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PROCESS FOR. DRSULFORIZIBG CA~IICALLY CRACDO GASOLINE 

FIELD OF THE I ENTION 

This invention relates·to a process for desulfurizing .. 
catalytically cracked gasoline. ore particularly, it 

relates to a process for desulfur"
1

zinq catalytically cracked 

gasoline containing sulfu~ compounds and olefin components in 

the presence of a catalyst. j 
BACJGROUND OF TH INVENTION 

In the efining, catalytically 

cracked gasoline is a stock of hi h-octane number qasoline . 
containing a certain amount of fin components. 

Catalytically cracked qasoline is qasoline fraction 

obtained by catalytically crackin a heavy petrole1111l f ractJ.on 

as a stock oil, such as a vacuum s oil or an atmospheric 

residual oil, and recovering and d 0 stillinq the catalytically 

cracked products. Catalytically c ac.ked CJasoline is a 

prhna.r;y blending stock of automoti e gasoline. 

While some &t9ck oils have a srcaall sulfur content and 

may be subjected to catalytic crac ·ng without treatment, a 

stock oil for catalytic cracking generally has a relatively 

high content of sulfur compounds. When aii untreated ~tock 

oil having a high sulfur content is subjected to catalytic 

cracking, the resulting catalytically cracked gasoline also 

has a high sulfur content. Such a' gasoline fraction havin.g a·. 

hiqh sulfur content would cause environmental pollution if 
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used as a blending stock for auto~otive gasoline. 

Consequently, the stock oil is usu~lly subjected to a 
\ 

desulfurization procesa prior to catalytic cracking. 

A hydrodesulfurization pr~cess has hitherto been 

carried out to achieve the above-mentioned desulfurization in 
I 
i 

the field of petroleum refining. 1A hydrodesulfurization 
I 

· process cOJnprises contacting a stdck oil that is to be 
i 

desulfurized with an appropriate catalyst for 
I 

hydrodesulfurization in a pressur~zed hydrogen atmosphere at 
I 

I . a hiqh temperature. 
! 

Catalysts used for hydrod~sulfurizinq a stock oil for 
I • 

catalytic cracking (e.q., a vacuunl gas oil or an atmospheric 
' 

nsidual oil) CQlllPrise a group VI lelement (e.g., chromium, 

molybdenum and tungsten) and a qr9up VIII element (e.q., . . 
cobalt and nickel) supported on a~ appropriate carrier (e.g., 

alumina). Th~ hydrodesulfurization.process is usually 

conducted at a temperature of abo°f 300 to 400°C, a hydrogen 
I -

:partial press\lre of about 30 to 20b kg/er, and a liquid 
I 

hourly space velocity (hereinafterl abbreviated as LHSV) of 
i 

about 0.1 to 10 i/hr. I 

In the case of hydrodesQlf urizing a heavy petX"Oleum 
. . 

fraction, such as a vacuwn gas oil' or an atmospheric residual 

oil, which is a stock oil for catalytic crackinq, the 

processing is carried out at a hiqh temperature and high . 

pressure as stated above. Therefore, stxi~t conditions are 

i.ln.posed on appaxatus design, thereby incurring high 
·~. 
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construction costs. Also, in s~ cases an undesulfurized 

·stock oil is subjected to catalytic cracking as described 

above. Even in cases where a stock oil is desulfuri~ed prio1: 

to catalytic cracking, there has been a tendency to enhance 

the catalytic cracking apparatus Jithout adequately 

desulfurizing the stock oil. 

Cataljtically cracked gasoline obtained from a 
\ 

desulfuri~ed stock oil contains s~lfur in an amount of 30 to 
I 

300 ppm·by weight (in the whole f+ct~on) and that obtained 

from an undesulfuri2ed stock oil contains as much as 50 to 

se"ll'eral tho~sand ppm sulfur by weiqht (in the whole 
. 

fraction). Under these cirCUJllstances, there is increasing 
; 

difficulty in comglying with present day environmental 

regulations. 

catalytically cracked qasollne can.be directly 

subjected to hydrodesulfurization.· In this case, however, 

the olefin components present in the cracked gasoline 

fraction- are hjC:lroqenated to ·reduce the ·olefin content, ·and 

the resulting crackad gasoline fraction has a reduced octane 

number. '.rhe reduction in octane number is significant when a 
! 

high rate of desulftirization is required. 

Sulfur compound.a contained\in catalyt~cally cracked .. 
gasoline include tbiopbenes, thiacyclopalkanes, tbiols and 

sulfides. The proportion of thiophenes is large, wh.ile the· 

proportions of thiols and sulf ide-s \ Cl;re small. 

Sulfur is removed as hydrogen· sulfide by 

.· ... 
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desulfurization, but hydrogen sulfide in the gaseous phase 

reacts with olefins in.the catalytically cracked gasoline to 

produce thiols. In order to attain a certain minimum rate of 

desulfurization, olefins should be hydrogenated to p~event 

the production of thiols. Thus, a high desulfurization rate 

cannot be obtained without being accompanied with a further 

:reduction in octane number. · 

If catalytically cracked gasoline is desulfurized 

while i~s olefin components remain non-hydrogenated, thiols 

are unavoidably produced. Because thiols are corrosive, th€y 

must be made non-corrosive. This is done by conv-erting the 

thiols to disulfides by a catalytic reaction, which 

necessitates installation of a sweetening apparatus. 

Catalysts used for h~odesulfurization of 
. 

catalytically cracked gasoline containing sulfur compounds 

and olefin components comprise a group VIII element (e.g., 

cobalt and nickel) and a group VI element (e.q., chromium, 
I . -

molybdenum a.nd tungsten) supp0rted on an appropriate carrier 

(e.g., alumina} similar to other d~sulfurization catalysts. 

These catalysts are activated by prelilltinarily sulfiding in 

the same manner as used for treating desulfurization 

catalysts for naphtha. That is, naphtha is mixed with a 

sulfur com.pound, such as dimethyl disulfide, and the mixture 

is heated to 150 to 350°C together with hydrogen and passed 

through a reaction tower packed with the catalyst. The 

sulfur compo1111d, e.q., dimethyl disulfide, is converted to 
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hydrogen sulfide by reacting with

1

hydro9en .at the surface of 

the active metal of the catalyst. The hydxoqen sulfide is 

further reacted with the· active metal to form a metal sulfide 

active in the desulfurization reaction • . · 
Thust a reduction in octane number due to 

hydrogenation of olef ins has been a qreat problem in 

hydrodesulfurization of catalyticJ11y cracked gasoline. 

There has been a need to develop a technique of efficiently 

hydrodesulfurizinq catalytically cracked gasoline while 

minimizinq the reduction of olefin components. 

To meet this demand, the reaction between hydrogen 
. 

sulfide resulting from desulfurization and olefins must be 

controlled to thereby control the formation of thiols. 

However, an increase in desulfurization rate leads to an 

increase in hydrogen sulfide concentration in the gas phase, 

resultinq in acceleration of thiol foxmation. In other 

words, ~t has conventionally been difficult to achieve a high 

desulfurization rate while sup~reAsilf"q the hJdroqenation 

reaction of olefins. Rather, it has been necessary to 

hydrogenate olef ins in order to prevent the same from 

pl:Oducinq thiole to thereby increase the desulfurization 

rate~ which in turn results in a reduction in octane number. 

SQMMARY OF THE INYE?ftION 

An object of the present invention is to provide a 

process for hydrodesulfurizing catalytically cracked gasoline 

while suppressing hydrogenation oflolefin components to 

os:ot · 965I ·1.nr ·gz 
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minimize a reduction in oct~ne number and yet achieve a high 

rate of desulfurization. 

As a result of extensive investiqation, the present 

inventors have discovered an innovative process for· .. 
hydrodesulfurizinq catalytically cracked gasoline containing 

sulfur compounds and olefin components in which hydrogenation 

of olef ins ia controlled to minimize a reduction in octane 

number and yet a hiqh desulfurization rate is achieved. The 

process·is characterized by dividing a hydrodesulfurization 

process that has hitherto been carried out in a single stage 

into two or more divided stages, each under specific reaction 
. 

conditions, so that the reaction may proceed on a gradual 

basis. 

The invention provides a process for 4esulf urizinq 

catalytically cracked gasoline containing sulfur compounds 

and olef~n components to reduce the sulfur content to a 

tarqet concent:c-ation, which comprises the steps of: 

1) ·fi:cst desulfurizing the catalytically er~ckea 

gasoline in the presence of a hydrodesulfuri~ation catalyst 

at a desulfurization rate of 60 to 90l, a reaction 

temperature of 200 to 3S0°c, a hydrogen partial pressure of 5 

to 30 kg/cm1 , a hydrogen/oil ratio of 500 to 3,000 scf/bbl · 

and a liquid hourly space velocity (hereinafter abbreviated 
.. . . ~ 

as LHSV) of 2 to 10 1/hr, said first deaulfuri~ing step 

comprising supplying a feed having a hydrogen sulfide vapor 

concentration of not more than 0.1, by volume, and . ... .. ~ 

n? t'9T 'T "n"r 'MT 
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2) desulfurizing the treated oil obtained in the first 

step in the presence of a hydrodesulfurization catalyst at a 

desulfurlzation rate of 60 to 90%, a r~action temperatu~e of 

200 to 300°C, a hydrogen partial pressure of 5 to 15 kg/cmi, 

a hydrogen/oil ratio of 1,000 to 3,000 scf/bbl, and an LHSV 

of 2 to 10 l/hr, and said second desulfurizinq step 

comprisinq supplying a feed having a hydrogen sulfide vapor 

concentration of not more than:o.os' by volume. 

·In a preferred embodiment, the process further 

comprises repeating the second desulfurizing step until the 

sulfur concentration is reduced to a target concentration 
. 

when the eulf ur concentration of the treated oil obtained in 

the second step is higher than:the target concentration. 

DE'l'AILED DESQ\IPTION OF THE INVENTION 

The language "hydrogen·sulfide concentration at the 

inlet of a reactor" as used herein means the percent by 

volume of hydrogen sulfide in t!he ~apor of a stock oil at ths 
i 

-- inlet o£. a.. reactor. The -t~:cin· •hych-oqen partial p~ssure" 

means the partial pressure of ~ydrogen in the vapor of a 

stock oil at the inlet of a reactor. 

The first step of the process according to the 

in~ention includes hydrodesulfurizinq most of the sulfur 

compounds present in catalytically cracked qasoline. The 

first step is carried out under special conditions 

characteri2ed by a lower temperature, a lower pressure, and a 

higher hydrogen to oil ratio so as to minimize hydrogenation 

.·1~&.;·;:~ 
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of olefins as compared with orcUnary desulfurization of 

naphtha, etc. That is, with a: pe.cnissible hydrogenation 
' 

rate of olefins beinq taken int6 consideration, the reaction 

cond~tions are specifically selected so that the 

desnlfurization rate is within a range of from 60 to 90%. 

Under reaction conditions which may attain a desulfurization 

rate of more than 90t, the foI:mation of thiols could be 

suppressed by hydrogenation of olefins. However, the octane 

number would be reduced. If the desulfurization rate is less 

than 60,, the number of required steps increases, and this is 

uneconomical. The reaction temperature and the contact time 

are selected so that the desulfurization rate is within the 

range of from 60 to 90t by weight. The loweJ: reaction 

tempe:rature tends to prevent olefin hydrogenation. However, 

desulfurization at temperatures below 200°C ~s too slow for 

practical use. At temperatures above 350°C, deactivation of 

the catalyst ia accelerated. 

As the hycb:ogea/e-il ratio increases, hydroqen sulfide 

is diluted so that formation of thiols is further suppressed. 

However, a range of from 500 to 3,000 scf/bbl is practical in 

view of the size of the apparatus. Because the hydrogen 

sulfide concentration during the reaction should be low, the 

hydrogen sulfide concentration at the inlet of a reactor is 

desirably not JDOJ:e than O.lt by volume. To this effect, 

hydrogen sulf ~de in recycled hydroqen gas may be removed by 

means of, for exainple, an amine absorbing apparatus. Use of 
··----··--..a...._ 
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the amine absorbinq apparatus dan reduce the hydrogen sulfide 
I I 

concentration to about 0.01\ by vdlume. The qas separated by 

gas-liquid.separation after eadh s~ep of the second and the 
I I 

following steps, so-called recycled qas, has a low hydrogen 

sulfide concentration. As lond as' the hydrogen sulfide 

concentration of the recycled qas is O.lt _ _by volume or lower, 

the recycled hydrogen can be fed to the first step without 

passinq through an amine absorbing apparatus. It is 

preferable to select the react~on conditions of the first 

step so that the hydrogenation .ratk of olefins does not 

exceed 20%, to thereby minimize thk reduction in octane 

·number. I 
The desulfurized catal:riticl11y cracked qasoline 

obtained from the first step ia se~rated into gas and 

liquid, and the liquid is further hesulfurized in the second 

step. In the second step, the :rem.iining undecomposed sulfur 

compounds are hydroqenolped and, at the same ~inter the 

thiols produced in the first-· step· are-a3:so hydroqenolyzed to 
; 

achieve desulfurization. The second step may be carried out 
I 

under milder conctitions than thoselemployed in the first step 

because thiols ~re relatively easy to desulfurize. However, 

the second step is preferably carried out at an increased 

hydrogen/oil ratio and a reduced reaction pressure in order 

to suppress production of thiols due to the reaction between 

the olefins and hydrogen sulfide. That is·, the preferred 
. 

reaction conditions are a reaction temperature of 200 to 

.·.,:\}-· .... ~'°!- .·· ·• 
t;..~,.~~'J\.,,~., . 
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300°C, a hydrogen partial pressure of 5 to 15 kq/cm2 , a 

hyd~ogen/oil ratio of 1,000 to 3,000 scf/bbl, and an LHSV of 

2 to 10 1/hr. The hydrogen sulfide concentration at the 

inlet of a reactor is preferably not more than 0.05% by .. 
volume. To this effect, hydrogen sulfide in recycled 

hydrogen gas should be removed by means of an amine absorbing 

apparatus, etc. The qas separ~ted by gas-liquid separatio~ 
I 

after the reaction of the rirs~ step may be recycled to the 
I 

second atep after it has been ~ssed through an amine 

absorbing apparatus • 

. The reaction conditions of the second step should be 
: 

controlled so that the desulfu~ization rate is within a range 

of front 60 to 90% in order to prevent a reduction in octane 

number. It is preferable to select the reaction conditions 

of the first step so that the hydrogenation rate of olef ins 

does not exceed 20t, to thereby minimize the reduction in 

octane number. 

Wlien the suifur concentlration of the treate:d-oil 

obtained in the·aecond step is :still higher than a target 

value, the treated oil is further desulfurized in a third 

step. The third step, in principle, is a repetition of the 

second step, in which the.desulfurization operation is 

repeated at a desulfurization iate of 60 to 90' until the 

sulfur concentration is reduced to the target value. 

Suppression in the reduction of octane number, which is a 

characteristic feature of the invention, can surely be 
-··-··. ·-·-·--- ·----
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accomplished by controlling the o erall hydrogenation rate of 

the olefin components from the first to the final steps at 

40% or less. It is preferable to repeat the desulfurization 

until the sulfur concentration from thiols in catalytically 
.. 

cracked gasoline becomes 5 wt ppm or less. In this case, the 

corrosive property catalytically cracked qasoline can be 

substantially eliminated so that a sweetening apparatus is 

not necessary. 

A process comprisinq car '·ng out desulfurization in 

divided steps has been proposed f fractions having a high 

as gas oil, for 

the purpose of improvinq the hue a a"treated oil, as 

disclosed in Unexamined Published apanese Patent Appln. No. 

5-78670. The present invention p vides a desulfurization 

process which is novel and entirel different fr011l the 
. I 

conventional multistaqe desulfuriz~tion process developed to 

improve the hue. That is, a multiitage system is adopted in 

:·:the invention ~o-prevent-the genera~ion of thiols as a by­
pro~ct due to the.reaction betirreen olefins and hydrogen 

sulfide, in which the reaction conditions.in each stage are 

specified so as to minimize the hydrogenation of olefin 

components. 

'?he catalyst for use in the invention includes those 

ordinarily used for hydrodesulfurizinq in the field of 

petroleum refining, which generally comprise a 

desulfurization active metal supported on a poxous inorganic 
--- ------

•. 
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oxide carrier. 

The porous inorqanic oxide carrier includes alumina, 

silica, titania, magnesia, and lnix ures thereof. Alumina and 

silica-alwaina are preferred. ! I 
A catalyst containing ah a kali metal (e.g., 

potassium) in the carrier for prev nting coke precipitation 

is also much'preferred for use in he invention. 

The desulfurization activelinetal includes chromium, 

molybdenum, tungsten, cobalt, nickil, and mixtures thereof. 

Cobalt-molybdenum and nickel-cobalt-molybdenum are prefe~red: 
I 

These metals can be in the fo:c:n of a xnetal, an oxide, a 

sulfide or a mixed focn thereof on the carrier. The active 

metal can be supported o.n the carr er by a known method, such 

as impregnation or co-precipitatio • 

While the reaction tower i not particularly limited, 

a fixed bed parallel downward flow type reactor is preferred. 

The.operation of various types of reaction towers is well 

bown. Hi the field of petroleum re ining, and ~ 

techniques can be selected as appr pria~. 

The present invention will now be illustrated in 

greater detail by way of the follo ing Examples, but it 

should be understood that 

thereto. 

the inltion 
EXAMPLE .i 

is not limited 

A 8Jnall-sized fixed bed:pa allel downward flow t~e 

reactor was charged with 100 ml of a commercially ava~lable 

~· ~I. 

··o: 
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extrusion-molded catalyst (1/16. in.) cOll\p~ising an alumina 

carrier havinq supported thereon 4.0% by weight of coo and 

15' by weight of Mo01 • A straight-run gasoline fraction 

(distillation temperature: 30 to 150°C) having added thereto 

5\ by weight of dimethyl disulfide was passed through the 

catalyst bed at a temperature of 300°C, a pressure of 

15 kg/cm1 , an LHSV of 2 l/hr, and a hydrogen/oil ratio of 

500 scf/bbl for 5 hours to conduct preliminary sulfidinq. 

1) Pirs~ Step: 

A catalytically cracked gasoline fraction (an 80 to 

220°C cut) was obtained by catalytically cracking a stock oil 
. 

containing an atmospheric residual oil. The fraction had a 

density of 0.779 glr::m.1 at 15°C, a sulfur content of 220 wt 

·ppn, an olefin content of 32 vol', and a :research method 

octane number of 87.1. After sulfidinq the catalyst bed as 

described above, the catalytically cracked gasoline fraction 

was desulf urized in the reactor at a hydrogen eulf ide 

concentration of a.os-·voUr at the inlet of· the reactor, a 

temperature of 250°C, an LHSV of·5 l/hr, a hydrogen partial 

pressure of 12 kg/cm1 , and a hydrogen/oil ratio of 

2,000 scf/bbl. 

As a result, a hydrodesulfurized catalytically 

cracked gasoline fraction 'ka.S obtained having a sulfur 

content f%0DI {cont.J:ibuted by) thiols (hereinafter refe:rred.to 

as a thiol sulfur content) of 12 wt pp11, ~ total sulfur 

content of 63 wt ppm (desulfurization ratet 71•), an olefin 

.. 
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content of 29 volt (hydrogenation rate: 9,), and a research 

method octane number of 86.0. 

2) Second Step: 

The treated oil obtained the first step was again 

desulfuri~ed under the same condi ions as in the first step, 

except for changing the hydrogen ulfide concentration at the 

inlet of the reactor to.0.03 vJ1,. As a resultr a 
i 

hydrodesulfurized catalyticall* c acked gasoline fraction was 
I 

obtained, having a thiol sulfu.i c ntent of 9 wt ppm, a total 

sulfur content of 21 wt ppm (dJsu furization rate: 67\), an 
! 

olefin content of 27 vol\ (hyd~og nation rate: 7t}, and a 
• I 

research method octane number ,.f 

3) Third Step: 
I 

1l'he treated oil obtainsd · 

further desulfurized un~er the ls 
second step. As a result, a h~ 

.cracked qasoline fraction was ~bt 
·content of J.wt pPm., a tota1·sJ1£ 

. I 
(desulfurization ratei 63t), art o 

. I 
(hydrogenation rate: llt), and a 

nUlllber of 84.5. 

The overall 

through the third step was 95% ,1 
rate of olefins was 25\. 

COMPABATIVJ 
i 

'1'he ~~- cat~lyet that ras 
i 

the second step was 

e conditions as in the 

catalytioally 

a thiol sulfur 

·content of ·8 wt ppm 
J; ... 

fin content cJf 24 vol% ... 

octane 

rate from the first step 

overall hydroqenatio~ 

LE 1 

used in the reacto~ of 

•. 

.·) .. 
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Bxam~le l was ~reliminarily sulfided in the same·manne~ as in 

Example l. The same catalytic~lly cracked gasoline fraction 

as used in Example 1 was desulfurized in the reacto~ under 

the same reaction conditions as in example 1, except for .. 

raising the reaction temper~ture by 3oac, i.e., to 280°C. As 

a result, a hydrodesulfurized catalytically cracked gasoline 

fraction was obtained, having a thiol sulfur content of 7 wt 

ppm, a total sulfur content of 15 wt ppm (desulfurization 

rate: 93-\J, an olefin content of 18 volt (hydrogenation rate: 

43t)r and a research method octane number of 82.l. 

As described above, the present invention is 
. 

characterized in that hydrodesulfurization of catalytica.lly . -

cracked gasoline containing sulfur compounds and olefin 

components is,carried out in divided steps under specific 

conditions. Accordin9 to the invention, hydrogenation of the 

olefin components is suppreased. to thereby minimi~e a 

reduction in octane number. 

· ·11hi1e ~el.nvention·has_heen descril>ed.1n detail and 

"ith reference to specific examples thereof, it will he 

apparent to one skilled in the art that various changes and 

modifications can be aade therein without departinq from the 

spirit and scope thereof. 

r.G:ot 9661 ·1nr ·~z 
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WHAT IS CLAIMED IS: 

1. A process for desulfurizinq catalytically e~acked 

gasoline containing sulfur compounds and olefin components, 

which comprises the steps of: 
.· 

l) first desulfuri~ing the catalytically cracked 

gasoline in the presence of a hydrodesulfurization catalyst 

at a desulfurization rate of 60 to 90t, a reaction 

temperature of 200 to 3S0°C, a hydrogen partial pressure of 5 

to 30 kg./cta.1 , a hydrogen/oil ratio of SOO to 3,000 scf/bbl 

and a liquid hourly space velocity of 2 to 10 l/hr, said 

first deaulfuri&ing step comprising supplying a feed having a 
. 

hydrogen sulfide vapor concentration of not more than 0.1% by 

vol"WU.e r and 

2) desulfurizing a treated oil obtained in the first 

step in the presence of a h~rodesulf urization catalyst at a 

desulfurization rate of 60 to 90t, a reaction temperature of 

200 to 300°C, a hydrogen partial pressure of 5 to 15 kq/cm.1, 

a hydrogen/oil ratio·of-l~OOO"to.3,000 sef/bbl and a liquid 
. 

hourly space velocity of 2 to 10 l/hr, said second 

desulfurizinq step comprising supp~yinq a feed having a 

hydrogen. sulfide vapor concentration of not more than 0.05\ 

by volume. 

2 • The process accordinq to claim 1, wherein the 

hydraqenation rate of olefin components in each of said 

desulfurization steps 1) and 2) is not more than 20•, and the 

overall hydrogenation rate of olefin COlllponents after all 

.... , . . ;,-: 
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desulfurisinq steps is not more than 40•. 

3. The process ~ccordinq to claim 1, wherein the sulfur 

content from thiols of the treated oil after all 

deaulfuri~inq steps is not more than 5 ppm by weight. 

4. The process accordinq to claim 1, further comprisinq 

the step of repeating the second desulfurizinq step until the 

sulfur concentration of the treated oil is reduced to a 

target concentration. 

5. ·The process according to claim 4, wherein the 

hydrogenation rate of olefin components in each of said 

daaulfuri~ation steps l} and 2) is not more than 20t, and the 

overall ~ydrogenation rate of olefin components after all 

desulfurizing steps is not more than 40%. 

6. The p.roce$S according to claim 4, 'Wherein the sulful! 

content from thiols of the treated oil after all 

desulfurizinq steps is not More than 5 PPJD by weiqht. 

7. 'rhe process according to claim l, further comprising 

~he. steps- of" sepa:ratincr the ·produ~t' of-the fix:st 

desulfurization step into a qas component and a liquid 

component, XeJDOvinq hydrogen sulfide from the qas component 

to a concentration of not more than o.os• by volume, and 

supplyinq the treated qas component to the second 

desulfurisation step. 

8. The process accordinq to claim 7, wherein said 

removing step comprises treating the gas component in an 

amine absorbing apparatus. 

011r.1 'J flOH' 'O>l KOSR91Bi ' KOSR!dS tg=o.t 9651 ·1nr ·sz 
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9. The process accordinq to claim 1, further comprising 

the steps of separating the product of the second 

desulf~izati
on step into a qas. component and a liqUid 

. ; 

component, and supplyinq the gas component to the first 

desulfu~izati
on step. 
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