WO 01/ 14052 PCT/ U500/ 40608 SORBENT COMPCOSI TI ON, PROCESS FOR PRODUCI NG SAME
AND USE IN %%lel; I ZATION Field of the Invention This invention relates
to the remo dulfur fromfluid streans of 5 cracked-JfFEH0M#%E and

di esel fuels. In another aspect this invention relates to sorbent
conpositions suitable for use in the desul furization of fluid streans of
cracked-gasolines and diesel fuel. A further I?eCt of this invention

relates to a proc¥3BBERE QW@ﬁH&QM PBRCESS Jii BRODUIPBY/M BAMEr use in the
removal of sul fur bodies g@f%w%qﬁggm&,ﬁg@ﬁked gasol i nes and

di esel fuels. 10 Background I on need for cleaner burning
fuels has resulted in a contl nui ngeloofltee Inventivn ef f ort to reduce sul fur
level s in gasoline andTﬁl enﬁ f uefalse?t t}l r&%%?'of'gﬂ%r fr%as mfi ne. and fd| esel

sulfur is considered to 15111 NPr ovi air “Pechuse of
t he negatisve dcracR@iiRgdsolinee afididlkeseh meiaurlnhastha:naspdfwmrnfvérrtimnelmeﬁfo aut onot i ve

15 catalytic converters The ence 0 es of sulfur in autonotive
engi ne exhausfr e‘P‘rﬂ‘?F’lBPi‘%""zir?Hmr%éFy P?ee‘?éi‘%gﬁlu “‘b’df‘%‘bﬂyh‘ﬁﬂlsgeqﬁ%‘t%ﬁ cat al ysts

in the converdfkes-Eabiat afd aikicP MeRNAl MHL LHRNET Bls iPRINBONRGt&0BEr ter
contain | evels of non- conbusted, non-nmethane hydrocarbon and oxi des of

ni trogen and Reesessdar tsmssdugkion ofylfir wrvestsi fonysedp eheosmara) sEquiby bodisk i ght t o
form ground |gyeh,Q2086ns SR ?‘s&ﬁﬁ@@h?’dfe@&%ﬁ?d to as snog. Mst of the

sul fur in gasoline cones processed gasolines. Thermally
processediOgasol i nes such, as f@aﬁamﬂ.&é,_ﬁ_hﬂﬂmnl y cracked gasoline,

vi sbreaker gasoline, Cﬂﬁeﬁeegz&% cgéaﬂ bglg@ne%ﬁ}e?sl a%'*é:sﬁll[.l) ymcar %hﬁﬁngﬁyﬁggir{]e _

(hereinafter collectively cal gasoli ne contarns
ol efins, 25 awidufrafc‘drcm, redund ssiﬁkrflweig:mrgamlmeragd dmsqb@wﬂmls’l‘he&edmﬁxgmfst

gasol i nes, such as n exanpl e aut, asol r.acin asol i nes,

avi ati on gas cﬁa‘?"i"@e ﬁfﬂg‘é%ﬁ‘)ﬁ“ﬂg%ﬁg *?%79 ﬁ’eﬁns ’éﬁ‘bor?)‘fm%?" %333@( in part

cracked- gasolyefise e Gédative RBipadithé Biel kulfie m&c&eﬁe@aﬁwmaaae ¥ dutorhdifver ent I'y
serve to reduce the sultur_levels in such gasolines. 30 The public

di scussi of als8@ltigsupritere dhe prsennst wstiescféﬁtﬂé‘eréa apfemolipe e Fhalbt sul fur
I evel s shoul Qnrﬁﬁtsrﬁ@%%e&rﬁﬁ?%@ﬁ&%oﬂl@ﬁze&mtﬂ% "8t codveMgr sul fur o

gasol i ne reduces autonotive eni Ssions and inproves air quality. Thus
Emissions from an inefficient or poisoned converter contain levels of non-

combusted, non-methane hydrocarbon and oxides of nitrogen and carbon monoxide.
Such emissions are catalyzed by sunlight to form ground level ozone, more
20 commonly referred to as smog.

Most of the sulfur in gasoline comes from the thermally processed
gasolines. Thermally processed gasolines such, as for example, thermally cracked
gasoline, visbreaker gascline, coker gasoline and catalytically cracked gaseline
(hereinafier collectively called "cracked-gasoline”) contains in part olefins,

25  aromatics, and sulfur-containing compounds.

Since most gasolines, such as for example automobile gasolines,
racing gasolines, aviation gasoline and boat gasolines contain a blend of at least in
part cracked-gasoline, reduction of sulfur in cracked-gasoline will inherently serve
to reduce the sulfur levels in such gasolines.

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

lower sulfur gasoline reduces automotive emissions and improves air quality. Thus



WO 0111405': PCT/ CISOQO 40608 the real debate has focused on the required
| evel of redussiass: the geographical areas in need of |O\§@f~m§d§}4f)éﬂ§
gasoline and the tinme frane for inplenentation. As the concern over the

i npact of autonotive air pollution contjnues. it is clear that further
efforts to reduce the sulfur levels in adtonotive fuels wll be 5

requi red. Wil i t & A0 t per
i 111 on i £ e ge et R BRSO e M RER I/ o ARAAH Bl et 2R T
secur e r educedneel @f &ver sulfurtgasolibeeml s timretase fohatplgaguwdtione wil | have to
have | ess than 50 part r mllion of sulfur by the. year.2010.. (See Rock,
LS Batrmn b, e sl ot anbiEl ebfretiotsd Stk Gt ntntes, o
Catal ytic Di gtif bleatthQriurtid @56 Rtedlce tesulBORBveldinNatdntitiak fivgd vl gum
Refiners Association Annual Meeting (AM98-37)). In_view of the ever

i ncreasi ng nESHTEL Balabieeument gagiine o b ipean reaut 3bpreRt BihBnot i ve
fuel, a vari gy BhilePe8SES NA¥RviRGRRnRAI PRAES ARmcRe ik cNBiuctndust ry
conpliance with the Federal 'mandates. One such process which has been
proposed for lavhls, i bprokean egimatad| thairgasoliBe filbhavgde biverlessithancHl pasidper

hydr odesul Futlifgh PRun ¥ b, A AFCTYLS RUAZRY! Bl BATONIDB b T ETOVE
sul fur-containing conpounds,” 1t can result’ in"the saturation of nost, if
not all, of thECOIGHems Ixonlfimizatea vinCothlytigBstllativa’ piEsingedsa tther EB9Bon  of

ol efins eat | fects the octane nunper .(;hot.h rch and notor
oct ane nﬁﬁbehﬁ%“yﬁ?ﬁ%‘ﬁ?‘%"h&‘&ie{% Asfﬂ%gtgn%?lr{\gee IP%E‘S“S&'%%& due to, in
part, the hydrodesul f Univieat 6f0Re € thckdading netd 16 B€dble @sl piodudcendwesulfii opheni c
conpounds (such as, for. e | e, thiophene, benzo- thiqphene, alkyl

Rl Dahones. * EPgT BUATOHA Ha e i ar BORSH ABONFLPHPOBHANCS Y h) ch ar e
some of the muaktndidniliartetwititht vede Mamiiftésng conpounds to renove.

Addi tionally, the hydrodesul furization conditions required to_ renove

t hi opheni ¢ ~ conpounds Quersugh Brgcasatvichhas bee peappeed fontie remeahpk fHH t o t he

need for jsemeal olfinayl Eatlea hiQBALEIRRESENIATRI MAFdesdifiBLfioh B Bhsdfnd’r €SENt €d
to the petroleumindustry a need to reduce the 'sul fur content ™ of diesel
fuels. |n reggviemgve siifugrcomzining dprapuindy i day desoid & e fsefutation pbrostt e cet ane
is inproved i e - N T\ : [.O) is
nydrogen s ook A olinp e 5 0, el HAERAER S ER KL Preanl”

hydr ogenat i orffeatht ioctase midber thoth thhesseartisard maedodiare nampen bgdsvaningr ei n
desul furi zati,on.W t hout hydrogenati on of ar tLcs.is achieved so as to
provi de a rmruengﬁ)en?l;lF#‘Eﬁe %flﬁ?:tg‘ggue Poi? p[aﬁeﬁf Sﬁ?%ﬁl{ur’&f"u?ﬂ C(e"é’g’(fa‘mfsuel s.

20  required to remove thiophenic compounds {such as, for example, thiophene, benzo-

thiophene, alkyl thiophenes, alkylbenzothiphenes and alkyl dibenzothiophenes),
which are some of the most difficult sulfur-containing compounds tc remove.
Additionally, the hydrodesulfurization conditions required to remove thiophenic
compounds can also saturate aromatics.

25 In addition to the need for removal of sulfur from cracked-gasolines,
there is also presented to the petroleum industry a need to reduce the sulfur content
of diesel fuels. In removing sulfur from diesel by hydrodesulfurization, the cetane
is improved but there is a large cost in hydrogen consumption. This hydrogen is
consumed by both hydrodesulfurization and aromatic hydrogenation reactions.

30 Thus there is a need for a process wherein desulfurization without
hydrogenation of aromatics is achieved so as to provide a more economical process

for the treatment of diesel fuels.



WO 01/ 14051 PCT/ USOQ 40608 -3 As a result of the lack of success in

provi di ng sie&gsdsul and econonically feasible processes p@fudobgosi£duct i on
of sulfur levels in both cracked-gasolines and diesel fuels, it is
apparent that there is still needed a hgtter process for the
desul furi zation of both cracked-gasolines and diesel fuels which has 5

mnimal affect of octanea Wil of 8RNAAVAMUCRETR JréMEing stdcestlilfy rermoval . The
present invention provides a novel sorbent systemfor the renoval of

sul fur from fragpRricatly degsiplegrocessse kardhey sedastioneef sulfier lavadsiml bothuel s. The
invention al g ' i far ' /el rbents
whi ch are usef algd?gég?ﬁgs gnesﬁ?éfé_ﬁgiélzsé?il%%ﬁglfeg{sﬁlgﬁﬁﬁeﬁpaﬁsP %gé‘ﬁ% .bci The

i nventi on fuprosess forr b idesifurization o€ bethfemackedagasolineswad divbel Sudl which hant ai ni ng
conmpoundscfr Cr - i di esel, fuel ich mnimze
saturatiof o 6&3??%%93%%%%60@% a%ggf"ﬁ%?’ﬁ%r{ev#én%lsﬁum’ém°8ﬁl'yet furt her

provi des a desul f uri zetheqresehteitlvagas® biavides b havel GomtR Heemessthkhan about 100
parts per mllion %I %Igurégﬁ(fed on the weight of 15 the desul furized

cr acked- gasofHY2LN s FAm Ssaes of cerkqdzgasslines andsdipsel Mebsunt of ol ef i ns
and aromatics as were TH ihViati6h a6k pebvRs 8 prdesssi O Me WhddubBridd of sovemde.
Summary of the Inventjon The present invention is based upon our discovery
that throughS¥he!s Woich pteaiseiyh inothe dgpifurizatgn of suphfluidhstresmsy reduced val ence

state, pneferably zer Cphelifiverior? Burief PORideCOPRRSS rhiOfe FOEIEL {;ésu?ffi{li eved a
novel sorbent conposition which permts the ready renoval of sulfur from

streanms of cFHENBASGaEpIUnAe §omyrcrapkadgpsotings|agd diesd] faels whivhmeihingtd ect on t he
octane rati ngauﬂfati&hﬁféléf?r@taﬁ@aﬁfxﬂ aMpefgcordingly, in one aspect of the

present invention there I's provided a novel sorbent suitable for the
desul furi zation of crddieauveytionlétfathen pratides eldefulfatized &ackethigaddlins conpri sed

of zinc oxid L1 ] |t . wherein.the yal ence .of t.he cobalt
is substantia fgdnlrtdel&ugsesg'h%{r?ﬁ giucﬂ hagtg%%e’a“ﬁ\?% %ﬁ%@“ﬁgﬁﬁ%{f’ni Vel in an
anmount t &5 petheidesilfugizedocraokad-gadolisei krfdwhith oontsinneskatial gl same amotntdifesel
fuels. In ac e with apnother .aspect .of t.he_present.i.nvention, there is
provi ded a p(rgféiég%!’s}l%f%?m%t T8 af)%gf)ealpé‘?‘? grﬁ&%fi'ggsc’ﬁfm/ggms‘@?‘g&éﬁt‘s@@ osi tion which

30 conprises adm xi ng zi nc oxi dBummity gfah@lidertlonn na so as to forma wet

m x, dough, paste or slurry thereof, particulating the wet m x, dough,
paste or slurry ther eé[ﬁ)eéaaes nt invention 1s based upon our discovery that through the

utilization of cobalt in a substantially reduced valence state, preferably zero, in a
20  sorbent composition there is achieved a novel sorbent composition which permits
the ready removal of sulfur from streams of cracked-gasolines or diesel fuels with a
minimal cffect on the octane rating of the treated stream.
Accordingly, in one aspect of the present invention there is provided
a novel sorbent suitable for the desulfurization of cracked-gasolines or diesel fuels
25  which is comprised of zinc oxide, silica, alumina and cobalt wherein the valence of
the cobalt is substantially reduced and such reduced valence cobalt is present in an
amount to permit the removal of sulfur from cracked-gasolines or diesel fuels.
In accordance with another aspect of the present invention, there is
provided a process for the preparation of a novel sorbent composition which
30  comprises admixing zinc oxide, silica and alumina so as to form a wet mix, dough,
paste or slurry thereof, particulating the wet mix, dough, paste or slurry thereof so

as to form a particulate granule, extrudate, tablet, sphere, pellet or microsphere



as to forma particulate granule, extrudate, tablet, sphere, pellet or

m cr ospher e WO0014034051 PCT/ US00/ 40608 -4 thereof; dryi ngpdriusoeseses ting
particulate; calcining the dried particulate; inpregnating the resulting
solid particulate with a cobalt or a coRalt-containing conpound; drying
the resulting inpregnated solid particulate conposition, calcining the

dried parti GuredfedeMEnRs tdsilfe pheculRd kalchthgtthe deal sdr@thidiRgkstangt h a
sui tabl e reduci ng 5 agent, _suc:h as hydrogen, so as to produce a sorbent
conposi ti on Keg/feRyting salidrhisniag Wit afeball F arelaliccopiningenmnsned: idiviegy anount

Whi ch is suf fy£ihtind &éggngée& S(fﬂaggahmv omp‘%ihgh,g%ﬁir%fthé ﬁhé&” froma

cracked-gasol 1 ne or i fue ream |n accordance wth a further aspect
of the presemparticnagmomppsitisthaxdgedusingphoedldesd mogucowk s shigable tegucing
desul furi zati_on . of cracked- line or diesel fuel. stream 10 which
conpri seszsgesaﬁfr%tusrufzfsnéy#?‘fgea’ %2%3? POt foél?\engcc:)oﬁn oFey é%\%ré%léélébs?tc?\fq{?aﬁe or
di esel fuel zetotValercs edbiall-comehidean aabalt twhichtiabufficiattad pemgt $e r&fdal
separating the desul furi.ze crackke%-g%?iol in esel fuel fromthe

1E2PeR

.or _di
sul furi zed sOFBRIE of SUGEfEm £ 6" Siorsh 4l SFEABT ¢ he

sul furized-solid-reducpac6sbaicé wimtaaurthdiREgtkt GFQRd Prektnh BhiveioREMtreti® Produce
a regenerated desul furized solid cobalt nmetal 15 netal -containing sorbent;

activating ati’_f‘l"é@%ﬂta BrOfFst for b W“lf‘WéatP@g’éﬁéF%%S%ﬂ@gﬁlGl’ftﬁliiqsilefaﬂ g d cobal t
met al - confai njng, SRERRAL deExﬁfuREﬂg'ﬁ?@ dBsufidatlof %%@g{k@c{i’%&ﬁﬂiﬁ?&@diesel

nmet al - cont ai ni ng sorbent; and thereafter returning st a portion of

the resul ti nduelrvathedidgediasd cabelt aictab-oprtaining sebentr dgparatingghe he

desul fur i zal | QR.AODE: o REEALLGh B SELbALLD theldfulity gobLAN 20 The term
gasol i ne" as enp oyecf eréini1s intended to nean a m xture of

hydr ocar bons rbgenératitg 4trleast abotion AOBE stifinapphsaidiredicel gobdD@fetabr any fraction

t hereof. Such dr ocatr bon il _include, for, ex I e, hydr rbon streans
nereri ner edndiahtEBmeaRheilso prodhes rEenciAlea AR o SPBRERRRN A

cat alhyt [ Clﬂa&ﬁéﬁifwntainmg%il‘beﬁk edtiviahiphit :I@st :ﬁ.ﬂ;dﬁ&dlﬁéf&he h‘.g@:ﬁ%tﬁfj @eéﬁlfuﬂ’z@cf or mat e.
25 The term "cracked-gasoline' as, enplo erein s jntended to nean

hydr ocar bons SB@‘?F‘%‘?@ “??%‘ﬁ?'&b‘&ﬁg Sqheyi 19 Br\ggﬁi?r%ﬁﬁﬁﬁé?dé‘ﬁfi 91%@#“8?‘1 any fraction
thereof that Ag-cBhmiHE!sSrbbA0MdehtBaTer tAGLIB at Rst GoRlildrGhdF008Sses t hat
crack larger hydrocarbon nol ecules into snmaller nol ecul es. Exanpl es of

t her mal pr oc&8sdised cqbald msth-comianing sorpené it desubferizatign aene. vi sbreaki ng. Fl ui d
catal ytic cracking and 30 h%ﬁle@des&fgﬁ%hﬁ@xe%ﬁn@&'ﬁml es of catalytic
cracki ng. I n sonme I nstances e
20 The term “gasoline” as employed herein is intended to mean a
mixture of hydrocarbons boiling from about 100°F to approximately 400°F or any
fraction thereof. Such hydrocarbons will include, for example, hydrocarbon streams
in refineries such as naphtha, straight-run naphtha, coker naphtha, catalytic gasoline,
visbreaker naphtha, alkylate, isomerate or reformate.
25 The term "cracked-gasoline” as employed herein is intended to mean
hydrocarbons boiling from about 100°F to approximately 400°F or any fraction
thereof that are products from either thermal or catalytic processes that crack larger
hydrocarbon molecules into smaller molecules. Examples of thermal processes
include coking, thermal cracking and visbreaking. Fluid catalytic cracking and
30  heavy oil cracking are examples of catalytic cracking. In some instances the
cracked-gasoline may be fractionated and/or hydrotreated prior to desulfurization

when used as a feed in the practice of this invention.



cracked-gasol ine may be fractionated and/or hydrotreated prior to

desul furi z¥P8H403ihen used as a feed in the practice of thCEUStMensi on. WO
01/ 14051 PCT/ US00/ 40608 -5 The term "diesel fuel" as enployed herein is
intended to nean a fluid conposed of & m xture of hydrocarbons boiling
from about 300F to approximately 750F or any fraction thereof. Such

hydr ocar bon streans iTkd ute "dieghfuctysl enpddyed hete@tr RILBAIed)te inehti@lfluid

strai ght-run diesel .and hydrotreated diesel, 5 The term"sulfur" as
orpl oyed he CBRROFE of ATUNHEH by s oRs pRIGnE gP@é‘gB‘guﬁogL}!rq%WﬂﬂﬁS‘Ysuch as

ner capt ans gkodph@shy tficRRN@RIeES. C ORI arbBi kthdkds Ynd MR SIBIHk c*](ﬂ‘e gif,acked
gasol i nes which include anong ot hers t hi ophene, benzot hi ophene, al kyl

t hi ophenes, katogspe. iskfiebtshpighian dieselriad Ay ispireatesedisssl.ni ophenes as wel | as the
heavi er gol ecul ar wei g §rRhoIQPE herefOfs Rtbnded RS GREM D @ 10

”
di esel fuel of the types contenpl at e&ﬁ c?r processing in accorhance with the
present i nweganpsutfur Jmpouadnsutly as eersptassorehyse diephenisreempoisisi nt ended t o

nmean that state,.l ich t cked-.gasol i ne .or di.esel fuel is
primarily i n Ogn@gpﬂg?%’gscéécp%éﬁ ére%%gcg’blgflg%t ?né(ﬁ%ymfrl)eerﬁﬂ’éoep?fe%‘:Obal t val ence"
as enpl oyed bergodiiophese, alky! thidphebsdalkyd berzothidpghatesant atkyddijgardthiophents t he

val ence of the ﬁobz}:‘t CO, on&nt of .t}l&e cag?rgmﬁ.i tion is lﬁeduced.to a val ue
of |ess thafS3"5F ee?eéﬁ’g{;m? par rights of sami VISR 8 1osRaks PISSEBE R dipon t he

di scoveryy ofdi@pPublCaNhStybbodontempiaiddsion pidcadsing ifi ecbefdbce/wlte fAeepresemal t

conponent in a particulate conposition conprising zinc oxide, silica,
al umi na and ®6B8" results in a sorbent which pernits 20 the renoval of

t hi opheni ¢ sul fur comppuRs "fdsedlst bibpis}ddaardin f inch@A8dn QAR sRRS  OF
di esel fuels wi thout having a significant adverse affect of the olefin

content of &yudirhdhe Esdwerackqdegaselinsiogidifgel fudiigprimpglyrie apv@pefaiassn of oct ane
val ues of the treat edTheS{eﬁﬁambstBﬂfa@@\g?c[%c%& g%aﬂt'%?le&fe" %ygﬂf)l'ag%@%ﬁ_rlgiﬂ rpents

results in a significant reduction e sul fur conten e resulting
t reat ed 1| uiintended dameap that m lasggppartiemef the yelefiesrafdbe eabplh ¢pmpenentdf théi s

i nventi on, %gﬁggég%&eigggdﬁgﬁgi%ﬂeo& lgsgsch& %%B%blg%ltoent in the range of

from about out percent. ZinC oxide used in the
preparation of the soTheprscobimyesioniiobasednporcthe discoveey ofmapphieanfsahanaof zi nc

oxXi r in the form.of .on r re zin
de, o suéstaentlal?y 1iReed Yafend co tgompon%ntcl

ggpp%{égxisatc composition
comprising zinc oxide, silica, alumina and cobalt results in a sorbent which permits

20  the removal of thiophenic sulfur compounds from fluid streams of cracked-gasolines
or diesel fuels without having a significant adverse affect of the olefin content of
such streams, thus avoiding a significant reduction of octane values of the treated
stream. Moreover, the use of such novel sorbents results in a significant reduction
of the sulfur content of the resulting treated fluid stream.

25 In a presently preferred embodiment of this invention, the sorbent
composition has a cobalt content in the range of from about 5 to about 50 weight
percent. )

The zinc oxide used in the preparation of the sorbent composition can
either be in the form of zinc oxide, or in the form of one or more zinc compounds

30 that are convertible to zinc oxide under the conditions of preparation described
herein. Examples of such zinc compounds include, but are not limited to, zinc

sulfide, zinc sulfate, zinc hydroxide, zinc carbonate, zinc acetate, and zinc nitrate.



30 that are convertible to zinc oxide under the conditions of preparation
descri bed heggiginsgkxanpl es of such zinc compounds incl ude, p it BEeLan0t
limted to, zinc sulfide, zinc sulfate, zinc hydroxide, zinc carbonate,
zinc acetate, and zinc nitrate. WO 01/ 14051 PCT/ USO0/ 44608 -6 Preferably,
the zinc oxide is in the form of powderéd zinc oxide. The silica used in

the preparation of, the sorhent. co sitioons .may be either in the form of
silica or in Ptr?r}gm%iérﬁﬁe&fm()oﬁédgd? mnlgggorgji (ff?p (‘)vﬂgr&%ﬁ'flﬁioﬁﬁﬁg conmpounds. Any

sui tabl e type of sili ceheRicabhfediinth®yfarktibntdTahs @itantodpRdiopOsa bons of
t he present invention Ex$n;g‘l es of sg}i talizl e tly es of silica include
diaton te, sicfPedn fheglomsof siliga ity frmig Qﬂ%?h’glﬂ?ﬂlﬁ%ﬂ"'g?’f‘ﬁ“éa: hydr ol yzed
silica, siliGamp&ifldsaRdy REeGIREAsPesi@ikdyaR en¥idyad ¢ kBt bei ng presently
preferred. In addition,” silicon conpounds that "are convertible to silica
such as sidl i compesstians of BwinieseaiiinTeatere Examplespiswiabin wpasiof slie2 wahidal so be
erpl oyed. P &fgb i XiichRE ofileh cbifbid, Siahfd BB/ Blica! @b AERN Lifica ThE
starting al um na conponent of ‘the conpositi‘on can'be any suitable
comer ci al | y sl aid mbdigtagddstticaawitndiewiate bemg [pradenly preafbdrai. dial additiomi na
sol utions and,,. general | t hose al unm na conmpounds...produced. by .t.h
dehydr at ron o8t (hirsen e o rBlrR sGRRRARE SuBRA SRR sl pe
present in thadasmseitn divgeosihtalsobeiemployed. aPmeferdbly, the digcariaige dérnd r om about
10 wei ght ooer ent to about 90 wei ght percent, preferably in an anount in
t he range1 of FERIWout 15 to about 60 wei ght percent, and nore preferably
in an amount in the ranges@find sloMinakomportht $Mhabsklositan &1 Bhiny percent,
when such wei ght percents_are_expressed in terns of the zinc oxide based 20
upon the t ot aPitahls emmeralbheyaighioeming srays s inciding FREoISH |awemngyi | | general Iy
be present i nenSOkPEREGRTRAS bl dothpBthds FRUE ty'tnt RenyiiARESoPT from
about 5 weight percent”to about 85 weight percent, preferably 1n an anpunt
i n the range abfmifz bydraifout 20 wei ght percent to about 60 wei ght percent
when t he i ght perce j f e 25 upon
t he total ilgewei ght of thnieﬁs%é(ﬁ%ﬁ%{eo‘g@srégg?¥$%%\§% teﬁeatr’%?n&%%k\ﬁﬁ?mggﬁggal ly be
present in t e asooitdntthecangros frdnpabdun 10 amighnpacent forebbitedOr weighe pefcefty om about
5.0 wei ght per f, t.o_about  30.wej ght ercent.. preferably .fromabout 5.0
wei ght | per conl A HRAT “TELIT JRI=TEPEERT! ARRES 18 abodl 60 welght perctal,

and more preferably in an amount in the range of from about 45 to about 60 weight

percent, when such weight percents are expressed in terms of the zinc oxide based
20  upon the total weight of the sorbent composition.

The silica will generally be present in the sorbent compeosition in an
amount in the range of from about 5 weight percent to about 85 weight percent,
preferably in an amount in the range of from about 20 weight percent to zbout 60
weight percent when the weight percents are expressed in terms of the silica based

25  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
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

30 with the total weight of the sorbent system.
In the manufacture of the sorbent composition, the primary

components of zinc oxide, silica and alumina are combined together in appropriate



such wei ght percents are expressed in terns of the weight of the alum na
conpared 30MRIA405he total wei ght of the sorbent system IPCTIUS&V/4ws08Uf act ur e
of the sorbent conposition, the primary conponents of zinc oxide, silica
and al um na are conbi ned together in appropriate WO 01/ 14051 PCT/ USOQ 40608
-7 proportions by any suitable manner which provides for the intimate

m xi ng of tmopmmdf}GMySsuttﬂ)l@frmnmeﬁl@vlﬁcl'sprbﬁﬁarfbt thel igtimasmgeing @0 hem Xt ur e.
Any suitable nmeans for ent con?onents can be used to

)
achi eve the ‘i?é‘%@?‘@ﬁsﬁﬁ%rﬁgﬁgiagﬁbsbaf’mi‘]ﬁ' HRIESPFOHF BXGch neans i ncl ude, anong
5 others, tunblers, Stﬁéiy'sﬂﬂ@dlé’m%ﬁl%'fbﬁrr@imé fHeWeBent d¥HpbfdntdtaneSusegthi Ch are
of the batch or continuous type, inpact mxers and the like. It is
present|y priefashieerithe slegizd dispengion) of themmzigrals.n Suqhermeans iineiidss ameng si | i ca,

al um na and ghae %tﬁ&scs‘?ma%?%héls P8 lﬁ]hMu?lQJﬂﬁl&@}s, GAJERARE BE &e%&%h p”)pe” y
m xed to provi de a shapeabl e”m xture, % e resulting mxture can be in the
form of wet o continkoug kypelnpasishixersrangd lther kike. Iris Hrmntﬂ)esmfemedgo méexais in the
formof a f

particul at edht El:?‘mlx%i‘{% M@;“rngh @Qgﬁ%gTﬂﬁlﬁﬁllag‘gﬁgﬁn EQE 8{ FI owi ng the
drying and cal ci nati oOmoé t}seasmmenWm:rponheS admro;ieﬂymméd mlpmcvxdxxa de, silica
and al um na resub{ ina é\ f the m xt |fch h%s etl t her L{ﬁ% a dough
state or paSPRoARiedpEture e %%W ECSAY %H’ § 19781 B We By fMEat e granul e,
extrudat g tﬁd@{eair,slulﬁj SIp iy iRsulfel Ilnﬁ(tlsQIﬁ tH¥l fomp sph e mires ol ik qaaaker r ed
are cyli ndrlg exr udat es_havi ng om1l/32 inch to 1/2 inch dianeter and

any suit abl edqnsifigd gnd ﬂﬁ@aﬁgmqu}?&d tb’&f‘gli‘ thg ezanglatign ofths dgpsified BAY t hen

cal ci ned. V%ﬁmow% the dryirg dndl chiRfafi@f 57 Qned Whe thy admixii®e AL eiiaat i on of
sane i s achi eved y spray dryl ng the slurry to formnicro- spheres thereof
havi ng a si z8lig andrabpmiag srsultoin 3 B s the BErrevdich s cithsy éha 4peghctal spher es
are then subpEelc . tﬁ%ta&é’ ) %b?&n%g%hﬁﬁh% éthd @Bam&ﬁ’a{t% g%ﬂlg biRdsle ythl'ﬂgt and

calcination o e particu mxture, the resulfing particulate$ can be
i npregnal®d sphietehpaishett micoosphiese. cBrppmldercfprrql go bplindrioxli cedptes bamingr .

Fol lowing th I S pth the
appropriate %(03 ”1}9:{2991@@&& P/Qdﬁgh igﬁ?tesu tal(Pl s@ﬁa‘ﬁlecl gatg épééﬁltt&bul ate is then
subj ected 2particnlate isi thgl dniedl and| thénncaidined. rWhtmrth@ mix isemsh:bfoemtqf ragslwofy, t he

cal cined par}iculate to educt referably

hydr ogen. é‘ é’ﬁ%‘ﬁ%lﬁP a&lev\l\ﬁ h’ graygg'?%grﬂ Bog% N8 ng conpound

spheres thereof havmg a s1ze of from about 20 to about 500 microns. Such micro-

20  spheres are then subjected to drying and calcination. Following the drying and
calcination of the particulated mixture, the resulting particulates can be impregnated
with cobalt oxide compound or a cobalt oxide precursor.

Following the impregnation of the particulate compositions with the
appropriate cobalt compound, the resulting impregnated particulate is then subjected

25  to drying and calcination prior to the subjecting of the calcined particulate to
reduction with a reducing agent, preferably hydrogen.

The elemental cobalt, cobalt oxide or cobalt-containing compound
can be added to the particulated mixture by impregnation of the mixture with a
solution, either aqueous or organic, that contains the elemental cobalt, cobalt oxide

30 or cobalt-containing compound. In general, the impregnation with the cobalt is
carried out so as to form a resulting particulate composition of zinc oxide, silica,

alumina and the cobalt metal, cobalt oxide or cobalt oxide precursor prior to the



can be added to the particulated m xture by inpregnation of the m xture
with a sol uWper4o8ti t her aqueous or organic, that contai nedrhsosiosssent al
cobalt, cobalt oxide 30 or cobalt-containing conpound. In general, the
inpregnation with the cobalt is carriedout so as to forma resul ting
particul ate conposition of zinc oxide, silica, alumna and the cobalt

net al , cobal tdrgmp ded edlcinffal df ity iaprpaNEd imptitbe the WO G /14061

PCT/ USOQl 40608 - &- drying. and calcination of the resulting inpregnated
conposi ti on. The i npr edRaIRRIRENBINLINEI9N i 20y ATUeRYH SYBCTSBRAMOYRIS hd  anount s
of such sol Wt WRinCRisHEd@RY YrdhRY issiafe frftrednbor SRLEARALIE QR 0L the

m xture of zinc oxide, silica’and alumna to give an anpbunt of cobalt

oxi de in the ¢xideakilicd snd dwhige to Sivp as arlowd wp oxiatt joside tw theriogl dac akidn r educed
a reduced gobgl t : j ] [ al of sulfur
from streams b@aféd %@Lxg&?i{%@%ﬁ%@%éﬂ %?‘E%Ielaggqugg é@b\%\%é%&ég \éat ed with sane
i N accor dancesuffidigmt tdmermrtabcesmoeii df Isﬁﬁprfemesttemnis nf/enatk'ed{gasom«*;er dibei cobal t
cobalt oxide gll % o%i e.ﬂgrecursor E{EB] | nc?értﬁorate into the
particul ate cHFE&™ 8‘85‘} FRECOY Y EmP FRE R 5‘?13‘ 15 R %t '0F B*Fhe  desired
reduced val engeengiohal t netal sorbent is prepared by drying the resulting
conposition foll owed b cal ci &aﬁtl on and thereafter subjecti ng the resul ting

cal cined conposition cer@ﬁl‘j ofPOR PKidg 0% eRbEL BKide PEHEFTES

pref er abl yp hyglegsited &ffo 88 pahRuBleQdNERA 2int BRRO Sdidrhinh aﬁtﬁmlagnﬁuﬁytfﬁé anti al
zero val ence cobalt content therein 15 with such zero val ence cobalt

content bei ngdepirssdssditced Malere apvpltnetelsorhentyp prepgred by dryingnthe ssulling h sane of
sul fur from acoﬁ{r?g%igf%pfo@@ém by“é‘ay&ﬁahgh SRflnelelffdr slibjktilg el R@MRing [ARiRA! | d

reduced cobalt al sorben IS 1nvention I'S a CcoONposSI &5°0n that has
the ability tempesitien nireductiondvih achiablesteduringi agbntoprgerablysiyldfagen, so@pounds,

such as t_hi Optp%%d%andr@rﬁé#QQ%ﬁhLuyx?%gs&lsém refer bcleecr"%ﬂ?‘f%i, th%r%gnbent 20

renoves di ol eTi*ns rm ng
cr acked- gisol wittesuch Ehre vshhcwbobﬁdcmmﬁt hﬂi@bre&ﬁf hedntariing Bipgmiinthent i on i s

conpri sed of cob | t..that N2 subs tia r ence state,
preferably a Z8PH %ﬁhéﬁ@eotf‘ﬂt“é omﬁgé‘é‘ﬁ?'ﬁ?‘ol of cﬁ?fglcég %ﬁ‘% e cobal t .
The amount of reduced TRbslill rédicdd@bslohied] sotbdnabt thisaakimbeh (¥ef al sorbents of

this invention is that amount which will permt the 25 renoval of sul fur
froma cr acke‘i?“iﬁ&%%‘f”i @t g5 th; abuily tor rsaqt “fl?hLﬁnel%P]?eé'éWb Gilh QTRAYTHEE  are

general Iy in doh@olisdRcidhs hicpRridtipolndsO 18RGUD plde¥BlE Gl tRabAeRt of the
total removes diolefins and other gum forming compounds from the cracked-gasoline.
The solid reduced metal sorbent of this invention is comprised of
cobalt that is in a subsiantially reduced valence state, preferably a zero valence state.
Presently the reduced metal is cobalt. The amount of reduced cobalt in the solid
cobalt reduced metal sorbents of this invention is that amount which will permit the
25 removal of sulfur from a cracked-gasoline or diesel fuel fluid stream. Such amounts
are generally in the range of from about 5 to about 50 weight percent of the total
weight of cobalt in the sorbent composition. Presently it is preferred that the
reduced cobalt metal be present in an amount in the range of from about 15 to
about 40 weight percent of the total weight of cobalt in the sorbent composition.
30 In one presently preferred embodiment of the present invention, the
reduced cobalt is present in an amount in the range of from about 15 to 30 weight

percent and the cobalt component has been substantiaily reduced to zero valence.



wei ght of cobalt in the sorbent conposition. Presently it i.s preferred that
the reduceMO8BEilt netal be present in an anopunt in the PGEMNY800aH608 r om
about 15 to about 40 wei ght percent of the total weight of cobalt in the
sorbent conposition. 30 In one presently. preferred enbodi ment of the
present invention, the reduced cobalt is present in an anmount in the range
of from about 15 to 3D anethghpresepdy peritrrainontodenanobfthis iweempionezitc has been
substantially. reduced to zero valence 8V\,I)Ogiifl]l405 PCTI.USOO 40608 -9 In
anot her  pr e QEHENS P! By FEAPHh BLFIRUR 3 SFPRPECR PUIRRIDRESTE AL™ oxi de | s
present in amoanidiMbo@f3iabaptt pdfteNt bighiinadie et in &i hin6inticF aps@sent in an
anount of about. 31 wei ght percent, alumna i s present in an,  anount of about
8 wei ght percEHENARHFeRARL PSS PreseRRIIopiq FAuGtIn to aeretvRlsACE B Fer o val ence

in an 5sampnbaQir ABRUS BdoleftBht RBLIEBKIHe.COPal t oxide. Fromthe above, it
can be appreciated that the sorbent conpositions which are useful in the

desul furi zati on proceEromothe abovs, itigerhe peprecigied et the spraemiompositonsr ocess
whi ch . : O AR yitgey : o f
| N COMPY (RS ark MerRdi Ml bl ess 8t iy S%gﬁ?é BRpats 89 (P o

a mx of 10 sane in one a wet mx, slurry;
(b) parti culagtrocess whish cerspiises:ng m x to form particul ates thereof in the

form of one of granul gs,_exi. e t ers, | et s...spheres. ar,
m crospheres; (c) dry&igﬂd{rﬂ)é&gglshlo idﬁggg‘%r%“?cab e{{me;go ag(tg)fggrélac@r’%iorﬁg t he
dri ed panti gahatethe ¥orn{ ef onengiracgetahixn doughepaseesarlsturryg cal ci ned particul ate

ith cobalt, cobalt ide.or a precursor for cobalt.; .(f). drying, the
;Mrrpr egnat ed particul a I;p"’("@f)“‘li"’(’3‘&1‘5 gl?en’ielﬁﬂ“%fém‘rt@s‘gﬁ P C‘g}%ﬁeégﬁﬁék Hgttt,’ﬁl ate; and
(h) reduci ngeid18f 6 &t fraflldR e uBAth tad1dd, QElltd, sperds@Y nitlobphRreayi t abl e 20

reduci ng agent so as to produce a particulate conposition having a
substantial reduced (F&I‘gb?@é tesosehiting pAiti@tateit her ei n and wherein the reduced

val ence cobalt contepd lciftheaRMriel pafduREPUNt sufficient to permt the
renoval with sane of sulfur ffoma cracked-gasoline or diesel fuel fluid

stream wien cont act ed(e)i intpregnating the asulting calciped pastiquidte yith«gbale gokall ence

cobal t partiog(weqﬁ%}rg&hlaffgr.cog&ﬁhe process to use the novel sorbents to
desul furi ze cracked-gasol I ne ’

(f) drying the impregnated particulate;
(g) calcining the resulting dried particulate; and
(h) reducing the calcined particulate product of (g) with a suitable
20 reducing agent so as to produce a particulate composition having a substantial
reduced valence cobalt content therein and wherein the reduced valence cobalt
content is present in an amount sufficient to permit the removal with same of sulfur
from a cracked-gasoline or diesel fuel fluid stream when contacted with the
resulting substantially reduced valence cobalt particulated sorbent.
25 The process to use the novel sorbents to desulfurize cracked-gasoline
or diesel fuels to provide a desulfurized cracked-gasoline or diesel fuel comprises:
(2) desulfurizing in a desulfurization zone a cracked-gasoline or
diesel fuel with a solid reduced cobalt metal-containing sorbent;
(b) separating the desulfurized cracked-gasoline or desulfurized
30 diesel fuel from the resulting sulfurized solid reduced cobalt-containing sorbent;
(c) regenerating at least a portion of the sulfurized solid reduced

cobalt-containing sorbent to produce a regenerated desulfurized solid cobalt-



or diesel fuels to provide a desulfurized cracked-gasoline or diesel fuel
conprises: Waplgwsiul furizing in a desulfurization zone a roraskegsgasol i ne
or diesel fuel with a solid reduced cobalt netal -containing sorbent; (b)
separating the desul furized cracked-gasghine or desulfurized 30 diesel
fuel fromthe resulting sulfurized solid reduced cobalt-containing sorbent;
(c) regener atdop@in®le dogRst;, a portion of the sulfurized solid reduced

cobal t -cont ai ni ng sorbent to produce a regenerated desul furized solid
cobalt WD 01114051 PCT{® Jiséxyipaiderst ¢ payior shitarsiengaisd perakirzed ¢9lid educi ng

at |east a proMlQEbn@Jiniﬁ%"E‘Oéﬁé?)g%‘ﬁoéﬁc%q 88 Walittdl 265 SRlditlng &bt t - cont ai ni ng

sorbent to produce a solid reduced cobalt-containing sorbent thereafter
and; 5 (e) rdherafiengndat | east a portion of the regenerated solid reduced

cobal t - confai ni ng sor bf‘e’j‘?re&%i{,%‘gtnlgiﬁg%wi%%Nhie%geﬂ.%ﬁxg% rsJﬁhereQ&%&” furization

step (a) of the present inven arried out a set of conditions
t hat i ncl udescobdt-adntainins suban td tupesufutization waieght hourly space velocity
and hydrogen flow. The onditions are such that.the.solid reduced 10
obal 1~ contai i ng. sor boit oSt e &y 8 BR ateboth Bt Gas SEFREOHr i ese
fuel to produger fsellestdnditions 8t BERedkactaDpeRtre empératias weidht haigl di esel
fuel and a sulfurized sorbent. In carrying out the desulfurization step of

the process oPENEI5HYauhhydrogsy disw olfiesq qonflibions gz glichdbpt ithegolifl Redupede g

cracked- gasol doBsl-SntAkhiRS Srbdnt! 8in RBuikiiz8 theaRRked-dadoleast QiestlM@MET . 10 the
practice of the invention it is not essential, albeit preferred, that the

feed be t ot alirgdycp a gesphfptredsraced gasplenesr dewulfurized digselafuclpnd asutfenzedn be in
the range of ghput 15 psia to about 1500 psia. However, it is presently
preferred that the total pressure be in a range of from about 50 psia to
about 500 psia. 20 | n hetevag,out e deswifporation step ohthalptochss ofule preseant to keep

t he cracked- .gasoline.. o i ugl tial.ly |j - P . Wi le
such tenper atlg“r'eé1 g‘!}% gtnls B éﬁg}‘eﬁs{ﬁiﬁéﬂer geﬁdg grirgégﬁa%h{%%%%? s%&é;%ﬁﬁ’% 6} g@%ﬁ’i 1000F,
it is presentghgsepriédveaverdh thiapractitreof theinpeanath trie niteeskantislhelbeiapgned, fr om

about 400F tq u 0 en treating as _ cracked-gasoline and in the
range of fr orﬁ’%gg%{-eeggﬁ)g’t% laﬁoV&Por%(?gseﬁﬁe%m?‘ he

The total pressure can be in the range of about 15 psia to about
1500 psia. However, it is presently preferred that the total pressure be in a range of
from about 50 psia to about 500 psia.

20 In general, the temperature should be sufficient to keep the cracked-
gasoline or diesel fuel essentially in a vapor phase. While such temperatures can be
in the range of from about 100°F to about 1000°F, it is presently preferred that the
temperature be in the range of from about 400°F to about 800°F when treating as
cracked-gasoline and in the range of from about 500°F to about $00°F when the

25  feed is a diesel fuel.

Weight hourly space velocity (WHSV) is defined as the pounds of
hydrocarbon feed per pound of sorbent in the desulfurization zone per hour. In the
practice of the present invention, such WHSYV should be in the range of from about
0.5 to about 50, preferably about 1 to about 20 hr.

30 In carrying out the desulfurization step, it is presently preferred that
an agent be employed which interferes with any possible chemisorbing or reacting

of the olefinic and aromatic compounds in the fluids which are being treated with



25 feed is a diesel fuel. Weight hourly space velocity (WHSV) is defined as
t he pounds w6 01/i9dr ocar bon feed per pound of sorbent in therdsmuMbdsri zati on
zone per hour. In the practice of the present invention, such WHSV shoul d
be in the range of fromabout 0.5 to_gpout 50, preferably about | to about
20 hr'. 30 In carrying out the desulfurization step, it is presently
preferred tkatsolidfedagaidobbl-coitpihioy 8erbefti Such ah QLI iSSrewhil paiitredassi bl e
cherni sorbing or reacting of the olefinic and aromati c conpounds in the
f1ui ds whi chEBYHOH® ng treated with WO 01/14051 PCTI USOQ 40608 -11 the

solid reduced cobal t -gGaRbANHRAPISHE BERIfuriAH6R 288k RYEMrallySsulh 8SeHk! VY
preferred to be hydrogen. Hydrogen flow in the desul furization zone is

general | y smole tahiatof higrogerlodyieeirbomfeet jaithe genge 1ob abgud Odctardbowt ¥eed is the
range of5ab8;1§Ii!%ge;?gtéyggfﬁgqgnzg;%hb&t@Qdmparbg&tq{@bl y in the range of about 0.2

to about 3. urizZation zone can be any zone wherein

desul furization of tTHe dedfirezatankode gasbd amezone whiceseleshifigizatamof ake
place. Exanples of sui.table zones. -are fijxed bed.reactors. .noving bed
reactors, mﬁi %?éz)‘éra%g&asroélél% f)rlg’seéﬁ%fﬁ z?"aéns‘foglra & F’éaé%q%srost%h%rgg%@oﬁtgfy, a
fluidi zed beft fixeddedreadtorsy nidvitthel eehctoes dluirized bep redemis &d. trabopdrfl desi red,

during the desul furization_af,. t vaporized.fl.yids, diluenfs _such as

met hane, cafBERi i?eﬂ_é‘f" afﬂ‘ﬂglzﬁcl;@’;d 5 rrﬁrtar%g#egé?f‘cﬁ’é I%I_éréif?'reéfhus it is not
essentiglp to the pracirigegreaf dirh@ thy &GEFSiAliod bEthBWvasRREd ARVEMileRs t hat a
high purity hydrogen be enployed in achieving the desired desul furization

of the crackid-asgpgibanenwarknn dipxidss flup gag, and gitfogen eandiedisedyt Thuspif &M% r ed when

utilizing aefdeptiaflt? @ RARESBY b BhocBss SR IChrELAURSChioR Rk b 158 be used
that has a particle size in the'range of ‘about 20 to about™ 1000

m cr omet er s hy@ogdneheagmployed ia lackievingwe slesited desnlfarigation of ghet dradked-si ze of from
about 40 to %ﬁﬂ% 1591883' oneters. \Wen a fixed bed systemis enployed for
the practi c&% Re™d&sulTuri zati"on process of this invention, the sorbent
shoul d H8 20 such as Itads prasestly prefarted ovhen sitiizing a fluidized sygyem dliat atsolid - 1/ 32 -

B e
squar e et ermb@en 0@l aicrdmetalzo Pref&@bl, sushuarbentsretiontdshavera pgrirbe gie «fol i d
sorbent. from about 40 to about 500 micrometers. When a fixed bed system is employed for

the practice of the desulfurization process of this invention, the sorbent should be

20  such as to have a particle size in the range of about 1/32 inch to about 1/2 inch
diameter.

It is further presently preferred to use solid reduced cobalt sorbents
that have a surface area of from about 1 square meter per gram to about 1000
square meters per gram of solid sorbent.

25 The separation of the gaseous or vaporized desulfurized fluids and
sulfurized sorbent can be accomplished by any means known in the art that can
separate a solid from a gas. Examples of such means are cyclonic devices, settling
chambers or other impingement devices for separating solids and gases. The
desulfurized gaseous cracked-gasoline or desulfurized diesel fuel can then be

30 recovered and preferably liquefied.

The gaseous cracked-gasoline or gaseous diesel fuel is a composition

that contains in part, olefins, aromatics and sulfur-containing compounds as well as



25 The separation of the gaseous or vaporized desul furized fluids and

sul furized swolemicsscan be acconplished by any nmeans known sy idgadbd that
can separate a solid froma gas. Exanples of such nmeans are cyclonic
devices, settling chanmbers or other inpjngenent devices for separating
solids and gases. The desul furized gasedbus cracked-gasoline or

desul furi zed .aﬁx%l nd48hnik@s. t hen be 30 recovered and preferably |iquefied.
The gaseous crac eda- gasol i ne or gaseous diesel fuel is a conposition that
contains in part, ol ef insamamprholefiss iargdseoud frenked-gapbinanisrgnaaiypiruhels as
wel | as WO 01114051, PCT/ U /40608, -12- paraffins an ht henes. The
anount of ol J??gt?s°§i]f?1°"baabsoélgﬁj(zPocfja%v?élat-pﬁécs??fl l?aﬁeeda?r%thﬁé‘ﬁﬁhgf’f@gigﬁsf}‘?e range of
from about 1QrickedfastkiieqHor dekel did] thas Btsentidlenovaéffhéontdnt. t he gaseous
cracked-gasol i ne. For gfjesel fugl there is essen?{i ally no olefin content. 5
The anount® of ar omat i c$P§ HRYRE BoIFEmACs Rk ERpepRHAcrsedsalingdn grneraly itn  t he

range of abouhe 2@gt 6 AUL0 AOLWRI MNleiPRHERBI RRAM B WLt ¥ahght of the

]
gaseous cracked gasoline. The anobunt of aromatics in gaseous diesel fuel is
general |y i n 52pRous giagfed @rsolBou T hel gneust ghyomats ipersgeits dieselclpltis The anount

of sulfur in Eél'ﬁllf}eﬁirﬂ@%%é BEShoBY 16HoeHEh Q(OQ%iéht%@Reﬂt.ange 10 from about 100
parts per miITion sul fur by weight of the gaseous cracked-gasoline to

about 10, 000 parts per The #mewnossilfauin dygckegigaghlinesfor divsel Jadecmgange

cracked- gasol 4 At . il Lion to,about..50, 000
parts perﬁfn' Iill"lg}%ﬁbqf%ggo%f’%g&%p%&%%gg@gg(fRx%&ﬂ f%fetwf Fea ur?ecﬁ%CkS#)'g%sﬂ% ¥ fluids

wi t h t he sor lrenbows\i8i0e0rpais fehenilipe s@htr by iweyghndf tha gaskbusTdrackadraasatineof sul f ur

i n cracked-gasqlines or,A i.esel ..fuels,fal ! treatment of sane in
accor dance vviat“ﬁ ffoﬁbasb&géhq()?‘i??[is?3&?8%0%3938%@;08)%tp%f‘f‘sp?rl%‘ ‘r‘ff‘ir}?fné)’?%ls | ess than
100 parts perfuéligriot @nthe kidattaiitrofisich Didils &g tHersobemSsyQém tofiitge pregegnt i on, i f
desired, a eripPer unit can be inserted before the regenerator for
regener at i on 'Bf*?t'e sul furi zed sorbent 20 which will serve to renove a

portion, preferably althe howdhyf MyHF RCRERENGashliRE bl Rediestt hleldl hH&HnS OF bent
or before the héslrogen reduction zone so as to renove oxygen and sulfur

di oxi de fr omtterEegl ek Bpefr peserdence; With e desuitarzagen presess of Eneingentign or bent

into the sorhbegptyAcibWahd A2 e The stripping conprises a set of
condi tions that

In carrying out the process of this invention, if desired, a stripper unit
can be inserted before the regenerator for regeneration of the sulfurized sorbent
20  which will serve to remove a portion, preferably all, of any hydrocarbons from the
sulfurized sorbent or before the hydrogen reduction zone so as to remove oxygen
and sulfur dioxide from the system prior to introduction of the regenerated sorbent
into the sorbent activation zone. The stripping comprises a set of conditions that
includes total pressure, temperature and stripping agent partial pressure.
25 Preferably the total pressure in a stripper, when employed, is in a
range of from about 25 psia to about 500 psia.
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-
30 carbons from the sulfurized solid sorbent. Presently, the preferred stripping agent is
nitrogen.

The sorbent regeneration zone employs a set of conditions such that



includes total pressure, tenperature and stripping agent partial pressure.
25 PreferabWQ 0t/h85t ot al pressure in a stripper, when enpl egeadsousmsusn a
range of from about 25 psia to about 500 psia. The tenperature for such
strippers can be in the range of from.ghout 100F to about 1000F. The
stripping agent is a conposition that helps to renmove hydro 30 carbons from

the sul furi zggeasiad pshisObDBBsulfARS esrbbnt is Bddaif@iRRer red stripping agent is
nitrogen. The sorbent regeneration zone enpl oys a set of conditions such
that WO 01114051 PCTI Ugpiral@aessire in e Jegenerauqn 2pngds g506FrISAN theer288R f uri zed

sorbent is dgsinf Wdut €6 o 8t § SO0AsiP T BESHIP phefertddqs b ABNGERLIAR tgONe i's
generally in the range of fromabout 10 to about 1500 psia. Presently

preferred i sargetastieam phass 35 peiaity 2pave 50Q afige of from about 25 psia to about
500 psia.s 5 The sul fufyf gxmawré}gmglggggggnpﬁgrﬁm;ﬁesmrﬁé Erali? irgﬂmf,ﬁ%'af in the

range of  from about 1 percent t ut” 25 percent the tota ressure.
The sul fur rfeopabony 1gpecent osabautcimroeent ¢fothe tdigtpréseirps t 0 generate gaseous

sul fur oxygen-cont ai ni npounds such. a sul fur. dj,oxide,. as well as to
Ut of £ Ay T omai ni ndoRgURbeaT BaTe SADsh Hppdbotia by FRadEs,
Currently, I1&saxygdfur0@pienidohfapigasaposndsizuesa aulfuradicxidehes weghetor ed sul fur
renoving agent. _The tenperature in the.regeneration zone is generally from
about  100F T gHGH * S0P B TR PepeT S it S btel‘PéeSf‘é‘ng%“"EFF‘gébout 800F to
about  1200Fyy@én@npiiese Bisky sudh @b erraﬁﬁt-he-ﬁi’@erfdﬂgsﬁﬁﬁfﬁhoﬁ)ﬁg%%&ﬁ. can be any

t

vessel wherein the desulTurizing or - 15 regeneration of e sul furized
sorbent can take pl ac&be 1HRPEERBUE i (e iTsREACTERENRE 1§ generly froBHeRoBH in an

activation zoper W iddufl 0088 Weth RGeS MreSA thd'hedbr ddaSS003F ROLEJuPN of the
cobalt content of the sorbent conposition is reduced to produce a solid

cobal t reduc@dOfeheins prevepnprafitadng an  anobunt of reduced netal therein to
permt the renoval of g o _
ThH' k{g%eﬁefbﬂpﬁg? gﬁéﬁtéé; g&,me%gl #hersih tﬁéaﬁ%sgfﬁmzfglneg or

cracked-gasol i ne or diese uel . en practicing t process of
thi s i nvEnt i ;egenetatien of thd isglfirined sérbett san bkalptage.i zed sol i d cobal t-contai ni ng

sorbent is carried OUtr, @Y e Rifurized sorbent is then reduced in an activation zone with a
reducing agent so that at least a portion of the cobalt content of the sorbent
composition is reduced to produce a solid cobalt reduced metal sorbent having an
amount of reduced metal therein to permit the removal of sulfur components from a

20  stream of cracked-gasoline or diesel fuel.
In general, when practicing the process of this invention, the
reduction of the desulfurized solid cobalt-containing sorbent is carried out at a
temperature in the range of about 100°F to about 1500°F and a pressure in the
range of about 15 to 1500 psia. Such reduction is carried out for a time sufficient
25 to achieve the desired level of cobalt reduction in the sorbent system. Such
reduction can generally be achieved in a period of from about 0.01 to about
20 hours.
Following the activation of the regenerated particulate sorbent, at
least a portion of the resulting activated (reduced) sorbent can be returned to the
30  desulfurization unit.
When carrying out the process of the present invention in a fixed bed

system, the steps of desulfurization, regeneration, stripping, and activation are



tenperature in the range of about 100F to about 1500F and a pressure in the
range of abowtogth4gsp 1500 psia. Such reduction is carried gefude@hosgs ti e
sufficient 25 to achieve the desired | evel of cobalt reduction in the
sorbent system Such reduction can gerlelrdfa_lly be achieved in a period of
fromabout 0.01 to about 20 hours. Follow ng the activation of the
regenerat ed paichingidhad & 5ShPEDbne Hvesdefa@st a portion of the resulting
activated (reduced) sorbent can be returned to the 30 desulfurization
unit. Wien carrying outTheesubunesdgsacked-gdselinerresdsing franv thetprantice af thef i xed bed

system the steps, of desulfurizat.ion, .regeneration i ppi_ng,.and
activation arB° tﬁlﬁ%ﬁ%ﬁn §H§%§(ﬁ@3e6p%xg§§m o? gﬂ)hheag%%ér?ﬂ?ipé ?a%f in a single
zone or vessekasolifteprddtsl duitatile &4 comaetetd cgasmpiiore resulting fromthe

Gasol i ne bPends t o pr odMAd=-GASE e prOaaRt e dOFHBY BFist R Erra
consunption. HvdkiRndes Ukdwikd Beghed if@cOmniertd] Tofisamyliéd Wherk Qs t he practice of
the present inventiaon can _|likew se be used for conmercial consunption
where a |ow SHfurgruteiging 89 ingeskeel is desired. EXAMPLES The fol | ow ng
exanpl es are intended to be illustrakigwgmfsd he present 10 invention and
to teach one of ordinary skill in the art to make and use the invention.
These exanpl es are not T?{lﬁtf@liﬂ‘é@g exgrmiplesviate ipteedddrio dntliushative odye mespnt  EXAMPLE
pounds of ' alticytof 408y el Ble SRAGRL R, Bl B RPN B ¢, "o 15 1

m nutes to prodewena Thesesxampics encamot Menfied totlinkii thriinvientgpn ia aspiwayi on

go_nt aini gg ? 38 pgungiGOf Di spe][ al Iék ! %l(tc:pndea_),OI 22.5 pggngstofth _
ei oni zed wat er an granms of ¢ ic acid were added to the mx
Mil I'er to produce a secosulid raducedicabalt Aetad soraettiwag ptddecd byatrpatieng s, m Xi ng
B P A e g i e O S A
third m xtigreis khsestibipfadutd Xk Simas. WHRtHN3iking W litiRGoRMingganul ati on

using a Stokes Pennwalt granulator fitted with a o
6.38 pounds of Disperal alumina (Condea), 22.5 pounds of deionized water and

316 grams of glacial acetic acid were 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 16 hours and then
20  calcined at 1175°F for one hour to form a third mixture. This third mixture was
then particulalized by granulation using a Stokes Permwalt 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
25  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 cobalt oxide
30 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



50 nesh screen. 200 grans of the resulting granulated m x was then

i npregnat edO QWPF1148 grans of cobalt nitrate hexahydrat erchirssobosesl i n 43
grans of hot (200F) deionized water to produce a particul ate inpregnated
m x. The inpregnated 25 particul ate wags dried at 300F for one hour and then
calcined at 1175F for one hour. 100 granms of the calcined particul ate was
i npr egnat ed15iilfoR3® aintitésad ppddudd a gslaiedided cobeM doritint wat@inhexXadwadr at e

di ssolved in 8 grans, of hot deionized water to produce an inpregnated
parti cul at e SHPRAPGROLRT EITOTASOTPREHIOAM S Fuliiantipihi-redhsed 1o aezerorlensad t hen

cal ci ned at g3k 75F for one hour to forma solid cobalt oxide 30 sorbent. The
solid cobalt oxide sorbent was then reduced by subjecting it to a
tenperature of 700F, a total pressBXAMELEEH psia and a hydrogen parti al

pressuresof WO 01/ 14215}% sggﬂg%dtﬁgésy B80S rbent J«I?rrneﬂs%ﬁcﬁ)ﬁl E%&Fpt]g’?w% pfgs to

produce a solid redu or bent ere e coba conporient of the
sor bent conmpwsistdesuifunagionuabditans fadlowy. reduced to a zero val ence state.

EXAMPLE Il 5 The soli reduced cobal.t .sorben r.epar.ed i Exanmpl e | was
Taated for i tes ool ahf b At oRRidr 0L B BN RR R EeA R AT R, ¢ 2
react or tubef thiasotbemaeExample It HEhis nudidoadieed estaltisbbentobastpigced of ekt of

Exanple |I. This sqlid.reduced cobalt sorhent was placed ca frit in the
mdale of "t HolF Eaele Pt e, CRauR S ERSORE THEDE A 402 e S par (5. per
10 millijon sdihibaikulby byel@Ett oblhe Suefustdntditing GothUuRisBas6O P Henmsgtiased on the
wei ght of the gaseous cracked-gasol.ine and havi ng about 95 weil ght percent
t hi opheni ¢ MEGHHSHR BRECKLURFPIRE 2PG P2 WGP e RPIBY PHHE BidmhEHenes, al kyl

thi ophenes, o3RO RLAPLCRE cARhId, RIKYPHEREhipRaRS LN thibsheld ght of

sul fur-contai ning conpounds in the gaseous cracked-gasoline was punped
upwar dl y t hPenggWiophener g thigphengihasedgrethe svejght of sulipr-gpntpiping cempoynds hour .

er acked- gass) ede el @tked Bupline BT Pl i ghP feodth RERadE BHE L) ot
parti al 15pr #es 3.4 nufliligers perdiout. o fhis @fodycadonulfirizpd sokidismbatt a0d psi) resul ting
iln ?h;egﬂﬂ E%qlzdggzeg egh{ &3%1%8-' tﬁ ink 0 15-25 parts per million. 20 After Run
: | ected to regeneration
In Run 1, hydrogen was added to the gasoline feed at a partial
pressure of 6.6 psi (out of a total pressure of 15 psi) resulting in a reduction in
gasoline sulfur to 15-25 parts per million.
20 After Run 1, the sulfurized sorbent was subjected to regeneration
conditions that included a temperature of 900°F, a total pressure of 15 psia and an
oxygen partial pressure of 0.6 to 3.1 psi for a period of 1-2 hours. Such conditions
are hereinafter referred to as "regeneration conditions" to produce a desulfurized
cobalt-containing sorbent. This sorbent was then subjected to reducing conditions
25  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 0.5 hours. Such conditions are
hereinafter referred to as "reducing conditions".
In the next series of runs (2-6), after each run the sulfurized sorbent
was subjected to regeneration and reducing conditions as described above.
30 Runs 2 and 3 were essentially repeats of Run 1 indicating that the

sorbent can be regenerated to a fresh state where it can reduce the sulfur content of

cracked-gasoline to about 5 parts per million.



conditions that included a tenperature of 900F, a total pressure of 15 psia
and an oxygeesopadosi al pressure of 0.6 to 3.1 psi for a perdgTadbe@iosds- 2
hours. Such conditions are hereinafter referred to as "regeneration
conditions" to produce a desul furized bal t - contai ning sorbent. This
sorbent was then subjected to reducing conditions 25 that included a
tenperature of 700F, a Al Qn@osiRr §$P4Hus!t Qafsolgrémgacﬁ@@t}f% Rdrogan waarti al
pressure of 15 psi for a tine period of hours. Such conditions are
herei nafter rebseteddp 8 sk deﬁegﬂméiﬂﬁgesé@#dpﬂttMﬁ@mbeﬂ ROMeusieg msdofles of
runs (2-6), t o} e ed to
regeneration an‘%gm%gtgg} ’rﬁgﬁé’lo%g? ﬂggc}s&éagrﬁglggciriiggﬁ gg%%eﬁh&glé&%fns 2 and 3
wer e essent i a$gayked dgwaors Endinduel"l ThedR @ tfomige phodtcts frem Rums Beand 2cwas be

1 acked gasol ibet im0 4= BOFET sty e e i s Hais ) dosos

- 16 A conpostht ect@ie Mtﬁdﬂx@‘éke@%s@ﬂlhél@ai ramfeachbetartitg difs ihvaride 2 was
subjected to a test to determne its research octane nunber (RON), using a
method as deEWfHBHINPIABIV 2699 procedure entitled "Research Octane
Nurmber of  Sparked | gnig Rem Emgha@ffé%uefhvdﬂ%mm gresrsurte%sﬁf:ﬂcéuctpss from
Runs 1 and 2 was 5 91.4 as conpared to the for the

cr acked- gasol naydrees, Partid Preatrang redvend (Rupd).dee al?ﬂé‘Sd’F “Pnsé‘ﬂt?ﬂhﬁ’ked gasol i ne

was not _afd eciLpahye feaazaa' élgolﬂl:”dnﬁxhﬁhédnv\ﬁﬂéd YEnydelszanlhs dikd m&eg%cggsocess In
Runs 4-7, the effect of hydrogen partial pressure was studied. As the

hydr ogen par t (Rah 5pressslittle redsciiandio ceaisul i pondgnt ist difectabi Whey tIésifh}’tdl’Pe,!'.ZeIsorbent to
10 desul fmz agjﬁ%?éésﬂe GaSALI0ga H 1 B B0CHhen Ul Ay RMALAORD b Sed 10 the

process very s reducti’on in the su rcontent 1s effected.
Wien t he hydrgegeline tpdast itmh Spreespermeillioas | ncreased to 13.2, the sorbent

Run 7 was & 1 opoat of ARG T3 R Dihar e RATEVEN APt AP R on 15

cycl es of 1slesgilcfesibf aahlfmfzaudsfﬁg@ﬂﬁrmoncmd aanicttcmohmt:ﬁxmaomrthmmyafw, t he

ability of the sorbent egove syl fur fro cked gasoline did not
di mi ni sh, f orSoERERGITEME PeTeRHFTaE ?‘I}g%lﬁmﬂ ”F“é‘?& ?’EGW his series of

runs is set fgyidare Runl2R Runly. WO 01/ 14051 PCT/ US00/ 40608

The results of this series of runs is set forth in Table 1.



- 17 Table 1 Reactor Run Nunmber Conditions 1 2 3 45 6 7 . Armount 10 10 10
10 10 10 1OwoBuf@sans) TP 15 15 15 15 15 15 15 HPP' 6. 6 peT@sfi/4@sod- 25 O

13.2 6.6 OF 700 700 700 700 700 700 700 TOSS Sul fur4 10 1 15 5 5 75 285
515 2 20 5 <5 105 385 <5 15 3 25 5_¢5 110 320 <5 10 4255115<55 5
24 10 <5 10 15 RON 91.4 91.4 - 'Total pressure in psia. Hydrogen particle
pressure in pano. —Fre—ttme—on—stregnri—hours— 4 Tthe—anount—of
sul fur-cont ai ni ng conmpounds left in pRedesul furi zed 20 cracked-gasoline in

parts per miTl ulfur by welght bas - wel ght of the desul furized
cracked-gascbl%ﬁﬁti 01/14051 ~~~= | eﬂfpﬂu I 11 PCT/USQD 40608 |* CL
Ms -18- CLA X A sorbenpt gonposisti on S4li tclb| () fo wempval? of | sul fur
from crackecr—gg&m—bﬁﬁo -artH-e-eseft—fdvetl-srwhi-eh-s—eorpri-se —f) zinc
oxide; 5 (Bh) Ampuma;| (dP allunitha] ah¥ [ d)10cohal 10 10 10
5 (grams)
TP! 15 15 15 15 15 15 15
HPP? 6.6 6.6 6.6 2.25 0 13.2 6.6
°F 700 700 700 700 700 700 700
TOS’ Sulfur?
10 1 15 5 5 75 285 5 15
2 20 S <5 105 385 <5 15
3 25 5 <5 110 320 <5 10
4 25 5 115 <5 5
5 24 10 <5 10
15 RON 914 914 _

ITotal pressure in psia.

*Hydrogen particle pressure in psia.

*The time on stream in hours.

“The amount of sulfur-containing compounds left in the desulfurized

20 cracked-gasoline in parts per million sulfur by weight based on the weight of
the desulfurized cracked-gasoline.




substantl ally reduced val ence state and
in an anounwg\@m@gy ef

i n
of sulfur froma
cracked- gasol i ne or HA‘ ‘ﬁ!ﬁiﬂ tacted with said so%trcrtggﬁt cénpom tion

cont ai ni ng sai d cobal t under © desul furization conditions. 2. A sorbent
conposition in accordance with claim 1; fherein said cobalt is present in
an anount in the range of about 5 to- gbgl{t %0 wei ght percent. 3. A sorbent
conposition in accordance with cl ai in said zinc 15 oxide is
present in anl.amount i m dfokigent eongsiabn abinbike [diretnova boutlfi@Gronetgtiedper cent .

4. A sorbent conp 05|t B ordance with_claim3, wherein said silica
is present in azi?i ‘Ef*] ‘e?eL ‘Fﬁ C}P%‘déownﬁﬂé’&t 5 to about 85 weight percent.
5. A sorbent conpositi @) gifc agig@rdance with claim4, wherein said alum na
is present_in an anount in the range of fromabout 5 to about 30 weight 20
percent. 6 A sorbent é@nﬂh@ﬁ 'tion in accordance with claim1, wherein said
zinc oxide is present hnighianyst in the range of about 45 to about 60
wei ght percent, said silica is present in an amount in the range of about
15 to 60 wei ght percenfd) cahaitd alunina is present in an anount of 5.0 to
about 15 wei I 4dMmunt in the
range of abog{%efégtsgg%bﬁqg nqlgﬁg&gggéé%% rédug%]e%i&rce% tera# conposition in
accor dance w #rhownt whigh tffeaththe ecmm@hoﬁsuiﬁmﬁfommidsn io§ cpaclesiegatolinm oan anount

ange of Kboutean pEpEtssiddet ek Aurnfie by elleo R M arount o

about 8 wei ghdespl@irizgiitn Aditisml d cobalt is present in an anpunt of about 30
30 wei ght percent. 8. A sqrbent canpositi on in accordance to claim1l,

wherei n sai d Zconposi t AIPTCE! PIPLFHPL R asEEdanse B clap h SPCSRSE gr anul e,
extrudate, tagheh is YRN8 an atdlnk éh@e&ngé&ﬁ BARN1 (RABhAGEedveldnt pdrtdit 11111111
111111111 - WO 01114051 PCT/ US00/ 40608 - 19 -
11111111111113111111118spabentepnpesifien mosﬁcwﬁ%%whé}aem 2cwhengingsaidgzineA process
for the piodughion l;(:f%fsex@zé&}{ Refint GPER gE bPRhoat g APl & wm%ﬁ%epe%ﬂiova' of

sul fur froma cracked-gasol ine or dies fuel stream whic
A sorbent composition in accordance with claim 3, wherem said silica

wherein said cobalt is present
i)ﬂl I

is present in an amount in the range of about 5 to about 85 weight percent.
5. A sorbent composition in accordance with claim 4, wherein said
alumina is present in an amount in the range of from about 5 to about 30 weight
20  percent.
6. A sorbent composition in accordance with claim 1, wherein said zinc
oxide is present in an amount in the range of about 45 to about 60 weight percent,
said silica is present in an amount in the range of about 15 to 60 weight percent,
said alumina is present in an amount of 5.0 to about 15 weight percent and said
25  cobalt is present in an amount in the range of about 15 to about 40 weight percent.
7. A sorbent composition in accordance with claim 1, wherein said zinc
oxide is present in an amount of about 38 weight percent, said silica is present in an
amount in the range of about 31 weight percent, said alumina is present in an
amount of about 8 weight percent and said cobalt is present in an amount of about
30 30 weight percent.
3. A sorbent composition in accordance to claim 1, wherein said

coraposition is a particulate in the form of one of granule, extrudate, tablet, sphere,
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conprises: 5 Sa% adm xi ng zinc oxide, silica and alumna so as to forma
m x thereofWO0H}#articulating the resulting mx so as toPéDUsmoaass i cl es
thereof, (c) drying the particulate of step (b); (d) calcining the dried

particul ate of step (c); 10 (e) inpregnadi.ng the re mm
particul ate of step (d) wwth cobalt or a cobalt- cojﬂmnn ﬁm] J (f)
drying the i ppll@gnatiedsgharet i cul ate of step (e); (9) cal ¢i ni'ng"the dried

particulate qf step (f), _and the eafter. (h ucing the resulting calci ned
particul ate %f step (g)* RoFFs 4o SPEOL‘}P?tE’g%arS@ Bl SFRRGERR S‘UH‘B@rfn%ui tabl e

condi tions t ehepfeABuS&fALIETTRES iatckRRed-Baso RkeCa HABCReMtlelm GitaéHm 1, wherein
the conposition has a substantial zero val ence cobalt content therein. 10.

A process in @Redtdance with claim9, wherein said mix is in the form of

one of a wet mx, dough) destife Qirnc%mermma%dlailumlﬁa RS AC858mh 9 g Ccor dance
with claim?9, whereln sai d par'flc es are in the formof one of granules,

ext rudat es, ﬁmoé{s spher es, peIIets or mcrospheres 12. A process in

accordance with claim n anount
¢ ) Jy;'@tro tng out chgogaﬁ tJ) %ormoél%éﬁ@s thc Bofd!

in the range of froma wei g perce sai Silicais
present in an anount i{e) tmngahmrtmulaadammtelﬁ(bb,o about 85 wei ght percent 25

and said alumna is pr r;& an ampunt e range of from about 5 to
i, 3 SRR Bt e ol eh e v |

about 30 wei ght perce proce te with claim 12,

wherein daid particul atep m@regnatmgegemtsﬂdng\matlhnabﬁhaﬂxdulm oBst€i viithc onpound
I n an anount tolprow gﬁlg contdent therein in an anount in the range
of from abouf°B%% 3 ‘C%a‘m&gﬂ*P B %ercent. 14. A process in accordance

with claim9, wherein @pidyipattelifigteahated partichidiedf gy &Heps (c) and (f) at a
tenperature in the range of ~about 65.5C.. to about This Sheet Has Been
Replaced I111111111] QQEP 192]cining the dripd particulate of step (f); and thereafter

(h) reducing the resulting calcined particulate of step (g) with a
15  suitable reducing agent under suitable conditions to produce a composition in
accordance with claim 1, wherein the composition has a substantial zero valence
cobalt content therein.
10. A process in accordance with claim 9, wherein said mix is in the
form of one of a wet mix, dough, paste or slurry.
20 11. A process in accordance with claim 9, wherein said particles are in
the form of one of granules, extrudates, tablets, spheres, pellets or microspheres.
12. A process in accordance with claim 9, wherein said zinc oxide is
present in an amount in the range of from about 10 to about 90 weight percent, said
silica is present in an amount in the range of about 5 to about 85 weight percent
25 and said alumina is present in an amount in the range of from about 5 to about
30 weight percent.
13. A process in accordance with claim 12, wherein said particulate is
impregnated with cobalt or a cobalt compound in an amount to provide a cobalt
content therein in an amount in the range of from about 5 to about 50 weight
30 percent.
14. A process in accordance with claim 9, wherein said particulate is

dried in steps (c) and (f) at a temperature in the range of about 65.5°C. to about
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WO 01/ 14051 PCT/ US00/ 40608 - 20- 111111111111111111111111111111 177C.
(about 150F wooabmsg 350F) CL MS 15. A process in accorﬁaﬂ% h claim
9, wherein said dried particulate is calcined in steps (d) and at a

tenperature in the range of about 204C. (% about 8 Fto
about 1500F). 5 16. A process in accor d%\ ce with cl nll Q)MH |d zi nc
oxide is preyent dubupls@EERY Bt Bsdobp range of abou *

percent, said silicais present in an amount in the range of about 15 to

60 wei ght perldent, sai 8 padagssi inacdosdanpy eitleataim A, ahereinmidtdriiedlpammmange of

about 5.0 to t ent, and sai.d, cobal t r in an
amount i n ¢ nd Paens B &R DS B8 g st O oM . "
process in acbowtddhSeC. vitidut 0GIF o ShounhEI0SF)) sal d cal cined, inpregnated
parti cul atsed X is reduced i.n a reduction zone with a reduci ng agent

under sui tabl’® condit i SFEFY BAFOLTanes With slpi, 1‘5““‘?‘%638?!“6&"6* 1 he val ence

of the cobalgreseiih @ntmstntas tHeQaipe®fiaBeut a8 tawmiahpﬁeré&d%a%né@k@nce cobal t
metal such that the resultlﬁ% conpgsjtion will effect the renoval of

sul fur from ZTEFYIkEYAYILY R HiE ranges apousdé to Hreiehhrsicant saidadinvina is sane
under desul f Wrdsgtih @M 2GBEHII 1R REnge 18 abo%t@r()ot%eaﬁ&ut'l@ vﬁ&%ﬁ?@%&ﬁ%%&@ claim

17, wherein said reduced val ence cobalt Is present n anount I n the
range of abo§ebalt is §resesd it A eneyEt ghthe ﬁ%nge@ﬁ@boui bh teeboon4@ weightgteadenvei ght  of

the sor bet GoMPOST Ui Oflprckess a#a&%ﬁﬁﬁ&%’tﬂ“gl@ﬁfé’%@&ﬁsa‘% Deiglgi M 17, wherein
cobal t a 8

t he reduction of 20 is carrred ou &faf 'n the range of
about 37. 7C. impregiatadtpartuBied Gnix (nitedusted in')@Eeduaxcmbmut wjiEQO-Er)uc&igchgaﬁt a

> bout 15 to about 1500
pressure in the r E@f &Bdﬁ?&qg ofred) a,s[ugitéﬁlgo r}eg\}c po gﬁlg%]ag ]fd}é";?r 2d0$teduced

psia) for atine's iclent to perm
val ence cobalcobajtcopemesntas 1@ froville an amess df d¢dutdievaleBPdyabhlt @fet:3 Hxhdhliﬂatf roma

streamof a 25 cracked- oli r di ese fuel whi ch conprises: (a)
contacting s&i fﬂ?%aWWﬁ?ﬁO%w@o‘?’%@Wﬁe EFRY8lse st from &é%@k%%?é@mew th any
one of clidi Mer diefl iRl WHBHE BeddddORE Sehdihdar REQRRRAIACOASGHRI t0 any one of
claims 9-19, .such that there is formed a desul furized fluid stream of

cracked- gasol ne or di‘eEEFes ippecaidancs vath qlaim He whersiniseif redwed palgncsepar at i ng
the resul tingosi@Sybiestnt #oh drhdthntlinSthé LARR bf HTuSAHaboid WEbRSARAr bent;

based on the total weight of the sorbent composition.
19. A process in accordance with claim 17, wherein the reduction of

20  cobalt 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 at a pressure in the range of about 2.0
to about 200 Pa (about 15 to about 1500 psia) for a time sufficient to permit the
formation of the desired reduced valence cobalt component.
20. A process for the removal of sulfur from a stream of a

25  cracked-gasoline or a diesel fuel which comprises:

(a) contacting said stream with a sorbent composition in accordance
with any one of claims 1-8, or when produced by a process according to any one of
claims 9-19, such that there is formed a desulfurized fluid stream of
cracked-gasoline or diesel fuel and a sulfurized sorbent;

30 (b) separating the resulting desulfurized fluid stream from said
sulfurized sorbent;

{c) regenerating at least a portion of the separated sulfurized sorbent
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(c) regenerating at |east a portmmﬁﬂl "m ted sul furized sorbent
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regeneration zone so as to renove at gft a portion of the sulfur absor bed

t hereon; (d) reducing the resulting des furized sorbent in an activation

zone SO as P, pé’g@?{érgﬁmazoﬁ@géjgseg r\éﬁlljgglg‘\IQC&P%?l)r%log%Ph’l%miﬂft <§ipg Whi ch wil ]

effect the 5 renoval froma strea a cracke gasoF‘? ne or
di esel fuel Wiseencont act ed W|th same; and thereafter (e) returning at

| east a portion of th e uced sorbent to said
desul furi zation zone. 6@’1%%J nrg(r){g%geéalym g @Pﬁ%ﬂég £t 1B PRAAAHON GPRST ei 0 sai d
desul f uri zat soas iogprovide mmd:uc&ldvaﬂnm’ce adbait copmahatid vhidhwilherfdcafge of about
37.7C. tog about 5€f E % about F to %Fout 1000F) and a pressure in the
range of abolit” NORR=(o10]014 azﬁr@arﬁa? (5355 gafgl"ﬁs‘?rath‘t%l Bpovkemapcisdi a) for
a tinme suffi ¢itkRimé;andfthe&ifiet he rem)val of sulfur fromsaid stream 22. A
process in accor dance to cl aim 20, wherein said regeneration is 15 carried
out at a tenperature i® trtﬂémmr?@écaétraa%m of3the yesulting dgpybfyriz@ll Beds@d (about

100F to abougorB&P@ aidasuBuragssSyde. 1 N the range of about 1.3 to about 200
Pa (about 10 to about 1500 psia) for atinme sufficient to effect the

removal of atlleast aA POFEssdhawsprdspgertgrclima® wheciouhidutesdfuaizatambient . 23. A
20
process i ag&ﬂécﬂ@tﬂ%?a%ﬁp%reﬁﬁr@'l %J]oq:a%&ﬂ 3;’}5;1 'tlsg %n@t %é%dpﬁ(saga

regeneration agent in said regenerati zone ®or dance
with claim 2@00°Wﬁ@ab;qun 1800°H) arelgepressatecid thesmangeeoft abost 20y etduedot Ba r educt i on

wi t h hydrogep..| r | ne whi ch ajned at a_tenperature
inthe r ange&B{?‘Ralgtﬁt}iéqg%g%%P Baifotor = e S:'a“@me(“ég’ﬂ?f? T65Eme%! 8hout  1500F)
and at a pressfur fromsaidhereaange of about 2.0 to about 200 Pa 25 (about 15 to
about 1500 pﬂ[ a) and for

reduction of “The val ert Bm8‘fsgt?’frt!§°%g@8%‘tetmg§m‘§ﬂ elgéFlﬂsrgé)ﬁ%%g%’; lasl25 A
process 15 aceA¢dianaes tiniperablrainithéGangslifraBoul 39PC. 16 8B&EH16%°C. (about
100°F to about 1500°F) and a pressure in the range of about 1.3 to about 200 Pa
(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.
23, A process in accordance with claim 20, wherein air is employed as a
20  regeneration agent in said regeneration zone.
24, A process in accordance with claim 20, wherein said regenerated
sorbent is subjected to reduction with hydrogen in a hydrogenation zone which is
maintained at a temperature in the range of about 37.7°C. to about 815.5°C. (about
100°F to about 1500°F) and at a pressure in the range of about 2.0 to about 200 Pa
25 (about 15 to about 1500 psia) and for a period of time to effect a substantial
reduction of the valence of the cobalt content of said sorbent.
25. A process in accordance with claim 20, wherein said separated
sulfurized sorbent is stripped prior to introduction to said regeneration zone.
26. A process in accordance with claim 20, wherein the regenerated
30  sorbent is stripped prior to introduction into said activation zone.
27. A sorbent composition substantially as herein described.

28. A sorbent composition substantially as herein described with
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sul furized sorbent is stripped prior to introduction to said regeneration
zone. 26. AQPiGé8ds in accordance with claim?20, wherei nPECHESHOBY®BEr at ed
30 sorbent is stripped prior to introduction into said activation zone. 27.
A sorbent conposition substantially as #erein described. 28. A sorbent
conposition substantially as herein described with |aced This Sheet Has
Been Rep |1 ref@énc€to BRAOAIZ 14001 PCTYUS44/ 44648 - 22 reference to Exanple
| or I'l. 29. A process, for trél r od ctJon of sor bent . conpositjon
substantial | 9as her &t RFAES AP fB%aro ugiion RE 6?8@8@9?‘8‘?5“%9‘@5“ ?‘%ﬁhk’ Pbn of a
sorbent conpgsthideerpedstantially as 5 herein described with reference to
Exanple | or Il1. 31. A sorbent conposition when produced by a process
accordi ng to3&ny one AProsesaiferthopreduiing ob 9 serbeny Fompgsition SYPBERALY for t he

removal o% HHaWde g&@%l%llexceatg % eqogiqlscrlbed 33. A process for the
su a

removal o ur s stantially as n described 10 with reference to
Exanple 1l. 34. A crackwbgasmhpcrsmoomhemwseihca‘dlmla;prpoﬁumcoxdh@’ltopnnduced by
a process in acc rda C Wltf? any one of clains 20-26 and 32 or 33.
|11111111111&?‘1Ti %1}%131‘? 1 gL M Thi s Sheet Has Been Replaced 1411 |11
it 32. A process for the removal of sulfur substantially as herein described.

33. A process for the removal of sulfur substantially as herein described

10  with reference to Example I
34. A cracked-gasoline or diesel fuel product when produced by a process

in accordance with any one of claims 20-26 and 32 or 33.
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