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[57] ABSTRACT 

A stabilized, desulfurized hydrocarbon oil is provided by 
separating the oil feed into light and heavy fractions, desul 
furizing the heavy fraction and combining the desulfurized 
heavy fraction and the untreated light fraction after removing 
hydrogen sul?de from the heavy fraction. A hydrogen sul?de 
depleted recycle stream provides for absorption of light 
hydrocarbons into the desulfurized heavy fraction. The stabil 
ized, desulfurized hydrocarbon oil has a light ends content ap 
proximating that of the original oil feed. 

9 Claims, 1 Drawing Figure 
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METHOD FOR STABILIZING HYDRODESULFURIZED 
OIL 

This invention relates to the production of a stabilized, 
desulfurized synthetic hydrocarbon oil. More particularly, this 
‘invention relates to the production of a desulfurized synthetic 
crude oil having the approximate light ends content of the 
original whole crude. 
Hydrocarbon fractions which contain sulfur have been con 

ventionally subjected to a catalytic desulfurization treatment 
in the presence of hydrogen. Hydrogen sul?de and certain 
hydrocarbons are formed in the desulfurization process in ex 
cess of that contained in the original feed. It is highly desirable 
to separate the hydrogen sulfide from the hydrodesulfun'zed 
product in order to prevent equipment corrosion and con 
tamination of the hydrocarbon product. 

In order to recover a hydrocarbon product substantially free 
of hydrogen sul?de, it has been previously suggested to effect 
a separation of the total hydrodesulfurization reaction effluent 
into a liquid product fraction and vapor. Such separation can 
be effected through the techniques of condensation, ?ashing, 
stripping, etc. Generally, however, the vapor obtained from 
prior art processes not only contained hydrogen sul?de but 
also was comprised of methane, ethane, propane, butanes, 
naphtha and other lower boiling hydrocarbon compounds. 
This resulted in a hydrodesulfurized product de?cient in light 
ends and particularly, when ‘treating a full crude, a product 
de?cient in the light ends originally contained in the charge 
stock. 

It has now been found that a stabilized, hydrodesulfuriza 
tion synthetic oil having the approximate light ends content of 
the original oil may be produced by the process of the present 
invention which comprises separating a hydrocarbon oil 
charge stock into a light fraction and a heavy fraction, subject 
ing the heavy fraction to a desulfurization treatment, separat 
ing a gaseous hydrogen sul?de-containing stream from the 
desulfurized heavy fraction, ‘and combining the resultant 
heavy fraction and the light fraction to form a stabilized, 
desulfurized product. 

Thus, the petroleum hydrocarbon charge stock, such as a 
crude oil may be separated into a light fraction and a heavy 
fraction and the heavy fraction is subjected to a desulfuriza 
tion treatment such as hydrodesulfurization. The desulfurized 
heavy fraction is then passed to the upper portion of a contact 
ing zone while the untreated light fraction is passed to a lower 
portion of the same contacting zone. A gaseous stream com 
prising hydrogen sul?de, hydrogen and light hydrocarbons is 
withdrawn from an upper portion of the contacting zone and 
this stream is recycled to an intermediate portion of the con 
tacting zone after the hydrogen sul?de has been substantially 
removed. A stabilized hydrocarbon product fraction, such as a 
stabilized synthetic crude oil, is discharged from a lower por 
tion of a contacting zone. . 

A portion of the stabilized product fraction may be recycled 
to an intermediate portion of the contacting zone after being 
cooled, so as to provide temperature control in the contacting 
zone and therefore vapor pressure control of the product. As 
previously mentioned, the recycled stream which is withdrawn 
from an upper portion of the contacting‘ contains hydrogen 
and signi?cant amounts of light hydrocarbon in addition to the 
hydrogen sul?de. By recycling this stream through the con 
tacting zone after hydrogen sul?de has been substantially 
removed therefrom, the hydrogen in this stream not only aids 
in stripping the hydrogen sul?de from the desulfurized heavy 
fraction, but at the same time light hydrocarbons in the recy 
cled gas are absorbed into the desulfurized heavy fraction. 
Thereafter, the desulfurized heavy fraction recombines with 
the light fraction in the lower portion of the contactor to pro 
vide a stabilized synthetic desulfurized crude oil having a light 
ends content approximating that of the original crude oil. 

In the foregoing manner a stabilized, desulfurized synthetic 
oil can be provided, with the hydrodesulfurization being con 
ducted in a more economical manner. A hydrodesulfurization 
reactor of a substantially small capacity can be employed, 
since only the heavy fraction is treated. 
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2 
According to one aspect of the present invention, a crude 

oil is subjected to ?ash distillation so as to provide the light 
fraction and the heavy fraction with the light fraction being 
passed to the lower portion of the contacting zone. Thus, the 
light fraction provides a heat source and stripping vapor to the 
bottom of the contacting zone to aid in the removal of the 
hydrogen sul?de from the heavy fraction which is introduced 
in the upper end of the contacting zone. ’ 

According to another aspect of the present invention, the 
synthetic desulfurized product which is discharged from a 
lower portion of the contacting zone is cooled and a portion 
thereof is recycled to an intermediate portion of the contact 
ing zone. This provides a quenching zone below the point of 
introduction within which the ?ash vapors of the lighter frac 
tion may be condensed. 

According to still another aspect of the present invention, 
high purity hydrogen is introduced-into a lower portion of the 
contacting zone below the point of introduction of recycled 
product to provide stripping gas in the quenching portion of 
the contacting zone and to assure removal of any chloride 
constituents present in the oil. 

In order to more fully understand the nature of the present 
invention, reference is made to the accompanying drawing 
which is substantially a schematic diagram of a process which 
embodies the present invention. 

Referring to the drawing, I a high boiling petroleum 
hydrocarbon oil 10, such as a total crude containing sulfur, is 
passed to a separator, such as the flash drum 12. The term “ 
total crude” or “full crude” as employed herein includes natu 
rally occurring petroleum oil which has not been processed in 
any manner, but has been preferably separated from water or 
sediment and desalted. ’ 

In the flash drum 12 about 25 percent by volume of the 
crude is ?ashed, for example, at an operating temperature and 
pressure of about 600cl F. and 115 psia, respectively. The 
?ashed vapor is withdrawn by'means of the line 14, while the 
?ashed crude liquid is withdrawn from the ?ash drum 12 by 
means of the line 16. When treating crude oil, it is desired to 
remove as large a portion of the hydrocarbons boiling below 
375° F. by means of the line 14 with a minimum removal of the 
heavier hydrocarbons boiling above 375° F., since the desul 
furization process does not-appreciably. affect the hydrocar 
bons boiling at 375° F. and below. By removing such lighter 
hydrocarbons at this point from the heavier hydrocarbons 
which are discharged by means of the line 16, the desulfuriza 
tion reactor diameter, recycle gas volume and size of the heat 
exchange train in the system may be substantially reduced. 
The ?ashed crude is passed to a gas-?red heater after being 

admixed with make-up and recycled hydrogen which are 
added by means of the lines 20 and 33, respectively. The 
hydrogen-?ashed crude admixture is heated to a temperature 
suitable for catalytic desulfurization and may be admixed with 

' additional recycle hydrogen added by means of line 34. The 
desulfurization charge stock may be passed to catalyst guard 
beds (not shown) for the removal of contaminates detrimental 
to the desulfurization catalyst. The preheated stream is passed 
by means of the line 22 to the desulfurization reactor 24 which 
is provided with one or more beds of a conventional desul 
furization catalyst. The desulfurization catalyst may be any 
which has been conventionally employed for this purpose. 
Suitable desulfurization catalysts include Group lVa and 
Group VIII metals of the Periodic Table, their oxides or sul 
?des, alone, or in admixture, and preferably provided on a 
non-cracking support such as alumina, bauxite and the like. 
Examples of such catalysts include Ni-Co-Mo on alumina, Co 
mo on alumina, and Ni-W-S on alumina. 
The hydrodesulfurization reaction is conducted at a tem 

perature in the range of between about 500° and about 900° 
F., preferably between about 700° and about 850° F. Suitable 
pressures for the desulfurization include between about 250 
and about 4,000 psig, preferably between about 500 and 
about 3,000 psig while employing a liquid hourly space 
velocity in the range of between about 0.25 and about 16, 



’ removal unit such 

3,666,659 
3 

preferably between about 0.5 and about 3.0 Hydrogen is 
passed to the reactor 24 at a rate of between about 200 and 
20,000 standard cubic feet per barrel of liquid charge, 
preferably between about 2,000 and 10,000 standard cubic 
feet per barrel. 
The desulfurized reactor effluent is discharged from the 

reactor ‘24 by means of line 26. This stream may be heat 
exchanged with recycled gas from the reactor, the feed to the 
hydrodesulfurization reactor and the crude feed (by means 
not shown). Next, the temperature of the reactor effluent is 
further reduced in a suitable heat exchange means, such as 
aerial cooler 28. The cooled e?luent may be passed to a ?ash 
drum 30 for the separation of liquid from vapor, if desired. 
The ?ash gas containing hydrogen and smaller amounts of low 
boiling light hydrocarbon may be recycled for admixture with 
the feed to the hydrodesulfurization reactor by means of the 
process lines 32, 33 and 34, after being treated for the removal 
of hydrogen sul?de therefrom by a suitable means (not 
shown). Suitable means for hydrogen sul?de removal includes 
amine treating‘ agents, such as ethanolamine. About 45 per 
cent of the net hydrogensul?de may be removed from the 
hydrogen and light hydrocarbon-containing recycle stream 
32. 
The liquid product from the ?ash drum 30 is discharged by 

means of the line 36 and is passed to a contacting zone, for ex 
ample to the top tray of a synthetic crude stripper 38. The 
stripper 38 may be operated at a temperature in the range of 
between about 70° and about 400° F., preferably between 
about 120° and about 300° F. Suitable pressures are in the 
range of between about 50 and about 150 psig, preferably 
between about 75 and about 1 10 psig. 
The stream 36-contains hydrogen sul?de and water in addi 

tion to the relatively high boiling hydrocarbons therein. 
Meanwhile, hot vapor ?ashed from the whole crude enters the 
bottom of the stripper 38 by means of line 14. This crude ?ash 
vapor is substantially free of hydrogen sul?de and comprises 
hydrocarbons boiling below 375° F. Vapors comprising 
hydrogen, methane, ethane, propane, isobutane, normal bu 
tane and hydrogen sul?de are withdrawn from the stripper 38 
by means of the line 40 and are passed to a hydrogen sul?de 

as, for example, a low pressure amine con 
tactor 42. > - 

In the amine contactor 42, hydrogen sul?de is removed 
therefrom by the countercurrent passage of amine from the 
line 44 with the introduction of water from the line 46 as a 
?nal wash. The hydrogen sul?de-containing sour amine is 
withdrawn from the contactor 42 by means of the line 48 and 
can be passed to an amine recovery unit. The desulfurized 
vapor stream comprising hydrogen , and low molecular 
hydrocarbons is withdrawn by means of the lines 50 and 52 
and is conducted to a compressor 53 prior to being recycled 
by means of the conduit 54 to the stripper 38. The-portion of 
the hydrogen-containing stream withdrawn from the treater 
42 by means of lines 50 and 55 is passed to the heater 18 for 
use as fuel thereto or further puri?cation and use for stripping 
in the process (by means not shown). Additionally, high purity 
hydrogen can be introduced by means of the conduit 56 to the 
bottom of the stripper 38. _ ' 

In the foregoing manner, the hydrogen sul?de-depleted gas 
which is introduced by means of line 54 acts as a primary 
stripping medium for removal of the hydrogen sul?de from the 
?ashed crude introduced into the stripper 38 by means of line 
36. Meanwhile,‘ signi?cant amounts of light hydrocarbons 
such as propane and the like are absorbed from the recycled 
stripping gas by the incoming ?ashed crude of line 36 ?owing 
down the tower 38. Thus, for example, the top 24 trays in the 
tower 38 act as an absorber-stripper zone 57 wherein about as 
much of the light hydrocarbons, such as propane and heavier 
hydrocarbons,‘ are absorbed from the recycled gas as are 
stripped therefrom. At the same time the hydrogen sul?de in 
the down?owing liquid is-stripped and removed overhead. If 
the desulfurized overhead stream 40 were not recycled as a 
stripping gas via line 54, signi?cant amounts of light hydrocar 

4 
bons 'would be lost in the overhead gas stream. Furthermore, 
additional processing would be required to recover these com 
ponents from the overhead stream. Additionally, the process 
of the present invention produces its own stripping gas, since 
the hydrodesulfurized crude contains hydrocarbons and 

' hydrogen that have a higher vapor pressure than the hydrogen 
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sul?de contaminates. 
A synthetic crude bottoms is discharged from the bottom of 

tower 38 by means of a line 58 and is passed to a pump 59 and 
a cooler 60, which may be an air cooled heat exchanger. A 
portion of the cooled bottoms is recycled to the stripper 38 by 
means of the line 62 so as to provide the desired quenching 
temperature in the zone 68 for the incoming ?ashed whole 
crude from line 14 and for proper vapor pressure control of 
the synthetic crude product. . 
The remaining portion of the bottoms is passed to synthetic 

crude storage tanks (not shown) as a product of the present 
process by means of the line 64. By recycling cooled synthetic 
crude bottoms in this manner, a bottoms temperature is cori 
_trolled in the stripper 38, for example, between about 250° 
and about 280° F. so as to obtain the desired vapor pressure 
characteristics of the synthetic crude product. Thus, for exam 
ple, the bottom six trays of the stripper ‘38 act as a quench 
zone 68 for the ?ashed crude vapors introduced by means of 
line 14. 

In the mode of operation shown in the drawings, the ?ashed 
crude which is introduced by means of line 14 to the stripper 
38 furnishes a required heat source for the process and addi 
tionally produces stripping vapor in the bottom of stripper 38. 
Stripping vapor is required at this point to strip the small quan 
tity of very light hydrocarbons and hydrogen from the 
down?owing desulfurized ?ash crude which have been ab 
sorbed from the recycled stripping gas introduced at line 54. 
This heat source in effect heats the hydrodesulfurized crude to 
its required bubble point at the stripping pressure for synthetic 
crude vapor pressure control. Since this heat source is the 
original light ends from the crude, this provides the same in 
the bottom of the tower for combination or blending with the 
down?owing desulfurized crude. 
As previously mentioned, if the ?ashed vapor such as that in 

the line 14 were to be processed in the hydrodesulfurization 
reactor, it would not be desulfurized and would substantially 
increase the investment and operating costs of the desulfuriza— 
tion reactor. 

Additional hydrogen can be introduced by means of the line 
56 into the stripping tower 38 to assist in stripping essentially 
all ,of the hydrogen sul?de from the synthetic crude in 
troduced by means of the line 36‘and to provide stripping gas 
in the quench zone 68 depending upon the amount of 
hydrogen sul?de in the desulfurized crude. Additionally, it is 
desirable‘ to add hydrogen at this point as a precautionary 
measure to assure removal of any chloride which may be in 
the crude oil, since upon ?ash distillation of the crude in the 
?ash drum 12, any chloride present would be substantially 
taken overhead with the crude ?ash vapor in the process line 
14. 

In the foregoing manner, a desulfurized synthetic crude is 
produced having a light ends content which approximates the 
composition of‘ the original crude. Furthermore, the present 
invention permits a reduction in desulfuriz'ation reactor 
diameter, recycle gas volume and amount of heat exchange 
necessary, since the volume of vapor ?ashed fiomythe crude is 
not passed through the reactor. As a speci?c example of the 
advantages obtained by the employment of the present 
process, the main hydrodesulfurization reactor diameter may 
be reduced by 2 to 3 feet for the same pressure drop previ 
ously employed when the whole crude is treated. 

EXAMPLE 

In a speci?c example, an arrangement similar to that illus 
trated in the drawing is employed. A Kuwait crude oil having a 
light ends composition comprising 0.01 percent by weight 
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methane, 0.06 percent ethane, 0.46 percent propane, 0.26 
percent isobutane and 1.08 percent normal butane is desalted 
and dewatered and is heated in a ?red heater and is passed to a 
?ash drum at the rate of 44,000 BPSD (barrels per stream 
day). The ?ash drum is operated at a temperature of 600° F. 
and under a pressure of 115 psia resulting in a separation of 
the crude into a light fraction comprising 24 percent by 
volume of the total crude fed. 
The ?ashed crude heavy fraction is pumped to the pressure 

required for desulfurization and is then mixed with make-up 
hydrogen and a recycle hydrogen-containing gas stream that 
had been amine-treated for the removal of hydrogen sul?de. 
The mixture of liquid feed and vaporous hydrogen is then 
heated in a ?red heater. At the heater outlet, the feed is joined 
with additional recycle gas that has been preheated by 
exchange with reactor ef?uent. The average temperature of 
this mixture at reactor inlet is about 750° F. 
The feed then ?ows to catalyst guard beds and is passed to 

the desulfurization reactor which is provided with a solid cata 
lytic material comprising Ni-Co-Mo supported on alumina. 
Other reaction conditions employed in the reactor are a liquid 
hourly space velocity of about 1 and a hydrogen partial pres 
sure of about 2,000 psi. 

Reactor ef?uent is withdrawn at a maximum temperature of 
about 815° F. and is heat exchanged with recycle gas, feed to 
the hydrodesulfurization reactor, and crude feed. At the outlet 
of the crude feed heat exchange system, the ef?uent has a 
temperature of about 350° F. 
The ef?uent is then cooled to 150° F. in an aerial cooler and 

the resulting liquid and vapor separated in a ?ash drum. 
Flashed vapor is compressed and recycled to the reactor 
system as a quench medium, untreated recycle to the reactor 
and amine-treated recycle. The liquid phase desulfurized 
crude is sent to a low pressure ?ash drum for removal of water 
and is then fed to the top tray of a synthetic crude stripper at 
the rate of about 34,000 BPSD. A stripper off-gas is drawn off 
the top of the stripper and comprises about 53 mol percent 
hydrogen, about 11 mol percent hydrogen sul?de with the 
remainder substantially being C1-C4 hydrocarbons. 
The stripper overhead gas is sent to a low-pressure amine 

contactor for the substantial removal of hydrogen sul?de, and 
a stream comprising about 57 mol percent hydrogen, virtually 
no hydrogen sul?de and the'remainder being substantially 
C1-C.i hydrocarbons is recycled to the stripper and is in 
troduced at an intermediate point thereof below the stripper 
absorber section. The excess hydrogen sul?de-depleted gas 
stream is either employed as fuel for the heaters or is sent to a 
hydrogen unit. 
Meanwhile, 1,000 mols per hour of untreated hot vapor 

?ashed from the whole crude is introduced in the bottom of 
the stripper and is condensed in the bottom section. The con 
densation of the ?ashed hot vapor is achieved, in part, by 
recycling bottoms from the stripper which has been cooled to 
a temperature of 150° F. in an aerial cooler and reintroduced 
at an intermediate portion of the stripper just above the 
quench section. This recycling of a portion of the cooled bot 
toms product from the stripper controls the stripper bottoms 
temperature in the range of 250° to 280° F. The stripper bot 
toms not recycled is further cooled to '1 10° F. by heat 
exchange with, for example, sea water, and is then sent to 
storage as the synthetic crude product. 
A high purity hydrogen gas stream comprising about 93.5 

mol percent hydrogen and small quantities of hydrocarbons is 
introduced at the rate of about 1 l0 mols per hour into the bot 
tom of the stripper to provide stripping gas in the quench 
zone, to assist as a secondary stripping gas in the stripping of 
the hydrogen sul?de from the desulfurized heavy fraction, and 
to assure the removal of any chloride in the crude ?ash vapor. 
The synthetic crude product has a light ends composition 

comprising a trace of methane, 0.04 percent by weight ethane, 
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6 
0.52 percent propane, 0.29 percent isobutane and 1.22 per 
cent normal butane. As may be seen upon comparison with 
the light ends composition of the original Kuwait crude oil, the 
synthetic crude oil has about the same light ends composition. 
The foregoing description of spec’ c method is not in 

tended to be limiting in scope except where indicated. For ex 
ample, in regard to the stripping tower 38 various types of 
packing material may be employed in the zone 57 and 68. 
Thus, raschig rings, beryl saddles, bubble plates with risers, 
and similar conventional packing materials may be suitably 
employed. Likewise, while the stripper-absorber section 57 
and quench section 68 are illustrated in the same tower 38, 
they may be provided, respectively, in separate, sequential 
towers, if desired. In the same manner, the desulfurization 
reactor 24 may alternatively be a series of separate reaction 
zones each comprising a bed of catalytic material. Obviously, 
the drawing has been greatly simpli?ed so that various pumps, 
compressors, heat exchange means and the like have not been 
shown for the sake of simplicity. Thus, where single coolers 28 
and 60, ?ash tanks 12 and 30 are shown, a plurality of such 
devices may be employed. 

Obviously, many modi?cations and variations of the inven— 
tion as hereinabove set forth may be made without departing 
from the spirit and scope thereof and, therefore, only such 
limitations should be imposed as are indicated in the ap 
pended claims. 
We claim: 
I. A process for the production of a stabilized, desulfurized 

hydrocarbon oil, which comprises separating a petroleum 
hydrocarbon charge stock into a light fraction boiling below 
about 375° F. and a heavy fraction boiling above about 375° 
F., subjecting said heavy fraction to a desulfurization treat 
ment, passing the desulfurized heavy fraction to an upper por 
tion of an absorber-stripper vessel, withdrawing a gaseous 
stream comprising hydrogen sul?de, light hydrocarbons and 
hydrogen from an upper portion of said vessel, separating at 
least a portion of said hydrogen sul?de from said gaseous 
stream, recycling said hydrogen sul?de-depleted gaseous 
stream to an intermediate portion of said vessel whereby said 
light hydrocarbons are absorbed by said desulfurized heavy 
fraction from the hydrogen sul?de-depleted gaseous stream, 
combining said light fraction with said desulfurized heavy 
fraction at a lower portion of said vessel, and withdrawing said 
stabilized, desulfurized hydrocarbon oil from the bottom por 
tion of said vessel. _ 

2., The process of claim 1 wherein the hydrocarbon oil 
charge stock is a crude oil. 

3. The process of claim 1 which further includes introducing 
said light fraction into a lower portion of said vessel whereby 
stripping vapor is formed and said stripping vapor strips 
hydrogen and a small quantity of very light hydrocarbons from 
the desulfurized heavy fraction. 

4. The process of claim 3 wherein said charge stock is sub 
jected to a ?ash distillation to form said light and heavy frac 
tions. 

5. The process of claim 5 wherein at least a part of the com 
bined light fraction and desulfurized heavy fraction withdrawn 
from a lower portion of said contacting zone is cooled and 
recycled to said vessel at an intermediate portion thereof. 

6. The process of claim 5 wherein said charge stock is a 
crude oil and the ?ash distillation is conducted under condi 
tions to form a light fraction boiling below about 375° F. 

7. The process of claim 1 wherein ‘said vessel is operated 
under a temperature of between about 70° and about 400° F. 
and a pressure of between about 50 and about 150 psig. 

8. The process of claim 3 wherein hydrogen is introduced 
into a lower portion of said vessel. 

9. The process of claim 1 wherein said desulfurization treat 
ment is conducted in the presence of hydrogen. 
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