; qre3ekb, k_( 6T, AG WO 02/ 28988 PCT/ USOL/ 28933 CATALYTI C STRI PPI NG FOR
MERCAPTAN REMOVAL FI ELD OF THE | NVENTI ON A process is disclosed for
decreasigqg tBgagount of sulfur in hydrocarbon streans. Bpgk{RpW/MIzPF THE

| NVENTI gnvi ronnental ly driven regulatory standards for notor gasoline
(mogas) sulfur levels will result in the w despread production of 120 ppm S
nogas by the year 2004 and 30 ppm by 2006. In many cases, these sul fur

|l evel s will be achi j Fl uid
Catal yti c Cracking W&ﬁ%g aﬁg@‘é@gﬁﬁf@id Bet or to

sul fur in the nogas pool. As a result, techniques are required that reduce
the sulfur in cat naphthas w thout reducing beneficial properties such as
octane. Conventional fixed bed hydrotreating can reduce the sulfur |evel of
cracked naphipEp OP THE INVENTERYR] s, however, such hydrotreating al so
results in severe octane | oss due to extensive reduction of the olefin

" content. Selective hydrotreating processes such as SCANfi ning have recently
been devel oped to avoid nmassiyve_ ol efin saturation and octane | oss.
Unfortunately, in such prosessssdisclesed for degraesing theameust of sulfuy inet aj ned

ol efins forgn@rg g&)ro({:\la tan sul fur by reversion. Such processes can be
conduct ed aty SEGEONSEE W ch produce product within sul fur regul ations,
however, significant octane | oss also occurs. Several nethods exist fox
removal of sulfur from hydrocarbon streans. For exanple, U S. 3,876, 532;

U S. 4, 149, BACKGROUNI TF THE DOWENIION WO 02/ 28988 PCT/ US01/ 28933 -2
5, 82b, 373 each teach hydrotreati ng net hods using deactivated or spent
catalyst. U. S. 5,885,440 teaches cooling of a hydrocrackate prior to
hydrotreating. U S. 3,338,819 teaches hydrotreatnent of a hydrocrackate
over a granular catal %VIrB@valeaEa?l&fi}é\fea%galarwﬁ@ ‘ilﬁa%%dﬂﬁ of igaprling ysed

e i L R i,
fol | oved byyidghané yeHETOMaRF30pEnEs) BV 11 R1ah9 TndEse Rk ANMur WAdls | S

needed in the art”is a process whi produces sulfur levels within

regul at ory wilhbetashrevdd blyi Ighirofreatingzesphitlesprodiiced fidne FluidtCatalytisRl EF
DESCRI PTI ON_COF THE FI GURES Figure 1 depicts a t_i;pi cal SCANfini ng process.
Fi gure 2 defracking(nat paphthe),evitiehdsithedargest camtebptordasubir imhe mogagal

SCANf i ni ng prqgcess flow scheoe is included, for conveni eace, howe al |
Chat i 1 ochifledks p el EerRieS et B thaTeabee e Sn sPOBARIERs cat e
be previous i gﬁaﬁ Fi depicts a previously
hydr odesul fﬁ?@%%ﬁ?@#?%ﬁ@gg trgz%s Sé(’:‘%%tifii ni ng mercaptan sul fur
entering a three phase reactor ( 18) with a fixed catalyst bed along with a

stripping gas (8) and _hydrogen sulfide and gas, exiti ng at (10) and
desul furi zed product €onyentiorml dixed beddwgreireatingecapgsdnes thesswbaileglofagai n

wh t he SCAN i ni t is i.ncluded ly f i A Al |
nydr odesyl f AP SRR Pl (9 SOy ot SR Fe g fse TefBInT s
0aC1 Or (19)ey TDEeBEOTE e BBAARIVEHR8LSor bPhel fEfin WHERACSBIcRtive

depressurization's
hydrotreating processes such as SCANfining have recently been developed to

avoid massive olefin saturation and octane loss. Unfortunately, in such processes,
the liberated H,S reacts with retained olefins forming mercaptan sulfur by
reversion. Such processes can be conducted at severities which produce product

within sulfur regulations, however, significant octane loss also occurs.

Several methods exist for removal of sulfur from hydrocarbon
streams. For example, U.S. 3,876,532; U.S. 4,149,965; U.S. 5,423,975; and U.S.
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( 17) and enters a stripper ( 18) where gases ( 10) and product (9) are
recovered. In WO U2/ 28988 PCT/ US01/ 28933 -3this schene, it is possible to
utilize aypughssgal | er three phase reactor and provide adgictiXdshsess ri ppi ng
of hydrogen sulfide, if necessary, in.a-subsequent step. Such a flow schene
woul d be beneficial when carrying out the invention in a concurrent flow
reactor. SUMVARY OF THE I NVENTI ON A nethod for decreasing sulfur levels in

o ool na s R ORI AR BRER0A, GEOR dBRL SRR Redtbalalies °P
fixed bed C@rﬁls%/a%s,m feabhéC MRS 2 cfdcﬁaéegpri&%i rétl‘é&tﬁ{r?dil'lst.he

presence of a stripping gas, for a ti and at tenperature aid pressure

sufficient 3,838 8¢0npaches aydiotreatmentoelfd hydroofackaiechvir agaahlas citalyst bedce
ol efins, H2S, as an off gas, and a hydrocarbon product stream having

decEI eased | aixsubﬁtaoﬁaﬂaéﬂmmcmdiﬁqns amuse;ddoqzireélm@e lwdrmrhglmtmc ar _bonl_|28
R G Y N T AR
& oup Wi 11 ERLEA 51697 e SRhUTRRoABhIBrIReA Rl fy FEbRheBhRE ot () °

strippi ng gatdiceatilystieréstéSoctadd.d fixed bed catal yst conprises a G oup
VIIIB netal pronoted Goup VIB catalyst . As used herein, non-reducible
metal oxides are netal oxides that will not reduce to the zero val ent netal
and water in flow ng hydrogen at .tenperatures bel ow 400 C and i ncl ude m xed
netal oxi des. As used“ﬁ@?hﬁﬂﬁedﬂémfh% 13 frpEacesWaieh preducessulfirdgvelsve

wi th unsaturafed organi cs and organasul f.ur species dn th rcapt an sul fur
cont ai i ng WaRGE regpinyipOits SndBARSH miblimPBS fosS S ool offasEne. ros gas
pr oduced. WO 02/ 28988 PCT/ US01/ 28933 -4 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON An aspect of the invention includes renoving nmercaptan sul fur
froma nmer BRIEF DESCRIPTION R THE FNGURES bon streamin a three-phase
systemin the presence of a stripping gas over a m xed nmetal oxide

catal yst. Thus, a sulfur containing hydrocarbon stream preferably a

previ ously hydrodesul f.uriz hydr ocar.b m which still contains an
anount of nercaptan sUBPHt ngE%g%as@éﬂcaﬁgm&gM%&system containing a
fixed bed catalyst. The systemw || be a three-phase systemw th the

catal yst bed |located in the hottest zone. The skilled artisan can readily
identify the hottest pigfe 2 depiccarid possitile ehibodahaht/sittheeaveritionoumke for
exanpl e, use of thernoCouples to read tenperature throughout the reactor.
The fixed dypiwchlSCANfining processifiaw Ispheres isiachtdetdor bonvemierade, howeverct or
system Typically, a fray for, catalyst is present in such systens and the

catal yst wall thebis reguired ¥n theinstapt Hiveptigy ighat thensdresm beipgdieated ber

Che ot oson MU R aRIAMAES. HRRGCH Bl dipid ATReuRbR S Com shld
sul fur contigidpbdbulisizes eSCANBh® FBedstiR@nS({T) icaﬁ{damﬂpgﬁﬁ%fclaﬁahi suffups the

di sengagenent of the hydrocarbon product stréam contain the
produced oleatérireg a tirree phasterenetos €118) withlasfixdd catalyapbehalongfwith trstipping H2S
gas and allows the gases to be renpved as off gases from the three phase
system Any2as{f} ami gydmgéeslslfaiﬁeaxyygqmﬁ@&ﬁt @)mmmmm podugtatant

i nventi on. §5>r exanpl e, a stripper having a fixed catalyst bed in the

hot t est zor( ‘can be enployed to acconplish the sulfur renoval described
herein. Additionally, a fixed bed reactor, such as the one depicted in
Figure 3, where the tenperature is nmaintai ned bel ow the dew point of the
hydrocarbon m xture Fip@d0?deiefilorPJossié eR2bdddinent again where the

SCANfining step is included merely for convenience. A previously
hydrodesulfurized feedstream (7) and stripping gas (21) enter three phase reactor
(19). The product from the reactor (19) then undergoes a depressurization step

(17) and enters a stripper (18) where gases (10) and product (9) are recovered. In



-5 contained within the reactor, so that a substantial portion of the

hydr ocarbon feed is maintained in the liquid phase nmay be utilized. O her
systenms kyowldksgt he skilled artisan nmay al so be enpl oyed.pchy@bes@Bsy, in
such a system the tenperature will be 3mintained at | east about 5 ,
preferably at |east about 10C bel ow the dew point. Furthernore, the
tenperature should remai n above about 200, preferably above about 250C. By

subst anti al 4por t,i on i.s: NEA at |least about 2Q% n operating the invention
Th thie. manfB sctiehe, iSRRI o i RRHsnrallis it PREES et e my be
enpl oyed as 116k ;. i } i

removal w tﬁ?&?&@aﬁ.‘ﬁdﬁgﬁgﬁﬁtﬁgéﬁfg -B(;fglglrﬁlgggf?{nhgg{j g’rﬁig?lg? éétsﬁ}gemg:gggar fgir# stream
bei ng act edstepoSuclBy flovgseHenmeewbuldsberbeneficizlovhen earryiag outthe inehtion i ar

nodi fication in octane nunber. The catalyst utilizable for the fixed bed
cat al yst, \Aﬁ@@“ﬂ&ﬂ!ﬁ@g@hfqafrtql’he stripping gas is a non-reducible netal oxide

“or mxed netal oxide. Nonreducible netal oxides are defined as netal oxides

that will not reduce to the zero valent nmetal and water in flow ng hydrogen

at tenperat pe};ﬂggg fogﬁg A Ng exanpl es of such oxi des include

y- A1203, Sig . ol % 03, a][n:d %gia:?ﬂj m xtures thereof. If hydrogen is
utilized as the stripping gas in the process yAl203 is the preferred
catalytic material. Preferably, the catalysts will be sulfided catalysts.

I f the stripping gas A methoddor deereasingrsulfyatevels imyamegeaptan hidfurat al yst i s
a supported group VIIIB netal pronoted group VIB catalyst and the inert gas
i s a non- hy@P¥ginag hxdrac fgedstream goyprisme:thg stepsiofpassiag saidhpor t ed and
bul k cobalt_and nic oot ed ol vbdenum sul fide catalys | | .knawn in
Che art, s pRirarea 1o rur SRR AT B R T Ethreat oS A Rt het Fotatgid it
Exanpl es of 5 & dr Nahid 9ok | plekaifia Jpid [
argon, met h%ne, a}'?%r’ag&gag, I’?%%‘glgsp’%%%?gglgr@g%s Iﬁ%sgﬂﬁﬁfal;% gg%’r%{:rhare
vol ati | i zedtitneamdtal fefipefatugind pré6R2/sABRABNRCT 6P 3R Jeap dporaod

m xtures thereof. Light ends are defined_as hydrocarbons that have boiling
poi nts bel oof sdid meragrians to prodirce plefinsadisy, as whadf pysjandarhyidsocarbbnzed as

N s I R
SO s R 56 Bl BT m B B
25-500 SCFBsdid £, STeHdehid StrRini/ga8 hnd Wldrei Whe aﬂhxsu?@iﬁ@%@@{ﬁya&fgbggnm/ g

to 45 nB/nB). The hydrogen utilized, can be supplied as part o
st r eam conpsaid fixgdhgatalygebed eompriseso(a) aa poweeduniblermethi ogide, ort(bya €rpup

| eading to | etely integrat efi pner ocess. Notably, the hydrogen
stri ppigng g?@ﬁgpfgﬁiaiipﬁ P’éﬁdrgﬁ%‘P féc@qqg)hst,yqng W@F’@“ﬁ)@ﬁh@ér‘ﬁ@l rippimg %ﬁﬁe‘sg

i1 zed wi ShiReEe St GRAL AR ARuS Y PO P et pRofpRRC "
control | ed Gpowy VYBWatAlysti.gni ficant |oss of octane . However, by utilizing
a hydrogen stream both™ nercaptan and thi ophenic sul fur can be renoved from

t he hydrocarbon feedstream bei ng acted upon. Thus, an exanple of one
enbodi ment of the invention where the nmercaptan sulfur containjn

I ! g
feedstreamis a hydr oB63ised berernonstsdneible metalexddes argnmetsl axidesthat i n t he
figure 2. Qefinic naphtha (Stream 1 such as.catal.ytic ,cracked and steam
cr acked. napHihaobiedBFR SRR £ VAR fuskat G Waleh i ol hidiR o, 2
sel ective | Y SRRL dovidda€ organi ¢ sul fur
conmpounds P% eﬁg%ﬁ‘ﬂ{)%vmrggggﬁlgﬂﬁg%d ar e %?félggarqﬁor}l%%gfy t hi ophenes. The
vapor product of the selective naphtha (Stream 3) contains significantly

| ower |evels of thiophenic sulfur and hydrogen sul fide but still contains
. significant quantiti edsaBedhefeimsnen gasemeans agasthat i unreadiveewithpt ans in
Stream 3 are produced throu reacti of product hydrogen |fide.with
Feed ol of | o anated arganics ANd erggalivr Spedies eihe wtioustis Sulle RORBIRIDENe
CS+ fracti i3S i i i i our gas
stream { St (r)fe%glriﬁ g;Hea}‘]l[@%@g%ﬁgﬁﬁﬂg@flﬁwgé@g&%ﬁﬁﬁﬁggg (§7_ unrracted
hydrogen and the majority of the product hydrogen sulfide is sent to
Scrubber vessel 15 where hydrogen sulfide is renoved to produce a sweet
hydrogen stream (Stream 6). Stream 6 is conpressed in Conpressor 16 to the
operating pressure of the Reactor 12 where it is utilized for the

hydr opr ocessi ng reaction. The liquid product (Stream 7) from Separation
Drum 14, contains |ower |evels of organo sul fur, both as thiophenes and
mercaptans, in addition to olefins, paraffins, aromatics, and di ssol ved
hydrogen sul fide. Though, in a typical process, this stream woul d be
depressurized through a pressure relief (nunber 17 in Figure | ) and sent

. o o, o -, = . e I T L




The three phase reactor systemof the invention (in the exanple above, a
stripper) is operated at pressures of at |east about 115 psi (791 kPa),
more pref\wpabhyosgreater than 1 SO psi (1034 kPa), and nosipcRigbhiiasl v
greater than 200 WD 02/ 2898S PCT/ USQl 28933 _$_ psi such that the
tenperature of bottom of the vessel where the catal yst bed will be | ocated
is established by the boiling point of the heaviest conponents iii the feed

at the pre f i sure the higher the
terrperaturzﬁgf&%ﬁ@r&mmmﬁﬁl@wrﬁéﬁst hat the catal yst zone
tenperature be above 200 C, nore preferably above 225 C and nost preferably
above 250 C. Preferably, the tenperature will not exceed 400 C. The anount
of stripping gas addeAnSdS?dethﬂtﬂé iieventiof ihtladesrmidvihaheroaptad sulfor Gase t he
dew point of the reactor 1o a tenperature below that of the desired

_ operating tenmeecatam sulfiiheonjainiig bydnogabonstuehah inypihre¢-phasessyztern on 50 SCFB
(4.5 to 139 nB/nB),_ nore preferably 25 to 500 SCF/B (4.5 to 90 nB/nB). The
condi ti ons REPeRacRf & WBPP%%%@‘F&@ @E@r@ﬁ?geﬂggi%élygs and

t hernodynami cs. In a preferred enbodi nent, the three-phase reactor system
is operated in a concurrent or counter current fashion with the
countercurrent fashi oppheinGiIRirRoRIAifRg Hyllr6QUBOE5trédth fraferdBHea t he liquid
and gas nove in opposite 'directions of "edach other. Typically lNiquid is

i nj ected i nprehioushphpdrodesidbfieized liyjirovarborstramd whichstitlamunteinslarandouny t he
bottom of the vessel. Gas is injected in the bottom of the reactor and
noves upwaref mereaptan swfir ispassedites three phasspsystem comtainingiadixsded gaseous

conmponents, exjti t hr ough t of .t he vessel.., Becays e, sel ect.ive
orval o A ofassistemoribhs & ettt syien i B cyabstbdt et iny
hydr ocar bo t | S I i i .4 j FONn, it is
possi bl e tgmgp@?%gaeiﬁﬁéWHﬁggﬂﬁ%hacE?g%&gwaﬁ%ﬁgmgfe%s{%ﬁﬁ Eo‘r? | evel ,
thereby prepeatbmof fiRechtalysf béts mgﬁpf@maﬂ?@b,tdser@fmﬁmdmpm toeeddd of
the invention to renove the mercaptans affording an integrated process for
produci ng atehipgnatyreathroyglhowdbe reactern ddhe fixedcatalyst bed- il dypically oesideain be

enpl oyed when an HDS step is coupled with the prqgcess herein described
since WO e/bosiogsobthe ngaetor sEHem. c_15)’R1ﬁ g)b?"&r?@tﬁlyﬂriﬁ PESePbE $1cess

can be readjly decrease [ ' e proce . Far exanpl e, an

i nt er medi atsgsgeé{xs ‘iﬁl%gatgllﬁ{ﬁ’@ﬁ%‘?‘%ﬁg‘?‘%@’e@gégﬁft@g e\%r:)pm total sulfur
where approxi mately 45 wppm sul fur is nmercaptan sulfur. This first product
woul d not neet the future 30 wppm sul fur specification. This product woul d
then be treated w th Themertdptan slfertdntainimgrhydriocaboarstizach isaracted avet he
mer capt an sul f ur cont ai niqr(ljg;| feedstreamin a three phase reactor with a

fixed bed chedixeshcappizstbadsdn the prgsence\afia stgppmeRasy kprosyce Hggasatdnat el y
20 wppm tot al .sul.fur. .neeting envi.r nt al ifications. . . t

hydr opr oc es@?ﬁﬂs {iodn FMB%&@W&%%B@%@S@%@R1 %5@5" '\%Fﬁ%gsul fur,

ol efin sat i 0 d hi; F’%ﬁe i ; 1ng to 20
wppm di rect’{a@flit%g‘gﬁ#é @gﬁ@gé er atﬁtt ZE orm(]:ét g%%?%ké?@?d%ﬁ%%@%ﬁ#

econoni cal eidainabe padducedasiefins, davingodenteased 1évels of nercisan sulfinofrom

hydr odesul furize the sul fur containing feedstreamprior to passing it to

t he t hree- phed®S gascanst allowtife gaseas tebe temavegdas o gasepbanhibedhree phage

hydr odesul furi zati on process known in the art can be utilized. Preferably,
the feedstr&¥8HMo the three phase reactor will have | ess than 30 ppm of
non- mer captan sul fur, nore preferably the feedstreamw || have | ess than 30
ppm non-nercaptan sul fur and greater than 30 ppm of nercaptan sul fur. Any
hydr odesul furi zation Ah?muﬂasmmeoﬁhagewy&m@aamxﬁpmaﬁﬁ@ui@immbe
conducted prior to the three phase reactor process herein described and the
resul tant pnveniion.sEat exampleg atstripperhasing a fxed oatalyst bed in thatbettest done

hydr odesul furi ze thﬁ) mer capt a ntainin

| f .
can be employed to accorrlllpfilsjh the sultur removaldescribed herein.
Additionally, a fixed bed reactor, such as the one depicted in Figure 3, where the

temperature is maintained below the dew point of the hydrocarbon mixture



hydr ocar bon feedstreamto produce increased quantities of nercaptans and
retain olefins prior to the treatnent herein, any techni que known in the
art can le(%l bged. For exanple, the hydrotreated hydroc Ctl‘?n m can
be WO 02/2 5258 PCT/ USOL/ 28933 - 10 hyqrodesul furi zed toq{oro Sz}éggg’?sul fur
cont ai ni ng hydrocar bon stream whi ch contains non-nercaptan sulfur at a

| evel bel ow t he npbgas specification as well as significant anpunts of

mercaptan sul fur. Geperally, such processing.conditio i1l fall w.thin
the fol | owi FRPtpHRgekithinAbegearier, @95‘@@@1%1% AtigEpontioe Ogithéﬂfwmrm edpa)
total pressyre,. - : 0 (3797 - Pal): hydr, I e,
1000- 2500 %ﬁ@%@‘%ﬁ%@%ﬁ“ﬁ%@%ﬁ gxésgénég ﬁ%@ﬂl%ﬂs@‘%?ﬂg"%@&% g#’?g’rélet%s‘ﬁé o
hydr opr ocesgiiligd aigsan Bapalsetd érﬁ?ﬂ)ybﬂ. Pféi‘éfaﬂt?,gtn's;‘acﬁﬁss}g&&‘i‘n, thé SCANfi ni ng.
However, other selective cat napht hd hydrodesulfurizati 6n processes such as
t hose t aughtenipyerbfure willdde maswaintibaplkastraboud S 8 Spreferabhnat 18a8@boUB 00°Can

" likewi se be utilized herein. SCANFINI NG is described in National Petroleum
Refi ners Asbelovatheglewppit. Furtbegnors; the temngrataeg shauld seroain ahoystabaut

Hydr of i ni ng, )yt h i mal, Oct ane ¢ and US patents 5,985, 136 .an

6,013, 598 h& ime%x%wi?&@aﬁéﬁouty&f@?erﬁxeab%@% %“ésa’?leﬁ%tp?gtlﬂaas?ﬁb%“‘i s
al so descri i : : 7 is Lni.ng
condi tions ?%'ugneugﬁlre&ﬁglggh ?\l/é)b eﬁ‘tﬁgi}g‘]‘%%‘ggﬁéé@gg’%ﬁ‘r&&ﬁ%ﬁﬁégg%’@%% frtllgk,g
napht ha feeﬁ%a@cggngaﬁmd ﬁlhyg,er@ngymwgimﬁgep%@@&i n a first reaction
stage under hydrodesul furization conditions in contact wth a catal yst
conprised of about 1 to 10 wt. % Md03; and about 0.1 to 5 wt. CoOQ and a

Co/ Mo atomic ratio of _abqut 0,1 to 1.0; ang1 a di an pore, ﬁi anet er of about
60 [Angstroni to 200 [IAgdBYSnSian: aceamplishest e%[ﬁé&@“@@ﬂc‘@ﬁ Pultagn in g
Mb03/ n2 of abo 0.5.x 10-4 3 ' 4 i.cl ize
di anet er of ?iggﬁica{lhgha O&oc‘é&&; ?ﬁhéﬁgm%%’gﬂﬁ%\@%gﬁ%%q%hﬁ%‘g Béécti on
product of {:he:dd t :
hvdrodesul { iR ieEls MEBHC b inreXan B0k (33 Runel B A G OB v sed
of at | eastnwmbefa oup VIII netal selected fromthe group consisting of Co
and N, and at |east one Goup VI netal selected fromthe group consisting
of M and W nore preflbesstalysimtilizablgfor ther Gixed bedatalyst phes hydragen isal
such as alu 'n%. MD 02/.28988 PgT{J}bJ 01/ 28933,-11 The, S I}IFI l\(liﬁl;lgﬂr eactor can
be run at sGErSTHPRIRE §a518RMOTHEduEiol Ml oxfde of H&t %%he t ot al
organi ¢ sul i i : t r
lfdgit}cg)g? eﬁﬁt&i‘ %ﬂe@&éﬂéf&x\éﬂ%ﬁ%&ﬁ%ﬁﬂés AP &lﬂ%ﬁéﬁcﬁ etﬁghé Yo

(det er mi ned Irometric test I's at or be esired

(target) speflehi @etdl@nd(Water ieflowinFhyhropémat feaiperateaibelowsdi(f ¢C,) Nohki s
streamis then sent to the three-phase system described herein fox

mer capt an rEmithag exdinplestofsachbaides igcludeywel OgSidhs SiOpAd,; O madMigd
particularly capable of removing > CS+ nercaptan sulfur. The product from
t he i nst ant apt ouxies thezeaft Hihyslrogen isiwiliged gs e stuipping gay inghe proeess tyhat

meets sul fur specificatjong, of < 30 ange., The foll ow ng exanpl.es,

Whi ch are bkt 1 h BrTFRES R GreTarAbly: His CalySSOPi: oe iBded

potential bg Qg)]s{s of the invention, by show ng specific cases in which a
rafrn

sel ective h‘)’/: i ng process has been operated to produce varying |evels
of total and nercaptan sulfur. By reference to these cases, it should be

apparent that couplin uch.sel ective,.hvdrotreating w.th a subsequent

mercaptan renoval tec&n@f"& §PR/ngga§ 8@!}#&1}8@1 %F‘&ng"zl‘ﬁ%l‘?%%?’ Bbe gq'%ﬁgﬁl_&e | ow

oxanpl e 1 o P ipfior{ed OHE YAIPARER Rbmt bidhprPH SR BAF and i el 24610

through Cati@'ayhbﬁ-liﬁﬁ'bg&minfgom&@%@ Coalyssexampiek Yidladepbeppoited @idbulk

stripping gases for a catalytic stripping reactor. A fixed bed reactor was
» | oaded wi t hcabaltwnd sickel pfonzoted madybdenuny swifitizatalysts soethknownlin dubaits

specifically a supported cobalt promoted molybdenum sulfide. Examples of a

non-hydrogenating inert gases include nitrogen, helium, argon, methane, natural

gas, lighter hydrocarbons in the liquid that are volatilized upon heating (light



WO 02/ 28988 PCT/ USOL/ 28933 - 12pronot ed nol ybdenum sul fi de hydrotreating
catal yst (CoMbS). The cobalt pronoted nol ybdenum catal yst was pre-sul fided
wi th hydr Lfide. A previously hydrotreated internmedipifhfbsorgpht ha
feed was qulgg)g/tzg% over these two catal ygts at 260 C, 23 5 psia pressure (
1620 I cPa), 2.0 LHSV, and with 675 SCFB (122 n8/ n8) of either hydrogen or
nitrogen. These conditions were chosen to mmc those in the bottomof a

nad at ot alcnds v RBxitaes fspratatd2hendd rareBard s bEdeamoTshaTRsom  and
a bromnm ne rﬁi{fﬁﬁéggfntggelo%ﬂfe% %rq?ﬁxee”oftﬂg%%?ct&abl e below, alumna with
S e ul'ts in 0 C

hydr ogen a ripprng gas res onversion of the nmercaptan

sulfur wi th no sat ur awien 19krs i j8helizes os WearipbITEERwIt wisttogenidie

stripping gas alum na rapidly deactivates and al nost no conversion is

observed. TiatalgstvushaatGoMoS itst prefeyudabentheemmu ofl stuipping hy drdgenshd f ur

" including sopne of the _non-percaptan sulfur, buyt, undesirable tuyration of
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said inert Is selected fromhelium nitrogen, argon, nethane, natural

gas, light €nds and m xtures thereof.

Thus, an example of one embodiment of the invention where the
mercaptan sulfur containing feedstream is a hydrodesulfurized (SCANfined)
feedstream is depicted in the figure 2. Olefinic naphtha (Stream 1), such as
catalytic cracked and steam cracked naphtha are mixed with hydrogen (Stream 2)
and reacted in a selective naphtha hydrofining reactor (Reactor 12). The organic
sulfur compounds in the olefinic naphtha feed are predominantly thiophenes. The
vapor product of the selective naphtha (Stream 3) contains significantly lower
levels of thiophenic sulfur and hydrogen sulfide but still contains significant
quantities of olefins and mercaptan sulfur. The mercaptans in Stream 3 are
produced through reaction of product hydrogen sulfide with feed olefins. Stream 3
is then cooled in Heat Exchanger 13 such that the C5+ fraction is liquefied in

Separation Drum 14. The overhead sour gas stream (Stream 5) which contains
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Tercaptan Sgrln{agai'ment of the process shown in Figure 2 process. In stripper 18 stream 7 is
contacted with an inert gas over a fixed bed catalyst to produce hydrogen sulfide,
which exits with the inert gas in stream 10. The stripper reactor may be filled
with catalyst coated packings, but it is preferred that the catalyst be loaded onto
bubble trays in order to maximize residence time in the reaction zone of the

stripper.

Another embodiment of this invention would be the use of a three-
phase fixed bed reactor shown as Reactor 19 in Figure 3. In this process the
liquefied desulfurized naphtha (Stream 7) is reacted with a hydrogen or non-
hydrogenating stripping gas in a fixed bed reactor containing catalyst. The
temperature of this reactor is maintained at a temperature below the dew point of
the feed mixture. The product of this reactor (Stream 20) is depressurized
(Pressure let down 17) followed by removal of dissolved hydrogen sulfide here in
a stripper 18. Alternatively, a flash drum could be uéed in place of the stripper,

for example.

The three phase reactor system of the invention (in the example
above, a stripper) is operated at pressures of at least about 115 psi (791 kPa), more

preferably greater than 150 psi (1034 kPa), and most preferably greater than 200
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reactor to a temperature below that of the desired operating temperature. The gas

flow rates would typically be 25 to 750 SCF/B (4.5 to 139 m*/m?), more
preferably 25 to 500 SCF/B (4.5 to 90 m*/m®). The conditions selected favor

mercaptan destruction kinetics and thermodynamics.

In a preferred embodiment, the three-phase reactor system is
operated in a concurrent or counter current fashion with the countercurrent
fashion being preferred. In counter current mode the liquid and gas move in
opposite directions of each other. Typically liquid is injected in the top or middle
of the vessel and flows downward exiting the bottom of the vessel. Gas is
injected in the bottom of the reactor and moves upward through the liquid phase,
thereby stripping dissolved gaseous components, exiting through the top of the

vessel.

Because the selective removal or conversion of mercaptans from a
previously hydrodesulfurized hydrocarbon stream is readily accomplished by the
instant invention, it is possible to operate the HDS unit to achieve a higher total
sulfur level, thereby preserving feed olefins and octane and then perform the
method of the invention to remove the mercaptans affording an integrated process
for producing a high quality product. Hence, less severe HDS conditions can be

employed when an HDS step is coupled with the process herein described since
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process.

For example, an intermediate cat naphtha can be hydroprocessed to
60 wppm total sulfur where approximately 45 wppm sulfur is mercaptan sulfur.
This first product would not meet the future 30 wppm sulfur specification. This
product would then be treated with the method of sulfur removal described herein
as the mercaptan sulfur containing feedstream in a three phase reactor with a fixed
bed catalyst where the sulfur level would be reduced to approximately 20 wppm
total sulfur, meeting environmental specifications. By not hydroprocessing the
intermediate cat naphtha directly to 20 wppm sulfur, olefin saturation will be less
than is obtained from hydroprocessing to 20 wppm directly. Thus, considerable

octane is preserved affording an economical and regulatory acceptable product.

If it is desired to hydrodesulfurize the sulfur containing feedstream
prior to passing it to the three-phase reactor with fixed bed catalyst described

herein, any hydrodesulfurization process known in the art can be utilized.

Preferably, the feedstream to the three phase reactor will have less
than 30 ppm of non-mercaptan sulfur, more preferably the feedstream will have
less than 30 ppm non-mercaptan sulfur and greater than 30 ppm of mercaptan
sulfur. Any hydrodesulfurization step capable of producing such feedstreams can
be conducted prior to the three phase reactor process herein described and the

resultant product sent to the three-phase reactor.

If it is desired to hydrodesulfurize the mercaptan sulfur containing
hydrocarbon feedstream to produce increased quantities of mercaptans and retain
olefins prior to the treatment herein, any technique known in the art can be

utilized. For example, the hydrotreated hydrocarbon stream can be
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contains non-mercaptan sulfur at a level below the mogas specification as well as
significant amounts of mercaptan sulfur. Generally, such processing conditions
will fall within the following ranges: 475-600 °F (246-316 °C), 150-500 psig
(1136-3548 kPa) total pressure, 100-300 psig (791-2170 kPa) hydrogen partial
pressure, 1000-2500 SCF/B hydrogen treat gas, and 1-10 LHSV.

The preferred hydroprocessing step to be utilized if prior HDS is
desired, is SCANfining. However, other selective cat naphtha
hydrodesulfurization processes such as those taught by Mitsubishi (see US patents
5,853,570 and 5,906,730) can likewise be utilized herein. SCANFINING is
described in National Petroleum Refiners Association paper # AM-99-31 titled
"Selective Cat Naphtha Hydrofining with Minimal Octane Loss" and US patents
5,985,136 and 6,013,598 herein incorporated by reference. Selective cat naphtha
HDS is also described in US patents 4,243,519 and 4,131,537.

Typical SCANf{ining conditions include one and two stage
processes for hydrodesulfurizing a naphtha feedstock comprising reacting said
feedstock in a first reaction stage under hydrodesulfurization conditions in contact
with a catalyst comprised of about 1 to 10 wt. % MoOs; and about 0.1 to 5 wt. %
Co0; and a Co/Mo atomic ratio of about 0.1 to 1.0; and a median pore diameter of
about 60 [Angstrom] to 200 [Angstrom]; and a MoOQ; surface concentration in g
MoO3/m? of about 0.5 x 10" to 3 x 10#; and an average particle size diameter of
less than about 2.0 mm; and, optionally, passing the reaction product of the first
stage to a second stage, also operated under hydrodesulfurization conditions, and
in contact with a catalyst comprised of at least one Group VIII metal selected
from the group consisting of Co and Ni, and at least one Group VI metal selected
from the group consisting of Mo and W, more preferably Mo, on an inorganic

oxide support material such as alumina.
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The SCANFINING reactor can be run at sufficient conditions such
that the difference between the total organic sulfur (determined by x-ray
adsorption) and the mercaptan sulfur (determined by potentiometric test
ASTM3227) is at or below the desired (target) specification (typically 30 ppm for
non-mercaptan sulfur). This stream is then sent to the three-phase system

described herein for mercaptan removal.

The three phase system method described herein is particularly

capable of removing > Cs+ mercaptan sulfur.

The product from the instant process is suitable for blending to

make motor gasoline that meets sulfur specifications of < 30 ppm range.

The following examples, which are meant to be illustrative and not
limiting, illustrate the potential benefit of the invention, by showing specific cases
in which a selective hydrofining process has been operated to produce varying
levels of total and mercaptan sulfur. By reference to these cases, it should be
apparent that coupling such selective hydrotreating with a subsequent mercaptan
removal technology will result in improved ability to produce low sulfur products

with reduced losses of olefins and octane.

The following example is illustrative and not meant to be limiting.
Example 1

A flow through catalytic test was conducted to test catalytic

materials and stripping gases for a catalytic stripping reactor. A fixed bed reactor

was loaded with either 5 cc of a commercial y-Al,O3 or a commercial cobalt
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promoted molybdenum catalyst was pre-sulfided with hydrogen sulfide. A
previously hydrotreated intermediate cat naphtha feed was reacted over these two
catalysts at 260 °C, 235 psia pressure (1620 kPa), 2.0 LHSV, and with 675 SCF/B
(122 m*/m?) of either hydrogen or nitrogen. These conditions were chosen to
mimic those in the bottom of a high pressure-stripping reactor. The hydrotreated
intermediate cat naphtha had a total sulfur of 60 wppm and mercaptan sulfur
content of 43 wppm, and a bromine number of 20. As can be seen in the table
below, alumina with hydrogen as the stripping gas results in 56% conversion of
the mercaptan sulfur with no saturation of the olefins. When nitrogen is used as
the stripping gas alumina rapidly deactivates and almost no conversion is
observed. The CoMoS catalyst with hydrogen removes almost all the sulfur
including some of the non-mercaptan sulfur, but undesirable saturation of the
olefins is observed. When nitrogen is used as the stripping gas CoMoS removes
approximately 95% of the mercaptan sulfur and no undesired olefin saturation is

observed. CoMoS showed no apparent deactivation with nitrogen as the stripping

gas.
Table
'Y-A1203 'Y-A1203 CoMoS CoMoS
Catalyst
Stripping Gas H, N, H, N,
wppm Sulfur 36 53 5 20
(XRF)
Bromine 18.5 18.8 12.8 18.7
Number
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1. A method for decreasing sulfur levels in a mercaptan sulfur
containing hydrocarbon feedstream comprising the steps of passing said
mercaptan sulfur containing hydrocarbon feedstream over a fixed bed catalyst in
a three phase, gas, liquid, solid, system in the presence of a stripping gas, for a
time and at a temperature and pressure sufficient to decompose at least a portion
of said mercaptans to produce olefins H,S, as an off gas, and a hydrocarbon
product stream having decreased levels of mercaptan sulfur and to disengage said
hydrocarbon product stream having decreased amounts of mercaptan sulfur from
said H,S and said stripping gas and wherein said stripping gas is hydrogen, said
fixed catalyst bed comprises (a) a non-reducible metal oxide or (b) a Group
VIIIB metal promoted Group VIB catalyst, and wherein when said stripping gas is
an inert gas or hydrogen, said fixed bed catalyst comprises a Group VIIIB metal

promoted Group VIB catalyst.

2.  The method of claim 1 wherein said inert gas is selected from

helium, nitrogen, argon, methane, natural gas, light ends and mixtures thereof.

3.  The method of claim 1 wherein said non-reducible metal
oxide catalyst is selected from alumina, silica-alumina, magnesium oxide, and
mixtures thereof and said Group VIIIB promoted Group VIB catalyst is selected

from the group consisting of cobalt, and nickel promoted molybdenum catalysts.

4.  The method of claim 2 wherein when said stripping gas is gas
comprising hydrogen and said catalyst is a Group VIIIB promoted Group VIB
catalyst, said stripping gas comprises no more than 1/2 mole % hydrogen sulfide

and no more than 50 mole % hydrogen.
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containing hydrocarbon feedstream is a hydrodesulfurized feedstream.

6. The method of claim 1wherein said method includes a
hydrodesulfurization step to produce said mercaptan sulfur containing

hydrocarbon feedstream.

7. The method of claim 6 wherein said hydrodesulfurization
step is SCANfining.
8. The method of claim 1 wherein said mercaptan sulfur

containing hydrocarbon feedstream is a Cs™ mercaptan containing feedstream.

9. The method of claim 1 wherein said three phase system is a

countercurrent system.

10. The method of claim 1 wherein said three phase system is a

concurrent system.

11.  The method of claim 3 wherein said catalysts are sulfided

catalysts.

12.  The method of claim 1 wherein said mercaptan sulfur
containing hydrocarbon feedstream contains less than 30 ppm of non-mercaptan
sulfur.

13.  The method of claim 1 wherein said mercaptan sulfur
containing hydrocarbon feedstream contains less than 30 ppm of non-mercaptan

sulfur and greater than 30 ppm of mercaptan sulfur.



' 10%80"&& ()-  F 109%q"&& ()-[[A\\\]f]][: >8 ' 1 48! 10%q"&& ()- &3

1098G"&& ()- ( 11109%Rq"&& ()- -!'109%Rq"&& ()- ,,'109%Rq"&& ()- *
1098q" && Wyyohhbdsk] 111+ uT3 , 910%K" & ()-  10%K"& () - '59 'pltf}%’sﬁi?ni
9' 1 10%<" & () - 10&q" &10&g" &10&7" & 6310%&q588& () - +"bAAAA & ()-

SI0%K" & ()- glOK'& ()- F3 10%K"& ()- ,ylOo%K"& () -

10%"& ()-__ & 9w |[:uT3 *10%K" & () - (210" & ()- 19409%K" & () -

AMLOUK" & ()- , MIOUK" & ()- 109" & ()- aaaaaa$bkbvU4 S10%&q" &&' ()-

10%&q" &&() L!'10% q". &() mMLOK" 10K" 10K" 5! 109%K" & ()- . 10%(&()

Normal * *Headi ng 13] ci4" Hepdé Hﬂatl?é’d chlaifﬁal@'\ﬂﬂel%ﬁl $aid rﬁﬁ%gptﬁﬂ sttt
"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Headi ng 83] Headl ng 93] c"A
"Def aul t Pagoagaiaply feedstréam JOIINCD Ko hjhlydmdesuhﬂmpaﬂdl{ ﬁjdcbs!BCDEF Ki'|

+% Q461 : <@GKoN_QvSU VWVWWWWW f ] +* " kbGHI JKLIMNOPQRSTUVWKYZ[ \ ] " abcdef ghi j k
| n6Ti mes New RomanAri al Courier New'h Root EntryWrdDocunent,

TIUHSUR () *+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ _"abcdef ghi j kl mop



