurrent heat 
exchange with the oil stream between the Sepa 
rate hydrogenation zones as provided by the heat 
exchanger 90. 
As a still further advantage of the counter 

current arrangement, the lower portion of re 
actor 75, or an additional contacting Zone built 
into the lower portion thereof, provides for the 
countercurrent contacting between the Substan 
tially sulfur free hydrogen stream moving up 
wardly from the lower reactor to the upper and 
the descending substantially desulfurized oil 
stream such that the latter is substantially 
stripped of any hydrogen sulfide which may be 
dissolved or absorbed within the stream prior to 
its passing into the lower second stage reactor 
88. In other words, a countercurrent stripping 
operation is effected between the hydrogen and 
oil streams intermediately between the desulful 
rization contacting and the saturation contact 
ing and it is not necessary to use a separate Sep 
arating and stripping chamber, such as 35 in 
Figure 1 of the drawing. 
We claim as our invention: 
1. A process for the treatment of hydrocarbon 

oil of high sulfur content which comprises con 
tacting the oil in the presence of hydrogen with 
a sulfur resistant catalyst at desulfurizing con 
ditions in a first conversion zone, introducing the 
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effluent of the conversion zone to a stripping zone 
and therein separating from the treated oil a 
gaseous stream containing hydrogen and hydro 
gen Sulfide, Subjecting said gaseous stream to a 
purification treatment to remove hydrogen Sul 
fide therefrom, supplying resultant purified hy 
drogen gas and Said treated oil to a Second con 
version Zone and therein contacting the same 
with a hydrogenation catalyst at hydrogenating 
conditions, removing a hydrogen-containing gas 
Stream from Said second ZOne and Supplying a 
portion thereof to said first Zone as the source of 
hydrogen for the first Zone, and introducing 
another portion of the last-named Stream to said 
Stripping Zone as a stripping medium therein. 

2. A process for the treatment of hydrocarbon 
oil of high Sulfur content which comprises con 
tacting the oil in the presence of hydrogen with 
a sulfur resistant catalyst at desulfurizing con 
ditions in a first conversion Zone, separating from 
the treated oil a gaseous stream containing hy 
drogen and hydrogen Sulfide while contacting the 
treated oil with a stripping gas, subjecting said 
gaseous stream to a purification treatment to 
remove hydrogen Sulfide therefrom, Supplying 
resultant purified hydrogen gas and said treated 
oil to a Second conversion ZOne and therein con 
tacting the same with a hydrogenation catalyst 
at hydrogenating conditions, removing a hydro 
gen-containing gas stream from said second zone 
and supplying at least a portion thereof to the 
first-mentioned separating step as said stripping 
gaS. 

3. A process for the treatment of hydrocarbon 
oil of high sulfur content which comprises coun 
tercurrently contacting a descending stream of 
the oil with an ascending stream of hydrogen in 
the presence of a sulfur resistant catalyst at de 
sulfurizing conditions in a first conversion zone, 
withdrawing from the upper portion of said zone 
a vaporous stream containing hydrocarbons, hy 
drogen and hydrogen sulfide, separating hydro 
carbons and hydrogen sulfide from said vaporous 
stream, introducing resultant purified hydrogen 
gas to the lower portion of a second conversion 
ZOne disposed at a lower elevation than said first 
ZOne, removing desulfurized oil from the lower 
portion of said first Zone and passing the same 
by gravity flow into the upper portion of said sec 
ond Zone, countercurrently contacting the de 
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Sulfurized oil and the purified hydrogen gas in 
said second Zone in the presence of a hydrogena 
tion Catalyst at hydrogenating conditions, re 
moving a hydrogen-containing gas stream from 
the upper portion of Said second Zone and intro 
ducing the same to the lower portion of said first 
ZOne as said ascending stream of hydrogen. 

4. A process for the treatment of hydrocarbon 
oil of high sulfur content which comprises 
countercurrently contacting a descending stream 
of the oil with an ascending stream of hydrogen 
in the presence of a sulfur resistant catalyst at 
desulfurizing conditions in a first conversion 
Zone, withdrawing from the upper portion of said 
ZOne a Vaporous stream containing hydrocar 
bons, hydrogen and hydrogen sulfide, separating 
hydrocarbons and hydrogen sulfide from said 
vaporous stream, introducing resultant purified 
hydrogen gas to the lower portion of a second 
Conversion ZOne disposed at a lower elevation 
than Said first Zone, removing desulfurized oil 
from the lower portion of said first zone and 
passing the same by gravity flow into the upper 
portion of Said second zone, countercurrently 
contacting the desulfurized oil and the purified 
hydrogen gas in Said second zone in the presence 
of a hydrogenation catalyst at hydrogenating 
conditions, removing a hydrogen-containing gas 
stream from the upper portion of said second 
Zone and passing the same in indirect heat ex 
change with said desulfurized oil flowing by grav 
ity from the first Zone to the second zone, and 
thereafter introducing said hydrogen-contain 
ing gas stream to the lower portion of said first 
Zone as said ascending stream of hydrogen. 

ARMAND J. DE ROSSET. 
CHARLES H. WATEINS. 
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