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ABSTRACT OF THE DISCLOSURE 
A hydrodesulfurization process for treating a sulfur 

containing gas-oil hydrocarbon charge to yield a low 
sulfur gas-oil product and a naphtha product wherein 
effluent from a hydrodesulfurization process comprising 
gas-oil, naphtha, hydrogen and hydrogen sulfide is sepa 
rated into a liquid fraction and a vapor fraction, wherein 
the vapor fraction is treated to yield a treated hydrogen 
stream substantially free of hydrogen sulfide, wherein 
recycle, naphtha is combined with the liquid fraction to 
form a mixture having a bubble point temperature below 
about 650 F. at a pressure of about 130 p.s.i.g., wherein 
the liquid mixture is stripped in a stripping zone to re 
move hydrogen sulfide employing treated hydrogen as 
stripping vapor at a pressure of about 100-130 p.s.i.g. at 
the bubble point temperature of the liquid mixture, where 
in stripped liquid substantially free of hydrogen sulfide 
is fractionated into a naphtha fraction and a gas-oil frac 
tion, and wherein a portion of the naphtha fraction is 
recycled for mixture with additional liquid fraction from 
the hydrodesulfurization reaction. 

BACKGROUND OF THE INVENTION 
The present invention relates to a hydrodesulfurization 

process wherein gas-oil range hydrocarbons are treated 
with molecular hydrogen at an elevated temperature and 
pressure in the presence of a hydrodesulfurization catalyst 
to convert sulfur compounds contained in such gas-oil 
hydrocarbons into hydrogen sulfide, and wherein treated 
gas-oil hydrocarbons are recovered substantially free of 
hydrogen sulfide and low boiling hydrocarbons. More par 
ticularly, the present invention relates to an improved 
method for recovering treated gas-oil hydrocarbons sub 
stantially free of hydrogen sulfide and low boiling hydro 
carbons. 

Hydrotreating processes for converting sulfur com 
pounds contained in gas-oil range hydrocarbons into hy 
drogen sulfide are well known. Gas-oil hydrocarbons may 
be treated at temperatures from about 600 to about 800 
F., pressures of from about 500 to about 1200 p.s.i.g. with 
molecular hydrogen in a hydrogen to gas-oil ratio of 
from about 300 to 2500 standard cubic feet per barrel, 
in the presence of a hydrodesulfurization catalyst. Cata 
lyst which have been found to be useful in the hydrode 
sulfurization of gas-oil hydrocarbons include nickel, co 
balt, molybdenum, tungsten, their oxides, their sulfides, 
and mixtures thereof. Such catalysts may be unsupported 
in a reaction zone or may be supported upon a rela 
tively inert inorganic oxide base such as, for example, 
alumina, or silica-alumina. In such hydrodesulfurization 
reactions, a portion of the gas-oil hydrocarbon is con 
verted into low boiling hydrocarbons from methane 
through the kerosine boiling range. 

Petroleum fractions boiling in the gas-oil hydrocarbon 
range of from about 600 F. to about 1100 F. may be 
converted into more valuable products such as gasoline 
and kerosine by such methods as fluidized catalytic crack 
ing. Many gas-oil range hydrocarbons contain substantial 
amounts of sulfur compounds which interfere with proc 
esses for converting such gas-oil range hydrocarbons into 
gasoline and other desirable products. The presence of 
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2 
sulfur compounds in a gasoil hydrocarbon may con 
tribute to decreased yield and product quality for the de 
sirable products recovered from such conversion proc 
ºSSeS. 

The reaction mixture from a hydrodesulfurization re 
action Zone may be separated into a gas-oil fraction sub 
stantially free of hydrogen sulfide, a hydrogen stream 
Suitable for recycle to the hydrodesulfurization reaction 
Zone and a sour gas stream comprising hydrogen sulfide 
and low boiling hydrocarbons. To allow effective separa 
tion into desired components, the reaction zone effluent 
is preferably separated into a first liquid fraction and a 
first vapor fraction in a hot separation zone at a tem 
perature of from about 400 to about 500 F. and a pres 
Sure of about 400 to about 1100 p.s.i.g. Under such condi 
tions the liquid portion may be separated from the vapor 
portion of said reaction effluent. Water may be injected 
into the hydrodesulfurization effluent stream to prevent 
deposition of solid salts in process equipment. Under con 
ditions of lower temperature and pressure, such water in 
combination with heavy gas-oils tends to foam. Such 
foaming prevents an effective separation of the first liquid 
fraction from the first vapor fraction. 
The first vapor fraction is partially condensed by cool 

ing to a temperature of from about 80 to about 120° F. at 
a pressure of about 380 to about 1080 p.s.i.g. Condensate 
formed and noncondensed vapors comprising hydrogen 
are separated in a cold separation zone into a second 
liquid fraction and a hydrogen stream. The hydrogen 
stream from the cold separation zone may be treated in a 
hydrogen treating zone to remove hydrogen sulfide there 
from. The treated hydrogen stream, substantially free of 
hydrogen sulfide, recovered from the hydrogen treating 
zone may be recycled to the hydrodesulfurization reac 
tion zone for reaction with additional amounts of sulfur 
containing gas-oil hydrocarbons. Preferably a portion of 
the recycle hydrogen stream is vented to remove low boil 
ing hydrocarbons from the system and thereby maintain 
the recycle hydrogen at a desirable purity. Fresh hydro 
gen may be added to the recycle hydrogen stream to 
make-up for hydrogen consumed in the hydrodesulfuriza 
tion reaction and for hydrogen vented from the process. 
Hot separation zone liquid fraction and cold separa 

tion zone liquid fraction comprise gas-oil hydrocarbons, 
naphtha boiling below about 600 F., pentane and lighter 
hydrocarbons, hydrogen, and hydrogen sulfide. Such liq 
uid fractions may be treated in a stripping Zone to sepa 
rate a gas-oil hydrocarbon substantially free of hydrogen 
sulfide and low boiling hydrocarbons. Conventionally 
such separation is affected in a stripping Zone wherein the 
liquid fractions are contacted with a stripping vapor, such 
as steam, to vaporize the hydrogen sulfide and low boil 
ing hydrocarbons. The hydrogen sulfide, low boiling hy 
drocarbons, and stripping vapor are recovered as an over 
head product vapor and gas-oil, substantially free of 
hydrogen sulfide, is recovered from the stripping Zone as 
a bottoms liquid product. Bottoms liquid product from 
the stripping zone may be fractionated in a fractionation 
zone into desirable fractions such as for example a gas-oil 
fraction suitable for low sulfur fuels blending or for 
charge to a fluidized catalytic cracking retction and a 
naphtha-kerosine fraction comprising hydrocarbons boil 
ing in the range of from about 100 to about 500° F. 

In the stripping zone, operating conditions are main 
tained such that substantially all hydrogen sulfide and 
the major portion of pentane and lighter hydrocarbons 
are vaporized for recovery as components of the over 
head vapor stream. Commonly the temperature in the 
bottom of the stripping zone is maintained at about the 
bubble point temperature of the gas-oil hydrocarbon in 
order to obtain disengagement of hydrogen sulfide and 
low boiling hydrocarbons from the liquid hydrocarbon 
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fractions charged to the stripping zone. Preferably, the 
temperature in the stripping zone is maintained below 
about 650 F., above which temperature substantial 
thermal cracking of gas-oil hydrocarbons may occur. 
Consequently, to maintain gas-oil bubble point tempera 
tures below about 650 F., stripping Zone pressures in 
the range of from about 20 p.s.i.g. to about 50 p.s.i.g. 
are normally utilized. Control of operating temperatures 
in the stripping zone below about 650 F. prevents sub 
stantial thermal cracking of the hydrocarbon. 

Stripping vapors are provided to the stripping Zone to 
lower the partial pressure of hydrogen sulfide and low 
boiling hydrocarbons sufficiently to allow such material 
to vaporize and be separated from the gas-oil hydro 
carbons. Commonly, steam is employed as a stripping 
vapor, although other stripping vapors such as hydrogen 
or methane may also be used. Relatively large volumes 
of stripping vapors are required in the stripping Zone, 
therefore steam is preferred as a stripping vapor since 
it may be condensed from the stripping Zone vapor efflu 
ent and removed from the system. When noncondensable 
stripping vapors such as hydrogen or methane are em 
ployed, these noncondensable vapors must be processed 
along with the separated hydrogen sulfide and low boil 
ing hydrocarbons. In order to dispose of the vapors from 
a stripping zone, such as to a sulfur recovery unit or to 
a fuel system, it is often necessary to compress such 
vapors to a pressure sufficiently high to allow entry into 
the selected disposal system. Large amounts of noncon 
densable stripping vapors add substantially to expense of 
compression as well as adding to the total vapor which 
must be treated. 
When steam is employed as stripping vapor and is 

condensed for separation from the overhead gas stream, 
the condensed steam and hydrogen sulfide combine to 
form an acid. The presence of such acid, particularly in 
the top of the stripping zone and in related overhead 
vapor recovery piping, requires that materials of con 
struction such as nickel alloys be employed which are 
resistant to corrosion by such acid. Such corrosion resist 
ant materials add to the expense of constructing a strip 
ping zone and related overhead vapor recovery piping. 

SUMMARY OF THE INVENTION 

Now according to the present invention, an improved 
method is disclosed for separating a hydrodesulfurization 
reaction effluent into a gas-oil fraction, a recycle hydro 
gen fraction and a vapor fraction comprising hydrogen 
sulfide and low boiling hydrocarbons. The improvement 
of the present invention comprises recycling a liquid 
naphtha fraction boiling in the range of about 100 F 
600 F., from a fractionation zone to a hot separator 
vapor stream in a weight ratio of recycled oil to vapor 
of from about 1.1 to 1 to about 0.5 to 1; and stripping 
hydrogen sulfide and low boiling hydrocarbons from a 
hot separator liquid fraction in a stripping zone at a 
pressure of from about 100 p.si.g. to about 130 p.s.i.g. 
employing a slip stream of hydrogen sulfide free recycle 
hydrogen. 
One advantage of the present invention is the recycled 

naphtha absorbs low-boiling hydrocarbons, resulting in 
an increased purity of recycle hydrogen. Another advan 
tage is the stripper may be operated at a pressure suffi 
ciently high to allow entry of overhead vapors without 
compression into subsequent treating facilities such as 
sulfur recovery units. The stripping zone may be operated 
substantially free of water such that the hydrogen sulfide 
containing overhead vapor is substantially less corrosive 
than a similar wet vapor. Such dry overhead vapors allows 
use of less expensive materials, such as carbon steel, in 
the construction of the stripping zone and related over 
head piping. These and other advantages will be more 
fully described in the detailed description of the inven 
tion which follows. 
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4. 
BRIEF DESCRIPTION OF THE DRAWING 

The attached drawing is a schematic flow diagram of 
a process for hydrodesulfurizing a gas-oil range hydro 
carbon, which process embodies the improvement of the 
present invention. 
DETAILED DESCRIPTION OF THE INVENTION 
Within the contemplation of the present invention a 

gas-oil hydrocarbon boiling in the range of from about 
600 F. to about 1100° F. is subjected to a hydrodesul 
furization reaction with molecular hydrogen in a ratio 
of hydrogen to gas-oil from about 2000 to about 2400 
standard cubic feet per barrel, at a temperature of from 
about 600 to about 800 F. and a pressure of from about 
500 to about 1200 p.s.i.g. in the presence of a hydro 
desulfurization catalyst. Such hydrodesulfurization re 
actions are well known and need not be discussed further 
herein. 

Effluent from the hydrodesulfurization reaction com 
prises gas-oil hydrocarbons, naphtha range hydrocarbons, 
pentane and lighter hydrocarbons, hydrogen and hydro 
gen sulfide. Preferably the reaction mixture is passed into 
a hot separation zone wherein the reaction mixture is 
separated into a vapor fraction and a liquid fraction. Ac 
cording to the method of the present invention, hot sepa 
rator vapor is combined with a recycle stream recovered 
from a fractionation zone as will hereinafter be described. 
The mixture of hot separator vapor and recycle naphtha. 
is passed into a condensing zone wherein the mixture is 
partially condensed. From the condensing zone, conden 
sate and noncondensed vapor pass into a cold separation 
Zone. The recycled naphtha serves in the condensing zone 
and the cold separation zone as sponge oil to absorb a 
portion of the hydrocarbons, such as butanes and pen 
tanes, from the noncondensed vapor. In the separation 
methods of the prior art, these hydrocarbons remain in 
the vapor phase thereby reducing the purity of hydrogen 
in the hydrogen recycle stream. 

In the cold separation zone, condensate is separated 
from the noncondensed vapors. Noncondensed vapors are 
recovered and treated for the removal of hydrogen sul 
fide. A treated hydrogen stream comprising hydrogen 
and low boiling hydrocarbons is recovered from the hy 
drogen sulfide removal step. The major portion of this 
treated hydrogen stream is recycled to the hydrodesulfur 
ization zone for reaction with additional gas-oil hydrocar 
bons. Fresh hydrogen may be added to the recycle hy 
drogen stream to make up for hydrogen consumed in the 
hydrodesulfurization reaction and for hydrogen removed 
from the process as will hereinafter be described. 
A minor portion of the treated hydrogen stream is 

vented, removing low boiling hydrocarbons from the hy 
drodesulfurization process and maintaining hydrogen 
purity in the recycle hydrogen stream at a desired value. 
Another minor portion of the recycle stream is employed 
as stripping vapor in a stripping Zone as will hereinafter 
be further described. 
Cold separation zone liquid phase and hot separation 

zone liquid phase are charged into a stripping zone. Re 
cycle naphtha entering the stripping zone with cold sepa 
ration zone liquid, serves to lower the boiling point tem 
perature of the liquid mixture in the stripping zone. The 
stripping zone is operated at from about 100 p.s.i.g. to 
about 130 p.s.i.g. pressure and at about the bubble point 
temperature of the liquid in the stripping zone. Preferably, 
sufficient recycle naphtha is charged to the stripping zone 
to reduce the bubble point temperature of the stripper 
bottoms liquid to about 600 F. or below, thereby sub 
stantially preventing thermal cracking of the gas-oil hy 
drocarbons present in the stripping zone. 
A slip stream of treated hydrogen stream, comprising 

hydrogen and low boiling hydrocarbons, is employed as 
stripping vapor in the stripping Zone. Such stripping 
vapor reduces the partial pressure of hydrogen sulfide and 
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naphtha stream, recovered from receiver 49 via line 10 
at a rate of 211,100 lbs. per hour, is combined with hot 
separator vapor in line 11 as hereinbefore described. 
From the bottom of fractionator 45 a gas-oil stream 

substantially free of hydrogen sulfide, containing less than 
0.2% sulfur is recovered as a product at a rate of 
1, 103,500 lbs. per hour via line 53. From line 53 the gas 
oil product may be passed to other processing, such as 
catalytic cracking, not shown. 
As will be apparent to those skilled in the art upon 

reading the foregoing disclosure, many modifications, sub 
stitutions, and changes are possible in the practice of this 
invention without departing from the spirit and scope 
theory. Therefore, no limitations to the present invention 
are intended except those contained within the spirit and 
scope of the appended claims. 
We claim: 
1. In a hydrodesulfurization process for removing sul 

fur from a gas-oil hydrocarbon which comprises treating 
a sulfur containing gas-oil with hydrogen at an elevated 
temperature and pressure in the presence of a hydrode 
sulfurization catalyst in a reaction zone, separating the 
reaction zone effluent into a first vapor fraction and a first 
liquid fraction under conditions of elevated temperature 
and pressure to prevent foaming of the first liquid fraction, 
partially condensing the first vapor fraction into a hydro 
gen fraction and a second liquid fraction, treating the 
hydrogen fraction to remove H2S therefrom, recycling 
treated hydrogen to the reaction Zone, and stripping H2S 
and low boiling hydrocarbons from the first liquid frac 
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tion and the second liquid fraction in a stripping zone; 
the improvement which comprises: 
(A) Employing a slip stream of treated hydrogen as 

stripping gas in the stripping Zone; 
(B) Separating the stripped hydrocarbon liquid into a 
naphtha fraction and a gas-oil fraction; and 

(C) Recycling at least a portion of the naphtha fraction 
to the first vapor fraction condensing step. 

2. The method of claim 1 wherein the stripping zone is 
operated at a pressure of from about 100 p.s.i.g. to about 
130 p.s.i.g., and wherein sufficient naphtha is recycled to 
lower the bubble point temperature of the liquid in the 
stripping zone to about 650 F. or less. 

3. The method of claim 2 wherein the weight ratio of 
naphtha recycle to first vapor fraction is from about 1.1 
to about 0.5. 
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