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-unsaturates and cyclic and polycylic compounds. The higher sulfur content crudes tend to be

20 naphthenic. Treatment of the different straight run naphthas may be slightly different
depending upon their composition due to crude source.

Reformed naphtha or reformate generally requires no further treatment except perhaps
distillation or solvent extraction for valuable aromatic product removal. Reformed naphthas
have essentially no sulfur contaminants due to the severity of their pretreatment for the

25 process and the process itself.

Cracked naphtha as it comes from the catalytic cracker has a relatively high octane
number as a result of the olefinic and aromatic compounds contained therein. In some cases
this fraction may contribute as much as half of the gasoline in the refinery pool together with
a significant portion of the octane.

30 Catalytically cracked naphtha gasoline boiling range material currently forms a

significant part (= 1/3) of the gasoline product pool in the United States and it provides the



2 largest portion of the sulfur. The sulfur inpurities may require renoval,
usual ly by hydrotreating, in order to conply with product specifications
or to enwarm/se@pl i ance with environnmental regul ati ons. PEAMESONSES6 W Sh
the sul fur of the final product to be below 50 wppm 5 The npbst conmon

met hod of renoval of the sul fur conpougds is by hydrodesul furization (HDS)
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Temperature, °F 600-780
Pressure, psig 600-3000
H, recycle rate, SCF/bbl 1500-3000
Fresh H, makeup, SCF/bbl 700-1000

20 After the hydrotreating is complete, the product may be fractionated or simply flashed to
release the hydrogen sulfide and collect the now desulfurized naphtha. The loss of olefins by
incidental hydrogenation is detrimental by the reduction of the octane rating of the naphtha
and the reduction in the pool of olefins for other uses.

In addition to supplying high octane blending components the cracked naphthas are

25 often used as sources of olefins in other processes such as etherifications. The conditions of
hydrotreating of the naphtha fraction to remove sulfur will also saturate some of the olefinic
compounds in the fraction reducing the octane and causing a loss of source olefins.

Various proposals have been made for removing sulfur while retaining the more
desirable olefins. Since the olefins in the cracked naphtha are mainly in the low boiling

30 fraction of these naphthas and the sulfur containing impurities tend to be concentrated in the

high boiling fraction the most common solution has been prefractionation prior to



hydrotreati ng. The prefractionation produces a |light boiling range napht ha
which boils in the range of C5 to about 250F and a heavy boiling range
napht ha woiasei | s in the range of from about 250-475 PCTRs®0pIE6om nant
light or lower boiling sulfur conpounds are nercaptans while the 5 heavier
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PCT/ USO0/ 42756 4 hydrodesul furization.
practiced for treating petroleum feeds to remove the organic sulfur compounds, however in
20 these prior processes there is a significant quantity of “recombinant sulfur”in the product.
Recombinant sulfur means new organic sulfur compounds, mainly mercaptans, that are
formed by the reverse reaction of H,S from the preceding hydrodesulfurization or
hydrodesulfurizations in succeeding hydrodesulfurizations with olefins in the feed. The H,S
can recombine to form mercaptans thus increasing the amount of sulfur in the product. Also,
25 the presence of H,S can cause more of the olefins to be saturated losing octane and consuming
hydrogen.
The product from the sequential multibed hydrodesulfurizations does of course have
lower sulfur content than a feed having less treatment, but each subsequent treatment has been
less efficient than expected because of the recombinant sulfur.

30 In the present process the efficiency of a subsequent treatment has been increased by

stripping the H,S from the treated feed prior to passing the feed to a subsequent



It is an advantage of the present invention that a full boiling range
naphtha streamis hydrodesul furized while the olefin content is maintained
at a hi gwoparseeat of the original feed by sequential hydcadeswiizdeéi zati on
wi th renmoval of H2S after each hydrodesul furization. It 5 is not believed
that H2S has been renoved between hydrodesul furization treatnents in
sequenti al hydrodesul furizations in the prior art, but rather the prior
practice has been . to renove the H2S after the final hydrodesul furization.
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fraction i s hiditgstesddst conitexe theapresehel®vietibnais irfla bAIctGNSE. hyloddigl filngtations and
overheads are then fed to an H2S stri pper wherein the remai nder of the H2S
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two hydrodesul furization reactors in ,
accumulator/separator. The heavier fraction is hydrodesulfurized and removed as a bottoms.
20 The bottoms and overheads are then fed to an H,S stripper wherein the remainder of the H,S
is stripped from the desulfurized naphtha. The bottoms from the H,S stripper are then fed to
a second reactor (either a standard single pass reactor or a second distillation column reactor).
The removal of the H,S serves two purposes. It prevents the formation of recombinant
organic sulfur compounds and allows for less severe conditions for the same sulfur removal
25 while preventing hydrogenation of olefins.
As used herein the term "distillation column reactor" means a distillation column
which also contains catalyst such that reaction and distillation are going on concurrently in
the column. In a preferred embodiment the catalyst is prepared as a distillation structure and
serves as both the catalyst and distillation structure.

30 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow diagram in schematic form using two straight pass hydrodesulfurization



sequence, the first being a catalytic distillation reactor which has two
hydr odesul furi zati on zones, one for a |lighter fraction and one for the
heavi es, whibuhoar e separately treated then 5 conbi ned i n BCRUSIPREI6 t O
remove H2S before going to a straight pass hydrodesul furization wunit.
DETAI LED DESCRI PTI ON The feed to the process conprises a sul fur-containing
petroleum fraction particularly from& fluidized bed catal ytic cracking
unit (FCCU) which boils in the gasoline boiling range 10 (C5 to 420F).
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and 3- rrer%g%ﬁl%}'tng %%%%\grﬁ@%%fé%fégeﬁf?&%lp%%a SIS (?lﬁﬁnsc BB‘Ha%tgﬁ?SE‘r%‘ in

t he heavicempb@hdsi rmraggmeﬁﬁ faphithe| Hade velaite dlefigic mpRfigiaRhdNfless theQphRNes,
sul fides and disul fides. The reaction of organic sulfur conpounds in a

refi nery seenceamsont hvey itlsgaubver a catalyst to formH2S is typically
cal |l ed hydrodesul furization drotreating i.s. a.broa term which

i ncl udesysat ur iSBﬁurocfoniﬁngf’fwg% %&Q%MF%Q%%HOQ%‘@HE%EEWE Bretbihe SN ¢
ni trpgen c3ReROHNRIRES td Me LRCKRrATWRIN 3 thd Y Y SirRd sstd Mrhdrhivedy ais/'s

included and is sonetinmes sinply referred to aS hydrotreati ng. WO 01/59032
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of those compounds are: methyl mercaptan (b.p. 43 °F), ethyl mercaptan (b.p. 99 °F), n-propyl
20 mercaptan (b.p. 154°F), iso-propyl mercaptan (b.p. 135-140°F), iso-butyl mercaptan (b.p.
190°F), tert-butyl mercaptan (b.p. 147°F), n-butyl mercaptan (b.p. 208°F), sec-butyl
mercaptan (b.p. 203 °F), iso-amyl mercaptan (b.p. 250 °F), n-amyl mercaptan (b.p. 259°F), a-
methylbutyl mercaptan (b.p. 234°F), a-ethylpropyl mercaptan (b.p. 293°F), n-hexyl
mercaptan (b.p. 304°F), 2-mercapto hexane (b.p. 284°F), and 3-mercapto hexane (b.p.
25 135°F). Typical sulfur compounds found in the heavier boiling fraction include the heavier
mercaptans, thiophenes, sulfides and disulfides.

The reaction of organic sulfur compounds in a refinery stream with hydrogen over a
catalyst to form H,S is typically called hydrodesulfurization. Hydrotreating is a broader term
which includes saturation of olefins and aromatics and the reaction of organic nitrogen

30 compounds to form ammonia. However hydrodesulfurization is included and is sometimes

simply referred to as hydrotreating.



zirconia or the like. Normally the netals are provided as the oxides of the
netal s supported 5 on extrudates or spheres and as such are not generally
usef ul awodiisbed2l ati on structures. The catal ysts nmay addipdrarsabmyrseont ai n
conponents from Goup V and VIB netals of the Periodic Table or m xtures
thereof. The G oup VIII netal provides_increased overall average activity.
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Manufacture  Criterion Catalyst Co.
Designation  DC -130
Form Trilobe

Nominal size 1.3 mm diameter

20 Metal, Wt.%
Cobalt 34
Molybdenum 13.6
Support Alumina

The catalyst typically is in the form of extrudates having a diameter of 1/8, 1/16 or
25 1/32 inches and an L/D of 1.5 to 10. The catalyst also may be in the form of spheres having
the same diameters. In their regular form they form too compact a mass and are preferably
prepared in the form of a catalytic distillation structure. The catalytic distillation structure
must be able to function as catalyst and as mass transfer medium. Catalytic distillation
structures useful for this purpose are disclosed in U.S. patents 4,731,229, 5,073,236,

30 5,431,890 and 5,266,546 which are incorporated by reference.
The use of the reaction distillation system (catalytic distillation) reduces the

deactivation and provides for longer runs than the fixed bed hydrogenation units and is



bet ween 400 to 700F. Hydrogen partial pressures of 0.1 to 70 psia may be
used. In one 5 preferred enbodi nent hydrogen partial pressure of 0.1 to 10
i s used.w@angp@2l y hydrogen partial pressures in the ramrgansoo@7B6to 50
psia give optinumresults. The second reactor can be a vapor phase single
pass downfl ow reactor because the najg; portion of the sulfur conpounds
has been renoved. Because the H2S and re difficult sulfur conpounds have
al ready been renoved, the reactqr .can be operated at mlder 10 conditions,
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2-5. Typical &BhERCONGFRaCion caryby @ XaRar phase single passideinilomerepeiar bergusaihe

subsequept,: u i i i stillation

col urm  Baisf BoHER St R aBRb s A RO bLbRL LD bl bR |
partial pifsswhepoandSdhped alrely L IdSY @ehmova@hthbareadiotitanl be dprated at iidep00
SCEB The operation of the distillation colum reactor results in hoth a

i dli d asrnditgnsy for Histanee of aberh2Q0esig pressure, 2000 of r9aeigE faneneratbieeand & liquid

consi der i .of the vapor is hydrogen while a portion is vaporous
hydrocar@g#8?£%%1%%§n§étroIeun1fraction. Actual separation may 30 only be
a secondary cIHastetedalistidation¥dlinat s sediatlower thhepSRREinhe fahge bDsABIdsON 1t

i s proposed that the nechani smthat WO 01/59032 PCT/ US00/ 42756 8 produces
the ef f etien JeREsis infeqpkied foy Hicdydredesdfirizatiomandinyirogenpartish peeshurmel lesact or

i ch octrtage e PRty SRRl S kO ErERERE ekl VEraif RS Y 3068 ThE he

reqsi si t @mipatdniriethe dntiflefio@hnRakohd R in edhneeonaagy o780kl Hydrog&imeeunds
in the presence of the catalyst to result in their 5 hydrogenation. In

part i cul &g seequdrdistiliager celymnggader isfed in Herargel ofqmiedo gl standand cebiefféans and
H2S (SCF) per pound of feed. Nominal liquid hourly space velocities (liquid volume of feed per
unit volume of catalyst) in the second column are in the range of 2-5. Typical conditions in

a reaction distillation zone (second and subsequent columns) of a naphtha

20 hydrodesulfurization distillation column reactor are:
Temperature 450-700 °F
Total Pressure 75-300 psig
H, partial pressure 6-75 psia
25 - LHSV of naphtha about 1-5
H, rate 10-1000 SCFB

The operation of the distillation column reactor results in both a liquid and vapor
phase within the distillation reaction zone. A considerable portion of the vapor is hydrogen
while a portion is vaporous hydrocarbon from the petroleum fraction. Actual separation may

30 only be a secondary consideration.

Without limiting the scope of the invention it is proposed that the mechanism that



concentrate in the vapor allow ng for high conversion of the sul fur
conpounds with I ow conversion of the olefin species. The result of the
oper at i owoafl/spése process in the distillation colum reactraT/i®otstras | ower
hydrogen partial pressures (and thus |ower total pressures) may be used. As
inany 10 distillation there is a ten‘gerature gradient within the
distillation colum reactor. The tenpefature at the | ower end of the colum

contai ns higher boiling material and thus is at_ a_ higher tenperature than
t he upperéﬁEFSotPete OGRS t#ﬁélyam&é?atwai in; the disiflatiory golugmi ieRCtoL: nthgi ns

nor e easj 3 I : i i . t tures
e The- > boMeh B 8P ootk b e VRO Ml3he Aol tDLRIRETith bOlides IRELAL 1] &
| ess hydhydrogarkinntheocontiBnsedtliquid it@robedin dies reqabsite iatimbientantad reosedsthe The

hi gher boiling portion i s subjected to higher tenperatures in the |ower
end of thl?lrﬂgeé’t Ard g sHfotarmreundsde dhe Peesencacel Biseratalie uresult incldpirai ni ng

ring co - - - - - sis
an P28 PRt O R IR KA PR s i i ugleh BEVARE MU AERISREILET, R
first cotammantraitiiss thereipenhlowimgtfec highfcohhasibiz Sf aindsufue fdonpowhdshwith ow 20
catal yst and the resuléant formati on of reconbi nant organic sul fur
conmpoundSOTYREFIN AR OB spesiss: severe conditions in the second reactor for
t he sanme sulf ile: npr ' . IO ef i

Ref erring noww{leofegp%\é%het e%%lq%sﬁﬁﬁg%&gssslgﬁgérrggﬁgﬁﬁno%h?| ggé%fr[r(%rg ﬂ%)artle
enbodi nehiwer dfydiopen parisiniressares Kaphthbalover taal pressarek) may bsiusgl. e Adasnyi xed
bed reactor 10 via flowline 1 and 25 hydrogen.is fed to the reactor 10
vi d0f | owdistilaion thergeis g sempsratyre exsdicat ma distillasfonagmivmpricagter. The

hydr odesyl j ' I [ L:SE g o1 portion of the
organi c su Ed}‘;‘@%%ﬁ‘géﬁ‘ﬁé ?nﬁ%g%es&\}é ﬁci@%ﬁ%ﬁgﬁ@tﬁ%ﬁn r%na%ﬁ%?anmgusclg At i ons
in the fhighér empetaire alidh ik h@p&yendnoftthe deisitnt UTheZidliep BoBing TEbR {68, wikiek
exanpl e the tenperature is in the range of 550 to 600F, the pressure is in
t he rangenbng Honesasihsiegoyable suldun qommpodndso isrsubiestsd telowsr tamneyaturesi@Me i s i n

30 the r MO r. vol unme of catal yst.. The
degree o@gg@s@l f%ﬂ@%&&l (1)&41 b Ill%)sr“g‘13 (ﬁa’ﬁgér g%gn%\%\ﬁgl[egtfv&ysﬂ%axd% l%%ﬁ' ﬁ%‘#r?crééﬂﬁ% 055 %
WO181/ 5983 R4 deivdtAdlefinic Qompeurefsd THeRighérdiMidghRrfidd is bubljedéed ®hidRri s fed
to a first strippi n%@col um 20 wherein the H2S and excess hydrogen are

st ri ppedtcaweratyes Hethglewse aad of the distilation selumn maetor ¢ deank iopbre thenpifar i al s
in the over s are_caondens L condenser. 21 and separated fromthe H2S
and hyd%loglége]ﬁ%gﬁmgecgg § I(l)q(ras g%ycﬁ? ene_%ﬁlggu drogen and H2S are renoved via
flow I'ine 12. InThewedn 60 BEE ASREreRL LI HA stiifpd SHEHEctiOely R8mS{dsi IS th@s
reflux via flow line 13. The bottons fromthe stripper 20 are fed to a
second sPiRgre hadsomithetirs solumsactlys pryents contact of the H,S and olefins with the

20 catalyst and the resultant formation of recombinant organic sulfur compounds and allows for

ey

less severe conditions in the second reactor for the same sulfur removal while preventing
hydrogenation of olefins.

Referring now to FIG. 1 there is shown a schematic flow diagram of one embodiment

of the invention. Naphtha is fed to a first single pass fixed bed reactor 10 via flow line 1 and

25 hydrogen is fed to the reactor 10 via flow line 2. The reactor 10 contains a bed 11 of

appropriate hydrodesulfurization catalyst. In the first reactor 10 a portion of the organic sulfur

compounds reacts with hydrogen to form H,S. The conditions in the first reactor are mild by

hydrodesulfurization standards. For example the temperature is in the range of 550 to 600 °F,

the pressure is in the range 50 to 150 psig and the liquid hourly space velocity (LHSV) is in

30 the range of 5 to 10 volumes of naphtha per volume of catalyst. The degree of desulfurization

is thus somewhat less than normal, about 95 %.



via flowline 5 wth make up hydrogen being fed to the reactor 20 via flow
line 2. The reactor 20 contains a second bed 21 of an appropriate

hydr odeswoar/smwat i on catal yst. The conditions in the secpaiUs@aRvisr are
adjusted to give the desired degree of desul furization. The effluent 10
fromthe second reactor 20 is fed to a second stripper 40 where excess
hydr ogen and the H2S produced in the Second reactor 20 is stripped out

with the overheads_via flow LLine 8 Again tﬁgﬁcondensible materials in the
3

over heads ar e d6§séyatfomihe Bistesaster 10 fachtp atuststuprine eolumn 20mahergiathsgen
d H2S i : t 0 q i i
T a o oS SRRy diEedie HAPHETA i el REB ARV NS TBRTThY ctndcifte) | n°

The fi nalmfueudsad the Svdiheaddrapy eshdeasdddh tcondenyéra If dndweparated Fronbiheckd, S &Rl H2S
is renoved between the reactors mlder conditions nmay be used in the
second r &¥ETOgEN HhPRAIRS 22 hdhe pxaepniyydsegenisad Hod Bjeagemoves vinglomblgenkd i Bis

i ti ' - . ' d enbodi t of
The 3 nvenDpE Pl Ritubfl 5 e iRl S Fpg PEOTC Ol T eact or

10 cont ai ni ng Thewohems fibin the athippdrl2(are fedto adBednddingttanis fixkd Fetrequtorc al yst
in the formof catalytic distillation structures. The naphtha is fed

bet ween tVifefleyE dge g vathrmaks upibydrogen bring{ed toge Feactor 2@ yiadkompling % el ragacter S
flow [i n%O%ontaﬁl%%aslé&%dt&g 2% %tf?}ex%b}%r(séprq%g }h}réhjgaéﬁﬂzpnfaﬁogggta%g 3‘?’1@ tcﬁlg(ﬁ{é £d at

| ower préssures less of The o e satura atal ytic

di still atih ¢ie se€dndFeact afddGustdd toQlivithe désifey deggeofddstifuria€ion NERY ¥ffRighd ur
conpounds such as the thi ophenes and benzot hi ophenes. A |ight naphtha is 25
t akkh ovdromeHgseeand reacny 20iinked 4o apesegd siripRerciculese excgpdydrossnanddiwtHaSt t he
H2S produyced in. &h The,co ' . [ 1:S.C i\n .
condansel Eliekdin bEFraf Birerh S0 E0RNERS e By RRE P AsalS yEIRHENAER  Pbaimng ¢ ne

H2S and exe@ndelysle aacfialsah thelo@BMERT avd conbibided I dd@ddnder 4 1AndQEpdrated &bmt he
condensed liquids is returned to the distillation colum reactor 10 as

reflux vhehydreggniand &, an sepgeatorédeind detrnstl te e sp¢apdistiinpeeyiadlpslinesi4 asd i nto

t he upper_paortion of 0 stri colum 20. JThe bat.t.o fromth .

ai ot TTaer B chilsersnddh B ERS 47 e Y foRam ey B h i srtifis 0 u
i Nt t he réRvRId SottbMB vid Bow 1iawo! iSieIhe MES R8I RIIMURE VadidfdRildd0 The
stripper colum strips out the H2S in the overheads via flow |line 15. The

condensi spedifanemayl ke uped: e thsysachred deactor eandothde ke @ldfins con deh sebjedt] toand
collecte ip égparat ﬁ %g where it is separated fromthe excess hydrogen
and H2S. SEERLR §O‘§ P%gen and H2S are renoved fromthe separator via

flow line 16 wfiging hewkd FI@. d thede ik ShAWMNLsEch R doltd P&t bF B BiveAion Khérdth Vi @
flow line 23. Final product is renoved as bottons via flow line 9. A side

st ream i $he Bksemedctayris v idestidlatiop pelummoregétor 10 oonthining tSvoabrdsfldd and 1dbfdfxeed bed
ﬁ;?ﬂﬂog es E}?ﬁ%ﬁ%%@ﬁ%ﬁti%ﬁ@iﬁ%& ?r{ %E&éﬁ f)ﬁ%%lgt]fc gifstil?atlsolrjli s%r%?tluges. The naphtha is
fed between the beds via flow line 1 and hydrogen is fed below the beds via flow line 2.
Because the catalytic distillation column may be operated at lower pressures less of the olefins
will be saturated. Also, the catalytic distillation column is more efficient at hydrogenating the
heavy sulfur compounds such as the thiophenes and benzothiophenes. A light naphtha is
25 taken overheads via flow line 4 along with excess hydrogen and most of the H,S produced in
the beds. The condensible material is condensed in condenser 50 and collected in separator
60 where the vapors, including the H,S and excess hydrogen, are removed via flow line 12.
A portion of the condensed liquid‘s is returned to the distillation column reactor 10 as reflux
via flow line 13. The remainder of the liquid overheads is fed into the upper portion of a
30 stripper column 20. The bottoms from the distillation column reactor 10 are also fed to the

stripper column 20 but into the lower section via flow line 3.



| i ghter organic sul fur conmpounds are reacted with hydrogen which is fed via
flowline 6. Effluent fromthe reactor 20 is fed via flowline 32 to flash
drum 40 woans9ene hydrogen and 10 H2S are fl ashed form t reTafSobureré and fed
to the upper portion of the stripper 20 via flowline 42. The liquid from
the flash drumis fed to the mddle seﬁtion of the stripper 20 via fl ow

line 41 where any renmaining H2S i s sth i pped fromthe product. EXAMPLE 1 A

full boiling range cracked naphtha having the follow ng characteristics was
first 15 treiPedTiPReCRng PO Be i HaSaky B qveThsads warflaw dinggl >111082

grans of reial (Cri I - t t aced
P e o B0 fiu@lalCl WA bOnedds ol oS BAG d " EIMBRR AT 8] e Ghq Bt

di sposedseparator¥?2 witsit nad sepharsdtfeom ithe dxeessdgdiogemandi,S9 Bk dxoeds hydtogem wi t h
15.1 feet of catalyst below the feed point and 18.7 feet of catalyst above

the feedbllnt areteiBovedyirnmp therssparatoryip oW dpe 46 pdiladisliqud 1 w8raed et

o/ Tt or R p R B3R it s il et den R o OBl 908
Distillation AS¥ekGOH iskaRenti (ROkPOE BAa H6061A8 5 and A2 B Txc5B4 Fide 60%

320 70% 338 35 80% 382 . 90% 419 95% 442 WO 01/ 59032 PCT/ US00/ 42756 11
The cat aPaps ireactrsyd; ¢aniainipg ackadyhinofg suitable Rydrodryulfurizatigy satalystwhewsther e

gio?’ L 2% f‘l&%ﬁ%&rﬁ%&%}ig Egﬁlgr%)g{pg)gé@ég%% %eg%féeuqsgrglrl FydrbB&n GREG Xk vEl 5w Hndtd. ON
Effluent from the reactor 20 is fed via flow line 32 to flash drum 40 where the hydrogen and
10 H,S are flashed form the effluent and fed to the upper portion of the stripper 20 via flow line
42. The liquid from the flash drum is fed to the middle section of the stripper 20 via flow line
41 where any remaining H,S is stripped from the product.
EXAMPLE 1
A full boiling range cracked naphtha having the following characteristics was first
15 treated in a catalytic distillation column containing 11,032 grams of a commercial Criterion
DC-130 cobalt/molybdenum catalyst placed in the catalyst structures as disclosed in U.S. Pat.
No. 5,730,843 disposed in a 3" nominal diameter in two sections of a 50 foot column with

15.1 feet of catalyst below the feed point and 18.7 feet of catalyst above the feed point. The

hydrocarbon feed entered between the two catalyst beds.

20 Feed Description
Total sulfur 2086 mg/liter
Total nitrogen 64 mg/liter
Bromine No. 52
Density 0.8005 g/cc @ 15.66 °C
25
ASTM D-2887 Distillation
5% 160°F
10% 174
20% 205
30 30% 231
40% 258
50% 283
60% 320
70% 338
35 80% 382
90% 419

95% 442



renoval wth a 46.47% 1 oss in brom ne nunber (loss of olefins). Data froma
commercial fixed bed single stage hydrotreater show that about 85% ol efin
(brom newip owsoBz result at 5 the same | evel of sulfur repaDvate42@Gs y t he
overheads fromthe catalytic distillation colum were stripped of H2S and
excess hydrogen and then treated in a econd stage conventional single pass
fi xed bed poI i shi ng reactor containi ng! the same catal yst at the foll ow ng
condi tions: :1. Hydr ogen rate i%g 4 scf/bb Avg. temp 470 F
Pressure i)e@atab'ﬂ@ dlspe %B%?%@an&@émw RFig ONerheadpregsuty i ving qgatalyist bedned

wi th onl % = W e

pol i shi néer?%e;}%%l f)%r(}flvégg %glfe}}eghékhlg? 1s\t/1(131%§odr?ti%hg 1 92)02% }J@%I S C egﬁtﬁglgs hows
the sel ectmyvdl withfa 46147%\ess $it B@eine noeba (kss oﬁﬁeﬁmgd Eata(ffain Igoﬂnmdrdflel

pr esent |nvent| on conpared to a si ng_‘ée stage pr ocess. E 2 The feed
as descr ify&d bedh singlestags hydigireatsr shovsdatiahoyt 8He %?fmbrqramp#hvv@al%ﬁ%ﬁur@tact or

20 of Exgppl ﬁqejieveq)yf)élélrﬁﬂer B?ﬁ Jjheads were stripped of H2S and excess
d tt he

hydrogen and processe following in the conditions in the polishing
reactor to ac h)rﬂyeheaov&ﬁl‘&bﬂshﬁomahé eataliytig) didtllatiapeslundiSNérSstriplyedl fe)s st e 104
scf/bbl 25 Avg enp 510 F Pressure 275 psig. Conbined Oefin Saturation
51. 5% Ové&xeass hgd @@ﬁ@@fl@.ﬂm Weale i gesronthyagn eanvientional single paskefixedibeshy, 30

Data fro 51@595 ihat a loss of

about 92%@?}89%?1% okgérllt%ﬁs}{h%oﬁ?% tgl% fthg?& d{@hécégﬂrr%\b desul furi zati on

| evel . EXAMPLE 3 AwWHatked napht ha havigng the follow ng characteristics was
tregted in a catalpydrgeedirgtbi | | ation cqhgprycpppiExanpl e 1 contai ning
commercial Criteriof, D130 35 cobal t/#plpybdenum catal yst as described. WO

01/ 59032 PCT/ USOO/ZH 1§ 12 Feed Descrlz%lp(g@

A combined desulfurization rate of 97.2% was obtained with only a 43.4% loss of olefins.
15 As may be noted the second stage polishing reactor was operated at very mild conditions.
This clearly shows the selectivity of the two stage process as operated according to the present
invention compared to a single stage process.
EXAMPLE 2
The feed as described in Example 1 was processed in the distillation column reactor
20 of Example 1. Only the overheads were stripped of H,S and excess hydrogen and processed

at the following in the conditions in the polishing reactor to achieve a naphtha containing 27

wppm:
WHSV 8
Hydrogen rate 104 scf/bbl
25 Avg. temp 510°F
Pressure 275 psig.

Combined Olefin Saturation 51.5%

Overall S conversion was 98.96%. The olefin saturation was 51.5%.
30 Data from a commercial single stage fixed bed unit show that a loss of about 92% of
the olefins would be expected at the same desulfurization level.
EXAMPLE 3
A cracked naphtha having the following characteristics was treated in a
catalytic distillation column of Example 1 containing commercial Criterion DC-130

35 cobalt/molybdenum catalyst as described.



Total sulfur 1554 ng/liter Total nitrogen 132 ng/liter Bromne No. 30.5 5
Density 0.8288 g/cc @15.66 C ASTM D-2887 Distillation 5% 195F 10% 229
10 20% 26%080%%0288 40% 322 50% 336 60% 362 15 70% 384 P8DUsBRR75690% 412
95% 428 20 The catalytic distillation colum was run at 195 psig overhead
pressure giving a catal yst bed terrpergéure of 590F. The catal ytic
distillation colum running al one produted 98.98% sulfur renoval with a
66. 15% | oss in ol efins. However, Ehe total sulfur content was about 24
wppm The combi ned overheads and B84 BFSTREPR stripped of H2S and excess
hydr ogen processed at owi ng conditions in the polishing
react or t}%ﬁ%éﬁ&g\é a napht ha}S%’?f[?n /l(?ﬂlf%]g only 7 wopm WHSV 12 Hydrogen
rate 88 ft7 NG vg. tenp 5 Pressure 230 psig. Conmbined Aefin

Sat ur at | GHOB8at 99. 7% sulPut conversi on Data froma conmercial fixed
bed i ngl¥nstage hydr ot r eat erd- SR8/ EHE 1Mol 95% ol efin | oss woul d result
at the sane level of sulfur renoval. 35 WO 01/59032 PCT/ US00/ 42756 13 The
i nvention cl ai mnedSiI34 D-2887 Distillation

5% 195°F
10% 229

10 20% 265
30% 288
40% 322
50% 336
60% 362

15 70% 384
80% 399
90% 412
95% 428

20 The catalytic distillation column was run at 195 psig overhead pressure giving a catalyst bed

temperature of 590°F. The catalytic distillation column running alone produced 98.98%

sulfur removal with a 66.15% loss in olefins. However, the total sulfur content was about 24

wppm.
The combined overheads and bottoms were stripped of H,S and excess hydrogen and
25 processed at the following conditions in the polishing reactor to achieve a naphtha containing
only 7 wppm:
WHSV 12
Hydrogen rate 88 scf/bbl
Avg. temp 510°F
30 Pressure 230 psig.

Combined Olefin Saturation 67.4% at 99.7% sulfur conversion

Data from a commercial fixed bed single stage hydrotreater show that about 95% olefin loss
would result at the same level of sulfur removal.

35



1. In a process of hydrodesul furization of a petrol eumfeed containing
organi c sul fur conpounds by at |east two sequential treatnents of the feed
by cont ae®0 aarsbés2hydrogen in the presence of a hydrodesulPcavisoet2756

catal yst to convert a portion of the organic sulfur conmpounds to H2S,
wherein the inprovenent is the renoval of H2S fromthe feed after each
said treatnent. 2. The process accordilﬁg to claiml1l wherein two treatnents
are sequi:gtj al..3. A prqocess for the hydrodesul furization of a cracked
napht ha SP§ EXRIUBRIRIMSARY the steps of: (a) feeding hydrogen and a naphtha
stream cont ai jii ng i i - .eaction
zone cont ai ni E'g a 2{1“9? g%cﬁséss y%%(ggﬂ 3“??9‘3? ?%ﬁe tméﬁ{%%gkeg%ni%%gﬁlgns

sui t abl esulfur cormpotridadyy at feastitivo seqientidi ereatngpais of thaifebd by cantio withdhydidghn t he

hydr ogen. t roduce H2S; (b eedi.ng the effluent frgmsaid first reaction
zone to ﬁ”g‘_f Bfeaﬁm@ffgwéro%}ﬂé{fwﬁtlﬁl %Qﬁta?] CORVEE RPTHOSO e ogpiRC
produce g hbdisilis 12T, 9, SHerEdiR RN mERis f&%%ﬂ@al%?%ig%fﬂrgﬁu%e FRPafedieRd

streamto a second Téaction zong containing a sul
hydr odessdid treatmahti. on cat al yst at conditions suitable for reacting a portion

of the remaiping ani c sul fur conmpounds. with the hydrogen to pr.oduce
H2S; and (d) feedi ?{r&%tm%ceé&r FocpBHIE 1AV ROTER YA ESRYT IR Ssbkalitly a

Stripping zong WNRIRLAsSoP@E hi@BdQhfEBat oo drstkb & FRHRH Breth GG AsiAg S€CONd
H2S reduced stream having a further reduced organic 'sul fur content than

sai d napthels®psbf:eam and said first H2S reduced stream 4. The process
according to clai er.ei aid first reaction zone conprises th

hydr odesul furi zat Rﬁ’g \gggépg,g}ya{%e% and - nephth ieam ’F%}tal%‘ﬁc%g?’é‘ﬁts“l”g‘écti on
and di st nah ] [; e TgBNea b Ak iLhe
hydr odest(H} rdlnzatarll(gtﬁ egpggﬁgt sfg{ g. f‘léhg%g? g{):rggs %c%%?%%%hﬁé%?%p%u&ﬁer ein
the stri @palpg avamditwhs flijabdnfdr edgtirayaportidreoftherergatic sulfie cpmpowsss vdtcthe di ng

to claim3 wher he conditions are such that the saturation of any
ol efins M?%nﬁ%@rqdh“’%gﬁz naphtha is not favored. 7. The process according

O L A i T e
t he hydrwetesin &poitivatafeaidd,Sds cananke t pragintetafiist Heéaredoamipstrean)g  t he st eps
o : (c) feeding said first H,S reduced stream to a second reaction zone containing
a suitable hydrodesulfurization catalyst at conditions suitable for reacting a portion of the
remaining organic sulfur compounds with the hydrogen to produce H,S; and
(d) feeding the effluent from said second reaction zone to a stripping zone
wherein a portion of said H,S is removed to produce a second H,S reduced stream having a
further reduced organic sulfur content than said naphtha stream and said first H,S reduced
stream.
4. The process according to claim 3 wherein said first reaction zone comprises

the hydrodesulfurization catalyst in a form to provide for concurrent reaction and distillation

of a reaction mixture of said naphtha stream and the hydrodesulfurization products.

5. The process according to claim 4 wherein the stripping zone of (b) and (d) are
the same.
6. The process according to claim 3 wherein the conditions are such that the

saturation of any olefins contained in said naphtha is not favored.
7. The process according to claim 3 wherein the organic sulfur content of the

second H,S reduced stream is below 50 wppm.



(a) feeding hydrogen and a naphtha stream containi ng organic sul fur
conpounds and olefins to a distillation colum reactor containing a

hydr odeswiofaarsb@at i on catal yst; (b) concurrently in sai dpdiTstSobm2rsé on
colum reactor, (1) contacting said cracked naphtha and said hydrogen with
said hydrodesul furization catalyst at hydrodesul furization conditions
whereby a portion of said organic sullfur conpounds react with said
hydrogen to form HZS, said condjtions being such that said olefins renmain
unsat urat ed: &nd (Aprasspdpehe W@r%%ﬁsei%ﬁgﬁm%f GCRckednaPhYRSITe3A EPMBHSIBY; | i ng
bel ow abgut g?pF and a heavy fraction boiling above about 250F; (c)

r enovi ng sala |ght fraction as overheads fromsaid distillation colum
reactor al ong w t h(afiZSectinth hind@aei esdhy diapigan; stieath écﬁmimnggolgamd hudfayy
fraction as bottons fromsaid distillation colum  reactor; (e) conblnlng
sai d heasgnrauags paholsfias tnp distillatien eolymm;tsacterocanipining af hydsgdesylBiratie
fractlonzﬁﬁgsrenDV|ng HZS therefrom (f) feeding a portion of the flrst
conbi ned” ction after H2S renoval to a fixed bed single pass reaction
zone containing a (bywoacesdskll un szadisotatat edlysh redomiei n a portion of the
remai ni ng organi ¢ sul fur conpounds are reacted with hydrogen to produce H2S
and to produce a second)cEMsnsivg Faidhetackes nanivha adosAih dyfippgen Mo sad d

second ¢ @5’9 glgliﬁgrfzt%ﬁg{l %tall% %gﬁroﬁfegulfu?ﬁ?u lﬂ %ondﬁfbﬂg%\yheﬁ%ég ;{%1598%&’8% 333 ream

cont ai ni nti organic s an sa

cracked drgaht; ba figtcoapdund.reath e/ithrsaldsdrope s &F ﬂinmgizspsaﬁdl aoridi®onstteirg such he
second conbi ned fraction of ste gg) is conbined with the first conbined
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(2) separating said naphtha into a light fraction boiling below about
250°F and a heavy fraction boiling above about 250°F;

(c) removing said light fraction as overheads from said distillation column
reactor along with H,S and unreacted hydrogen;

(d) removing said heavy fraction as bottoms from said distillation column
reactor;

(e) combining said heavy fraction and said light fraction to form a first
combined fraction and removing H,S therefrom;

(f) feeding a portion of the first combined fraction after H,S removal to a fixed
bed single pass reaction zone containing a hydrodesulfurization catalyst wherein a portion of
the remaining organic sulfur compounds are reacted with hydrogen to produce H,S and to
produce a second combined fraction;

(g) removing H,S from said second combined fraction of step (f); and

(h) recovering a product stream containing substantially less of organic sulfur
compounds than said cracked naphtha stream.

9. The process according to claim 8 wherein the second combined fraction of step

(g) 1s combined with the first combined fraction and H,S is removed.



