; e3e, X"6XTo -1 24 i\l , 2003 DESULFURI ZATI ON~ PROCESS AND NOVEL BI METALLI C
SORBENT Sj m i ME This invention relates to the r, | of sulfur
fromfl ui cracked-gasolines. In anotheﬁk%g%@ggﬁéﬁis i nvention

relates to sorb®Me" conpositions 5 suitable for use mthe desul furization of
fluid streams of cracked-gasolines. A further aspect of this invention
relates to a process for the production of sulfur sorbents for use in the
removal of ' r ied R fiRekedy | . The need
for cIeaneH§%%¢§F%gﬁghgﬁgﬁﬂggb§§§§Ite ma Jgﬁgan|ng é%??%&%% wi de effort
to reduce sulfur levels in gaSYRTEMSINORISAsEE fuels. The reducing of
gasoline and diesel sulfur is considered to be a neans for inproving air
qual i ty because of [hlanyraganirgiates ipals rampeyval gbpulfun from fhad sepamnel

perform f - tiL v, I & Con e The xi des of
Sl ur SRR 08 dh R Bkl i AR e RO 0Bt oo
nobl & nmesialabkaforlys tis thendcbieureAnY R olf dluid dbedniy sBiraciedtgaeatien. ixef ficient or
poi soned converter contain | evels of non conbusted, non-nethane hydrocarbon
and oxi dBsthsF asiicer oyl myentdy BdHesiondbRIgess fSndhe pivdaaianef sl cat al yzed by
sunl i ght I I r as snog.
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gasol i negasolihey mal processed gasolines such, as for exanple, thermally
cracked gasoline, visbreaker gasoline, coker gasoline and catalytically
cracked gasol i ne {Hdearehiarerieast Peanng 819 basl neadledop gosadingmecyorik)

cont g4 nS oI, BRGA <01 &0 5w & QUBL i S8R le SHh (il LM AT PG figpQynds. Since
nost gasol i hes such as for eXanpl e~aut onobl I'e"gasolT nes raci ng gasol i nes
avi at i onggasiat iang dardl Hoalk igasahdenastcCcont ahdana féd @donhgatir st m pan
cracked-gasoline, reduction of sulfur in cracked-gasoline wll inherently
serve toPpeyicel threngatruimpasy diestuehsyiishag £8dhe pedormaige pisriendivécussi on
about gasgl. i h her, el s
choul d” e teiyAE Bkl 0 A8e BRcRETBPEEHLCHr ML 1 hBnliBl Bl LS e
reduces aHibiind/magnirssirgbl poisbn nghlowesaladatalwptain thy .comtersert he real debate
has focused on the required | evel of reduction, the geographical areas in
need16f IFamMeroRuiTPIY alyWEHIGGHE CAR@isoRed EPRNSTIEE SPREaNJEVSIFBl Bfemt ati on. *
m-m-* Lh,. 20 - r.n: i miive air
pol T ut i of RN A nef e ApbEfofipARE AR B i ch TR e AUAATRL ' S0 Fur

| evel s i rBuahtepiesidrsearé uethl/zed by sbeliglequifoed grithsl levdleonteirment gasol i ne
products contain about 330 part per mllion with continued efforts by the
Envi r onmeREHRORY SEisEE] dh2ngBAsy to secure reduced

Most of the sulfur in gasoline comes from the thermally processed

20 gasolines. Thermal processed gasolines such, as for example, thermally cracked
gasoline, visbreaker gasoline, coker gasoline and catalytically cracked gasoline
(hereinafter collectively called “cracked-gasoline") contains in part olefins,
aromatics, and sulfur-containing compounds.

Since most gasolines, such as for example automobile gasolines,

25  racing gasolines, aviation gasoline and boat gasolines contain a blend of at least in
part cracked-gasohine, reduction of sulfur in cracked-gasoline will inherently serve
to reduce the sulfur levels in such gasolines.

The public discussion about gasoline sulfur has not centered on
whether or not sulfur levels should be reduced. A consensus has emerged that

30  lower sulfur gasoline reduces automotive emissions and improves air quality. Thus
the real debate has focused on the required level of reduction, the geographical areas

in need of lower sulfur gasoline and the time frame for implementation,
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5 levels, it has been estimated that gasoline wll have to have | ess than
SO parts per mllion of sulfur by the year 2010. {ﬁeg 03K L., Putnman
HM, I rrproverrents in FCC Gasoline Desul furizati on—rra'ng‘ég-y iC
Distillation” presented at the 1998 Nati onal Petrol eum Refiners Association
Annual Meeting (AM98-37}). In addition to the need to be able to produce

| ow sul fur content 10 autonotive fuels2there is also a need for a process
which will have a mnimal effect on the olefin content of such fuels so as
to maintain the oct dsethawobesn (oyet ﬁreriesaeatr@fhatamrdom air poiutaerecomimbes; ) . Such

a process.woul d Si nc on ol ef i ns, retI ffects
thg oct an&! ‘ﬁ?fﬁ%‘é&hatgﬁghﬁ%% rg Cérc 65 tfl ]érf"? ”cSHtlDIBT‘P(“V ﬁ lrl gFI y due
to the SeY&{LﬁregorWhﬂé %cMn@%&dm@fﬂ%&b&@ﬁcd&ar%%éﬁ% g&prhﬁf‘brp

conmpounds such as, for exanple, thiophenes and al kyl ot hi ophenes,
whi ch ar e vstmeominuehefigs bydhé Erncudnmmeruhlf Brotecant aigenoyg te srrpouredscalo  be

renoved fro asol i nes ddi ti there is a need to avoid a
syst errgvvhe‘?" Srn‘a}i‘?ée@ﬁﬁ(f?tt‘?léﬁ‘?g t%\?’tegaé s Y’Hh{“‘a‘feht@ haveessitkarc hPamt PEF ¢ he
cracked- 9gs@ldnsr grﬁfﬁlbgqhkq?%sr $EWOUGR e SRINT RUT OBy ﬁpus hipeRnleiis@ need

for a process wherein desul'funzation Is achieved and olefin'retention is
i mpr oved. 1WMkid(& GasolhasD teaéirightawnyia rCanlyico Pestidiangn'apekdntat atoths 1998

Desul funzati on d Novel orbe ts for Sa Ser |. al 09/ 431,454, filed
Novenber iﬁatr@@ Pelraumgdig ssogig} la@%@rd MFF‘I“é%j(fR&/%%Bé}) 1, 1999, that a
25 suitable SYStem faradafiodesuk db o b@ﬂbl@ftocprré&lﬁ%%@asﬁﬁm B&feRr di esel

fuels is that enploying a sorbent conprised of a reduced val ence nickel or
reduce@ vauenmcancofvalst tined &l alona aeed for a)rxnodess_\shubh cxall hal el maisalpgdtoct |,

there is a continuous effaort tﬁegevelo addi t.i og ste %ch permt the
desired deéduilf HFIELETHENtA! Wk fuds X RSP GANBHA & OBRNPETEET (8] s and whi ch
wi Il providef@rafd hefhakimne n%FnHeﬁprQY&da é%cgesw)ﬁrurue%rrme GRRditions to
pernmt variations within the operation of the process. The present

i nvent i on prwstictes! alefioy eteaipnlffents tby stteme hmmbtmeSmcélnmyarsecnffesubri ur from

fluid stre of cracked- 24 Anr 2003 i nventi on al so
[ outdes 10 Sou RS SRRe M An 06 iheuseVar haguions dopeil AR KT o uaer a1 i

the dasul fﬂamozettrueﬁh&rc E&ﬁﬁ&ﬁ@s%&%é NBr eddiple NGRS, diar dik@r provides a
process for the renoval of sulfur- cont ai ni ng conpounds from cracked
gasol i ne whbeirothiophenzs svitible ateossnadf Beohedtidfficalisedui-porttm@ingesul ti ng

product, and/ or desul furr crac olin t contains | ess than
P bout 1 00 G Befe B FToHoroB ik saadhebn b HATNSR o o 4 PR T

desul furi zgd;enagked:- Qﬁé@ﬂn‘ fhe c%H&jiu\’iﬂé G} RERVIAGR: hmARhaAResd PRl I n
retention in the cracked-gasoline. The present invention is based upon ny

di scovery trhgktedtgnsolughistdies [bot lhﬂrwtlghzsmur@tmrof a binetallic pronotor derived

from tal, netal i d net al, oxi recyrsor vvh ein the tals are
el ec Tt rom the ar Ol BRsiset g B adoBBs SHeraRdFRShFisub i Shided

copper, zi iy oleBhyedensMs inresden, silver, t| n, vanadi um and anti nony and
m xtures thereof and wherein the netals of such binetallic pronoter are in

a substantial ly redud¥dlo/iihenbecrsshave) inpmyfeopandiyg 2pplicatiandl wherein 1 S

such binetalli rmto 0 te i upposte bl upport there
o achi ovenen fislaRtEarh MR SHbbSs P SRR S R PR B Tonoval o
sul fur fromoCemskerd- B890hhd1SeMAli NG 7OV, mmmle@wemaect ehgompaevenent m

ol efin content retention in the resultrng cracked- gasolrne Accordrngly in
one aspect srufabim@smewrrﬁlemwmnzehom Réf@cked- Q@S@Weﬁedf dgscd fhely ey thabr bent
suitable for the desulfurizatio cr.ac SQ S 9 ri sed of
a binetall |TPL POHot oF rbSW Con%‘ffr Sregtﬂ?ea eﬂbﬁ@ “fal%hc ke?o \}laF%ﬁ/%lgg efrrpeach of
the metal scefalt MetabioR®t Aht bRide! SITEA, AluiMdSubSEH, taexbsltserﬁdnahhuusrmcaﬂ and
such reduced netals are present in an anmount to permt the renoval of

sul fur frodf¥len a@d«eenajéyeprnﬁevawh pernpif Bi%i @nsngd fesulBrikzameredf e i n
retention i r S th
ot her - asSEstOEpLERBEED O TRAS 3R FREY MRE PRI B AaRE L SRE R o,
the prepar atmﬂ)ﬂxrﬁﬁtmou@{du&ﬁrsherﬁendarmdanénsow&hmmherbpemﬁphlcﬁfeﬁc pascatsng a

sui tabl e support in which the binetallic pronotor is well dispersed.
Regar dl ess of the mmrPrPWWV@HU?%Er%&Fﬁ@n%‘t% serbeflwsmérr $6r bent s 30
of this 'n\teﬂawrz)f%ﬁu AH 1 streagrsmf%%r(@&' QLbIfRMPr i ses forming a wet

m x, dough, paste or s urry thereo partrculatrng the wet m x, dough,
paste or slurry thereof to forma particul ate granul e, extrudate tabl et,
sphere, pellet, or mcrosphere 24 April 2003 -4 thereof, drying the
resulting solid particulate and calcining the dried particulate. The
resulting cal cined binmetallic pronmotor containing conposition is then
reduced mnth a surtable reducrng agent such as hydrogen SO as to produce

o o - o " Y " o, o Y " .



I n accordance with a further aspect of the present invention there is

provi ded a process for the desul furization of a craftgq-gasoline whi ch
conprises 10 desul furizing ma desul furization zon -gasoline with
a binmetallic pronotor containing sorbent, separating the desul furized
cracked-gasoline fromthe resulting sulfurized sorbent; regenerating at

| east a portion of the sulfurized sorbenat so as to produce a regenerated
desul furi zed sorbent; activating at |east a portion of the regenerated
desul furi zed sor benthe mvpnigetugleo rovidast apiocessSor Hemrofastiongpfanovelduced 15

tal val tent; th fter.returnpi | east ti f th
Fesal t1 ng Bt e oSt b TeshedRioL bl b el s PREt qesbit ur zation
zone. Detailed Descrhdidventi®d rdriier hrkeddsi Pprolhi8 HE® regrsal éme” as enpl oyed

herein is intended to nean a m xture of hydrocarbons boiling from about

| OOF to appiuogpntatens caopfunds feany croked gasolion whirdy matimi®gdhe kngepbcar bons

w il includ for exanpl e, .hydrocarbon, strea in. refineries. such as

napht . Srpngfes AR SRk ProBRL A Roh ARy o B e dine

vi sbr eakegonpapdicbathagl dwhiel € phisOPERIANRoPH BRFR I Eod MR §B1M of the
"cracked-gasoline" as enployed herein is intended to nmean hydrocarbons

boi | i ng fdesmfahodt crag@@e- gasolapparok wheh glrgvid0fer enhanvpd folefot retanti2d it her eof
that are products frogmeither thernmal or catalytic processes that crack

| ar ger hy 6E§$S%ﬁaﬁgVﬁcules into smaller nolecul es. Exanples of therma
processes include cgki RgbsehighsmlonCik dakddnghoandy \dibl &gkhtdhrdugHitge cat al ytic
cracking and heavy oil cracking are exanples of catalytic cracking. In sone
i nst altesutiliration ¢ kedmgtadiat preenatay dérevetlrfoaiaonetiabdnetalddvde iy dretalr eat ed
prior to de uI;%rkzatﬁpn.B mhep used gstaéfeeﬁhin t he ﬁnagticpﬁgj this

i nvent i on®X FRETFRERT MG T B AT SGEH RIS AT & RIEHIH 'S 8 RPAH t hose
or ganosul hidkelC @OROMBASANSHS; RopSerTRinG 2RbBBEcm,t 108gked, i 0B @Rl ¢amampounds

24 April, 2003 -5 normally present in cracked gasolines which include anong
ot her s t hawhartheonybaity oxxilmsibereol andyhenehi bphesiels of suply bimetaliet hi ophenes
and al kyl di be zotQLopQggqs %ﬂ1“5|| S Hhe hzﬁvieu.n%Hecular(xg' hts of sane
whi ch ar eP178H9 szry 1Bl’aeé’l ol yaregf“‘ée el YFIESGr HHE™Y fbé%“’cafh e“’hgrlegi ed for
processi ngndhbideGMidpReet EdnpbiieRs egiidtted onv &iitabRNsubpertitRE@is gaseous” as
enpl oyed herein is intended to nean that state in which the feed

cracked- gagutvedes epvalliserbent ¢qrapositonpwvhiehmierpits fhearepdp semetid o6 sulfitie term
subst antial ¥ heduesd bl IR G aREOLNRLR0- N GRS A SRy edRgre N 1S
i nt ended tf8 hEaR & hat a(iarggpﬁorfj BN T RE Pl N CE TR S et 5™
conponent set@ftionia RO TRORIM QAcled-ga6eed to a value of three or |ess,
preferably zero. The term™"binetallic pronotor” as used herein is intended
to mean a pronotor dorpukngly deptoasgestradithe Wissor inperdionghencss prsiddd oxi des
or netal i r r erei . | o ) t.ne group
consi 881 ng fsF e BE S SR SR ARb s LB BE Bl led BRSO e
silver, ticomptigaidsfUabanealdiatgromoloranca wWhebi suphbe vohdrehaht ivalepsoabt or
conposite is in a substantially reduced val ence state and wherein such
pronot or <achpldedpetply of thepiraallierramstpathaye bpay mbstanfially esrvnged 20 sul fur
fromcrac - T Y i Lon. " i

retonti ont s S BE e Bl 1EhElBuftb WAy Pbmal B MUGPBRERE |
retai ned icrackbd gesohak exdhiggaobidivgg firteaharded widfur rexaitioannabe ceapared to the
ol efin _content of the cracked-gasoline streamprior to desul furization. The
ter m Zpar CrEEF4BRWISE SHE " as used herein is intended to mean a support
particle of a size qf it Wi 00%ef Bpleof MEBreht HEnRbMRAGE I C
pronot or sorbent used in the present 1 nvention conprises a support having
conbi ned tphevidwd b Iprecedi Bpahs ipospacdioefdfaciveveraamuntpositioas bitikdt al | i ¢
pronotor. The squort material is conprﬁsed oé.zigi oxide in conbination
with any SOMPESFeITREEE AP §URROHaI Which thy Rimetgyg Mspmetasss st abl e

| NOT GaNI € £ efdeRr RIBNULSShd bfainerSinl Wigh 8! cortbohEnifof (oo PlbRS
attapul gus clay, 30 china clay, diatomaceous earth, kaolin and ki esl eguhr,
al um rB3Om siflthsadtegntion|are aembingiinthe frepasation, camproesiferming recwel mm, nat e, zi nc
titanate, gzingc silicate | cium al um.nate, calciumsilicate, magnesium

il cato, fuBfeRistmeay KRreoh RagRUBHOmUe Al Kot 99-DoBae g sl idnat .

synt heti ¢ 15gebf teformndpariclagd grafitlel &R fudatel dNMLE Spite, Pelldl)ick hidfdshBré

i nclude activated carbon, cake or charcoal and carbon-contai ni ng nol ecul ar
sieves. In one presently preferred enbodi nent of this invention the support
is conprised of zinc oxide, silica and afumna. 5 Binetallic pronotor
conpounds may be added to the support conponents pnor to drying and
calcining, or by inpregnating the dried and cal ci ned support particul ates
with a solution either aqueous or organic that contains the el enental

T . . T ] o Y 1 - . T



tenperature of about 150F to about 350F for a period of fromabout 1 to
about 24 hours and finally calcined in air at ate e[{at. r20 f about 400F
to about |500F, preferably about 800F to about ISOMeri od of 0.5
to about 15 12 hours, preferably about 1 to about 5 hours. In the formation
of the binmetallic sorbent systens of the present invention the appropriate
metal s, netal oxides or nmetal oxide precursors should be selected such that
the ratio of the two netals formng the pronotor are mthe range of from
about  20: IthéreoRldeyihg 1he2fbsulddg IsBlid pRftRARE biyd Palenaly ©d defebqatieaNte. of this
invention the binmetallic pronotor is a m xture of nickel and cobalt on a
parti cul atEhesigpgng calsingd ibsaetaic promotagaaéainigg|cogwositian a3 thenmeduced a
further present| ref erred enpadi,nmen f this invention wherein the

bi et al | | c‘%?# &b %@eiré‘? bnrgrr%gﬁlqgfsu f 8T<§Y8r8ﬁ8‘"c58baélrl{°,?f?‘!r‘1“ CPRTETSf the two 25
conponent dEipdkidiohSwhdieihiBe kalege: Of thalnethlslofkthe DRBctElRGrEMbRe idised in the
preparation of the presently preferred sorbent conposition can either be in
t he foPm cubsthnfiallyxicdecedsndi wiharpia the brmettllisneronoteros @resericincongnennds t hat
are converti.bl e ta.-zinc oxide under the ndi tians,.of .preparation described
nerei n Bxaier o BPELIE i EETEhakAchar st Wl SPEBERACT W ed Lo,
zi nc sulfigjlgoligej_nc sul fate, zinc hydroxide, zinc carbonate, zinc acetate,
and zinc nitrate. Preferably, the zinc oxide is in the formof powdered
zinc oxide. The sililaagsudnémwither prwnesneconl dfc mossht soebleet theransosi ti ons
may 24 Anrid, 2003 be.either i.n the formof .si.lica.or i.n the f.ormof one
or nore silfr%lgﬁ‘-j &diip %?Sﬁif?{gttnsgﬁf) ﬁﬁ&&ﬁ%ﬁ@ as‘iﬁ?ctkggﬁéscfe}%eww;h §PW8§esnny be
enpl oyed idestifgrifins hedtdeSAMRRAIbA 98% QhrdcRed-RA@HABtwitINY BTthé@Mic JrsmERres of
suitable types of silica include diatomte, silicalite, silica colloid,

f | ame- hydreinjeteigs sprticoh sepayeting theateselifiizsd, cra¢ied egas@ingefrorarttie peselbiingi t at ed
silica, wt La 1te bein resently preferred. ln additi,on, siljcon
conpounds St“ﬂ%'gl Z%l&r gé%érﬁvéergtep%fign Sﬂsglafti acgc’%l%h()fgtge §?II?L|‘I%Z|CC 5859685 % 8%jlioum
silicate aprddace®RddentigictidealilfueRn sattsat;heuenm Oxeidast Brgfres@bk yhe t he silica
isin the formof diatomte. The starting alum na conponent of the

pr ef er r ed Seesed desdisized sprbent teamogeceanpiseiplligispebcabheeng caedycedvai | abl e
al um mat eri al, including colloidal al uma sol utions an ener.ally, those
21t 3 comgal Saeh B bRk e e B A o5 R TR A SRR e 2 e
oxi de wi | | bigenghiaptomeer péRsiAMg i0Mbdrieo 38 Benl fuEieaRASIdneON I N an anmount in
the range of from about 10 wei ?ht percent to about 90 weight percent, 15
and preferably in an amountDdtailadhBescapyen of the biveatomit 15 to about 60

wei ght percent when ch wej ght,.percents are expressed.in terns _of the zinc
oxi de based upon the%ﬁ%tt%ﬂ“ P IH{)G i Wgo%%dﬁb%rﬁ‘t“ 1§ AWSBL% PR Re silica

wi Il gener alixtyurddef pydRs&mborsibdiiig: Hofrbetidut GODPOSd hpBxinthtéln 4B00RIBE ahp t he
range of from about 5 weight percent to about 85 wei ght percent, 20

pr ef erZb| yfra¢tiomthareefinSusth hy drecarhagewall idlvda, é%a&mz%e,v@i%maﬂm HEgdmSt o

about 60 i t h I n r r I .ernms of
fhe si 11 calbaingAEr SR as HaFtiny Srabstilh SRBPRE Lok S Lo RIEARAAL piholifd

al um na w Visbgakerphihapsikpraes esmdritetdigefodaent conposition in an anount
in the range of from about 5.0 weight percent to about 30 weight 25

percent, preferably flhgdsaEbotecksdeasplinmiaspanriayed hgedpsuntended i prgn
percent wh 1 LR o t i ght of
Phe al un na SR BolEhalths PERE SRR 1H0% TREEEREHa b Mo 2y ENEE 11 Phe
manuf azi ur éheodoftthe pe pseiuctsyfranehther ednaolr deodtalgaoposdetdco nhat tdasckplatgear y

conmponent s, of zinc oxide, silica and alumma are conbi ned together in 30
appr opr i at BYHREHEPY MHHECWRS 181y SRRV ABPISCHEN nExamplce 1pf ;sh%maﬁé’gooreéﬁcst he

intimte jnciude coking, thermal cracking and visbreaking. Fluid catalytic cracking and

heavy oil cracking are examples of catalytic cracking. In some instances the
cracked-gasoline may be fractionated and/or hydrotreated prior to desulfurization
30  when used as a feed in the practice of this invention.
The term "sulfur" as employed herein is intended to mean those

organosulfur compounds such as mercaptans or those thiophenic compounds



m xi ng of the conponents to provide a substantially honogeneous m xt ure.
Any suitable nmeans for m xing the sorbent conponent an, sed 24
April, 2003 g to achieve the desired dispersion 4 l rials. Such
means i nclude, anong others, tunblers, stationary shells or troughs, Miller
m xers, which are of the batch or continuous type, inpact m xers and the
like It is presently preferred to use.g-Miuller mxer in the m xing of the
silica, alum na and zinc oxide conmponents. 5 Once the sorbent conponents
ar e properdryhaliyqedseno ipeavkaegaoihgpehiab lisclndeximioe othbe thiephidrdel Ng m xture
can be in the formof wet mXx, doa}gh paste or slurry. If the resulting mx
i's in thebfptiepherevkylnfiophens. akky! hencoturphsacsaundsi!kyldtpensribiophenesat t er

G yi ng. and ool o AERehRE ALBEA AR SR LRRE ol RO SOl £20 351 ca
and al um dmsdl efaell cbfsmieny;aesfammanqﬂattsdhéom@mtmiag\miaedfbrﬂmceivtziherheime&ndough
state or paste state, the m x can be shaped to forni a particul ate granule,
ext_rud%tjt eINVERITRL | sphere) pellet or nicrosphere. Presently preferred are
Ui tabl e rength.  Thd EAO  PRs AT ol AR gk BT MRS B e
When the id which the fediecrackodt @isolinsbudieye] i it penfaly uctapdraghagd. same is
achi eved by spray drying the sl ur,r}/ to formmcro spheres thereof having a
size of from about Jdetterabibstanhgintedusrsbinsiphic ArUrIspreres”afe then

the parti ST LoRY RFRRAEEI oy, G d ARG SR NS AR %W th
the sébectesipbromed af theacopipasionris cahpehent ajug dfhireb ar ewdf pafafblgol uti on,
ei t her aqueous or organic, that contains the elenental netals, netal oxide
or netal éXiPde precursor conpounds. I|f desired the binetallic pronotor
formof & wer mx, daconet pan b ProtpRrrs: Sttt B bR KERAR " orm o
parti cul abeorgmtaﬂuj:mposéoet&dndrati dronh @b & Iﬁc}}bei,iﬁals,pﬁhdaébxidl%s ot afeas phrke. 25
Drying of the support particles is carried out at a tenperature in the
range gftawgfsor%gzegw %dﬂ@tabw}éCfEGrfr@nEh? ﬁwpcﬁonzlisl‘ﬁ%g ;mhﬁéu Pikgle of |
abou IS, c [ he.s ‘DAY L carrie
out at1 a ?ré)?rrbg%g?urg ,%ﬁﬁgsﬁéghg%q%@g%mm%%@ﬁgﬁa lgﬁlt fg%fg@dn;rag]?er ably
f r om aboutw!206k thobmimaific IVorh3@Okompbsice paniacahbethntiallyeredncddhenlerangateof

about 1 to abaout 24 g'ours. | npregnation of the particul ate support can be
achi eved BPdOYETED SUel DEQTRMET &f PIEHET b B SHaeh YreteunMie PR thoremayabs t he

met al per o?%ulfﬁ'iehgln %'&Q%é%rso es. 24 Anril, 2003 -9 precursor for same. Such
i npregnation can be carri out in separate steps whereby the particul ate

support is dried or The eenddttfmadecanned" pr 'defit comthet @etaitibh'©as ofedt he second
met al component to the support. Follow_ng jnpregnation of the rticul ate
_corrpogﬁt | G _H“Weg g0 gﬁapdéﬁa%ow FECIIT RISt BF CraEd B8 ng

i npr egnat eg.pardiifivladsh bécc‘ixﬂﬁ%e& WiRCS BN thnt@ﬁtYd)mﬁ%?&kF&!g%dTﬁE' on under

the conditions noted supra prior to subjection of the calcined particul ate

t o reduct isteawi firfpraordeshlbirizgtiagent , pref erably hydrogen. The el enent al
nmetal s, metal oxides_or netal- gatt%i)ni ng _gonmpounds of. 10 t he sel ect ed

b~metal I tc pront ot or L&Al He pgﬂ(é% SYRRETIN AF P PAERAS igpdsdsiogpean @

i npregnat i QP& phARIATH X4 YL oM ffdh 205Rl¥éds08.0.8iddher aqueous or organic that
contains the selected el enental netal, nmetal oxide or netal containing

conpodds. The i npr efmabinmtaliiolpuoimnotor issrbenyusgdur ds prasewrigagritionsol uti on and
amount s of such solutions are such to,provide . .for the_ . npregnation o.f the
par {1 cul at S HEVELAEOPROTL GG FAMOUed TR FREPPT Of SOE0% ERBR fhen
reduced coppaidisii rp%;ﬂsﬁoal HiHg sgf)?mtn%ter%?rﬁ @&hp_ﬁéefdféfcﬁﬁ@bxm iRermt the
renoval of sulfur fromstreans of cracked gasoline when contacted with sane
whi | e ef f ewminpatzom withang enigaltle gforganic and organic carrier.  Examples of suitable

inorganic carriers include silica, silica gel, alumina, clays such as attapulgus clay,

30 china clay, diatomaceous earth, kaolin and kiesleguhr, aluminum silicate,
silica-alumina, titania, zirconia, zinc aluminate, zinc titanate, zinc silicate, calcium

aluminate, calcium silicate, magnesium silicate, magnesium aluminate, magnesium



the olefin retention in the resulting cracked-gasoline product. Once the
bimetallic pronotor has been incorporated in the particul 20 support,

t he desired reduced val ence of the netals is achiegé%&ﬂéLéﬁq; ng the
resulting conposition followed by cal cination and thereafter subjecting the
resulting cal cined conposition to reduction with a suitable reducing agent,
preferably hydrogen, so as to produce §_conposition havi ng a substantially
reduced val ence netals content which is present in an anount to pernit the
removal of: fur : - i b i1 i t he
desired e%h@#g’e%mglfl Jé irrirle%}lge?ea%? ?‘%ﬁ%ﬁggﬂ :ﬁé( [ rr%s\t,\g“; i gﬁl 6r03rrlr—ge%%lrngmae
conposi ti actbracdd dafban, icoke bt charcbal\aad tdatboabidntdiyink ansleadir sieved. and/ or

chem sorb organo-sul fur conpounds, such as_ thiophenic¢ conpounds. It is also
preferabl e that thel36oPpdressntivriiETd enkediaenhab ot HyengrmibesupRaYs

conpounds : - | e From t he above, it can be
appr eci at 8??&%@%22%% g?gé)é}rl&r]g%mgﬁ%odi ment of this invention that the

sorbens conpositi onBimdstatlic pregnatsieéampounds eaydies wddeadrto28¢ seppopr ocess  of
this invention can be prepared by a process which 24 %_ri |, 2003 - 10
conpri ses .COI{‘BW@éﬁTPr)k‘PYné GIyHE 4y erdcinigg) pehy amareanaishhesyicdsandafeticth a mi x
of same i f_a.wet. m g : r drry. (b)

parti cul atrg Lllgr{%%t%ace}{lglelg%lsﬁqﬁlggrsﬁ lgtliﬂ%te%t%@r%qug? |%u?%?§%qpﬁecroz% Siﬂéﬁt he 5 form

of one of ephntdl @sctalexinetillakriss of atdtficontapehg ebspotpdiesfede QEletedr Ospher es;
(c) drying the resulting particulate; (d) calcining the dried particul ate;
(e) i nprefHIRPAGSYHEr esul ting cal cined particulate with bimetallic

pronotgr; 10 (f) dry i rii : lcirllng the
resul ??ng dried par ﬁ%gf&a{%g;dfgﬁéa?%?g ?gag\gitﬁ%%tjﬁgﬁ{g%?réﬁg%neeg%pagéti cul ate
product ofcoffinediwith shesstippah| eherresilGng goragetndonsymsaons argdnelliaea a

particul ate corrp05|};| on havi n&éa subst anti al | y.red}JEred bimetallic pronotor
|

content t AEPRSTAUENR! AP PR K FRab@ddeld 1l TREWCY 8! HioRe Y il dofPaWDt or
content I s &PEMd hﬂﬁ@&:ﬁ@i‘?x@?ﬁn Shfd 'a%ﬁxﬁ%\ﬁhﬂe%‘?fa%ﬁt /5(2?1:&‘8%‘8&%; wi th same

of sulfur froma crac gasoline strea en contacted with t resul ting
subst ant i d5DY°H, edefeelyv ab@n GO0RE e hisdut i160pTRIfot ampeciodtodiond ngaau ti cul at ed

sorbent. 1f desired the conponents of the binetallic pronotor can be added
to 201Phe 12uiyEn PrEtERDLY abritllytor oMk NO¥ER by coi npregnatton. In addition,

the inpregnat ed SUDFl?the 8 ﬁmd({ti g bﬁﬂgaﬁﬁgj%kﬁg&qtsﬂéérﬂé of i addintion of

each conponent of the birnetallic pronotor. e conponents of the

bi net al | i dnypmanptte agapphisteaneteld, netal beides ppatdtalnoxid@preonrsbe ghankditeul at i on
of the sorbent conpaosition, in which case the 25 resulting conposition can
t her eaf t ersclseted Siely thah dhe Eatio) ofethe trpangrls degringghg PEopRler Aes @) the s38nt s t o

desul furi zg £SAGKES #7825 '2B6ut 1:20.

20 In a presently preferred embodiment of this invention the bimetallic
promotor is a mixture of nickel and cobalt on a particulate support comprised of
zinc oxide, silica and alumina.

In a further presently preferred embodiment of this invention wherein
the bimetallic promotor is formed of nickel and cobalt, the ratio of the two

25  component metals is in the range of about 1:1.

The zinc oxide used in the preparation of the presently preferred
sorbent composition can either be in the form of zinc oxide, or in the form of one
or more zinc compounds that are convertible to zinc oxide under the conditions of
preparation described herein. Examples of such zinc compounds include, but are

30 not limited to, zinc sulfide, zinc sulfate, zinc hydroxide, zinc carbonate, zinc acetate,
and zinc nitrate. Preferably, the zinc oxide is in the form of powdered zinc oxide.

The silica used in the preparation of such sorbent compositions may



to provide a desul furized cracked-gasoline with enhanced olefin retention

conprises: (a) desulfurizing in a desul furization e cked- gasol i ne
with a solid reduced val ence binetallic pronotor cg%m%@sorbent; 30 (b)

separating the desul furized cracked-gasoline fromthe resulting sulfurized
solid sorbent; (c) regenerating at |east a portion of the sulfurized solid
sorbent to 24 April, 2003 -11 producé-a regenerated desul furized solid
sorbent; (d) reducing at |east a portion of the regenerated solid sorbent
to produde eithspiin the wamcacsilies eniethpifpmn gf lohe op rewesdicossantainigg sor bent ;

and thereafter ( returning at .l.east portion of . the regenerated solid
educed vVarbEaTy; Ay aHIHE g fbt UEL B e Ao R Rah O e o o
desul f Unzanh i@ ®f tHdFredds Yhidition AtE @mpisadT sugdblefiyfdlemiigaantiviavent i on
is carried out under a set of conditions that includes total pressure,

t enper at udietonuisi gihicalitousiliga splbme, lahodiydsplyaed sHicdr byfdralyzEdwilicT it

condi ti ons ,are such, that..the sol,id reduced 10 njckel-contai ni sor bent can
desul Pur B8 R e BRBbsE oy TR & o HEER ey SRespatlc 8t MBIt Uri zed
cracked- gasedd Singunde st fawd baedrilig sekillct @hcrpdsiBeis Ukifdushdiggh sRedhent. In
carrying out the desul furization step of the process of the present

i nvent i onand-aminonpinesidicatecan fadgo behemplogad.c Paefkrabilyg dwosilierisbe the fermvapor
phase. 15 #—@v\fve , in the practice of the invention it is not essential,
al beit pref®frP8Ythat the feed be totally in a vapor or gaseous state. The

total pressure can bpgeispridiealiaifecOhpGRAVLS #R Meicrel RoARAVEARORidRS! 2.
However, it is presently preferred that the total pressure be in a range of

f r om Hboutansee prsy suitableappumesi)l ypsiasabl2Giluming enaseradl, intlhdingepplerdat ur e shoul d
be sufficient to . keep the cracked, gasoline essentially in apor phase.

Wi T suchPuih SPATTRA g BE Y inde B ER e hlute Bl o Bpout
1000F, it g4é dpa{tg,ﬁqmz{hymmaq{a@ﬁtgg that the tenperature be in the range of
from about 400F to about 800F when treating as crackedgasoline. 25 Wi ght

hourly space vel oci fljic (2W4SWId¢ sl eenerely &¢ Pressnpaihe soBfenhyempestidon f eed
per pound_of sorbe in th esul.furi I: zon er, h .. l.n the actice
of the pr %%gﬁltouppmntthfir%n ,e oef g%m\ﬂplg@[ gﬁ%‘h 1@1@ é: cle t Fohabou?lé'b welghtf;?,e(gc n'i

nven Suc e range O dbout

0.5 tps abayd pRPerablyeihemadhyurdif Whe dank® oRIFRIM aBSutNIS-{o dbdue 80 Mdiglg out the
desul furization step, it is presently preferred that 30 an agent be

enpl oyed wnhicert Whereschriseighii paicenty asougrisses hlerms of Bicngnopxidedesithg of the
the sol  doPeuTieaRT MR IES 5 3eB 6P RGHIR ni ng. sor bent . Such an agent. i s
The silica will generally be present in the sorbent composition in an
amount in the range of from about 5 weight percent to about 85 weight percent,
20  preferably in an amount in the range of from about 20 weight percent to about
60 weight percent when the weight percents are expressed in terms of the silica
based upon the total weight of the sorbent composition.
The alumina will generally be present in the sorbent composition in
an amount in the range of from about 5.0 weight percent to about 30 weight
25  percent, preferably from about 5.0 weight percent to about 15 weight percent when
such weight percents are expressed in terms of the weight of the alumina compared
with the total weight of the sorbent system.
In the manufacture of the presently preferred sorbent composition, the
primary components of zinc oxide, silica and alumina are combined together in
30  appropriate proportions by any suitable manner which provides for the intimate
mixing of the components to provide a substantially homogeneous mixture.

Any suitable means for mixing the sorbent components can be used



24 April, 2003 - 12 presently preferred to be hydrogen. Hydrogen flaw in

t he desulfurlzatlon zone is generally such that thﬁiggLﬁiﬂ@élo of hydrogen
to hydrocarbon feed is in the range of about 0.1

preferably in the range of about 0.2 to about 3.0. 5 The desulfunzatlon
zone can be any zone wherein desul furization of the feed cracked-gasoline
or diesel fuel can take place. Exanpl of ~~sui tabl e zones are fixed bed
reactors, moving bed reactors, fluidized bed reactors and transport
reactors r d tor is
preferreéoaE§§ﬁ£§#¥%ége%h#?%g&ﬁﬂgqgesu #?zggﬁbﬁ1%?¥ﬁﬁggga%g ed fluids,
di | uent s olifers ucimbéess, medtivansy, shells borodgley M) erfrhixersgadichaard ofiitiier sgein can be

used. Thus it is not essential to th racti ce of ocess of the
present iMPERERMISIHRG BPATGR! xgtfrqf&dytﬁﬁﬁefﬁogléﬂﬁ B@S%& Rfﬁff@&eﬂ 0 #&hi evi ng t he

desired f ﬁnm r e ing It is
present | %E}ﬂjééfﬂg{fregzﬁ en%né Pfgﬁnsgﬁé;a gﬁﬁ?&hz&gd ZSlf/cst eﬁ?? mwfgémssol id 15
reducéd bimetallic Qnemabrieant@hpimegtssat peoperlyemusddotphatidhashapeparticl e

size mthe range of about 20 to about [ 000 m croneters. Preferably, such
sor bent s 2HoMHUFaVRe EESHANETekEIrg £k bein thefArapeieumit sloxgbrass oy

m cr omet ice of the
desul furl%gtgpll \(;\getgfgggedsl?ﬁ%?@%ﬁsl @?‘%3@#?}5%@% ée[lsgéiﬁ (VCE H‘E’h%‘?gé be such as to
have a pafehmﬁhda aqd 2kerkaftdr partiangel tirowdiotlie gtadRatiorchf 28 deasifboutix 11 2 i nch

di aneter. is further presently preferred to use solid reduced netals
cont ai ni nfﬁl %N%eﬁli‘teéjwlﬁétanﬁé\?@‘%“%Pﬁpéé’é‘ear%c‘bf 15 FERXEES O ZNCiffs e net er

per %ams%l?caafﬁﬂuﬁluﬂrﬁ’r@aoremw WBrhesBinl g‘%ﬁlx%@%%h 0L l‘%r%r? ﬂgh 5%5&9
separation of the gaseous or vaporlze esulfurlzed uids an
sul furi zest psaeﬂetr&atb tarmizecanciosiphédstoefbrivya payicnipangraknioyoxtrudateneabdetf t hat
can separaée a solid from a gas. Exanmp Ies of susg .aas are cyclonic

¥ 86 wdrie

devi ces, SB8FF| PHE HAMGEIBDE: é)tr?ﬁéP“Yﬁf)‘?ﬁrg’%%WtC sex%‘fja@%l%%ﬁla& ng
sollds andufaes inche FESHA BhhERM AAS60URIAIA%SRM 9AR0LLARIAY desul Tur| zed

di esel fuel can then be recover and prefterably |que 0 The gaseous
crac ked gasodulate 15 shea drordposl thewoaltmat. cWhemtlresminispiarthe fminebf aslurgr,onati cs
and s ur - cont ai ni ng conpounds, as, wel | as, paraffins and. napht henes. 24
Anr i | 0‘538 pagigu ARt 1Rchiewd by spray glaxiag jke &fﬂarakteofogagwﬂ%e is

gener al | ¥s 'Kbﬂe??hér@@@ﬁa\% Bl é&g‘cﬁ*{%ﬁ abQuit &) &Patkit 300 MRIGENISRASEd on the

wei ght of the gaseous crack gasoline. The ampunt of aromatics m gaseous
cracked- gamd)spheres&rgémersabjeytedhoFﬁlrjzlhg andrgkuoitioabdinllo20ng theabging 40 wei ght
percent based an the ght of the gasequs cracked gaso Ilne The amount of
sul fur i ﬁ'@r%%@%f‘%%mrf@gl ?He‘? BEETG %@rﬁeé‘%% PRBEURLE €2 Ber il 1 on

sul fur by, et ahtePlihhfe 9ASELH BIRLAHESHoHBRR! doRfHhe tmt %%0&03 parts per
mllion smYE gﬂbey Wé?]gﬁ% %? tg(?ie1 gaseoﬁgocrac g ﬁjé)asrtl)tﬁl ne eprl or to 10 the

t r eat2fent saditigyeithéd ajudsusmbt brgahe, Saf bemamsyhd; elen@htal mectgs,awetat oxideent i on.

Wi~l e enhanced ol ef t ent hi eved through th
use of {rg HEVLRXBeTERT BB or [CORUE B g aP e Aramoe e i elont

i nventi onmfapn)etlh@orgs@%df 14T g %héﬁﬁbl@fm&uﬁéaﬂlﬁ@ﬂ‘c%%@hh g frfeeM wehe
sorbents can al so be used desul furize a diesel fuel stream albeit while

such di esmiix,fdeagh, pasiqot asﬁlﬂhawéﬂdnlsciherﬂ ishapedriodatm a prsticwlete gnanudé.n from 10

to 90 vvelgg dofﬁr qﬂt%ﬁ] matl S 83 wel ! as havi ng a sul fur content of from
100 part sCBEI9H Y18 sPhgrea BElE BANGESPRAEFt s per nillion. The amount of

sul fugs m cracked- gaggli n§e§f 6 shfbdti S&8L1cE tebsrib@loduW Reehp@atupent thef sane
in accordance with the desul furization process of this invention ~s 20 | ess

than 100 pagesfpbeut J0°Fan.abbnt 3FFyfoig prriod dletimedodbs rafgetdiiaboitnlémt i on,
pa ylang e

i f desi red% a ?‘t r%pg)er unit can be inserted before the regenerator for

regener at FSH 6f H1H&>sul furi zed sor bent

Calcination of the support particles is carried out at a temperature in
the range of about 400°F to about 1500°F, preferably from about 800°F to about
30  1300°F for a period of time in the range of about 1 to about 24 hours.
Impregnation of the particulate support can be achieved by use of

solutions of the selected metal which is formed of the metal per se, metal oxide or a



which will serve to renove a portion, preferably all, of any hydrocarbons
fromthe sulfurized sorbent or before the hydrogen reduc}i zone sa as to
renove oxygen 25 and sul fur dioxide fromthe systerzﬁpgl’—ﬁil—ﬁ&i nt roducti on
of the regenerated sorbent into the sorbent activation zone. The stripping
conprises a set of conditions that includes total pressure, tenperature and
stripping agent partial pressure. Prefgrably the total pressure in a
stripper, when enployed, is in a range of from about 25 psia to about 500
psi a. 30 Mreursentossamar SuchimPIRENLeT LPpbe sartigh opkin seperste plaPrg@herkdy rom

about 100F to _about 1000F. .The stripping ent i.s a.co i ti t hat hel ps
to remveﬁ}?ypcfpbcu?ﬂiiu%?ﬁ ﬁs,drfglﬁ &rl'% %%ﬂgedf[ P& tPhtge E‘E‘?‘?‘BPPE@H? solid

sorbent. Exgagmidtal.colfpen@itabeahé esbpolt. i ppi ng agent is nitrogen. The sorbent
regeneration zone enploys a set of conditions such that at |east a portion

of the sul furized sbpbewing ispdgesnatipnof tealpargcaipte costpakitionesstirtdein t he
regeneration zone.is ner al | t he range of from about 10 to about |504
psi a. r e8P P?ﬂﬁrblewggﬁlecd”?@oé)rt earles‘ﬂﬁ?%q é@ﬁrfgnqﬁc{nﬁ%rgf'éﬁbeelséﬁenf rom about 25
psia to ab@yéct&PR dSim: anth@lGHAH uf RPN BchdReRR thoRAr dupdd pRbeRSUre i s
generally m'the ran%e of from about 1 percent to about 25 percent of the

total presshesionkd titealsined partrcataty o edageort with aaredetmpp sientoprefdralilyhel ps to
generate gaﬁeous sul fur oxygen-contai ni ng conpounds such as sul fur di oxi de,
as wel | a8Y¥'68Blrn off any remaini ng hydrocarbon deposits that night be

present. Currently, TOX%USRer®ANhataRi RO IXRRs DY FhbtAontdiniaf RohipBulisaffer r ed
sul fur renoving agent. The tenperature mthe regeneration zone is generally

f r om dHouthd SlccogiPoumstaiyo pron@orca bh agdadetopbe pewicelalad mhdutednge of about
800F to about 1200F LN resent | eferred, The regeneration zone can be
any vessetTTPATR @geaialirs S 1 XoRbSh rbEhar ki b SRR CR RS o

sorbent caie §edcteditiagentalThrtallenblal URide drsadthieddntdising Rempoeddced i n aui
activation zone with a 20 reducing agent so that at |east a portion of the
bi netal i c pronoter 6ritentenation selution hemmy spiepusPt PEANICsSOlEICEd t o

P;gﬂggg ﬁél{sng{uig%t ! esglgtﬁgﬁgggﬁsa&é%ﬁ% ﬂc}a Birorb%esf’rrl?}gnhg;?f?g{ha’%%naork tﬁ”‘éﬁﬁguﬁﬁeom .

&
permt renova - conpon

streansof sapRfkagdhansoht MaPbingdt@ielcohipekitiohwB@NRdated ¥hgtinpracticing the
process of this invention, the 25 reduction of the desulfurized solid

bi met ai | i dipeehstmPmetItaniEnhgtisiaein persnit tieremgvalef adfua frasrsseamure in
t he fangeﬁqu&%a*gaé&% Wi ARQHL HO00F ARd A, eref?ge%Hrrége fl%\ %nfuﬁ‘necfaffnl%ﬁ&?f of about

15 po | 50 ia. feduction 1s carried out r me su cient to
achi eve t Rge drginre@ntiey &l tiefrepmtiag crRUECERDINNE Prddue. sor bent system Such

reduction can generally be achieved in a period_of fromabout 0.01 to about
30 20 hours. Once the bimetallic promotor has been incorporated in the particulate
20  support, the desired reduced valence of the metals is achieved by drying the
resulting composition followed by calcination and thereafter subjecting the resulting
calcined composition to reduction with a suitable reducing agent, preferably
hydrogen, so as to produce a composition having a substantially reduced valence
metals content which is present in an amount to permit the removal of sulfur from a
25  cracked-gasoline and which will achieve the desired enhanced olefin retention.

The solid bimetallic promotor compositions of this invention have the
ability to react with and/or chemisorb organo-sulfur compounds, such as thiophenic
compounds. It is also preferable that the sorbents remove diolefins and other gum
forming compounds from the cracked-gasoline.

30 From the above, it can be appreciated in a presently preferred
embodiment of this invention that the sorbent compositions which are useful in the

desulfurization process of this invention can be prepared by a process which



Foll owi ng the activation of the regenerated particul ate sorbent, at |east a
portion of the resulting activated {reduced) sorbeﬂIApgﬂ:£ﬁ3returned to the
24 Anril, 2003 -15 desul furizatton unit. When carr t he process of
the present invention in a fixed bed system the steps of desul furizatt~n,
regeneration, stripping, and activation are acconplished in a single zone
or vessel. 5 The desul furized cracked-ﬂggoline resulting fromthe practice
of the present Invention can be used in"the formuiat~on of gasoline blends
to piovid%ogﬁﬁgégne products suitable for commercial consunption. The

desui furi ze resel fuels resulttng fromthe practice of the present
invention can |ikew (apadixisedint okidepsinies ahdlahaing 4ok ité forh & meixafl ow

sul fur 10 containing fuel is desired. EXAMPLES The foll ow ng exanpl es are

i nt ended ts8MSan|the frny at pReobe Wehaipr dauehs PRYG @REIUSTY: and to teach one of

not 1ot anded to 17 m ) PabichRulR e ARANE TS SRR EICRE-RX BReGS *"©
reduced nifekelofatalf ganenexinrdenblds, pestspipherd 3Qbichdspkaky; was

produced by dry nixing 20. 02 pounds of diatomte silica and 25.03 pounds of
zinc oxide ma nmix Mg)dexng gie msulkigpegsutase;produce a first mixture. Wile
still mxing, a solutjan nt ai_ni ng 6. 38 unds of Dtsperal alumna 20
(Condea), 22.5 pound(tsdl)gfﬂc?glil ﬁllezden(f%v%atrgcrlflglghd 316 grans of glacial acetic

acid were added to tfpimpreghvhtidgethe resubigdedieinad paRhidTivthWiketaffd er addi ng
t hese conponents, m xing continued for an additional 30 mnutes. This
second mi X@MetAkas then dried at 300F for 1 hour and then cal cined at 117SF
for 1.hour to form ird mxture. [ hiyrd. m xture was then
partig@Iated by graﬁﬁ?gp?%%ﬁkgpﬁﬁggmggI%?%Egégpennmalt granulator f tied

with a 50 nmesh screefy) chiReuhgsid tebwlgngdeied Ipatiediiae,xdndr e was then
i npregnated with 336, 9 grams of nickel nitrate hexahydrate dissolved in 44
grams of detonized waYd&pdysers hssalsingdepasicyatgiuirditce @1 (@l withm setabls t o

produce an..j i i 2 j Xt i ed at
DOOF 1 o - GARAE APARES LGP earl MRt TOREIPRE A Dalnb L ERUARY €0 2011
par ti cul atreddédrvaleedllioptotesteO0drdm ithg e moaioshédeonthe4odu@tantenoé the first

ni ckel inpregnated sorbent was subjected to a second inpregnation with
336. 9 lgr ankimtalls Braspotar eonier 1h EIGSPRIDR AR THP WY Shflecdent o pergit dhg regpoval

dei oni zed Y, afe Al REnSLEORG o281 AN 3M clBlaM ORI 0N, once

again the I npregnated particulates rg dri one hour and then

cal ci ned atesilfidsubgantiane rbied vikacs bindallic gtemomxicdBtairing dunicalited
particul ate was then reduced by subjecting it to a tenperature of 700F) a
t ot al pres@ﬁ?@tof 15 psia and a hydrogen 5 partial pressure of 15 psi for O

S e 0sbroice 2 Sold A YEet sl UL RIhRAIE BB plcggronen
Reductifon i supgorpaidividubit eatlsolthah baksinneedgcomposi ti on conpri si ng
In addition, the impregnated support can be dried and calcined after
the addition of each component of the bimetallic promotor.
Also, the components of the bimetallic promotor can be added to the
support mix prior to particulation of the sorbent composition, in which case the
25  resulting composition can thereafter be dried and calcined.
The process to use the novel sorbents to desulfurize cracked-gasoline
to provide a desulfurized cracked-gasoline with enhanced olefin retention comprises:
(a) desulfurizing in a desulfurization zone a cracked-gasoline with a
solid reduced valence bimetallic promotor containing sorbent;
30 (b) separating the desulfurized cracked-gasoline from the resulting

sulfurized solid sorbent;

(c) regenerating at least a portion of the sulfurized solid sorbent to



zinc oxide, silica, alumna and a nickel conpound so as to obtain the
desired 10 sorbent haVlll g a reduced val ence ni ckel fgptﬁg{ i.s carried out
m t he reactor as described in Exanple IV. EO AVPLE r 03 r educed
cobalt metal sorbent (Sorbent B containing 30% cobalt) was produced by dry
m xi ng 20.02 pounds of diatomte silica and 25.03 zinc 15 oxide in a mx
Mul | er for 15 mnutes to produce a fiaxpt-mxture. Wiile still mxing, a

sol ution containing 6.38 pounds of Disperal alum na (Condea}, 22.5 pounds
of dei oni padiveatetgenariedBd&uiftanml aflididosledn® acetic acid was added to the
mx Muller to produce a second m xture, After adding these conponents,

m xi ng continued fofdarcdaeiag af sl 2 ortionftthe regpreraicdsebif dolierRt 9r e was t hen
dried at r r - ' 117 r..one hour to
forni a tﬁggﬁcégffﬁgé%ﬁ$ﬁg§aﬁﬂ?? “ﬁ?% ﬁ%@k§g@?§ﬂ@%”b ‘ﬁ%%ﬁa??ked by

granul ati eeretfieng a St okes Pennwalt granul ator fitted with a 50 nesh
screen. 200 granms of the resulting granulated m x was then inpregnated with
148 grans of cobal t (A FhunBEmEdeas) aPerieonpkdis| roeaneratediligh waucedf hot (200F)
dei oni zed - e te [.npr 1,.X.. .25 The
i npr egnat é’%ﬁ%g{ P{T@%ﬁi{? yﬁrggt%a??é%lng\%ﬂ %gétggrtﬁgﬁgshﬁgﬂ%?ﬁa%t%ﬁen cal ci ned at
117SF for one hour. TH30deguldiza0bn sk @RLE tirestefnt invedliat & vased oW egnat ed
with a solution of 74 granms of cobalt nitrate hexahydrate di ssolved in 8
grans of Neferderdfcanditioas thay inpludes detahAressse.dgmacaipay eigbURAYY product
whi ch was i:ed. at for o ad. t j 79.F for
one hour t %(r}/reﬁslgdé&s%ﬁih (gé:e@o@a\h rﬁglf?éégéns(ﬁg?%‘én sgﬁiﬁlﬁhggp‘l%gsog%ﬁé Céc(i)xi de
sorbent wasckehesnthidthpcenbdiy canldeadfurag thd claokeal- §R00R6Y at dieseldhiclA60F, a total
pressure of 15 psia, and a hydrogen_ partial pressure_ of 24 Anril, 2003
=17 15 psiPredice godssiivized qracksdupselincorsdnsidunizedydies! fuhand asyHperd wher ei n
the cobal t, onent of the sorbent was reduced. substantially to zero

val ence. E EIlIl Asolid reduced binetallic nickel-cobalt sorbent
{Sorbent C, 5 cont ailniagyiiYowabl defulfurizkedn asgl of aapiopessas the pebgaed by dry
m xi ng 20 02 pounds of diatomte zinc oxide in a mx Miller for 15 m nutes
td producdnEnionstt ifpsaferred thet the feed sracked-gaseiing be an dofagey BRASEont ai ni ng

6. 38 un ; P s.of: 0Nz ter,
and 316 griparisy SREE Rk BRI HRRARR) 1 i€ foCeR AR MRl RN IR 0 P ce
a second nfiexd be eotalyf iren vapeli srggdsh@sestdtd. conponents) m xi ng conti nued for an
additional 30 mnutes. This second m xture v, ~as_then _deed at 300F for 16
hours and then cal ci g4l Presssie gagrboiiethp sasc of F098m! & PERI PRt ure. Thi's
third m xt act ' I, [ t

pennvial ¢ oFoBueE orOF Y Rel A G PIAr bl g e betal (ES of

resul ting fysanboat &l psiaxo wasutt SEnpsiapr egnated with 148 grans of cobalt
nitrate 1 ~ hexahydrate di ssolved in 43 grans offhot {ngF) dei oni zed wat er
to praduce a particulag@eraipihedraparatuss hotd be spffugri e kepathe Catkste was
dried at 3 ; r Calgl f 100
grans of t eglélf(l)&ggslstgﬂit ?‘#g?ggang%bgafphg% e‘gv{hgg%ggzza cﬁégﬁa Sé’?‘?.b@ﬁ?éﬁgﬁ‘m‘éé

i npr egnat edf fpinhateus d0QPE torabofit TAOBFgrtamprastntiy pleddrTed theaithe thepatayde at e

di ssolved jn.6.4 grans.of haqt dej ed 20 & 0 produce an i npregnated
parti cul at eB‘rg‘&Jg’E'gW ﬂ“\/\%é’”f ﬁé&%tﬂ %’8”5%@8{)?%% Y ?Fotfr""‘%ﬁﬁg t hen
cal ci ned apasdilid®F for one hour to forma solid cobalt-nickel oxide sorbent.

The solid cobalt-nickel oxide sorbent was then reduced by subjecting it to
a tenpdrature of 700Weighttlmualy spresvelpatolWHSVsisalefined as Hhedpavgénopart i al

25 pressur f 1 i for 60 mnputes to produce a solid reduced

cobal t - ni CRUTOSEPHEIEAE AR PhEoEaHnt DR ERLEBREb AL PO i '8 dibent
conposi ti oprwase 5eHidGRELAURMEARA, RLLY WRS7ehuBb ENChe rREUST 8 fout he
particul ate solid calcined conposition conprising zinc oxide, silica,

al unmi na coBadl o awdt 50,rmirclcedbly ebhpwuntd awuag0thy ' obtai n the desired 30 sorbent

havi ng a reduced val ence_cobal t nickel. content was. carried o inthe
reactor as descri bed?’i] ﬁa@?gﬁﬁlui: tqﬁﬁesu{fﬁﬂzaﬁﬁpi ﬁtt?p’éf)ﬁé)r?sefgy Eﬁ%ﬁﬁ%ﬂ?% The
parti cyd at an apérithel @EBI6 R WBicR! infepleR8NViSh afy PHaREE %ﬂeﬁlﬂ:oﬁﬁiﬁ%ﬂél‘ Qedctihg | Were
tested for their desulfunzation ability as follows. A l-inch quartz reactor
tube was | 6h8edolpfinis ad aromptiaeampamdsnt shafluids dhiely aprebaing seateRevidor bent s
of Exanpl eyl -1kl i ?Oq@g e frit. mthe mddle
of the rea(t: eoér()llgngagcﬁegjsog%‘te %&lfﬁf%%#neogéarg |on1}-11\%/\&?tssﬁp'+1eygr ?éfgﬁ agsag%}(l)ttlgd in
Exanples I-111. Gaseous cracked-gasoline having about 345 parts per mllion
sul fur by wei ght sul fur-containing conpounds based on the weight o f the
gaseous cracked-gasoline and having about 95 wei ght percent 10 thi ophenic
conmpounds (such as for exanple, alkyl benzothi ophenes, al kyl thiophenes,
benzot hi ophene and t hi ophene) based on the wei ght of sul fur-containing



effective mrenoving the gasoline sulfur content from 34S ppmto about |ess
than 5 ppm under the conditions shown in Table I. Eg_\xé\{,ﬁrmdgnder t he

desul furization conditions a significant loss int ontent was
noticed, i.e. the olefin content of the gasoline was reduced from22 0

wei ght percent in feed to 11.0 and 20 14.0 wei ght percent in the product
when Sorbent A and Sorbent B were utiliized to renove sulfur. The invention

Sorbent C was tested for two cycles AF t1&r cycle 1 the sulfurized Sorbent C

was subj egérg%ng?é,ggé%ég@%%gg@égﬁdi tions that included a tenperature of

900F, at sure a ‘and an oxygen partial pressure of 25 0 b

to 3.1 psi for a tinHy@egtwdoefinlthe dagufisizBUsH 261 deheraBy atéh that glenaf t er
referred to as "regeneration conditions"” to produce a desul furized

bi net al | ~cnglsrigeatl hydfoges ¢ bedrocarhan tfeashisguliheanad of abpelduit ithgbewddi t i ons

that included a ure of -700F, t ot al essure of 15 psia and a
hydr ogen piglgtgrgfeg%gggig%reeragfge ?Ea%%‘i‘ Of%;o gb%trréé'pgri od of 1.25 hours. Such
condi tisons are her ei Thé t&sul Ak ATdneEbreTad De drftisdic Vehepéln cReBdhilrizafsn of The
resulting solid reduced cobalt-nickel netal sorbent conposition was then

used in cy@®Fdeet) crackpdegasglanmoradiesad dieelican e Blabd uExewnleaof stitable 2aBs ppm

24 April, 20 - o.less tha r _equal ~to 5 resul ted when the

i nvention zggaﬁ(gﬂtbjearE%:%?’ftS’aIinﬂ?/W&rbae(acrgﬁ%?ﬁapF'(Slﬁzegf e? e@é?ﬁlﬁn ptéarné%(f{{ each of
cobal t andrepiteke! Prevérstyt 8 Thedzéd babfeabidexpactad beddicsaoy Rr fdfethat the
olefin retention was drastically inproved as conpared to either Sorbent A
or Sorbent B which cHreiraddivshigythedexdiurigatienophihe BppegpkBuidg.ediipents
Appar |y ap unexpected, synergistic effec f the_ conbination of the two
ot al ot extif b HRRRE ShopY RS s f e B B Bl E e B Lls 59

wei ght per egéitial o tieprhaed ofthbipktebdlof e rasat afveSasb et aAugBPunei ght
percent nickel) and Sorbent B (30 wei ght percent cobalt) the olefin content
of the trehtdagyt beamploysd ipaciedng she dasirgd desulfuygizapr op dheceragked-
respective : results are set forth in Table I. 15 20 25 30 TAB
LE i React oé%gg%%f)g?%ﬁéslg@%lbent ASor bent BSor bent CAnount

{ granms) 101010TP~151515kpPZ4Ea3:1 2 pefdrd RN#NARNRIARQTDIN dQwA | sgstéfyBhtea solid
21<55<552<5<5<553<5<5<5<54<5<5555<6W. % O efinsll. 014. 018. 35 Tot al

pressut®e niggyped DimedrBgerometet contaipigssuibentibe yefl tharias @i nastide sgeieam i n
hour s 4The, armunt o Plu@bEUL SO0 fdY AR SamReunddabl Lt dendesilby i zed
cracked gasoline rn parts per mllion sultur by . of e desdlturized
cracked gapsld nNpartiSfd €1d bf Gont Stlus 40RAIVEEAS (NMACTEMRRSS | WehepaPk&l hedom Run
1 and Run 2 24 Anril) 2003 -20 EXAMPLE V A second solid reduced

bi met al | i cs¥itekeéd cmployed ferothpavitcticoppdls desoHusigaian piosess K5ohiilaw@tioand 5%
copper, (Sarb - r [, at o silica
wmnrm xed SrCTTs o ltE e RERAL FEpAR A BugtEriz et 0l Al OL oA AURD b

Mul | er20 Whid sbasitilld imchdingeted54 grans of dry zinc oxide powder was then
added to the above m xture and further m xed" for 30 mnutes to form an
extrudabl e paste. Thilsisgaeher prgscrdlytreieEgd iin et §alidireduses el cantpinpg

Bonnot ext Loyl i tal ni 1 j
oxtrudat o sebeate TR 10 Al e R PR BB IR AN S 18 ABE
hour. 10 5000@sanse afetas pedgext viisdidesoreea. t hen i npregnated with a sol ution

of 371.4 grans of ni cﬁ_iel nitrate_hexahydrate disso|ved

'gll.36 3 n  of
dei oni zed water. The THicckRBRration PE YHa835E0 U eV amPNZer Jesul ngec} Pfdéri’é‘dhour and
then cakci Re@yMedl sotderl chiPbe Q%ngﬂghed %9%9&@%5@&0%%&&% Sh tRhiCdes!

i npregnated sorbent was subjected to a Second inpregnation with 9.0 grans
of copper népgarate dolidhyenat gasdi Ssaipledo fi3R1 geanmrotydlbndel comice,esdttiag er .

After the s cogd inpreq%nation, onge .a afin t he i npregnhat ed extrudates were
dried at 3GOFTPGF oL GBPIEREFhARY IR o] AGH MPDEIES O BHS- Ot . The
extruded S‘abélﬁfﬁiz%ghse%é Q%o??f-?%hn%% deE ARGl gl_ié'sgl Juel alTBRA BRI 28

particles and then reduced he reactor by subjecting ~t to a
t enper at ur eewivered and preferably liquefied.

30 The gaseous cracked-gasoline is a composition that contains in part,
olefins, aromatics and sulfur-containing compounds as well as paraffins and

naphthenes.



20 700F, a total pressure of 15 psia and a hydrogen partial pressure of 15
psia for 2 hours to produce a solid reduced binetalli c prog@tor sor bent
wherein the binmetallic pronotor conmponent of the so ! substantial ly
reduced. EXAMPLE VI The particul ate sold reduced nickel -copper sorbent as
prepared m 25 Exanple V was tested for its desul funzation ability as
described in Exanple 1V. The test resdPts shown mTable Il clearly
denonstrate the effectiveness of the binmetal hc prom)tor) Sorbent D, in
removi ng t he gasol i hee ampynirofiolefinssnseaspptst Gaksbwesalingds gerially Poie 1t was
unexpect tet ni ckel p effected
an 1 mpr ovante 0f B BIEE0 IF s Wight MELA v Ced WP IR G HPRR SRR 2
conpar ed ctr@cl&drgae&ﬂa‘.e only sorbent ( 11.0 wei ght percent). The gasoline feed
cont ai ned 22.0 wei gh}l percent ol efins. The test results are set_forth in
Table I1. 24 Anrifhe spgant. of jargmafics| 1 gAERYS qraqkedEAEHinesh GPRIT&S Bor bent
DAnount { T4 v nsl 5, 8Tot al
pressure ﬁg‘%%g %ﬁfggéﬁg%ggt@ég ér%%@ﬁ%%%@n AheT‘ﬁelétlg)ng hgn streamin
hour s 4Th@samw1tac1@ﬂ gisdifngr - cont ai ni ng corrpounds left in the desul furized
cracked-gasol i ne m&arts per mllion sulfur by wt. of the desul furized
cracked gasol i ne. AMAUR DS 1%’&@&?‘%63%0?1“%? @ongeBEs frensghte from Run
i and Run, c i scl consi dered
as bei ng B0 BER 15 AREE b (PR S I R RO SR e b BE Dea W 11
no doubt o000 ptu@s phqaeh&kmhllﬁﬁoby weighe ofltiie ga%B@hsSdﬂ@dkeﬁl’gaEth& @i tbo be
understood as formng a part of this invention insofar as they fall within

the sifirit edfﬁﬂﬂ@%ﬁé syeh fiHKls apibe Higetprbsrdispiiem of the presentgnygition, 2003 CLAI MB
1. A sorbent conpos b f

cracked- gasol i nes m%ﬁ:”e@ﬁf&%ﬁ Algﬁlg %teét%ﬁo\ﬁ%ra‘g&%%%%l ecs: '%)rg%Hrlr%‘tegr, and (b)
a parti cutiadeth seppent tivimsovel bnﬁ@tnlﬂhetprmbalrldoﬁtapﬁmgmdmentis sfphiependnti N a

substantially reduced vaI ence stgée ang in an anount which effects the
removal ofMVERNPFOTHPRAFRIRTIFAAN of 2 CFAEREEYARBFIFENIRE ROTERILED oW t h
sanme unde o, i

accor dancée\?\n %{ Sh?f@ltde aﬂgggﬁlﬁglsgm%ibﬁ ? @mﬁnoﬁgﬁ?&]g h?or med of any
t wo or5 nohevarat aleﬁnvdmnteht ,ahey to ckethin froiald to H0 m;ghmeg:ameaemaoo:pp@r zi nc,
nol ybdenum tungsten, silver, tin, antinony or vapadium 3. A sorbent
conposi ti il a8 IR HaHES caintent ef fipf 500 Bkt BFrE BpR b7 bt AHI 6ot or s
conpri sed of nickel and cobalt. 4. A sorbent conposition in accordance with
claim2 of 3. 'Wherein the ratio of the metals of said binetallic pronot or
isinther ange of dheutma@t df twlfizbautrackedGasdinefos o dent] mekpoHowingn in

accordance with claim4, wherein the ratio of nickel to cobalt is about

l:1. 6. AU%WEFé’ﬁPféHH?)HéF%OWF?\ wAtc e disaglingetan RAfFeENRL GBS WVERIRD 8. 5,
wher ebh said g,pgd% balt are present in an anount in the range
of ab%ﬂt géstéﬁld out 4 e?’;’jHéjhté\rgercent based on the total weight of the
sorbent conposi ti on.InZampingonieind pmmporsf i thisoinvéemioac dodadand, e smu)hercmraﬁ m 2

wherein said binetalli r.onot or r| sed of ckel. and, co

Sorbent o GibBSITTEbI0 st U5y Gamst T fo1 BEETUN Ybe SHHEHE SAPRS of i ckel
to copper vﬂﬁcl@bﬁ’ﬂ”sel%e]co rémovt £PHRRAL pEIBRBE) 51[ QT ahD IRAFRLAAS §rot it any one
of the preceding clainms, wherein said parti'cul'ate Support is conprised of
zi nc oxi deubindzainsarba galbﬁfor@theoln)ghngcm wdneticer zontGo 98 tearipent ospPOSi ti on
' acggr danaé11W§f p}oagafa{n géhciv:hﬁyesk%h r]]mso(%utc()j 1r§)tro ulct(fgn gl’ 816 reggoerrgted sorco(f)nqp“ Sed

of zi

into the sorbent activation zone. The stripping comprises a set of conditions that
includes total pressure, temperature and stripping agent partial pressure.
Preferably the total pressure in a stripper, when employed, is in a
range of from about 25 psia to about 500 psia.
30 The temperature for such strippers can be in the range of from about
100°F to about 1000°F.

The stripping agent is a composition that helps to remove hydro-



- 23 - 24 Anril, 2003 11. A sorbent conposition in accordance with claim
10, wherein said zinc oxide is present in an am)unt; !w rt.pgpﬁfnge of about
10 to about 90 wei ght percent, said silica is pres nount in the
range of about 5 to about 85 weight percent, and said alumna is present in
an amount in the range of about 5 to about 30 weight percent. 12 A sorbent
conposition in accordance wth any onel#f the precedi ng clains, wherein
said conposition is a particulate in the formof one of granule, extrudate,
t abl et, spirbors frpal thetsutforiédcsobsipdoettent. PBesehtipribe gssfefred strippingragdutcsi on of
a sorbent conposition according to any one of the preceding clains which
conpri ses™MYOFNi npregnating the particul ate support with the binetallic
pronotor; (b) dryin i i LA al ci ni ng
the dried parti cul agg%gﬁrgﬁ%ggg%ﬁg%?i%%%@gk? gar&i 8?‘@31 ﬁ%l}snsél&?%hea?

resul tingackhsi nportipardfithelsalfeizl ssttept (scdeswlfutizal. sui t abl e reduci ng agent
under suitable conditions to produce a particulate conposition. 14. A
proces? in accor dandéeviPtah PEFSElTAIA Be (HEERERHOL APRE [SaFP @Iy 4B dhg ©ng j ed at a
t enper at ur @ (i r e 65, 7 5QF. 1 0 about
3505 . 150 Aohh A0S RrSuBly TR beib Prichity BRtHed (A Rt o

parti cul atrengesofcfadrai abedt 2§ paiatterpentaddr gsia.n the range of about 204C to
about 8| 5.5C (about 400F to about 1500F). 16. A process for the production
of a sorbent conpositheoW!BEcepaying agenttigiucstrelsgengrally 1p thegipgh of
conpri ses: i.nc t i ! into a

non- parti éhﬂ(“g%a‘éé}ﬂsﬁggfgé‘? t(b:orbgr?ggg% P%rg;gﬁt{a%thgé(?{a?gﬁﬁtsg{r?ng the resulting

bi met abl i ¢ pr onot or -Buppifur remoPagiakemns al @mpbsyicigthbhRelpd teg@letdt€ pronot or
containing particulate; {d) calcining the drjied binetallic pronotor

cont ai ni n@AHFRLE SEMIEP EsR-copnipg pomppendsyack 4 sBHuT dioxidegacval a8 ke

resul ting } Ralidif ¥ h3E M - -CR il, 2003
sui tabl e rbgg’lﬁg}rfﬂagg’ager?t 1ﬁ%ggr1%§§{b€§t&%§o%§rmﬁ%lg%}§ bt?opr%%gtdugeégﬁ articul ate.
17. A proaceggerf-osntaiheng gavey abchads Subdeuie fprefimrad stilfearenafvireg egeacked- gasol i ne

or diesel fuel which_conprises: (a% contacting said streamw th a sorbent
conposi tion accor di ngh% BEMRFRIsendhe gsegnaglien Zone & ssisedlynEeld B9l net hod

accor disng fogeRRy ;008 13host 3fiBa gel%a GGl &k Tatd) G MRtek809F oSAod

bi metal'l i ¢ pronotor enhance ol e retention mdsaid stream under conditions
such that rAeerebesgioesengdd pacfeesdil furi zed fluid stream of cracked-gasoline
and a sul furized sorhent; (b) separating the resulting desulfurized fluid

g
stream from sai d sul T FS2SHCT8BPHEMS CACHC ARG BRSE alVNRGIathe] RSP i on of
t he separ furd - i ion zone so as to renove at
| east a p%?&gﬁﬂgpu%ﬂh%ggﬁﬁ?G?e%g{?sr%%géﬁ ?ﬂ%?@%ﬁé (d) reducing the resulting
desul fitrized sorbenthé¢ desuhfuactd yabewns zloereresdacab it an petoaaiide zang edbiced

val ence binetallic pronptor therein. whi gg}ﬁvgll {fect t he rem)va%l of sul fur
from alst riédiiIes 285 SRABAAJEIT AdORiRIh Ot it HEree aiPramAsHEOTEH P (RS

[ et urni ng hodne@5hpsiR0h b ARLBEY I Yrolbstth LhRY ABRUL hiliALRiNiRE UGBt
bimetallic pronot 0|P contal ning sorbent to said desulfurization zone. 18
process m kovigy gdanmeun off tedotai mehls, thateer 6 pesait thestenaaval b swfiacked
gasoline. 19. A Fro ess in acct)rdaknce with cl ai m 1% t)r 18, wherein said
desul f uri ZETRAREPS TEUP A LEFad P crapked-gashliig 8t disch et he range of about
37.7C to about S38C (pbewtral %%n??ac%@ﬁiéﬁhé%@f&ss dnehigtn@nRbeSEYre in the
range of about 0.10 to~abouf 10.34 NLPa (about 15 to 1500 psia) for a tine
suf fi c2%ent redoctafif efcthetdesulfemapdaolid foiratatlia pronorieseirdaismgeanhen2 &, calvigsh ocess
in accordance with any one of clai 17-19. .. wherein .0l regeneration is
car i od oubiidt R Be rivet it A r Gomeet $500E #ERBHIS G s
(about | 00f.t9n @bebknoleA8R), B RidT S8FUfRubtbd Recdabdsuoforabeut 0.7 to
about 10.34 (about 10 to about 1500 psia) for a tine sufficient to effect
t he renovakufotieat td adgtveahpaiesirahlenél cfuntial rédugtron he tisusdrbernt sgglemor bent .

21. A i d it f_clajmp,.17-20 in t i
ol oybd_ artonteuSFAGERERAErEN BB ad nérdl SRk il IIRCE S5MR © 1

processgi n2age@fsdance with any one of clains 17-21, wherein said - 25 -
24 April, 2003 regenerated sorbent is subjected to reduction wth hydrogen
in said activation zdeHowingHeastipgtion of Hedeagncsated paeicatalg sorbentt fle r ange
of about 3 0 I F t

pressure leagtt%e ?%%gedﬁqigig%lu& %&:{?@E{eg (g‘gélﬁ%&lgﬁg%{tr\éﬁg%%g%ﬁéﬁl tpg | 500
psia) and for a period of tine sufficient to effect a substantial reduction
of the valence of the netal content of the binetallic pronotor of said
sorbent. 23. A process in accordance with any one of clainms 17-22, wherein
sai d separated sul furized sorbent is stripped prior to introduction into
sai d regeneration zone. 24. A process in accordance with any one of clains

A = o~ ) N e o .
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2{ vgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca cqa] ca] ca]ca]ca]ca
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aJ ca] ca] ca] ca]ca] ca calcalc”a (]ica] calca]calcalc ]h al ca] ca]fca] ca] ca] ca]
cal YZSSZZZ[ h[[[B\\\ l csul urized cracked-gasoline resulting from the practice ¢

I:a] g!a] ua %’fﬁ:a Wé‘fca]céﬁaj]ec% % }:;‘M]rrg%];1 g’%la]%?]f%?da{f‘?a[?c caﬁ%]éfgla]ciyg%f]bgﬂ
9ddde] eegbﬁ(ﬁm{efplfdaﬁucmd(mdablrarfnocmumpmal consumption.
p{vql gb] X]]ca] ca] ca %%ﬂ ] ca cal ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] c™a
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mixture was then impregnated with 336.9 grams of nickel nitrate hexahydrate

dissolved in 44 grams of deionized water per 454 grams of granulated third mixture

to produce an impregnated particulate. The impregnated mixture was dried at 300°F

for one hour and then calcined at 1175°F for one hour to form a solid particulate

30 nickel oxide-containing composition. 454 grams of the first nickel impregnated

sorbent was subjected to a second impregnation with 336.9 grams of nickel nitrate

hexahydrate dissolved in 44 grams of deionized water. After the second
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a solution contamning 6.38 pounds of Disperal alumina (Condea), 22.5 pounds of
deiomzed water, and 316 grams of glacial acetic acid was added to the mix Muller
to produce a second mixture. After adding these components, mixing continued for
an additional 30 minutes. This second mixture was then dried at 300°F for

20 16 hours and then calcined at 1175°F for one hour to form a third mixture. This
third mixture was then particularized by granulation using a Stokes Pennwalt
granulator fitted with a 50 mesh screen. 200 grams of the resulting granulated mix
was then impregnated with 148 grams of cobalt nitrate hexahydrate dissolved in
43 grams of hot (200°F) deionized water to produce a particulate impregnated mix.

25  The impregnated particulate was dried at 300°F for one hour and then calcined at
1175°F for one hour. 100 grams of the calcined particulate was impregnated with a
solution of 74 grams of cobalt nitrate hexahydrate dissolved in 8 grams of hot
deionized water to produce an impregnated particulate product which was then dried
at 300°F for one hour and then calcined at 1175°F for one hour to form a solid

30 cobalt oxide sorbent.

The solid cobalt oxide sorbent was then reduced by subjecting it to a

temperature of 700°F, a total pressure of 15 psia, and a hydrogen partial pressure of
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5  containing 15% each of nickel and cobalt) was produced by dry mixing

20 02 pounds of diatomite zinc oxide in a mix Muller for 15 minutes td produce a
first mixture. While still mixing, a solution containing 6.38 pounds of Disperal
alumina (Condea), 22.5 pounds of deionized water, and 316 grams of glacial acetic
acid was added to the mix Muller to produce a second mixture. After adding these
10 components, mixing continued for an additional 30 minutes. This second mixture
was then dried at 300°F for 16 hours and then calcined at 1175°F for one hour to
form a third nuxture. This third mixture was then particularized by granulation
using a Stokes Pennwalt granulator fitted with a 50 mesh screen. 200 grams of the
resulting granulated mix was then impregnated with 148 grams of cobalt nitrate
hexahydrate dissolved in 43 grams of hot (200°F) deionized water to produce a
particulate impregnated mix The impregnated particulate was dried at 300°F for
one hour and then calcined at 1175°F for one hour. 100 grams of the cobalt
impregnated, dried, and calcined particulate was impregnated with a solution of
74.3 grams of nickel nitrate hexahydrate dissolved in 6.4 grams of hot deionized
20  water to produce an impregnated particulate product which was then dried at 300°F
for one hour and then calcined at 1175°F for one hour to form a solid cobalt-nickel
oxide sorbent.
The solid cobalt-nickel oxide sorbent was then reduced by subjecting
it to a temperature of 700°F, a total pressure of 15 psia and a hydrogen partial
25  pressure of 15 psi for 60 minutes to produce a solid reduced cobalt-nickel sorbent
wherein the cobalt-nickel component of the sorbent composition was reduced
substantially to zero valence.
Reduction of the particulate solid calcined composition comprising
zinc oxide, silica, alumina cobalt and a nickel compound so as to obtain the desired
30 sorbent having a reduced valence cobalt nickel content was carried out 1n the reactor

as described in Example IV.
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The particulate solid reduced metal sorbents as prepared in
Example I-1II were tested for their desulfurization ability as follows.
A l-inch quartz reactor tube was loaded with the indicated amounts
5  as noted below of the sorbents of Example I-1II. The solid metal sorbent was
placed on a frit 1n the middle of the reactor and subjected to reduction”with
hydrogen as noted in Examples I-III. Gaseous cracked-gasoline having about
345 parts per mullion sulfur by weight sulfur-containing compounds based on the
weight of the gaseous cracked-gasoline and having about 95 weight percent
10 thiophenic compounds (such as for example, alkyl benzothiophenes, alkyl
thiophenes, benzothiophene and thiophene) based on the weight of sulfur-containing
compound 1 the gaseous cracked-gasoline was pumped upwardly through the
reactor. The rate was 13.4 milliliters per hour. This produced sulfurized solid
sorbent and desulfurized gaseous-cracked gasoline.
15 Both Sorbent A (30% nickel) and Sorbent B (30% cobalt) were
effective 1n removing the gasoline sulfur content from 345 ppm to about less than
5 ppm under the conditions shown in Table I. However, under the desulfurization
conditions a significant loss in the olefin content was noticed, i.e. the olefin content
of the gasoline was reduced from 22 0 weight percent in feed to 11.0 and
20 14.0 weight percent in the product when Sorbent A and Sorbent B were utilized to
remove sulfur.
The invention Sorbent C was tested for two cycles After cycle 1 the
sulfurized Sorbent C was subjected to desulfurizing conditions that included a
temperature of 900°F, a total pressure of 15 psia and an oxygen partial pressure of
25 06 to 3.1 psi for a time period of 1-2 hours Such conditions are hereinafter
referred to as "regeneration conditions" to produce a desulfurized bimetallic sorbent.
This sorbent was then subjected to reducing conditions that included a temperature
of 700°F, a total pressure of 15 psia and a hydrogen partial pressure of 15 psi for a
time period of 1.25 hours. Such conditions are hereinafter referred to as "reducing
30  conditions".
The resulting solid reduced cobalt-nickel metal sorbent composition

was then used in cycle 2). Once again a reduction in sulfur content from 345 ppm
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reducedto 11 and 14 weight percent’respectively.
10 The test results are set forth in Table 1.
TABLE 1
Reactor Sorbent A | Sorbent B | Sorbent C
Conditions
15 Amount (grams) 10 10 10
TP 15 15 15
HPP? 13.2 13.2 13.2
°F 700 700 700
TOS’ Cycle 1 Cycle 2
20 1 <5 5 <5 5
2 <5 <5 <5 5
3 <5 <5 <5 <5
4 <5 <5 5 5
5 <5
25 Wt. % Olefins 11.0 14.0 18.3°
'Total pressure 1n psia o
*Hydrogen partial pressure in psi
>The time on stream in hours ) _
“The amount of sulfur-containing compounds left in the desulfurized
30 cracked-gasoline in parts _ _
er million sulfur by wt. of the desulfurized cracked gasoline.
lefin contents measured in a composite sample from Run 1 and Run 2
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EXAMPLE V
A second solid reduced bimetallic nickel-copper sorbent composition
containing 15% nickel and 5% copper, (Sorbent D), was prepared as follows:
363 grams of diatomite silica was mixed with 443 grams of Nyacol
5  Al-20 alumina solution in a mix Muller. While still mixing, 454 grams of dry zinc
oxide powder was then added to the above mixture and further mixed' for
30 minutes to form an extrudable paste. This paste was extruded through a
laboratory l-inch Bonnot extruder employing a die containing 1/16 inch holes. The
wet extrudate was dried at 300°F for one hour and calcined at 1175°F for one hour.
10 500 grams of dried extrudate were then impregnated with a solution of 371.4 grams
of nickel nitrate hexahydrate dissolved 1in 36.5 ml of deionized water. The nickel
impregnates were dried at 300°F for one hour and then calcined at 1175°F for one
hour. 100 grams of the first nickel impregnated sorbent was subjected to a second
impregnation with 19.0 grams of copper nitrate trihydrate dissolved 1n 27 grams of
15  deionized water. After the second impregnation, once again the impregnated
extrudates were dried at 300°F for one hour and then calcined at 932°F for one
hour.
The extruded solid nickel oxide sorbent was ground to 12 x 12 mesh
size particles and then reduced 1n the reactor by subjecting it to a temperature of
20  700°F, a total pressure of 15 psia and a hydrogen partial pressure of 15 psia for
2 hours to produce a solid reduced bimetallic promotor sorbent wherein the

bimetallic promotor component of the sorbent was substantially reduced.

EXAMPLE VI

The particulate sold reduced nickel-copper sorbent as prepared n
25  Example V was tested for its desulfunization ability as described in Example IV.
The test results shown 1n Table II clearly demonstrate the effectiveness of the
bimetallic promotor, Sorbent D, in removing the gasoline sulfur from 345 ppm to
about less than 5 ppm. It was unexpectedly discovered that the bimetallic
nickel-copper sorbent effected an improved retention of olefin content (15.8 weight

30 percent) as compared to a nickel only sorbent (11.0 weight percent). The gasoline

feed contained 22.0 weight percent olefins.

The test results are set forth in Table II.
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TP 15
5 HPP? 13.2
°F 700
TOS? Sulfur®
1 <5
2 5
10 3 <5
Wt. % Olefins 15.8

'Total pressure in psia

’Hydrogen partial pressure 1n psi

*The time on stream in hours

15 “The amount of sulfur-containing compounds left in the desulfurized
cracked-gasoline in parts

per mullion sulfur by wt. of the desulfurized cracked gasoline.

0Olefin contents measured in a composite sample from Run 1 and Run 2

20 The specific examples herein disclosed are to be considered as being
primarily illustrative. Varnious changes beyond those described will no doubt occur
to those skilled in the art; and such changes are to bé understood as forming a part
of this invention insofar as they fall within the spirit and scope of the appended

claims.
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T 1000 5 17 1PM @ A0 et Whposition suitabls for removal ofsulfur from <
cracked-gasolines which is comprised of
(a) a bimetallic promotor, and
(b) a particulated support
wherein said bimetallic promotor is present in a substantially reduced valence state
and in an amount which effects the removal of sulfur from a stream of
cracked-gasoline when contacted with same under desulfurization con.ditions.
2, A sorbent composition in accordance with claim 1, whereimn said
bimetallic promotor 1s formed of any two or more metals which are nickel, cobalt,
iron, manganese, copper, zinc, molybdenum, tungsten, silver, tin, antimony or
vanadium.
3. A sorbent composition in accordance with claim 2, wheremn said
bimetallic promotor is comprised of nickel and cobalt.
4. A sorbent composition in accordance with claim 2 or 3, wherein the
ratio of the metals of said bimetallic promotor is in the range of about 20:1 to about
1:20.
5. A sorbent composition in accordance with claim 4, wherein the ratio
of nickel to cobalt is about 1:1.
6. A sorbent composition in accordance with any one of claims 3-5,
wherein said nickel and said cobalt are present in an amount in the range of about 5
to about 40 weight percent, based on the total weight of the sorbent composition.
7. A sorbent composition in accordance with claim 2, wherein said
bimetallic promotor is comprised of nickel and copper.
8. A sorbent composition in accordance with claim 7, wherein the ratio
of nickel to copper is about 3:1.
9. A sorbent composition in accordance with any one of the preceding
claims, wherein said particulate support is comprised of zinc oxide and an inorganic
Or Organic carrier.
10. A sorbent composition in accordance with claim 9, wherein said

particulate support is comprised of zinc oxide, silica and alumina.
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QRXs Ydet@rln}gf-ﬂ'd 19%: is present in an amount in the range of about 5 to about 85
weight percent, and said alumina is present in an amount in the range of about 5 to
about 30 weight percent.

12 A sorbent composition in accordance with any one of the preceding
claims, wherein said composition is a particulate in the form of one of granule,
extrudate, tablet, sphere, pellet or microsphere. |
13. A process for the production of a sorbent composition according to
any one of the preceding claims which comprises:

(a) impregnating the particulate support with the bimetallic
promotor;

(b) drying the impregnated particulate of step (a);

(c¢) calcining the dried particulate of step (b); and thereafter

(d) reducing the resulting calcined particulate of step (c) with a
suitable reducing agent under suitable conditions to produce a particulate
composition.
14. A process in accordance with claim 13, wherein said particulate 1s
dried at a temperature in the range of about 65.5°C to about 177°C (about 150°F to
about 350°F).
15. A process in accordance with claim 13 or 14, wherein said particulate
is calcined at a temperature in the range of about 204°C to about 815.5°C (about
400°F to about 1500°F).
10. A process for the production of a sorbent composition according to
any one of claims 1-12, which comprises:

(a) incorporating the bimetallic promotor into a non-particulated
support composition;

(b) particulating the resulting bimetallic promotor-support
composition;

(c) drying the bimetallic promotor containing particulate;

(d) calcining the dried bimetallic promotor containing particulate of
step (c); and thereafter

(e) reducing the resulting calcined particulate of step (d) with a
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(c) regenerating at least a portion of the separated sulfurized sorbent
in a regeneration zone so as to remove at least a portion of the sulfur absorbed
thereon;

(d) reducing the resulting desulfurized sorbent in an activation zone
so as to provide a reduced valence bimetallic promotor therein which will effect the
removal of sulfur from a stream of cracked-gasoline when contacted with same; and

(e) returning at least a portion of the resulting desulfurized, reduced
bimetallic promotor containing sorbent to said desulfurization zone.

18. A process 1n accordance with claim 17, wherein said stream is
cracked gasoline.

19. A process in accordance with claim 17 or 18, wherein said
desulfurization is carried out at a temperature in the range of about 37.7°C to about
538°C (about 100°F to about 1000°F) and at a pressure in the range of about 0.10
to about 10.34 MPa (about 15 to 1500 psia) for a time sufficient to affect the
removal of sulfur from said stream.

20. A process in accordance with any one of claims 17-19, wherein said
regeneration is carried out at a temperature in the range of about 37.7°C to about
815.5°C (about 100°F to about 1500°F) and a pressure in the range of about 0.7 to
about 10.34 (about 10 to about 1500 psia) for a time sufficient to effect the removal
of at least a portion of sulfur from the sulfurized sorbent.

21. A process in accordance with any one of claims 17-20, wherein there
is employed air as a regeneration agent in said regeneration zone.

22, A process in accordance with any one of claims 17-21, wherein said



109% & ()- Y 109B& ()- Y 10%& ()- Y 10% & ()-wlgobU4d S 10°/‘e' &()-
10WLOWLOW | 109 ()~ ! 109 & ()- | 10%& ()- | 109& (). M[:

10990& ()-4( , 109%0& () - 4( , 10(VY&()'?43( 10‘V)]2—-&-'(1$—9.Q;-, 1ocVT

& ()-4(, 10% & ()-4(Tw[:bu4 .- 10%1° - - 10% & ()- , 10%Y

& ()-4( , %ﬁl@ﬁ ed‘gSo(“Berﬁlﬁs sub}&ycﬁfo &d&&tlo‘ﬁ(wuh ﬂzg%ker&m( Qalff]'(iBlV\é%l zone
@109 & ()- 10" e! .- 10% el " & ()-

- 109 & ()whu;h'r#\fh[untawbd at a mﬁmm&‘e@ -the rah@e®Ragut 37. 7130%&1»@1@815 O & () -

100w () @ 480 O 4ol TR (04t it isopmet VPO Ui ) S 1

109VRI ME () 10341 MPABEIME S (th- 150D PR aNE: f6) a pdiIdLOY tihNO TsliBilcient @bl G 13] C”
"Headi ng 23] c" "Headi ng 33} "Headi ng 43]c" "Headi ng 53] c¢" "Headi ng 63]c"
¢

"Headi ng 73Jibstarttigk aatiuaigors i dte valirediodghosipte! pontexifafuhe bPagtaldie apemotor

Font D$- 6?ul gV3TAPYa pxS
E} rusog */. d??%z\%%‘lf ABEJ LMORQTUVWY[\ ]~ 7bdeEht | n pgsFuvwyz>| ~&s ( X5K;

Pp! . 8Xq' | SYBTi nes New\[? POBREA AlcRIAhESWitNaW) BnERetlaRAS Ny V! diReRUTBA
| " H#SUR' () *+, -./ 012345678

<=>7 GABCDERGPHIaKL mkﬁnu}@mmmm[ §tiippedapieateld ghirp kichom pigie sedvieRgEtios

zone.
24. A process in accordance with any one of claims 17-23, wherein the

regenerated sorbent is stripped prior to introduction to said activation zone.



