; €3e&DR. n6T& w gl10 February, 2004 *issyss SORBENT COWVPOSI TI ON, PROCESS FOR
PRODUCI NG EMM"MM'W“I N DESULFURI ZATI ON Fi el d of thqg f‘XﬁHerangjbijs
invention r e renoval of sulfur fromfluid-streamns ot

cracked- gasol i negisend di esel fuels. In another aspect this invention
relates to sorbent conpositions suitable for use in the desul furization of
fluid streams of cSQRBENDILOMPOSITHIN, PREOSESSIRER .PRODUTING saspect of
this invention relates to a , process for_ the production of sulfur sorbents
for use in the renoval of sul AN biod; b FURIZ

D ody By DEai HURIZABROMans of cracked
gasolines and diesel fuels. 10 Bac g{ | nvention The need for

c| eaner burning fuels has resulted™ 1880 he nv%mao world w de effort to
reduce sul fur levels i mMhigamentich fstedicemelrerb®llof shifer RRAH BLTWstRhmgaTo! i ne
and diesel sulfur is considered to be a nmeans far inproving air quality
because of t Keckedyaasolies ahdiesal Huels.udn apethemiaspeetshisrinvensiopenetatesrtance of
autonotive 1 atal ytic.converters. The presence .of.oxigdes. of sulfur in
aut onot i ve e %rlgﬁrét CERRIHOnS r‘rHit‘ﬁﬁ? _§'°fa‘ﬁF& ‘Prgée a?%“_gfg’é%aém ?/‘dfg?)‘fjs%rﬁaﬁél?i#e net al
catal ysts in ciab?ed“—?ﬁéﬁﬁéseﬁnd 1251 FuoIN SA TLARRr H3pdch BF ki€ ifSVHntiBh rPiates ¢5gd
converter contain [evels of noncombusted, non-nethane hydrocarbon and

oxi des of ni Prasgesnforile peadpetiomehexfutsor@atsHor nie i tasemowraloef sullfiur bddiby

sunlight to evel gzaone, .nore . C ly referred to as snpg.
Mbst of the Z@Wﬂg@#&gglsso?f?cﬁ%&fg%g"lf’}’eﬁﬁpgﬁbesgﬂtggﬁal |y processed
gasol inegp Thermal |y processed gBsMgrd\fd STURE Inventib®r example, thernally

cracked gasoline, visbreaker gasoline, coker gasoline and catalytically
cracked gasoline (hereilhafneed fon¢leansribupipg Eadld bas resultadkince gargdluingewdprid

tains i t ol efi 25 tjcs, and sul fur- i nj ds.
Since most gdads PR 0 2uce Sulthr [EVels iR aesling epdlisse LREIS of P Bediciz tng
gasol i nes, agh@lin@Andasak] ABFANS cHRArofEPbd B?ﬁeaﬁ?%@iufbr@vﬁhea'ﬁdnglivt\ﬂ | | east

in part cracked-gasoline, reduction of sulfur in cracked-gasoli
i nherent |y ségsaase of theonpgativéimpast the fueksdfir ias onutbé pgefevhinvef aB®nfite

public dyscussi Sl | f has t.centered on whet her, or not

sul fur | g\g/el ?ﬁgﬁ/gﬁﬁﬁggg%rteggd31(}:18%%5%3%%#@%“@??5&%&1 u&&@&tg&m?wagnwhw; fur

gasol i ne r edudebitatidnmay iittevesibEspsitsn Actle nfEe QUASyst i B dbhbetter THUS

*C0000~ 10 Fe,br_uarg, 2004 the real debate has fiocused on the required
Pra

| evel of red&&tssions aelvgfiigiamt egipoiseneds conyeriersepntdin|lovads of nod-ur gasol i ne

and the time i tation. As,the copcern over the inpact, of
aut onot i ve af{)ﬁg'gﬁf%ﬁoghxggté%g%ﬁ%%g?m%n pad 81‘@8‘7 OF ﬂgrtogf’ﬁ AP gpr prrg&oydtco
reduce the sSuthemigitekré BatdlyedTBy islight @ Sord %ﬁouﬁ@ 18vel @@btie, @ore Wi | € the
current gssol i ne products contain about 330 part per mllion wth continued

efforts t FeMEARLY Fiersed t1 a$r8@&ct i on Agency to secure reduced levels, it
has been estinated that |4 i.J t ve |l ess..than.50 part .per
million of sulfur by tﬁ’égé}?grd‘gg‘ilw ‘%‘ﬁg&ﬁ‘&%&?ﬁT‘.‘?ﬁ%*tc?ﬁﬁ“ﬁﬁﬂ%?““

| npr overrent s gasolin€C Ghemmhallyeproesssed gasotiaes eudhyassfoCakample, ehepinally ktazkédn”
presented at the 1998 10 Nati gnal Petrol eum Refiners Associ ati on Annual

Meet i ng (AM §8S03p) vispreaker gaseline, gaker gasolingand catalyfiqelly sracked gasgling t o
d I j f . i h
been pr op Oghe?g%l ailer 6&%6\%?’ %gﬁmh&%d' | érr?g? é\;ﬂ%ﬁ% %e‘?%tegfecrla > handat es

been propose _achieving ustry co mandat es.
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
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One such process which has been proposed for the renoval of sulfur 15 from
gasoline is called hydrodesul furization. Wile hydrod%%;}%!ﬁﬂgﬁtb@g“of
gasol i ne can renove sul fur-containing conmpounds, it c e
saturation of nost, if not all, of the qlitins contained in the gasoline.
This saturation of olefins greatly affect% the octane nunber (both the

; H | : . :
ot uraf od dube Tt deBb BAP UARAEL o¥colRY AR b redhORRE % Bl anete, oo
to renove tHnapbé bl towarnguiiingssdinehdake tifrer freniafd enplébapiiene, benzo

t hi ophene, al kyl thiophenes, alkyl benzothi phenes and al kyl . .
di benzot hi ophenes), whi\&Hessaacesnevesithe Hapaehof agiomative air pallution-coBHREESHi ng

Caquired o EEUE Tt HBlk BBk 1o roohe RRCHOF Il SRRSO CRRR WUPBS, ||

addi tionst o ref@iréte eWHilerthé enmuml gablisbodiicts icoftaly e I3QpsAlpenesillidnhere is
al so presented to the petroleumindustry a need to reduce the sul fur

content of dwvidkepntinued=fforty bycthe\Eryvirosmenial Protestioni Agesicy g secure reduced

hydr odesul furi zat.ion,. the cetane.is inproved.but there is.a large cost in
ydr ogen cortetitbul B bt stpipahetsERRERER R i Pifsiat i s8R 8t 11
hydr odesul f uhilfah o Suldichyafherriat 201, d{ BEREIK, KL, Faehh® PEM. Sengrovéménmsr e i s
a need for a process wherein ‘desul furization w thout hydrogenation of

aromati cs i sindt®F &iasalinpDasnl fugizptiow viaeCatalytic distdldation!' prasepedebdhs 198 t he

treatme of..di. es fuels. 10 Febru 22004 =3 .As l.t, of the | ack
of succg?s i]ﬁat&rgﬂl’aii:r uD, Refiners élssogwgiroéw Maetips PS%’?%’I%(;S)M ocesses for
the reduction of sulfum {igwedfSthk RvePindrdatiagkRed 90 60bRas prodhcdi £ sdlag! S,

it is apparent that there is still needed a better process for the
desul f ur i zat¢antenyfautpmadiiverfaelk e dragigtyodf prosesaerdhaviedsen pfapwised fari ashidving 5

m ni mal affect, of octane whi.l.e.achievin igh levels of sulfur renoval. The
present i nveWFF%W %?%@f%gwéhhg\?gl%dgﬁ ggaﬁ"aatgystem for the renmoval of sul fur
fromfluid streans of %a%&ﬂﬂﬂﬁéﬁﬂ WwhHieh haf8esH propbsddUBt $he rERfovialBE BIIREN
al so provides a process for the production of novel sorbents which are

useful i¥ t hsomegaspling iscalled hydfodsswfurizationy ¥Whilsahsdrodesulfurizatian @figasnline

further provjides a progess far.the renoyal. sul £ ur .cont ai ni ng.conpapnds
[ r om cr ackect Bl R outepfbin o Bey Sip hohlt i 2 BaPhRb B RRGP of

ol efins and AGtOAIRIDfGEe blREAE boHntathd ih By PdsoRile.Y Thisl datirfiedn 6f SI¢fifle greatly
desul furi zed cracked-gasoline that contains | ess than about 100 parts per

mllion of stffeals thesaptaneormbes (bethhe research gnd heotge gethnq piunaber) by lowering

ked- i i.ch t ai ial . .0l efi
and aromat i o anefEietts S SRR R RGTS EEbR oY P SRR AR i '
Summary 20 t feuirsd e rérsvethphERIS &dmpolMEN{suet as, Sfob atddiblepBifbphetie, Heasever y
that through the utilization of cobalt in a substantially reduced val ence
state;, pref efophens.caliyl thiophenss, alkyihenothiphenssiand ik Kébcazothiopbpnesked a

| b : g ) . _ ¢
novel OrenbuSATSHEA Ol BRSEN Synbeod SAte UBhaLth Bl O

oct ane r at i ngdditionhRy,t the &y é&bdesul Raivatidic canditisrgl nequirdd @Nenep ahiophdnit he
present invention there is provided a,novel sorbent suitable for the
desul f uri zat FOMPENNAS c3B jalse-gHYRIe; 35Qaligs. di esel fuel s 25 which is conprised

of zinc gyide. silica Al g 18l AQRAkE HSIAIdE shilf HBKPUEGAlgdsbfnssobal ¢

is substantially reduce such reduced val ence ¢C IS present in an
amount to pethrre is dfleo pesented tofhespdtioleuni iraimstry ackeed 19 ashice ties sudfur dioatat

fuels. "I n acgordance, with anot her .aspect .of the esenf,. i.nvention, there
i s provided Q%GFeégleé@mf dp rfwevmeeﬁ%@a?wogh dissel by, Bydrp essaffb%mﬂoeo%o%efwon
whi ch 30 congy i i4hBQ ¢l Lldein Bvdrbedh LS N LR, & korm a
wot i doun iRfRvES BBl o Nar b edibin Rydrbbéh SBRHEL. In ol 01T
past e or sl urcoysuntedrgobothchydrodesulfurization 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.



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

m cr osphere 10 February 2004 -4 thereof; drying thejpgsdr 2004
particulate; calcining the dried particulate; i npregna‘ﬁ"n‘g“[#r‘e?uﬁi ng
solid particulate with a cobalt or a cohajt-containing conpound; drying the
resulting inpregnated solid particulate conposition, calcining the dried
particul ate conpositi akis anesultesiubirigekt desueatssiingtodinguatceassfuhagd sui t abl e
reduci ng 5 agent, such as_hydrogen, so as tq praoduce a sorbent conposition
havi ng a subfSeatiically seasible arasaees Esphe redusHonr of sulfuralevelsdu®ethwhi ch i s

sufficient t a&%ﬁ?ragoéﬁ@? afxc??%\é?ll fullst [} 18 APBarRle R dhte ifsrsﬂ?hxﬁgd?du? bgtter spect

cy acked- gasol i ne I ese stream accordance™w

of the preseibedshianthe desulfurizagon of Potbvirdeidagapslare 38d fddsel ARls which has

desul furi zation of a cracked-gasoline or diesel fuel stream 10 which

conpri ses deBinimakaffachgf pptane 4dulgl achievingt high lovstreofasubfuagrmavajasol i ne or

di esel fuel with a sol4 d-regu ed cobal t t al - cont ai,ni p%gor ent&};
separating the desul fu he, Rgsy JIYER, OB RLQYiigs.2 PPV saibsp M APt he

sul furized semdesltof subftf fRRHuNDstAdan]se¥SdrackedYPabd1fis @hd ldiel fuels.

sul furized-solid-reduced cobalt netal netal-containing sorbent to produce a
regener at ed desul furi ZBee Bwenttprcalsaprovidesad prosessefon thecpnotiaétivinnef moebent ;

activating at St,a, porti of . t regener at ed desul,furized solid cobalt
met al - cont a?sr?fgneg&s‘gp’l%r?fe P%e(%glrl 0‘88@%%“1@%?%3§°? 8@5‘&"2’(16‘&18 et al

net al - cqmt ai ni ng sor berhs invBstidhATARE bevidRtAproced Bt tHeeRaloval POSIIfRN Of
the resulting reduced cobalt netal-containing sorbent to the

desul f ur i zat¢ostrining ¢ompeunds| fzem Deackeigasalines fand Wies¢infuelst which 2@iniFhizet er m
"gasol i ne" %s_ent}glno%tgg Perei S it.nt nded to mean a m xture of hydrocarbons
boi | i ng fromabout P b pPBRaN TRt M 400F or any fraction thereof. Such

hydrocarbons will i nclpgleinve@tior¥@&niitBenydviieahRRBuliriRdFadked gatd1ner i es
such as napht ha, straight-run naphtha, coker naphtha, catalytic gasoli ne,

vi sbreaker ripheamsainglers thanaboits lifbpartsepgrmiliom pfraulfir gedroe theewnight of
" ked- ine | i D40 S ded to_n h b
ot 11 ng 1 or s aedEeE A UG BasgBhE B bbb bR o Sn TR MR B 3F o

are product solefisgrue drbaiatitd ey Wete B the aralkedgasodine TRmS Svhidthtis edadek | ar ger
hydr ocar bon nol ecul es into smaller nol ecul es. Exanpl es of thermal processes

i ncl ude coking, thermal cracki ngSummagy ofthelavantiont| ui d catal ytic cracking

st ances 1 he cr acked. JAeBroeas THAGR s Bas R ks dipiteddfE

prior to desutilizatio® af cetulvdned sutsattialy tedueed vhlkndd@at) ?&‘férﬁlﬂy&ferd, hha _
i nvention. 10 Februar 2004 -5 The term "diesel fuel”" as e,ngl oyed herein

i s intendfkd %%b??é&ﬁmaosri{i’aﬁl these ifprrdiqyeda rovel serhert eompepiioncuhish PSITHIES | i ng
from about E i f ' h .

hydr ocar bonsgltgrrg%(%sé?%g %@%ﬁf@%@?@ﬁ%%&%@%ﬁﬁ@&% (g{&? Jt% Iﬁ%fg bmh a

st rai ght - r unmihiieme kffen dnhiid ootahe aatig; off theateatedSstream. t erm "sul fur” as

enpl oyed herein is intended. to nean those qrganosul fur conmpounds such as
mer capt ans or those t hﬁﬁ%g‘rﬁg&é%r?ﬁﬁmt HBWFBP¢§F“5F’§§§HP“ there isprexted

gasol i nes whj i EBFHSP oY M) :

t hi ophenes, %fﬁ% l%gtﬁﬁgﬁf‘ﬁﬁg%fgggggg?\sy% yldi ?e%@%%%ﬁ%???gﬁ Sas t he
heavi er 26| ewhichris wemgtisel of zinaowidehsitiba,aalemimarand| dopalp veieeein thewalerd ofi esel

fuel of the pes cont | ated for progessing in accordance with the
present | nv et coRal Tambelantili reciprd and B rsrlused akrope cADAIL is RreeeAbi Y 2% o
nean that st i i = ol . d| i S
primarily i nﬁ’?&\’/‘ggg%gﬁgsﬁé?&r'ﬁ‘g’%? gr?ﬁq@l su gt%iigtit.ti’cf,ldgp%a?élg%h?zgﬁeé%fgge%s. val ence"
a5 enpl oyed herein is In scdondamne adtht anatisaxraspéehof the preget puvention, theretise

al ence of the c¢phalt co nent of the c ositiqn is reduced to_ a val ue of
Yess than 3, PPV egraabrpﬁesrzlg(g%. eﬂfgpapf?té%‘bﬂfgip %!ﬁlrflf’&ﬁﬁ‘lt ?gmsagaan&' t\rlle )

df scover yg of c&ﬁBﬁ&é&%ﬁﬁxl‘ixihg%ncaoﬁ&Q%ﬁli’d&t drdl élﬂmhﬁdéécﬁqtovﬁhﬁrhc@e@gﬁ’}:&gggh,

conponent in a particulaté conposition conprising zinc oxide,

al um na and patialbt sluayuthersof, particsatingrthe wret akix pdoughs paské ot klarnyethereaf sof

t hi opheni ¢ sul fur conpounds. from fluid r of cracked-gasol i nes or

i eonl uel < %ed ot & RESieHGre-E e Precuhle. TR0, Sivels malet o hisroseer
content of such streans, thus avoiding a significant reduction of octane
val ues 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 enbodi nent of this

i nvention, the sorbent conposition has a cobalt content in the range of
fromabout 5 to about 50 wei ght percent. The zinc oxide used in the
preparation of the sorbent conposition can either be in the formof zinc

o rr o o o o



30 that are convertible to zinc oxide under the conditions of preparation
descri bed herein. Exanples of such zinc conpounds inC'lePebM%][a%GOEOt
limted to, zinc sulfide, zinc sulfate, zinc hydroxidg, arponat e,
zinc acetate, and zinc nitrate. 10 February, 2004 -6 Preferably, the zinc
oxide is in the formof powdered zinc oxide. The silica Lifsaed' i nrehx{iﬁ' g
preparation of the. sophent sonpasicilanysaaynd Sefusepartifieie Tior of Ssilica
or in the thsF%A o_?ryb% or mor e silicon-containi,ng commoUndsyH6eyd;sdtyingbl e
type of si lﬂglaesﬁqﬁxggglfi@mdti@ygt withtzneobal 195 £O% é%?w‘pom gi onts1 g;{ t he present
i nvention. anpl es of suita type b h NGaldigiag dhatoed t e,

silicali te,théfdshktiagdmﬁﬂnaﬁedfSPﬁgr\?Eéﬁifgl}ag% f/‘?g b%iﬁlo?’ca, 'hy(gtlr ol yzed si iInigca,
silica gel, and preci ﬁggiasfgnﬂéduemg mbtcmcuiedtmnﬁw%&h@%ﬁ%éﬁ%y
preferred. R ¢ P , SsIl1con conmpounds that are 9 xﬁ%{,ig @ duBstantidica
such as.si ::A%'P{: Séﬁj gk h{Repanyss iab ite preduspd R i°a¥ﬂp§| pl cate Can al so be
enpl oyeé. rge érably, the silica is in é@ﬁicfnoirs@hmiéﬁt tdip&hﬂh‘ithaarenmél
starting ﬂz%walenmrpmhﬁélmon@mfrhén@m?ﬁf} rtion canfég any suitable

commerci al ly avail ahl e, al umn _badolihe ok dddsah stred@al  al umi na

sol uti ons awdh Sg@ﬁé}.asl“}fgf %%ogg@}(g&mgﬁéa compounds, produced byt h@ere is
dehydrati on ﬁf al um ng, hycr@ines with 5 fmtheer ASPRC it@gpgﬁsﬂ general [y be
present in the sorbent conpositiop, i.n an j né apdiesaffuélr sreambout
10 wei ght peg@saddd 4 prazbssufior Yo Q@P&Hf‘%@f‘c@r??&%lr(éedflééégglz in an amoynt in .
the range of from abOUtdé‘_ﬁ Hﬁiﬁ]ﬁ% d6QuIfeizgidn pemecearac %aﬁ%ﬁ%%ﬁ‘gﬁ%r ably
in an af®untwhigh e¢EPRSE 5 fu r about 45 to abq%ut 64 &ﬁh%h&\epercem’ when
such wei gh&égglr&%%ssoﬁﬂfi'e@éeﬂes\s&ldrrieml'tcéﬂ‘i@ﬁ“% SPIPENG SR OX"de based 20 upon
t he total ht "of the sorbent cor?osgk&eg%ora'% silhirizad wbitlentgeneral |y be
pr esen}] in tdeuiseidedirackedgasalie iy GIFFC munteigwdtaheq/rahg ;ﬁgtglﬂt)r om about
S wei ght percent to abqut B 85 i SRfzed-poled- peg/ CQ unt in the
range of frmm%}tngzﬁqﬁ%ﬁ‘arﬁ&ag‘j’e‘?ggﬁ?e{o about .60 i h&s S6uit @D the
wei ght percent %%1-%{)1&'4%9%@%@@ tb produces @geﬂqﬂiﬁeéiqe‘?mgsegﬁig upon t he
total wei ght "5 The sorbent corrppsi,tiog e%thg gﬁ{gﬂ@@m‘éﬁrbéer@mm‘idsuﬁmb@d
present {4 thRiAeohriting sorbedi s¢HRUNE & g BRt T h t he rangg of from about
5.0 wei ght per.cent];éﬁowafjg Ut 20. wei ghint Re pecitice apsodideredasiog OPFRMEABLL 5. 0
vei ght per ceselid g0 SHiel ght percent when suych |g% SEh6 SR €
expressed in {ennsofinihBeotrhgand dhereafter aPUFAR %E??B&?@ﬁ with the total

wei ght of the Sorbent system |np.the kSulfifriatien gomdent
conposi tion, refigeprcobalt ymetdPEBRENTES s%rg%éﬁut];ﬁ’gﬁ%)% de, silica and alunina are

co_n’?i Bled t oget he\rmi nhappr op(rji Yefailed YestH tq.raot h _ _ntl opo[\ti ons by any'
sui t abl e manner ich provideSTTor the intinmate m.xi. Bamponents to
pLovi de ??rﬂSUbSt anti al | ym@mge'tgawlmdﬁaﬁﬁlrpéo,yeﬂ rgﬁi‘?gxgﬁédégeggsg{?gr gléy)r(]i ng
the sorb conponents can be ysed 0 i BuEER tdh gimately 123 of
the materi al smi:&ummfhb)edigcqusﬂl?gl,m%%%lga 91gtlher s, '[Q?Jﬁ| ers, stat%c; O Ahs
shel I's or troughs, tI}%I | gr S%H};ggamcmoﬁbvﬁnéndﬁdet,rfer gramaple Ry AT Bire
type, inpact HRKEATSYSHY the Tike. It is preseg |y gﬁ&fﬁéﬁ@& daalpsegasolitie,| er
{n'hxer iB t[le %}(&f{}gntei sﬁdlﬁasaidphﬁa? S@iﬂ“_ﬁh‘i‘ﬂ’&“&?ﬁ ﬁg OXI ﬁ congf)nenjts. Once
e sorbent conponents are properl; femeatede a shapeabl e mi xture,
the resul ting isbreakee g, QIR0 oé?rr?cc’ﬁ&v\et m x, dough. 10 RasienRin
EI u(rjry. 1 f2ét he resul tingmd der 9 chdtkedrgadodinet &% cmplyed Mol Rl vve?ém X can
e densifi‘ed and thereafter particul ated through,. I 8t hinfradtidnhe
densified mx fyidrbdis Hdﬂmgiﬁymr@)%}ﬁéo%:ﬁ@l W??%hﬁg?lgggoﬁ? V\ha% t he
adm xture of zi'nc oxide, sili cadgqgg eg{\ inBEnd] & Watalyfio processenthet cragk larger
mi xture which thereof thasrarg ArO4uets state or paste state, .the rrinérog@sgegje
shaped to forr’%aﬁsarh{ﬁ d’:}gcealgriﬁ{buhﬂﬂl&xmland@se,EK%PBPL‘"F of }?"5% re, pellet
or nicrospher e WYSPEE y preferred are c Ii%ﬁgah@ﬁ@@%ﬁ&rﬁtﬂd’ﬂgﬂm&rom
1/ 32 in?:h to lﬁ%%ﬁ&%&i@mml aragkingyand ¥1385 "engt h. T1e.r§sul%i@g}9
particulate is then dried and then cal ¢inaftic\Wheckihge Iisame dngignce or m of
 eilic e ol¢C . .
a slurry, Bbe paavy eill sackig ¥f AR S achi’eved bytrgggg\éﬁglwol E'éluffﬁk%a%'oﬂ”y

to formmcro cracked-gasoline may be fractionated and/or hydro

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




spheres thereof having a size of fromabout 20 to about 500 m crons. Such
m c¢ro 20 spheres are then subj ected to drying and cahpi regru@ly, £0b40W ng
the drying and cal cination of the particulated m xtur€,” the resulting
particul ates can be inpregnated with cobalt oxide conpound or a cobalt

oxi de precursor. Follow ng the inpregnation of the particul ate comr)fj?s_é:ti ons
with the appropriate cpbalt .co by blefiDisiifehéghat mdaparitiieul at e
is then subjected 25 fge g%”f/‘i @é&gﬁgﬁga?st&:?ﬁg{o?g%hpri or to the subjecti B/g of
the cal ci neg parkh 6 hdhfulrd of eguicaibonuiboliing fremubiwig3 WGE 110 2PBrosfBegh y
hydr ogen. e el enental cobalt, cobalt oxide or, cobal t-Sgﬂ%ﬂ{!&i{(ﬂgogorrpound
'“can be adysGfFtear dnyefraionithertef eGueh Rydregarggn Ftlrﬁ?rnésglﬂgltul oN o e mxture
ith a solution, ejther aquequs o ' jai ns the el enent al
\(‘:Mobal t, cob’é¢1p5‘2§5@i1fér}ueleﬁg“b§h%d'8’5 ﬁsgfc%?lcpg?%o%rgﬁ%%rgr%g%nd. In general, the

i mpregnation with thergahght rqusfupass brgloyet kecimss ntenfled ta mep dhAsEi ng
particultate conposition of zinc oxide, silica, al n‘iaﬂa .andrr;t I3§ &gbal t

net al , CObab{'gaﬁﬁﬁdﬁu&bmpohwdstsuohiadén?fﬁ%m&‘ﬁss?}'rthﬁ?q ophgnie KRMPCI repr vary,

2004 _g_ drying and cal gi natjon of ,the i ' e aopiRAposi tion.
The i npr egnaemaalspressnt dh °f3§i(%f{:§a53&‘ﬂgsohvg§§g*pﬁlﬁegﬁh§% anounts of _such

sof uti on Whigehe SitiobRbeY aRPi st alibh dehophieghast and elkyldibenzothiophenes
zinc oxi de, &SMICaand’ al tim na to gi ve an anount ,qf cobalt Oéié?ﬁnti'ﬂthe
final zinc %iwl&masadviennptmutarmxghfsmf@mévmﬁbﬁer’%‘&&% Feduced
cobalt nmetal content sufficient to permt : hesWithUhe pEassnt
streans 10f dliesck fuel ghdhn types Bqntgpglggq gﬁéﬂfé&\??%‘gﬁg%&% f'deaact: ed wit hfpsame in
accordance \ém'n%?mltoge process of the present invention. Once the cobalt,
cobalt oxid cobalt oxide precursor has been 10_i.ncor at i e
particul ate cal ci ned zThe teomi"@esecaslins pEplaygd dETeit 1§ We?fl%féo, mt%ﬁ%hg{égfatrté;d
reduced val ence  cobal t tal sorbent | S.. affyinNovi: asaul ting
conposition imowhishdlbe &ﬁg‘é&#@'&ﬁ@ﬁ‘eé’ﬁ Igﬁzmﬁfgﬁaﬁsugecti nmtpk}lle resul ting
cal ci ned composi tion tgyg adHCisuBSanidlly redacsd edbbk vakeder'i aserapieyied herein 1s

preferably hydrogen, so as to produce a conposition. havi 1.al
e o val pconqaiitts omhd: % lgecportien TR NeBHE LB SovA sopBbtin) 3 e

content being present.in, an.,anount, t ) pﬁgy@éroyvith sanme of
sul fur from gompastienyisgedutedie anghﬂﬁ gggﬁ%f%&eﬁ ﬁ,][}{?leﬁed stream_The solid
reduced cobalt netal Sqr}ﬁﬁﬂéseﬁﬂ( irfvBhtorl ¥Vigdstd apon meadlmmsqfiqnﬁ’ﬁc%‘ﬁ%fhalﬁ&s
the ability to react with and/or chem sorb with or%?nﬂ-‘tsulohg{osﬁﬁ ounds,
such as t hi opfisstirtiatiprpdueadivalence tobal emPANSALIHPEFULHAL CRESE bent 20
renoves diol efins_and,ot her, m form. peSufts B EdtBent which permits
cracked- gasoIqoﬁﬁ’ﬂsmﬁezl%P’F‘He’?séLﬁb‘i?bgg’g‘rrlegélﬁaggggﬁent Yot this invent]

on .S
~conpri seg,of tﬁQ?&h&wﬁﬁ BRthibshenft ulfuhoimounds Frpn Beidsegans PEREEL -gysglines
preferably a zero valence state, Presently the re t i g¢. The -
‘anount of ~r ecarodieset filedd withoutthayingo F@@%’&ﬁr ?&%ﬁ °§F§r%{£g|°q§%’lr‘ E%’ﬁtt&?%éf this

invention is that anmount which wlJ: jet 'oR DfloRtiay ahlues of thef weatéd om a
cr acked- gasol $4% SB'FaIH?’Béléﬁ a\lfol@pg“ A .Jﬁgrgﬁr:zmt redit&ioR

stream Such anpunts eire ger&be*éally in
the range of §rom alRrbover,ithe aoof sudh noviel korbpass cestilts BT a FITRIHGHRTC "Yht of
cobalt in the sorbent conposition. Presentlyit, i referred that the
reduced cobal of thetsulfubeonsenidthe Fesu Wga‘r‘r?ﬁ}ﬁci/ﬂlu’r? it%g&f ange of from about 15

to about 40 wei ght perc?nt %seﬁtlﬁep{'a@ﬁéd “eiheRimeat of thiairiventior, Kie subeint

el G p
COWPOSI e composition has a cobalt content in the range of from about 5 to about 50 weight
percent. B
' The zinc oxide used in the prepgration 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 In one presently preferred enbodi nent of the present invention, the

reduced cobalt is present in an anobunt in the range ofqf Uodg S to 30
wei ght percent and the cobalt conponent has been subs educed to
zero val ence. 10 February, 2004 -9 in another presently preferred

enbodi ment of this invention, zinc oxidebi-s present in an anount of about
38 wei ght percent, silica is present in an anount of apout 31 wei ght
.percent, al pfe'faamiy;strwﬂﬁenkidierismtmmtof@%mzmcwmi ght percent and

cobalt is present prior tgo redugtiqgn to zero v n ' AUy Ok
about 33 wei ght per certhecHiR 4o} g@.prﬁ?%ﬁﬁ‘?rh89Q§08&g?én?tca@g§$ge app)r,eci at ed

that the sor ﬁﬁ%ﬂpﬁ@%ﬁ?&d L QS WP thedfofm WTadnel oriiofensilictrsedritainingat i on

process of £ i'on can be prepared bg a process which conprises: (a)
adm xi ng Zzi 'EGmg&ﬁﬁiﬁ‘u A&hy ktitabltypalodmiliva say & emplaysd in dhsFLbeRt 10 sane in
one of

the form of a wet mx, dough, paste ar slur.ry: A CERE kg t he
resul ting moomposifionmehhetpresenhinyen ‘PfgrE?S‘fm&ﬁSP éu‘?%jll?ngﬁ%s %ﬁg%? q%‘?%ﬁ]l es,

extrudates, fablets, .pellets, s ;| Shydeslyzel stlice siliva
resul ting péjﬁ%tP‘@UF'ai‘B?ﬁ’(t?i)Sﬂi%ﬁ %(:Jl?lﬁlﬁir‘ig i ehiﬁr?lérgé‘“dggﬁ? i@’cuyl at Z;Z 15 1(e)

i mpregnat | n%i di PFe%(})HiiaEéﬁlgsiﬁt.@d, svittediapadite ba@presenthhpreftsead: | Incaldafian, oxi de
or a precursor fof cobalt; (f) dryi ng’ the‘f'.{r’mpre nat ed . arli&%%%ﬁ'&@
cal ci ni ng t helidoasuohtriongdsi thae drepeanvegileatoesiichpea ps s?‘é‘ﬂg@?‘ﬁlg e cal cl ned

particul ate product of (.g) wth i % NSl theAieH issif thes fdrm
produce a paﬁﬂdi%Pa?‘é‘“b%ﬂ%%}gic%ri’S%Oﬁo%v%‘?}gbgedgg%?fgnt |5,al reduced val ence

cobal t qgnt end gibdpfil N and wherein the reduced val ence cobalt content is
present ‘i'n an anount sufficient to permt the {&goval Wixiogc f1-ge] sul fur
from a cracked- gasol i n&hestadingsalpminzesorppanent ¢ e LABESHORATACEd with the
resulting substantially reduce I : iR ding Wolibid! slamdent . 25 The
process to u%mgﬁecqmé‘imaggr%@ﬁ?ﬁs@tag&geg&fh?ﬁﬁlze cragked- asol i ne oor diesel

fuel's to proyjide.d Hasgkietllyboseraeiing-apobndeproductdebie fef daliydRiAp A ses:
(a) desulfurtzing in a desulfurization zone a cracked-gasoline or diesel
fuel with a ghniich hpdhateed cobal t net al - cont ai ni ng sorbent; (b) separating

t he desul furized crac kgﬁ-e asoé)'hag aaﬁ (%ﬁ?x‘gﬂl{l %ip;&qn@& headfent vahpdsitbon irhe
cobal t -

resul ti an sul furized s Wetce cont'ai ni ng sorbent; ('(g:%x
regener at i Ng ,3tanldd@bin MeR@nd ONfrom dbvat d0IWaightzsecenbre gbus Mocweight percent,

R G TEEE i R TN
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 composition 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 about 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



(d) reducing at least a portion of the regenerated desul furized solid

cobal t-containing sorbent to produce a solid reduced t£@h&urugAnNtEdOOU NI
sorbent thereafter and; 5 (e) returning at |east a portion of the
regenerated solid reduced cobalt-containing sorbent to the desul furization
zone. The desulfurization step (a) of the7present invention is carried out
under a set of conditions that includes total pressure, tenperature, weight
hour 'y spaceremirbens by any shiyahlo gemnét whichTiresidec fondhe iitiraata meixingcdf theat t he
solid reduced 10 cobal t-co&t ai n{)ngﬂs rhent can desul furize the

cr acked- gas FOMPANEHLS 4o BEWIAG § Spbst t}ﬁ?léfgl?gé)g&“%@&mf‘ﬂwzed cracked- gasol i ne

or desul furized di eselAﬁ#ﬁﬁité’cﬂéjnﬂaﬁyﬁ%h%ﬁ%ﬂﬁc%m €O ﬁgﬁé}{tg Xﬁltrpg? Sgyéd the

desul furization step of e process o resent 1 nvention,

preferred thatachikee tleedtsired dispersims of thrematerials.e Sath ieans eclade, amoagor 15
phase. wever) in the practice Sg\fs the invention it is not essential,

al beit pref AREs, tymBlers f@tipaary Balls 8t Hrrghs; Mulley misersowhishsare of the hateh The

total press At | S:psi 0 Si a.
However, i tﬁrgog@&éﬁtt%ﬁ?@? é%g%r€%%¢%ﬂﬁekef ol?éfﬁﬁggé@u%?ﬁeqltﬁ "gscfaange of
from about uleiraixes imkiwuiniG0g ofshasilicd) diumianedalinc bkide icofipehaityr e shoul d

be sufficient to keep the cracked gasoline or diesel fuel essentially in a
vapor phase. Wil e suchneecthseoshant samparenteare propaslyr mikpd tof providmaabout 100F

to about 10 if. J e . A e- 1t rature pe in the
range of fr %Sng%qggf&t{niﬁ%’ ?1 g%inltée %(IHB é%i%&fr%%%ggﬁ%g% %’ﬁg@e %’%a%dgaﬁé'ol i ne
and in tloe rpasgerGiurty.olf tleqesulin® mikds abtiet foBAQF apenmifiahe et @ad chf b3

di esel fuel. Weight hourly space velocity (WHSV) is defined as the pounds

of hydr ocar isRsified @ng dherpaftes pagticudyed drpughthergranation of theadensified awix per

hour. In th i %f,iF i i h | in the
range of frg‘%ﬁg‘gglgt&g. g@gxg(%f‘c? %g%onp%?%%amegggeu?&%&égg%&% g‘gd%r' .
30 In carryisilipacand dlmimeremtitsin  forirof tHeapixtire wickpiesitir liy apdodbR stael t hat
an agent be enployed which interferes with any possi bl e chem sorbing or

reacting of QrHas§istate.rine mixcaghsnshaped toiastum particulatagranple; extrudaie; ftakiete

bei ng t eat it , - e C .

cobal t - c1 §nt :]isglr%élﬁdﬁ’chsltl)ert f)og r’f?‘ ?%gﬁgﬁ&arﬁ g%gltrﬁl 1’%%*‘%?%2‘%&?&? dgirgéeifeg‘?lrl%a St}bavb%g
hydrogen. Hyfismde3R idchvoi 172 tifish diamister uhd 28y isoitable mgtls Jheessalting such t hat
the nole ratio,of hydrogen to hygrocarbon feed is the, ra;ge of about 0.1 to

about 10, 5 R#Fdrulatefipthen)dried en galgineds When thegnix isgingRe fernzoba sinsw,
desul furi zatg : Ed/\@e i dgﬁﬁ izt f _the feed
cr acked-gaso*?ﬂg&%pﬁgﬁgs%gﬁg?gggaglgﬁeta egxgrkgce. %xldgérjr%)llhg@ tgﬁgxgﬁi 1'5 "e zones
are fixed besgpheresthavea! having agizbad framabouts20 fd aboti 560 ruerbns e Srich nsicand

transport, reactors. Presently, a fluidized bed reactor .or a fixed bed

react or 40s PBFIES AEgythen §u JFcégéP ngfg i%&u%aﬂen-dg?ﬁ}wvm thet drymeand; he
vaporized flui ol ; o nd
ni trogen can&?)%%tglsogd&tﬁ}ﬁ tggrtlﬁtdq%es@%)t@ﬁléég ?gﬁﬁsglﬁh? gﬁ"t'tﬂdé@%%sggaﬂ %Aeihsqrgg%ée@
process of twith pobaitoxide compbind ot laatobalt bkigle presurdoy. hydr ogen be enpl oyed in

achi eving the desired ul furjzation of the, crackedgasoline . or djesel
oo SV, e o en P ol ipBuhe Sppibntian of S RGBT SraPoSHOLy BN hat a

solid reducegpesihitd cAMPHpdRdY BRI ebilBhg hﬁﬁre%mﬁ@d bhftlchlatd Hothbd st é‘ctfcf‘”ge
100 f ly, oul d

of about 20 to about 0 mcroneters. Prefera such sorbents s
have a p¥rtiteldywgandofaldinasinngprinr tosbe subjedsingt of3be calcinedrpariesudate When a

fixed bed systemis | oyed for the pragti.ce of the desulfurization
process of tqq%!gcq}[o&,\gﬁﬁ%&ﬁguqxﬂ%agg}tbg;#eralﬁg&ygrqggngo such as to have a
particle size in the repggleentlldball! BBalt Bkideld? &B%oﬁﬂa%iﬁ%‘%s}gg%xﬂﬂmer-

It is further presently preferred to use solid reduced cobal ents
' 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



that have a surface area of fromabout 1 square neter per gramto about
1000 square neters per gram of solid sorbent. 25 The §gg@gﬂhhr§# Q{,o&he
gaseous or vaporized desul furized fluids and sulfuriz

acconpl i shed by any nmeans known in the arg .that can separate a solid froma
gas. Exanples of such means are cyclonic devices, settling chanbers or

ot her i npi ngdykiatandedal iesioh @T the Pt RingNighpyOdriatkd @hq)pcgﬁq@gs. The desul furized
gaseous cracked-gasoline or desul furized dlesel fuel can then be '' 30
recovered and pr ef er ablhe mmyfan@d SOMﬁl@ngaerasumuackbdegaadIamnemtsr ofjaseous

di esel fuel is it on at ol |n |n ar fins, aromatics and
sul f ur - cont a7 ﬁ&] ﬁgﬁﬁ%ﬁﬂﬁ%‘“ yv\%rlovx B‘?ﬁ?ﬁ??ﬂo Bi5mixure DhZipg i ns
and napht henggde, EhRaamBWNmiah t6lgdfd mameu&aﬁ%ﬂﬁlt%&ﬁﬁKEQhQ%Q LiRE x?de
generally in t he range of from about 10 to wel ght percent ase on the
wei ght of trmsqhsmwxmmmdvgasdlamedu&dra tbdes@:l cdhattimethbeanterst
essentially u? aol efin contf algo t of aro t| CS I n gaseous

cr acked- gasdittfigentdo pepait qun?qy sy ‘l‘fg’g"’BfStrSB'Bé sticked-gawmline A9 digselhht
per cent basegleRRvRdaesoNeb AR with shifg 936 %R@{%%E SasaL | 8% E&g eftmount of
aromatics in gaseous diesel fuel is generally in the range o out 10 to
about 90 weiighentioar cent. The anount of sul fur in cracked-gasolines or

of “the gaseous. cr ackedOBSEF AR Gohubaridecor sobbi onids Rsesursan 145 BeBU 1 ur by
wei ght t f I [ion
o about Vs, anPaareCink & HatcaRte hiimed hd S, Midina kil SR ApRffe B ' of

such fl uids desiréd tedacebrilene copslt amtalfsotent py pepated ibyuizpingothe rdsmltiipe amount
of sulfur in cracked- so{:deges or i.n diesel fuels follow ng treatnent of

sanme in accdiOREEoR; yisalginatien 2a¢ ithireafics subiscting tthﬁlr§sqlﬂ%ﬁ%lpl§‘ﬁdl s
| ess than 1%355%?&%n§8 redctibh With 4 Buitdid Yéd@glggﬁ%eﬁpﬁe%érgﬁﬁr % {)#ﬁb 's3 as

i nvention, ired, a stripper unit can ser
regener at or tqurodt@gemmmpqsﬁwndfavmma subbstantial gato saidnea toblt vdriterdt théreln serve

to reno rt erabl aI I any hydrocarbons fromthe
sul furi \zllgd s‘g‘? I B?Ce“{ Eﬁngbé gyﬂ%ﬁ%ﬁi Fo#f 3Rty pegmitdhe enpye
oxygen and Sﬂehioual «Jm%aﬂe of &l ﬁ'@msaYéf‘a@EE agdsefmé Br bifetd] qﬂacmlargt&amt he

regenerated sorbent into the sorbent activation zone. The stripping
conprises a set of con'ﬂhﬁsaiudsredhmd dobelt unketsl sochemit oﬁrtlasmatlonmer ature and

stripping agent a.rt| r. Prefe 0 ressure in a
stripper, WherRS §1§? ?Lﬂjb gtyr én‘ijé‘:to‘i’“ ‘#}F/’éﬁg ?‘% é’rg%“” 500

psia. The teém@ao@h&m El%sﬁﬁ’&ﬂh Bl doRfRuRdE Rt 198 about
100F to about 1000F. 'lll'he stri p|§| ng agent is a1 Céd%';%ré?ﬁbg% ? %Jr‘s%{spto

remove RBPdr oreaRvendiotafins fané othen guay fcmmng etatnmnndd feam lﬂm@raclﬁ&deganhhey t he

Pl oyo-a set of conarEht R Rubtinfa KEANNER i\ SHERG SombRedf 8l .
portion of tdsdakhdtus mequmﬁn& rbducd@ silchel sraed pré!érams:%éve%ienkg shaffe.

about 1 SO0 psia. Presently preferred is a totasqfr)ressure In the range of
from about 2Erepasitly the redveed ms6d ipeobelt. THasawountsef feduced ophely-in dhet salid ng

conmpounds su Q s t.0 rn of inin

hydr ocar bon & Slgsr? ce#r%%ilr‘#’ﬁ%gtsb&s%}se@gﬁ 1ond§”t$ Yg’b‘ﬁ] F’gﬁrﬁ %iqsOOF
with a txnpereatowsleof Shlidﬂ&"rdh&ﬁ@@adk%d@bﬁlhe&ﬁ@fes&pfmmm StEEMT SIRhNEnounts
presently preferred. reducing agent so that at |east a portion of the

cobalt cont eHe gsherally in gheange @ ﬁfﬁ@sahq%ﬁ tp sibputy 3R sveight pprcsaueths totali d

cobal t redu r. u therein to
permt the ?VS%SHP%% At ]P?Hu% Sgc}gérlrljgor}%e rﬁfsscé}‘“&ggﬁé’?gﬁen%%%ﬁﬁﬁ ‘BF acticing
the process gfudddi @bhn\tﬁmillw‘preﬁém irf exdlaﬁiouﬁﬂm%etrh@gdi@fwbm%ow(ﬂs gelid
cobal t - cont ai_ni nggsor bent is carried out at a tenperature in the range of

about 100F t#oubadiweighsaorceahel thegptal weightiof cobalt imthgesodiens somposifor.o 1500
Doy o Teduct ' on | B SR EdeEh e refeBlba o BRI 6L Ferd iR0GRH,

renovi ng agent partial “pres genera
reduced cobalt is present in an amount in the range of from about 15 to 30 weight

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



fromabout 1 percent to about 25 percent of the total pressure. 10
oxygen-cont ai ni ng gases such as air are the preferred;§HebhiafeB0049
agent. 15 regeneration of the sulfurized sorbent can Take place. 20 stream
of cracked-gasoline or diesel fuel. 25 togachieve the desired | evel of
cobalt reduction in the sorbent system Such The total pressure in the
regeneration zone is d@ngiottidr\présntljn@rafamet ehBedigienf bf tHie BéhiEnageAt 1S a
conposi tion that helps to generate The tenmperature in the regeneratl on zone
i s gener al | yoXigoih ERwHE mméan@g@h@f%%hq%%zwshtdm% SksA asewht thetein t he
desul furi zi I r reduced i tivation
Wl S SpORSH ybleb BPrept 25ine TS HE S Rl o ot

zpne with are bé ac m about

0' 01 to abowg w&xg&Opb@eﬁtSandF@annWs @gesérlftepmttbvraauc@an% ZeRevilIegRnarat ed
particul ate sorbent, at |east a portion of the resulting activated

(reducedf scammmt Oéahoﬁé%W?mthﬁch qolyelt ox8I. desul furi zation unit. Wen
carrying out the proc i nvent n in.a fixed bed system

t sen
the steps of desul furl B}? qﬁf’ég»eiﬁé?% &ﬁpre&a% 9dhptthe sarhenk ePMPOSITieRs ar e
10 February,wigeR4re &féﬂﬂCIﬁQHP ldesiiReizhiborRpficBd! & tﬁﬁ%véifho\ﬁ%%ﬁ%e rtBsred b
desul'furized cracked-gasoline resulting fromthe practice of %e pres
i nventi on campioeessswhich gompasésor mul ati on of gasoline bl ends to provi de

gasol i ne products suitable, for cammerc .cons 5 Th desul furj zed
di esel’ fuels resul ti ng(a riiNg f)‘P%(?fqueSlg ‘g%‘é@ﬁ? a?rtR/ 8

|i kewi sqobe dfiRdnftRE FGRTBEBARE BF a GAASHIKD UbESh, \yaa%r%ldrﬁw sul fur-contai ni ng
fuel is desired. EXAMPLES The foll owi ng exanples are i"itended to be
illustrative of the pr(@éemrtm@latlmdtﬂneeldtlagldnmdotfemlparmalamés theﬁoﬁar theski | |
in the art to _make an usethe nti | es are i nt ended
tolimt th °FH\P§ e?ﬂ}e‘{k)ﬁ%ﬁ?ﬂgﬂ& Heﬁ}ss&;}} S FGEES ’i?éit net al
sorbent was produced b@é)d,ﬂ fﬂer}gsug@i%gmﬁgmggs of diatomte silica and

25. 03 zinc OX|de|namx 15 mnutes to produce a first

m xture. Wiile still nGd}i @;lnmgs@bmedrpactmtﬁaic,m ng 6.38 pounds of Disperal
al um na ,(.Condea), 22.5, pounds of. dej oni ze nd .3 |aI
acetic 30 d were added® o“?l?{gg?ﬁ"?gﬁ?h? F%SP cd?ﬁ?a%argcééﬁ?%ﬁﬁgsﬁp%lhﬁgg A t er
addi ng t heseng@TBP A PRéchrsofifet BehaftoNnt i nued for an additional 30 mnutes.
This second nmixture was then dried at 300F for 16 hours and then 20

cal cined at 1175F for @hedryng the dmpragnatgdipartialaiesxt ure. This third nixture

was then particulalized,by,granulation.usi kes Pennwal t granul at or

fitted with a 50 nesh gae!ﬁx %‘ 5&‘2’%“%?"%%8“?8@3}% granul ated m x was

then inpregnated with @d48reiueing thé cﬁe&ahtpaﬂiciula@é grcmta&abﬂ@amx disagbiyed in

43 granms_of hot (200F) deionized water to produce a particul ate |nipr egnat ed
R

m x. The20 npiedesing esentso marto ipreduse & me\daqeé@nmpsmgomamg pubstantiel and t hen

cal ci ned at artic te was
pr egnat ed TSLRGER VbR Bae Uhniod WeR s helelll e B AR ARk B, ¢

di ssol ved i ncotagit asrpre@ént i@ tan Ch i Zﬁﬁicmt & pémpmvanwitﬁwmrﬁt@ﬁur
particul ate groduct whi ch was then dried at :300F for one hour and then

cal ci ned at pmor-cragkedogasoing pr dissqldueh Buid stregmophen eonsaatesbwith ther bent . The
solid cobal t, gﬁ%g@%&%&@g@&&%&%’p&@% 1§1H9t'e§%5{ ¢t toa

t enperature o ressure o sia an drogen parti al
pr essur 5f The process to use the novel sorbents to desulfurize cracked-gasoline

or diesel fuels to provide a desulfurized cracked-gasoline or diesel fuel comprises:
(a) 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-
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cobalt sorbent wherein the cobalt conponent of the soiawbrﬁg@%?j'on was
substantially reduced to a zero val ence state. EXAMPL e sofrd
reduced cobalt sorbent as prepared in Exanple | was tested for its

desul furization ability as follows. A o_nefoi_nch gquartz reactor tube was

| oaded with the indicated anobunts of the sorbent of Exanple I. This solid
reduced cob 4 s placed on a frit in the mddle of the reactor.
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conmpounds | TH &%vous cracked-gasol i ne was punped upwardly through the
reactor.sThe rate 15 V@p ré@ringiat ldaki 4 poRionesf theUegenthitdd Pl@dedRkd

sul furized solid sorbent and desul furized gaseous cracked-gasoline. In Run
1, hydr ogen cobalt-eerdaitingosorbent datls desulfugeationtzameparti al pressure of 6.6 psi

t of a total f 15 Ds; ting | eduction j i
Solfur to 17525 part S oH v Eeh S50 of Bsplted RN bsdBEor ant

was subj ect ggdéroa EQRATNVNAMHIOAE 10 MUlad3NStal PAdssirBCleiRFhtidre! RERAE RowE Of
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included a hesmRe atwsmfmzea]g&fakea-ga@éme &f&‘&ﬁlf?ﬁzéllf did&e] Bed]1 andCsudfuliiyed ogen

partial pressure of 15 psi for a tinme period of 0.5 hours. Such conditions

are herei nafotent.eferred to as "reducing conditions". In the next series of

runs (2-6), after each_run_the furized. spr bent subj ect t
regen(er ati)on and redug?’rfm‘ﬁﬁ'hﬁ e%éﬁl&ggt@?q B'&R °§%€?/Br.°°§§ ‘?ﬁg%pgesgtﬁtd 3
wer e essent ijddn¥ioh R R pleféred At the fRed eﬁckéwémﬁhetomi@ar fieDbe &Rl vapor

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

cr acked1fas@hasee Howavesuin theprpeticepafitheiinyangan it isot passntialy plbe poeferred,s A
conposi te of, product. .qasolj ne from each of t Runs 1 and 2 was subjected
to a test t&h‘@béﬁﬁﬁ?ﬁdn% fo?@iyrl@s%g?%% BEEHE Fifhber (RON), using a nmethod as
described i n ASTM 2699THY Re£ PrésBufédnt beeth thReaHH 6hatidut 35 @stighdbuof

Spar ked Ignition Engine Fuel”. The RON for the products fromRuns 1 and 2
was 5 91 .4 d$00@sizar Bawevert itds poagently prefarrgdothat the totad presaurgdeoni neange of,

i ndi cating that the tane of t cracked-gasol i ne was not affected by
carrying outt?‘f%ea%? R&Pf‘%&&é%‘%ﬁ{?r S%ti on process. In Runs 4-7, the effect

of hydrggen partial presgérefal e tempetarte should be saffiviages kees theadragedssur e
is reduced (Run_ 4}, the ability of the sorbent tq_ 10 desul furize

cr acked- gas dapelinegerdigsel Keal essgméially an gyapepBhases While spch teRwpepwgeesan bun

ﬁg,a‘r ‘(;Sre% 11 G e ERBUGE Bin 'Bot focH! th YhoiCTORAF, 1tSs BldsEifily Hrereiatnb fhe

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 900°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



partial ‘pressure was increased to 13.2, the sorbent essentially reduced the
cracked gasoline to less than 5 parts per nmillion. Rup Febasary, 20oRpt of
Runs 1-3 and indicates that even after repeated | S cycles of -

desul furization, regeneration and reductign or activation, the ability of
the sorbent to renove sul fur fron1cracke& gasoline did not dimnish, for
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conposi tion ' ] 18 r val cof sulfur froma cracked-gasoline or
di esel  fuel t@%?%g%%fggﬁa%"gﬁ’nﬁrﬁrs@%*i {5 can fakei plaeey fyief suifapleczonghd
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as to formparticles thereof; (c) drying the particulate of 'step (d)
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' ' | | t - cont ai nin
o moundopartieulate gk aglifd, gt aiiRitanSh o i Veporized Huids, dilgents
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such as methane, carbon dioxide, flue gas, and nitrogen can be used. Thus it is not
‘essential to the practice of the process of the present invention that a high purity
hydrogen be employed in achieving the desired desulfurization of the cracked-
gasoline or diesel fuel.

15 It is presently preferred when utilizing a fluidized system that a solid
reduced cobalt sorbent be used that has a particle size in the range of about 20 to
about 1000 micrometers. Preferably, such sorbents should have a particle size of
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



(f) drying the inpregnated particulate of step (e); (g) calcining the dried
particul ate of step (f); and thereafter (h) reducing 10&db2aliy, ZW£al ci ned
particul ate of step (g) with a suitable reduci ng agent under suitable
conditions to produce a conposition wherghn the val ence of essentially all
of the cobalt therein is zero such that the reduced cobalt-containing
conposi tion wiriffinehhe ehphthendsenoval of sul fur froma stream of
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agent under lessithatb160 parisipen million.o ef fect a substantial reduction of the
val ence of the cobalt content so tﬁs to provide an anmount of reduced val ence

cobalt metal such that!PREryingeutiths grocsesekibis imveniion, ibdesined, a Meippenunibl of
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time suffici, to rmt the fornmatio f. t.he desired . .reduced val ence
cobal t corrpdﬁ(gh?és ti’%? PACP G U CF °t‘WB S%am%%%t Ragial pressWSm a st ream of
a crackeg-gasol ine or Prefirfifl |thétb@ilﬁi\@§s'ﬁie‘ﬁqf§t§" wHef}) Cid f}9, sai d
streamw th a sorbent conpos?ti on when prolduce bgﬁgl%ﬁoec sésbtegi‘}:go{r}ldal1 ng to
any one of dregenef fromiabout2h psiadto abhet 500 psid.or med a desul furized fluid
stream of cracked-gasoline or diesel fuel .and a sul furized sorhent; (Db)
separating the resul t?#éc %@Ef%ﬁ@é&u#‘l §iTpPLs F%%F?Ffl?él?‘ﬁ &g of fromy abow

sor bent; H1Q0oFR e dBst, 10000 - 20 (c) regenerating at | east a portion of the

separated sul furized sorbent in a regeneration zone so as to renove at
| east a portion of theTkeftrippingmgentieck camepassion thay helpsitecirempvetiydr@sul ti ng

d | fury [ ' ' [ .ed d,
var ance Sonaeroeeg dtoumhe ARERe KR ROGERY udeolly, it et v B 1 om

a stream of mitrégecked-gasoline or diesel fuel when contacted with sane; and
thereafter (e) returni ng at least a portion of the resulting desul furized,
reduced sorbent to sai §h¢jehentuegensration zooasmplays Asgrafcesditions smhothdance
to claim12, wherein said desulfurization is carried out at a tenperature
in the range of about 37.7C. to about 537.7C. (about 100F to about 1000F)
and a pressure in the range of about 2.0 to about 200 Pa (about 15 psia to
about 1500 psia) for a tinme sufficient to effect the renoval of sulfur from
said stream 14. A process in accordance to claim-12, wherein said
regeneration is carried out at a tenperature in the range of about 37.7C
to about 815.5C. (about 100F to about 1 SOOF) and a pressure in the range
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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
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EXAMPLES

The following examples are intended to be illustrative of the present
invention and to teach one of ordinary skill in the art to make and use the
invention. These examples are not intended to limit the invention in any way.

EXAMPLE |

A solid reduced cobalt metal sorbent was produced by dry mixing
20.02 pounds of diatomite silica and 25.03 zinc oxide in a mix Muller for
15 minutes to 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 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
calcined at 1175°F for one hour to form a third mixture. This third mixture was
then particulalized 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 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
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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for its desulfurization ability as follows.

A one inch quartz reactor tube was loaded with the indicated amounts
of the sorbent of Example I. This solid reduced cobalt sorbent was placed on a frit
in the middle of the reactor. Gaseous cracked-gasoline having about 345 parts per

10 million sulfur by weight of the sulfur-containing compounds based on the weight of
the gaseous cracked-gasoline and having about 95 weight percent thiophenic
compounds (such as for example, alkyl benzothiphenes, alkyl thiophenes,
benzothiophene and thiophene) based on the weight of sulfur-containing compounds
in the gaseous cracked-gasoline was pumped upwardly through the reactor. The rate

15 was 13.4 milliliters per hour. This produced sulfurized solid sorbent and
desulfurized gaseous cracked-gasoline,

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  thatincluded 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.

A 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.
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A composite of product gasoline from each of the Runs 1 and 2 was
subjected to a test to determine its research octane number (RON), using a method
as described in ASTM 2699 procedure entitled "Research Octane Number of
Sparked Ignition Engine Fuel". The RON for the products from Runs 1 and 2 was

5 91.4 as compared to the RON of 91.1 for the cracked-gasoline feed, indicating that
the octane of the cracked-gasoline was not affected by carrying out the inventive
desulfurization process. S '

In Runs 4-7, the effect of hydrogen partial pressure was studied. As
the hydrogen partial pressure is reduced (Run 4), the ability of the sorbent to

10  desulfurize cracked-gasoline diminished. When no hydrogen is used in the process
(Run 5), very little reduction in the sulfur content is effected. When the hydrogen
partial pressure was increased to 13.2, the sorbent essentially reduced the cracked-
gasoline to less than 5 parts per million.

Run 7 was a repeat of Runs 1-3 and indicates that even after repeated

15  cycles of desulfurization, regeneration and reduction or activation, the ability of the
sorbent to remove sulfur from cracked gasoline did not diminish, for example
compare Run 1 to Run 7.

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



u&'

()-y7. 10% U& () -

&6" 10% U& ()-yY410% U& ()- y210% U& () - QNcNgNNNI O0a?YNC

| 10! 0@10%&’ () -! +@109%& ()-f 10%& () -

9109& () - &F109%& () -1 fz10%& () - OOPdPPPQIEYNC !

109& ()-S3 109%& () -

10! Of MLOY%& () - &Sf #10%&' () -

10%& () -

S109& () -
109%&' ()-109& ()-fs:109%& ()-

10 February, 2004

10! 0&109%& () - 109& ()-f
RRRIEYNC !

109 () - RRﬁRRr(uaad TAEYNC
10! Of (& 10%#' ()-f & 10%& ()- % 109%& () - "#@H’Gd& ()-F" 109& () -
MLOY&" () - 3TX C T 10T @54310%& O+ I-I% %U%& )~ @TI0%& (J-Y¥b/ g
1098 () - -smﬁ ft.F fl, 109&' () - UlVU mn blSlOO/z&() yf10°/<Z&()-
10 10 10&91qu&°Ptiens ooz’ ¢) - '|@° o0 "Ox Vv 1E~>ﬁ<x (Jjow(z ORE
10%2& () -, 14q@& () -, 10%7&' ()i - Iﬂg%ﬁ ) -
10! @O%Z& ()|- . AHGEE () - | B 10%2&0() , L1Q%ZR (Yo, 109§ () - mld%z&m)- YMZZZ
[W dE~_@5! J0! @gmlngp%z& ()- '310%&{ ()- @ L0%& (]- THIO0O%W&' () -
TP 15 15 15 15 15 15 15
HPP? 6.6 6.6 6.6 225 0 132 | * 6.6
°F 700 700 700 700 700 700 700
TOS? Sulfur®
10 1 15 5 5 75 285 5 15
2 20 5 <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 014 91.4
'Total 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.




@1092& ()- " 109%& ()-w[[\\.]H dB~ @' 10!!c. 10% ()- SL- '
. ) 1092& () - S+S
1092& ()- Sl (9! 109Z& () - &109%Z& S39%4.09Z&!
1071 1 g 109%& ()-8 109%Z& () - - (- H 11 10 Feliibra 2200202
7" 1092& ()-f 3! 1092Z& ()-f @! 10%%& () -, 0g109Z&’ ( |

I S1/
F#1099/ 0/ & ()-! &10%/ & s 109% / &' ? 10% & 'au '
10Zaghsccd* eqe} [ <1/ ! | )f(12)% & () O s () F@ou s ()-510%8 -
!ht E#%o% [ & () LKFHLOMRI R () - #1008k LMB 09 1/ & () - #10% & () - qeegggg+

é{illol [ 10/ 10/ /'y7 A %rocess for the §roductlon of a sorbent composmon

10% / & () 0% & ()-f410% & ()-1S*&10% / & ()-'! S* &10%HS

19 igcl}//fé ( )10/ /sh%%%%(r;t&e rdmbvdl "of Gedfu from a;cracke(: gasoline or diesel f(uel stream NGMEN_hh>1 {
"()--10% & ()-F@10% & ()-[jj k! mrm} [ 9wvr1

10! a&$#1 0% \WiVigh C9MPTISESS#10%p&’ () - "10% & ()-!a’ #10(})/L\ u\ & ()-s! X #10% Bl B&

"()-s 10% & () -nboooo
100 S 910% & () - ! WGZ#W&%QIIE;IZI% z)ilgc/a s&ﬂlca and alumina so as to form a mix

Y2 10 & () gBadeen & (). ! pESHLONME (). ' DODDPPTAAGN S MLOYE ()- M 100 ()-
()-FA@O0%& () - Sf 10%&' 10\ 10\ qq-rprrr2s 093"
109 ()- 109&' ()- 10 ngclﬁamp@tb(e)re ‘QB@&“K‘)‘ s3@9§? (f§) ,?Eg%ﬁgl}ﬁl /3
MLOY®&S 10%&' () -yL10%
S& 10%&' ()-#! 109& () - qEtuﬁj Vﬂ%@nﬁﬁg} %é&%gt(% (6%
(d) calcining the dried particulate of step (¢);
(e) impregnating the resulting calcined particulate of step (d) with
cobalt or a cobalt-containing compound,;
(f) drying the impregnated particulate of step (e);
(g) calcining the dried particulate of step (9); and thereafter
(h) reducing the resulting calcined particulate of step (g) with a
suitable reducing agent under suitable conditions to produce a comﬁosition wherein
the valence of essentially all of the cobalt therein is zero such that the reduced
cobalt-containing composition with effect the removal of sulfur from a stream of
cracked-gasoline or diesel fuel when said stream is contacted with said reduced
cobalt-containing composition.
2. A process in accordance with claim 1, wherein said mix is in the
form of one of a wet mix, dough, paste or slurry.
3. A process in accordance with claim 1, wherein said particles are in
the form of one of granules, extrudates, tablets, spheres, pellets or microspheres.
4, A process in accordance with claim 1, 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
and said alumina is present in an amount in the range of from about 5 to about
30 weight percent. _
5. A process in accordance with claim 4, 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

percent.
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#1094 ()- f810%& ()- AGtosesSyy roogadance-witlpplaipH, wherein said zinc o 1)de is
present in an amount in the range of about 45 to 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 in the range of about 5.0 to about 15 weight percent and said
cobalt is present in an amount in the range of about.15 to about 40 weight percent.
9. A process in accordance with claim 1, wherein said calcined,
impregnated particulated mix is reduced in a reduction zone with a reducing agent
under suitable conditions to effect a substantial reduction of the valence of the
cobalt content so as to provide an amount of reduced valence cobalt metal such that
the resulting composition will effect the removal of sulfur from a cracked-gasoline
or diesel fuel when treated with same under desulfurization conditions.
10. A process in accordance with claim 9, wherein said reduced valence
cobalt is present in an amount in the range of about 5 to about 40 weight percent,
based on the total weight of the sorbent composition.
11. A process in accordance with claim 9, wherein the reduction of 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.
12. A process for the removal of sulfur from a stream of a
cracked-gasoline or a diesel fuel which comprises:

(a) contacting said stream with a sorbent composition when produced
by a process according to any one of claims 1-11, such that there is formed a
desulfurized fluid stream of cracked-gasoline or diesel fuel and a sulfurized sorbent,

(b) separating the resulting desulfurized fluid stream from said

sulfurized sorbent;
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sulfurized sorbent is stripped prior to introduction to said regeneration zone.
18. A process in accordance with claim 12, wherein the regenerated

sorbent is stripped prior to introduction into said activation zone.



