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SAME AND USE_I N SULFURI ZA%I qakFi | d cge the Invention t This jnvention
rel ates to P& produchgn [SPFOERES Jos hieciaqiBe gemaval of suur Bedied i nes

and di esel il fuid freaRRIdTUrackBl Yakolndl sind BiesdlfOR rel ates to sorbent
conpositions suitable for use inthe desulfurization of fluid streans of

crackedi@asol i nes and di esel fuBdckgroundrofiibe [vepea@t of this invention

relates to a process r th rqduct ion.of _sul fur sqQrhents for use in the
renoval of squur boditfglg ‘W@ﬁ‘?‘rﬁwl’%@c h‘i:“r"ﬁ@ﬁ ‘ﬁés?ﬂqnﬁlé’_é‘gd'mf?qji esel
fuel's. 10 Bagddesrddo péduch uirtvRIEK 3H dlinB 984 dlk! fleRANPEe FHdﬁIrSth%ff uel's

has resulted in a continuing world wide effort to reduce sulfur Tevels in
gasol i ne an@a@gliagand digseksulfinds penfidaredytooie gamwehs frr impdodng sl qualityf ur i s

consi der ed ns._ for.i Vi S| ual ity because of .the negative
i mpact the ¥uel %ﬁf@%ﬁ‘%&é&oﬂnﬁéﬂb’eﬁﬁbﬁﬁ’ﬁg’éﬂ 8p %%P?%WW i’*s‘%?%%?i c
convert @fs. cathlgtiprcosedteds. 0The pretesceOdf Slilddslsf sulfuP i ANBinoYSe %ﬁﬁh@%xl?&ﬁblaus'f
inhibits and _nay irreversibly ]goi son noble netal catalysts in the

converter, mﬂ@éi%mwmwb ardgisagi roble metab satglysisdndbe genvester.cont.ai n

| evel s of QF b oxi des of nit d
car bon monoy ae ol et sel RBERR P Go RSP BT, AR TS obhotr m o1 ound
| evel ~ozone}omibusted hohafmMme/ hydbeirb&tl aidoRidesODGitrobBiS ind® barbBA nsdHokide. |

gasol i ne cogrts fromthe thermal]ly processed gasolines. Thermally processed

gasol i nes stBeh emissions ags gatplyaed by sunlight jo foracemeund devsl prene, wmorer eaker
gasolin cggﬁg{q L&y AN | ytically cracked gasoline (hereinafter
20 y caoﬁgz&'!fcr ac%e%— éghgés%

col l ectivel line") contains in part olefins, 25

aromatics, and sul f ur Mastofithe ngfurdnpasslile. cobies fRoninitsd theaaslly pRessedich as
for exanple auS,ormb' e gasolines) racing gasolines, aviati onal%gsol I ne and
boat gasol i R&QREht Ahermally) raeessed gasolingsstuch.nasfar examplek thermally Fragked
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sul fur level's in such gasdlines. gasol i ne

sul fur has fhereinafitresodidetivelywoatiddeteranked@asalink'f) wontadweinspaholetids,be reduced.
A conseﬁgus has erreo%g]gd hat | pwer sul fur, gasoline reduces autonotive
eni ssi ot aftPTRaNgH ~CORRIMRR, compounds.” 10 Febraary. 2004 -2 the real

debate has focused ongihe 68 'aggﬁiq e f s’:&#ﬂ} | %ﬁ&ﬁ[ﬂ%?hi cal
areas in need of |ower sulfur LEgaso clk’ngéﬁgr?g f?lﬁe | rlr%ggtrmaﬁréem? ’

i mpl ement at rapmg gasolines, aviation gasoline and boat gasolines contain a blend of at least in

t 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 improvés air quality. Thus




with continued efiorts by the bEnvironmental Profection Agency to secure reauced

As the conc O | js | FT ' s) it is
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clear that further e evels i n aut t'ive fuels
wi |l be 5 reglionedsuMn b theheeac 201 @n(SaaRodk, keLpfuttoat 8. Moniegraveabeous 330

Agency (o sBLRRE SisulineBerubihancn vy GasRlie Pisciiont Benad s leoi PR w1
have t o191V Ratigid PeltdlunCkicrs PlLocHrldn' Rl Medting (ARKogBoyear 2010. (See

Rock, K. L., Putman H M, Inprovenents 1n FCC GasolTne Desul f'uri zation via
Catal ytic Distillatiobd vipmesfthieaxvenincrdasing3@ed 19 bhlabledn giroduseralosysnlfur

Refiners Association Annual. B Meetin AM 98-3. n).. I n view t he. ever

i ncreasi ng ﬁ%‘galqt”b‘?%"té‘ﬁl @el“g W&geép@‘:ﬁﬁ Eﬂ'?eft?%“(%?ﬂoé?ﬁ h’étﬁc &ve fuel,
a variety ofndik@¢eshpRattavatP e PERRATRMdARE. achi eving industry conpliance
with the Federal” mandates. One such process which has been proi)osed for the

removal of sul fur 15 QOnersugapricesswhichdus been pyapossddon theure ehsulfimi | e

hydr odesyl fyri zat i on of li.ne, C repoveSul fur-contal ni s, it
can resz#lt ;ﬁ_r?n} ﬁ%so. T’Eﬁﬁ?&%@ ?WW%W‘H*#’W%@"@F@EP%@%%% ned
i n the gasolchmeenldVeSsuifab-dbmhin®iy dmpthids, 6 co eatltin & Q@irstidhof avispif
nunber (both the research and notor octane nunber) by lowering it. These

ol efi ns ar e nohellroftthe olpfims containedyinthe gesolingy dhisdsuptian pLalefiss gE8HYi t i ons
20 required renove thiopheaic,.C ound uch, as,. for .

t hi opﬂene, %&%%%P%eﬂﬁbﬁ%ﬁ '?‘gpl}%ﬁeéﬁ ‘3&1? %%%%8?‘%5%@5@8“'5%3 al kyl
di benzot hi oghemResk olofitisGhe sdtGraédBuedbo, il parfihit hetifoieatfutizaidr tonditiuiisai ni ng

conpounds to renove. Additionally, the hydrodesul furization conditions

r equi r edOt o reqUHEsddo remeyh tierh ésuch asofos sxamplecthionhene.ihegzo-o5 |
ddition t . | - ' th i
'S0 pr osent LAPRERET S DRI aipbiibhend MR bOBRRAHIER), | Nere 1S

~content of dikiekebref sodesof the nissrdiffieglt sulfiiiconftainitg oapelindiyto remove.
hydr odesul fi ui zati on, the cetane iis .inproyved but there is a |arge . cost in

hydr ogen corfsdditienaly, therhydrodesylfierazation cepdidonsreqpiyedyior ygmove thiophenic
hydr odesul fi i ' r!ﬂs:ffj‘«faﬁlﬁﬁf' genation reactions. 30 Thus there is
&ﬁ‘é%‘?;“%er ern gs%f’&?éﬂw

a need for a urzation without hydrogenation of
aromati @ i s achi eved Inadéditionoopthe neett far romoealesfosntfinr frain pracloslsgasblbmesf he
treatment of _ diese] fuels. 10 Farua(ré%@%g_ghéf-BAs a result aof the |ack

of success_ith"‘ﬁrlﬁ iﬂ‘iﬁsegmé‘ééléﬁﬂft’ fiym ”c%?efiﬁof@%?r' S SHYOTELE £ or
the reducti %’fcﬁ%%:ﬁﬂicfl T 1l ﬁiﬂﬂv?h% R ib e??%@%ﬁe{{ gﬂ%@w@mﬁeuel S,

it is apparent that there Is st nee or the
desul f uri zatisdmpofved dih thereiskee thrgm sost imbydragen domssmiptibnie Thisshydrbgdmis 5

m ni mal affect of tane whjle achi.evin igh | evel s of sul fur .renoval. The
present i nve?ﬂ“?gﬁe‘gﬁﬁ%ﬁ’e@ydﬁm%%%ﬁ‘g 329‘? 3"%?3?11450? EHEPAPS- of sul fur
fromfluig streans of hacked QaSQel18S %% Ele'f]:f &@hg:un'ﬂiﬁ, | S| on

al so provides a process ftor thle pﬁégguctftg‘n 0 ﬁ%ve sorbents \?pi ch are
useful in thhydtegmmafion pf atommticofis schitvedlIsaiad te prevdds 2 nidye Ehenamigalprootss

further provjd rocess . for e renoval of sul furcontaining conpounds
from crackedtodjé%ﬁ nbﬂ’gmmsftﬂf Sfuel s which minimze saturation of

ol efins and aromatics therein. The invention yet further provides a

desul furi zed cracked-gasoline that contains | ess than about 100 parts per
mllion of sulfur based on the weight of 15 the desul furized
cracked-gasoli ne and which contains essentially the sanme anount of olefins
and aromatics as were in the cracked-gasoline fromwhich it is made.
Summary of the Invention The present invention is based upon our discovery
that through the utilization of cobalt in a substantially reduced val ence
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10 whi ch corgprovakef sbfm ffam ifluidhsfréamsaofoasckedtgasalines and zgssel fuels.
cracked-gasoline or digsel fuel with a,soli d-re&ucg_g cgﬁal t f

met al - cont ai ni ng sor bang MVERen also provides &ypeagess for heProrachon LI povsl i ne or
di esel fuel sdrb@id WARhd#t ubéfu? fdthe AeQBRlrizali6w 0 Qi fliid shfeamsast a portion of
the sul furized-solid-reduced cobalt nmetal metal-containing sorbent to
producel® regener at edTheinyiention fusthes providesobpiocessdfontheigmavelof sdfur-ai ni ng

sorbent; acti ' t ) bon af the,regengrated desulfurized
solid cobal nrre‘wa"g%&;ﬁlr?toglgm%8%3%%}5%#3?@1%3869@%51 @8%‘5&? FIEE R obal t

met al et al sanpiation Bf 8RR kb Biomaaitd thdreiheaf ter returning at | east a portion
of the resulting reduced, cobalt netal-containi nﬁ sorbent to the

desul furi zati on zone. THeinentien peiskurthet pravidss at tarefked-@asalimet ens

"gasol i ne" L. el | $adk ' I ar bons
boiling f roranataggﬂt}flﬂ%ggi 0 %%B{r ?)9(? %ﬁ%ﬁf%ﬁﬂ%??éﬁé ?VE fag . Such
hydr ocalt®onthevdestifirivet witstked-gasoting apt evhitly domeias kssentiillye thiesame dnedunnef i es
such as naph}é{lgl(rz]l‘i strai ght-run napht ha, coker naphtha, catalytic gasoline)
vi sbreaker fi ﬂﬁéa@m@,%%w%w wksf-gasglipe feams which e madem

"cracked-gasol i ne" as enpl oyed Wto mean hydr ocar bons
boiling fromabout 100F to appr ny fraction thereof that
are products from eit The ptdsentniniemtioncatbabed unpoue cissoesryt that theoughkthe ar ger
hydr ocar bon |l ecules jnto small er, ol ecul es.. Exanpl es aof thernal, processes
i ncl ude cokPﬁE’f‘“PH ﬁﬁi’ﬁﬁ%&g&i’%‘*ﬂé‘ﬂﬁ?ﬁ‘g‘m&ﬂﬁﬁﬁ? stafey Peplerably| 2719, AR @r acki ng
and S0 bgavyorbht GRiiRe e IS XEIBILAT 86 ' o Pflich pRraifiT®

I nstances the crac -gasol 1 ne may besaf ra‘é‘{ii%{))%g%tteéé)&&ﬁ%?or ‘ﬂygr treated
prior to dethe feady remavahofimdfurfsend streams b ethcked-gisolipesaot diese] flielT miith a

I nventi on. 10 Fehruary 2004 -5 The rm"diesel fuel"™ as enployed herein
is int ended"’f’f’)’%§g{°§ ﬁﬂ'\ccf’cﬁﬂ?dﬁg%of)ﬁma“ﬁ% f hydrocarbons boiling

from about 300F to apw&a&a@g'moﬁé oR it éﬁe@zﬁft%ﬁbﬁ&ﬁ&éh%&d
hydr ocarbon streans include 11ght cycle oil, kerosene, jet fuel]

st rai ght - r ug nvekssrbent guitabde forrtbeadeshifiiriesiedon obcrubkedigasolitiesdridiese] fiwls

| h LR isS 1nt i h f d
oy capt ha. ST tseomrRREREARE T S A< ARG, b SR D VAR
gasol i nes Whe&obahGh seltiang refuded ind BhaPRANGD Vitdhee (cBbAP Reptesent itk Xh

t hi ophenes) al kyl benzot hi ophenes and al kyl di benzot hi ophenes as well as the
heavi er nol &meuBY to/permiit the semoahol \walfuhframecracked sgabglings os ahgsel fuels. 10 di esel
fauel of the types con | at,ed _f rQcessi ng i.n,_accordance. .wt h

resent | nvent on. - TndR ReriSts ol BCtE BhER o due RESEA IR, BtR 1o
nmean-that stpapwidédia phicess fohehd prastias b€ d-esdorbént bmposifich wiied i s
Rrimarily in a vapor phase. The tam "substantially reduced cobalt val ence"
as enpl éYed REWESes 3dmixmg) reavde silicagndaluming s astoglorpor webminfdaugh,

val ence of A . I L1.0R IS I C | ue of
{ase than 2 Posie SF Sty §0BP JHRborRinne e RATRAS. hofth, bt BRAGES, BERr i

di scovery ofasapfbing a pafiduliité granle) sxtaniatd) | thhlet; esheee peVial GNmicrosphetd
conponent in a particulate conmposition conprising zinc oxide) silica,

al um na and cobalt results in a sorbent which permts 20 the renoval of

t hi opheni ¢ sul fur conmpounds fromfluid streans of cracked-gasolines or

di esel fuels wi thout having a significant adverse affect of the olefin
contort 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
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30 with thgifQh@l oFaulii fom am&-ﬁé‘iﬁ’ﬂm&%tdéﬁd fue! PR anuf acture of the

sorbent conposition, the pri rrar %?e&fof}h@ resetit devension, theredsd

stam na are conbi nedh@@“é’ﬂ"#?é}ce gg@%ﬁu a ebrasrﬁ q(%?}ra

proportlonsm%ﬁiﬁadsa/ sui.taRl gl whtionhofir oxackiedsgasghng AEYUERYithate m xi ng

of the comp P ovi de a substa jally honpge gaszshwer diésol

swtabl nﬁag&lt:&h ﬁg@gldeg.ﬂﬁhm@nb@ desud %‘ﬁ‘ﬁﬁ% can e used to achi eve
e

t he deS|r I spersion of the ! ntaflA samﬁ@sepmmmeﬂwanong S
ot her s, turﬂlblewsh asﬁodﬂrféﬁl% ﬁ@(ﬁg Or&?r%upgg Ml l er ers whi ch are of
the batch OEEF%@”!&Z'O'&W@& hdcrm&ﬁ&ectrﬁm ra ke Yis presently

preferred t m xer t he Xi Hafidmetal um na and
zi nc oxide ﬁggmmﬁ{gtale@nm@wh@ﬂg MM sngﬁé{%)roci)erlaxpem tafjrsd to
provi de a shapeabl e ni xtu th&o&f\c Lﬁf‘tt? #8t m of
wet mx, dontgml-cﬁlﬁaﬁ’a%g éorg;rltgpg he resul tét? m X i n? dsiudiam of
a wet nL%j imﬁj]ji Qaae&emnglaediwamppﬁme %;%fcu ated through
the graml al e” densi 5ed mi x foIIo q@aﬁd&aﬁbﬂtmtadl nation of
sanme. Wen tsb@da@lmlo(mmabcmtamm&:m?‘ﬁ §'%'Igf a an alumna re u{;%ﬁgﬂnn a
formof the mxture which,is Lrehfierdrefionigl at flegsea portivas? & he

m x can be gheiperpnianing rsﬂ’szfnﬁar %ll cul at eq‘granulbe extéuda tablet, 15
sphere, pel l%@ﬁ %1 M%ﬁtanﬁ‘ﬁgwbbh'ytoﬁhé adrical exrudat es
havi ng from inch to 112 inch d amater

resulting particulate is thehidls SSEHRY R Wien the mx is in

i : '“o
the formof a slurry) {l'g ﬁgr.%w-lag oy?cﬂnlmrcm lacllrtmdﬁéd%?“?rﬁ’ay dryi ng
t he sIurlQ/toformm'c f) er eof hawrdaﬂg size gxhaé‘? to
“about 500 ni ﬂfe Shpdoarses t&ﬁlmg)ﬁ'euegbcmt WPPeC to dry| ng and
cal cination. "Fol'l'owi ng the dryi ali Ghadd, 98r exarhple, Wmaitﬂna&t@dms
ntixture, théraceautitereod. Swehhyds ‘g{’&’? be |m§reg]2at ed wi t%ﬁajoba

conpound or a copalt oxide I $RAigh t,.nﬁqidphthango g naphthac

.particul ate B asﬁ?ﬁ&t?’e appropr| ate [ balt conmpound, the

resul ting i MpgYoRee ﬁ,lamqﬂab,elsommﬂf ‘ed 25 to drying and

calcination prior tot subj ec ein dsuintended tp mean
reducti orpswi th a reduci Wﬁﬁﬁfm%%ﬁgmﬁ%?‘yﬁﬁydr ogen Th% el ene cobal t,
cobal t oxi de or co?‘al t .DCO@% B §ho® TDONGS appraximistely 48 Phh

€g

~particul ated Iy nation of the m xt Q,!au&ﬂaémlargért her
aqueous or or Qm&@épmcmlﬁmntcnbﬂeﬂhéﬂ%ﬂt% g%gu% cobalt oxide ' 30

or cobalt- cont al ni ng conpound. r ﬁaﬁpmafthmml PICEHE cobal t
is carried ouhy&oca'gon@l‘?r W&Pe@gﬂgr?g&%%&}%?cﬁl ate conposi ti g{ghaqo{ndm nc

- oxi de, silica, Ei‘cﬁ:m i g’;lr{?%.h.égcﬁgﬁﬁ ot andietisireaking aFl méﬁ?’gga’ﬁ oxi de
precursor pri &% ebruary. 2004 . g %ngng&qeqﬂtﬁcaﬁﬂmon of

the resul 4jyNg HedAy eﬂfbiﬁo&ﬁlgnmsmpleéw rﬁSP%a'ﬁ ition solution is any

aqueous sol ution and anpunt s g%ﬁi#ggnﬁai W4/ hydibarbatsdi ptiabtoy W@E’é’ for

t he i npregnat m‘ack@d- zinc oxide,” silica and alumna to give
‘an armount of coﬁ é(f(a f e Hriaptite af this oxFalos based conposition to
provi de when r BHh a ced cobalt .metal content sufficient to peravt

\J

t he renoval of sulfur fron1streans of cracked-gasoline or diesel fuels when
so treated wth same in accordance with the process of the present

I nvention. Once the cobalt, cobalt oxide or cobalt oxide precursor has been
10 incorporated into the particul ate cal cined zinc oxide, alumna and
silica mxture, the desired reduced val ence cobalt metal sorbent is
prepared by drying the resulting conposition foll owed by cal ci nati on and
thereafter subjecting the resulting cal cined conposition to reduction with




Organosulfur compounds sucn as Mmercapidiis Ui dibol VLVpESATE Zrr s
The solid re it ARiad caslibesiviadh toeluieiamoegtothers thiophed®nposi ti on
that . has t ngégﬁfpﬁgg?omrcg%ct \%A th and/ or Cherr]'_}%ior b P@@%%%H&E‘ﬁm@&
conpounds, Heedthivphére, alkyk thicphenns alkad engethiop ‘%8”%” e that the
sorbeat 20 renmpves diol efins.and other [0 arfe PRI présentnintzne
cr anked- gasis Welbas thechegBief oy e‘ﬂm%t?gﬂ so?lﬁeﬂrll‘tagof this 1 %vent ion is

conpri sed of. t {C)gb@ chriterdpiddstorproadsting iredecontincaMaiiciie PIREY,
pr ef ergg)l y ée{&éz:cglrhgél\?g}@% state. pPr esently the reduced netal is cobalt. The
anmount of rggusdsh. cobalt in the solid cobalt reduced netal sorbents of this

invention is that amoynt whigch wll ' RRretrpis infeRNEd toofneam ithagstater om a
cracked-gasol i ne or d&ggé‘fmf Wuf@%ﬁ@% Such amounts ar eneral |y

in the rangg ghidi/tRefaROYhcEdIgasabRsr diBseldugltis prmedbnio HYRAPESt al wei ght
of cobalt in the sorbent conposition, Presently. it . is s ik he
ok ally Wb‘ﬁ?f{]“? ttvﬁlamgeanigsgé%m & hetdin i

reduced cobalt netal H&cpmewbsﬁﬂﬁﬁ rom about 15

to ' about 40 weight percent ]L_g[% QY fothe Waiefbs othe cobelt tomponent of thebent
corrposi”on.’mﬁqd%c’dﬂ%”p Saeha?%cy prg erreg enbodi mrent of the present

i nventi on, 'Rzgﬁ?:;osiﬁéﬁi%%uﬁhali‘fﬂﬁe of dsssrthani 3, preferebbU#0i n the range of
0

from about 1 30 wei ght percent ,and i he, cobal.t Safie et a
substantial |y reduced Ths prescat yeahe 18 ‘t’”fé “Pg%hfac?i%m Sélxt -9 I'n anot her

presently preferred enbodi | Sl t jf0f paiculatecconti@sit®npr esent i n

an anount of%%, M%é%%%&%%% é%i lcais S?Igl_sent l_ibn an aﬁroun 'té)f

about 31 wei galoRe{xCARE oxidkudilics aleninaemdmobalh reshlta it ARTOGR whis tpmél Wei ght

. percent and cotpa t 1s present prior to reagﬁ?io 1%tk LO of BlRRER ghs0lASs S
anmount (ﬁOauhatrc@evalm@hlppWI%GHfmcﬁS’Hgﬁun 788 "Fom the abﬁe,mlgt1t cfan be

. appreciated that e L. { ol whigte sfeet of thiewdlefim co Y

| gt il S p P RS e

desul furizatfo nvention can be prepare byf&coég&%iss

whi ch conpri gas: stiedhs atiag w¥voidingiangigmificaat) reduetion L AGHANG |V 2 o form
a mx of 10 sane in the formof gne.of a,we ' Heh 'ggmt%dueﬂiwry;
(b) particul streasty Masegwes,the Vsg© ht%o‘?eérsprébpﬁarsifl cui ates thereof in the

formof one %}‘E}g %ntcﬁﬁ&ﬁtﬂ%‘&ﬁﬁtinéﬁ@ét@dﬂuid)ﬁi‘daﬂs, spheres or

m cr ospher es, rying the resulting particulate; .(d) calcipi e dried
particul age; 15 (e) i ninagredentiy mﬁeup@gm@ﬂ%&?éh’%&é%‘é%‘%?‘g‘?%&m th

cobalt, cobalt oxide or a precursor .f | te: hpélit)s @oatoue 50 viglgnat ed
particul at e; coOgpostipR has ﬁg&pﬁ%@é@ﬁﬂ{ﬁﬁ%%éﬁ ﬁbc‘artlfr]t | Cl}| ate; and (h)

~_reducing theﬁ&ﬁ{ ned particul ate product of (g) with a suitable 20
~reduci ng. age S0 as to produce a particul ate conposjtio | .

supstanti al reduced valBwrczncokeetusedin él?ﬁpxteﬂ@'?‘é‘??"éﬁ?ﬁ sﬁﬁ’@?ﬁ%ﬂ?%szu?neﬁa&ced
val ence cobalt, content, i resent |i. Y bhé berlord @inp eompbundse
removal with @Mbﬁfnglﬂéﬁr_g oM 8’“@?':‘%@5@5;{20 ine or diesel fue|l fluid
st eam whgn cant act@dvatibia thhhc oxide under the conditions of preparation descrl

herein. Examples of such zinc compounds include, but are not limited to, zinc
and zinc nitrate.

sulfide, zinc sulfate, zinc hydroxide, zinc carbonate, zinc acetate,




. digtomite, silicalite, silica colloid, flame-hydrolyzed silica, hydrolyzed silica, silica
resulting substantially reduced val ence cobalt particuyl ated s%{cﬁ@&%. 25 The
process to pelent hpeecipitated sitichewitl diatoraiba heipg Presentty B E‘B‘i‘gag“o ine or di esel
fuels to provide a desul furized ¢ - L dhCasOdiTichl | shdiftin sildagoe | ses:
(a) desu|fuﬁlﬂlﬁ@hg°%°‘&‘%a 14, P |o§g°z%§§£gﬁd§racﬁle‘§-b§§§6un_e or ' diesel
fuel with a,sPhifhonRENGRRaRRa oM ahplogad.aPrefergblyo tisesitiea (so) tBe KMkt i ng
the desul furized cracked-gasoline or desulfurized ' 30 diesel fuel fromthe
resul tiny soffliatdmidel sol i d reduced cobal t-contai ning sorbent; (c)

regenerating at | east por t.i @Iiu% S’m?bﬂ F AR dsttioncehntadany
cobal t - cont ai ni ng sorlﬁ‘ﬁtsg)#@“%?lo uc tga egefgﬁfe)ir-at ed desul furized solid
cobalt 10 &l adimeRQRlty avddlablendlaninammeatenalisciudingaplioidalialuatingt | east a

portion of the regenerated desul furized solid.cobalt- | Bl Bhkgnt to
produce a sablutioneand @snewiyl thosoHaj Wﬂ%ﬂ@?ﬁ%ﬁgg@eg nd; 5 (e)
returning at . leas grtion of the regenerated solid reduced

cobal t - cont zﬂhmnﬂﬁ ht to the desul furization zone. The desul furization

G B IS X o dep i ARV ATV RS
hydr ogen fl oam ménp@éﬂﬁﬁﬂﬁ eﬁﬁog)éb%ﬂﬂ ?‘Hgt %ﬁ%’“@%#‘#‘%ﬁ@&“ﬁ%&%g
Foor o pr o bTEiPa I B B B H e o | 76 ot ese) e
and a sul f ur jraegofopreferibly im anamopnhin thetrangecofdem) sbent 2419 aﬁ"‘gtﬁgpw%‘&{“t he

P ackod- gasoprRtovhe sish whgh) bty e Fhffsiod 8 gEb! HiCHnCoRde based,

practi ce%d)f t ﬂh@\fgﬁj W&hlttoflﬂ& W%ﬁ@b&iﬁbﬂ_ al beit preferred, that the

feed be Tota in a vap or gaseous state. The total gressure.can be in

the range of about 15 [hailice valigenerllgbepresent inothe\serbent COMBOSIPARL I, $1 |

preferred that the total pressure,be in akaubhtSRrdeat,a to

about 500 psPﬁlP“fEGnlthcgﬁér®$°mﬁ8°?tew&a%?§?%g%ﬁ1gu ggg suf iﬁnt to keep

the cracked g?&ﬂjaﬁlgr% Hh68Rin inketangs 96 Hokakbont 20 weighpparctide eboutil e

such tenperatures can be in the range of from abouj, 100F t abo!;#a F, it
abou

i s present|y weight pement vhen theeweighbReraeRis p5e % integos of 193 400F
to about 800F when u~ating, as.crac - | and in the range of from
" about 508F tlea'b&‘E&%%d’ri"‘ e‘hftf‘f:lé‘)%%gt SRS,

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 alu_mina are combined together in appropriate




~or continuous type, impact mixers and the like, It is Frcs_ently referred to use a
25 feed is a diesel fuel. i ght hourly space velocity (WHSV) is defined as

the pounds Mullesmyixerinihe miviag qfdhe silica, aamirer dandrring nxidaeotpountttsr i zat i on
zone per hour. In the~pragtice of the present inventi.on, K such. WHSV shoul d
be in the range of f_rg)ﬁf%g%:uforb‘?g CPB"pgﬁ%r_ﬁf AP OBY B}lﬁﬂ S?_%fBWFal to about
20 hr-~. 30sHaPeabdd imikidee, 3he rdsiRin@eBINaird'dakt deiiR TS forR) of el miRIRugRt | Y

prefaced that an agent be enployed which interferes with any possible
cheni sotbi npstsror dlmyi 1§ theoresulfing anixfis in theafosmapfanwet mix,dhp ovat asixjcanthie

reduced corarped kA8 Sthib ek B dibtid BE et iidf Ce (o

be hydr ogenfollobhnt dgedryingoand ¢culdihetictestisabis | Waeh Gife Z@BEtIre of iy étilly, such

that the nol.e ratjo of hydrogen to hydrocarbon feed . is, the range of about
0.1 to abouﬂﬁ%@%ﬂ&ﬁa%% Hhp Jorm of e mixtue Which iy eithey in o dpughstate 3. 0.

The desul fi W | z rel Ll 1 ' t he
feed crackeﬁgﬁdo%ﬁéﬁ%ﬁé%g&W?@%ﬂ;g@%ﬁ%ﬁé%&%é@dgﬁﬂlﬁm e
zones al% fsphect, petietr @anicossphereoVPregentlyhrefened atscylindrical aeddhedhaviget or s
and transpogt r tors., Present|y, a fluidized bed reactor or a fixed bed
reactor is %P’é‘f gsiéﬁ"h %Iéfméé@%? adramypuitalle dengih 1 The Zesuldng of t he

vapor | zed f baidRarets iha e i uh ARGRANCWHERTROREN O A6 fold 4P aUftiry, AN

nitrogen can be used. Thus It Is not essential to e practica o
process of theegpapnadatitn ofisasre iscawhicved by shiaghdrpingithy shugr ogforhemierpl oyed in

achieving the desired.desul fi>rizajion, of e crac gasol i ne_or dj esel
fuel . 15 Itslﬁ’?'ﬁr g‘@ﬂfg?/“ﬂg éf%%ﬁﬁﬁwbﬁ‘ﬂ #‘Fi‘? ﬁ@‘%gﬁsmd tBYF%hat a
sol i d reglucgshef ted0® di?ﬁ% :?ﬁ’zfn ]foh','qﬁ %@]ﬂ he range
of about 20%{&0_ a%?he%ggo'%?% cromete s&géraé erggl?,q{suc Eggdr ntgr;m}sdhoul d
have a part tatipaton of tife fartienlatod mixtife,tthe atsultingGRtictlates nat be smprépmated
fixed bed systemis enployed fqr the practjce of thé desulfinization
process of_h#’ﬁﬁ@@ﬁragmaso&%@#t i RSP0 such as to have a
particle size in the maNeRify thhRipreghadien bR Oﬁﬁaﬁaetco&ipasiﬁeﬁ?w%%ﬁ@ter-

It is further presently preferred'to use solid reduced cobalt sorbents that

have a sur f 8RRIORIR#e cobalt compownsl, thel rasulting dmpragoated partipudate isothab subjedted 0
square te f solid rhent.. 25 The.separ.atj on.of. t he gaseous
o vapols zelf HaHle 4 Finat pfioC 18 upicthe SLut AR PRuRlaL S

acconpl i shegedayticiwitheafduking dxeht) prdteraBRt hylrdgencan separate a solid froma
gas. Exanples of such neans are cyclonic devices) settling ' chanbers or

ot her inpingenent devilhesi¢mentalegnbalis ¢obgltauideder cobdlterantainingicompeund f i ui zed
gaseous crag - | J r | fiuized diesel fuel n_t.h be,30
recover ed a%%ieger g@%&a’@@ﬁﬁ‘&ﬂ%ﬁ#@%%?@é%%cﬁ ¢ d%%ﬁ%? Hvé"‘bo?‘_ gaseous
di esel fuel solation,Ceihigp aqudods ot Baganic) Thaicftain’ 1A elemedtf fcobat, cdbsiBkides and
sul fur-containing conpounds as well as 10 Febrnarv, 2004 -12 paraffins

and napAt heRE&ob THaipingt compaynds j1neneraly daebopregnationcvitly theoeabalf i5 s
general Iy 1 @afi§ 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
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range of f ritwlsablout sol@edtal $ithwemghn apesrdemie wits dst mocdshof s gRsetf t he
gaseous cracked: gasoline. For diesel fuel there is essentially no olefin
content. 5 HKEX unt of aromatics in gaseous cracked-gasoline is generally

in the range of aboutodl e &Bﬁﬁ't',tco‘ﬂiglt‘wxiti&rﬁr &%Eﬁ%&idcgﬂéﬁf?‘s&%wi ght of

the gaseous cracked gasoline. The anmoun aromati1 cs In gaseous diesel

f uel i slOyenmcarpbratédnintdtherpangelatt caloimet] Zifk dxideduhind Andesilidy mpaieete. The
amount of s Ifgé %ﬁc%aﬁked_%%;fl i nes or diesel a{eﬁel s, can range_ 10 from
about 100 pHFiEep VPN t k% Prspaged Py giyipg the résulting
cracked- gasqimmgition BAWEd bY AfRhaRsh tadd tr s} iecég reditif) f the
gaseous crackelcgjl?ﬂgasol I ne ang from about Rﬁ%ﬁ%ftﬁ pe %HI I Otﬁﬁf%ﬂg@ggt

5d, 000 par t ePmpasitign tojreduction withe s shitdhle reducingragent, preferablyahydrogenyfso asich
fluids with th aorbent systemof th resent inyentiqn., 15 The anpunt of
sul fur in rc]troapcré_g'gt-"gaa%?:ﬁ]? tkonglf'avll?gﬁls'éegsg@ei’laﬁﬁrg P _t?qlﬁﬁ_%tﬁﬁﬁf’%f sanme
i n accarsdanwith hétzérb &/attaseibbbli ditkd® beigsesnt & alt Mhndudt WS heS | ess
than 100 parts per mllion. In carrying out the process of this invention,

i f desired, remoyal wghsamg oif sulfonfrom 2 aesgkedegasobifio e dicked fnelgBuidrsizteam. f or

regeneration of the sy funized saorbent 20 which w.ll. serve tQ renove a

portion, preferably aﬁ? Eo&*dz’éeﬁi’ y@%@%&?ﬂ@n@*%rﬁfm&%ﬁﬂ’ﬁﬁﬁﬁﬁd sorbent or

bef ore the dutasosin thachusith® BbiNRE (6 ReadbwitR aﬁ&ﬂﬁ?\éﬁcﬁismeﬂitﬁfw%ﬁéttéuﬂﬁud' oxi de
or Dea

fromthe systemprior to introduction of the regenerated s into the

sor bent act $oPRAUSHs, Ayl ag Huopheniqramppundsmp It is édsoopreferablé thad tlti sarbers t hat
[ | ud t d stri | t ial . .
05 Pr o oy iovES SRR anlt PR At RStuR cSibhi Moaf 450 broBOd e RoRRY. D001 ©

.range of from about 2Fh@sdlil teduedibmitaderbbst of. thishieveRioRYE ab bf such
strippers cag be in the range  of from about 100F to about 1000F. The

strippi ng atfdelt that ig ip g substantially reduced valepee states preferblyrazao alense state. r om

t he sulfurif&ﬁgcni ' P%ﬁﬁél r LI e L4, RRILN nt is

nitrogen. The s%lr%grﬁ?&{cg(ggl%arlé%l on zo%lécé%g) oycgg%d'éceeﬁ %ﬁ’a%éﬁalﬁqf'o S such

that 10 FedbaltaegucedGfietal-shobemts bfthis inefitivil is ARatofmdue whidt will penis @idoent

S des(L)% urized. oé fh‘(l)_ about 10 to apout 1500 psia, Presently preferred

is a toral pevalehsylfprdmm a egsasqling ofhiesel @?I&H%Stf%tﬁ}l% WP a.

from about g, &AM ih thedn E]&Rﬁ f g@leéﬁ ous

sul fur oxygeﬁ??:gnt a?rlll?(ra\]g co%épgﬁni gﬁsuc %aﬂsﬁp%?égfc%t €, agaﬁgcﬁgas to

burn of f anyeigbtraf cobajt inythe sordemtoronthesiivint Predeatlyrit shirefeerefdrthatetht .

Qurrentl Y. el PR AT frebd 8 S8 St e 390 o 65 ek 1Y " O 20U

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 substantially reduced to zero valence.
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100F to abowhich50€Esefut in thetdemgfremtion provesshef thinipeemtionadamiite BRPEreti byabout
1200F bei ng gr esent h%/:hpref erred. reducing agent so that at |east a portion
of the cobaf PTEE6MH ERTELSPMME*Sor bent conposition is reduced to produce a

solid. cobalt reduced (@t aimpGRPEME dAfae, MicAhnd Withiha b 2580 YSRY aTREAHS

therein to permt the renoval of sulfur conponents froma I'n general, when
practiclthg same jr bedonn of onkiof a wetemix, clough,msteemtsburirgn of t he desul furi zed
solid cobalt-contai ni sorbent. i s carrjed out ate ratyre i.n the

range of about 100F t@gaﬁﬁmcu%ﬁééhea’?ﬁﬁ 08 tﬁ?@@ﬁ”ﬁ%‘f"rﬁ% reof mhse 15

to 1500 psi formS$Coneg SOLGhHIRE dxbrudMes itdbleRUbelie®y, s?hé‘éf{‘@r fiidrbifHepdt S5 The
sul fur renoving agent partial pressure is generally in the range of 10
oxygen-cont ai ni ng gasés® duoang the mblting particulats;ef erred sul fur renoving
agent. 15 regeneratiop,of the sulfuri.zed.sqrbent can take place. 20 stream
of cracked-gasoline opd)dic%]ég}mg %I&?Q’%m‘gﬁtﬁi eve the desired | evel of

cobalt I®duction in t{® aaphegaitifyheessuliiealdiied patichlaly @RE WoBalk, cobhie

regeneration zone is generally in the range The sulfur renoving agent is a
conposi t i on®XHAET BapANss Igesebalt e The regenerati on zone can be any vessel

wherein the desul furi gng o § g |_£ L | rbent is then reduced in an
activation zone with r educt |H(§]=n g%é%eé%ﬁ%ﬁg’e achieved in a period of
fromabout 0.01 to abggt caRthif®theSresitihg dvved gaftit@ladsitandat i on of the
regenerated particul ate sorbent, at |east a portion of the resulting

activated (reduced) s@Mbé&educing thssalcinedrpasiculye predugp of (@uvithmi suiteblen unit .

When capgyi %P& r S t LEREN ' 1400.: 1 N f i bed
system ﬁ('? hep%tu g%g d%s%lcﬁﬁt PEZ?% |2gﬁar8rg egenéeorﬂééb% %%ﬁgp?)?‘r%%ggld
activati on sxdaced tfledcetuobalt\contéfiDthereld and ovhietdiss ldedredacal edlageccobaite or

vessel . The desulfurized cracked-gasoline resulting fromthe practice of
the present “PHFUIE PEeRR HFoamewy spHicien te permit 29 tsmeyr! yadoramecohidfias to

provi de gas @l | SHidk Asel Bl C LAR. w2 The

desul furi zeéﬁilo | ggg&gdjug shrigsohl t ngﬁﬁ g%{a%rg%ﬁgseﬁ% ﬁ&ptrhgsent

i nventi on ceesultingenbstentidlyueddcdioralawewsbali phrticalatedrgothentt Where a | ow

sul fur-gpntaining fuel_is desired. MPLES The fol |l ow ng exanpl es are

i nt _endegg)t o be illust rafiRfecest t%%%@ﬁsm%%ﬁiﬁsﬁmm%w g5eRMone of
ori nary sk bics) AR 13photife TRAKIRRCH SFack B8 £h4150 o el AR ot AR o ar e

not intended to limt the invention in any wa reduced

cobalt netal sorbent ¥a)s desuwlfiwzing inya desplfuiizatiop 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 suifurized solid reduced
cobalt-containing sorbent to produce a regenerated desulfurized solid cobalt-

4




20. 02 pound®PaY-caniaining substttpdhe JApIBEZAROT FRE- oxide in a mix Milla for 15
15 mnutes to producerge aés‘hﬁ{mﬂtiﬂdjit@p (aWHf*tﬁe%} ﬁt iffv et is dariel Wut ON

‘contai ning 6.38 pounds of Disperal al'umna - ea), 22.5 pounds of ‘
dei oni zed vender agatio3dMmdificnrshatf ingludes mtalq:u:asunc mwmmeem@ehouldyt he mi x

Ml | er t d d t t t h ts
Cont | nueq TR CIRR EROREITOBN HpRe« acsE TaRL RS piscrurk san b RS HMEL | oo
at 300R¢ oroo%ﬁnmeufaﬁuﬁggorbbﬁrbaaod&@lfemede e&aoieé&%Esd‘lﬁe of ra?csbpfau te forma

third mxture. This third mxture was then particulalized by granulation
using a St okedue-niegulfugrehoiagkest-gasoline dr desubfurized dived Hueloamdensulfgizedr ans

of the resulting granulated m x was then inpregnated with 148 grans of

cobalt nitra exahydrat e dissolved in 43 gram; of hot (200F) dei oni zed
water to produce a papf Eﬁ?‘i@%@uﬁﬁé@é@ﬂﬁ@nﬁh PRICeS6H the
particul ate was dried at 300F for one hour and hen cal ci ned at 1175F for

one hour. lngerfiomnit mmmmlthewmwgam digsst fuphbe del aiaper o

sol uti of ns_of c t t d i SS v%ﬂ i nms of
hot dt ?i(.)}jnl z%%éev\'/a MV r}? Elgcﬁ E'ﬁ%]r%e'ﬂvéﬁl% E) |g‘ﬁc§'ﬁéj prod[}”?ﬁ% L’ch was
then dried ﬂﬁtﬁﬁ%db&t&tﬂl@y hpurvagad gﬁeowémned at 1175F for one hour to
forma solid cobalt oxide 30 sorbent. ° The solid cobalt oxi de sor beat was

t hen reduced by subj eahcﬁgahmrm%hpwmgwfm S Psiatoab8t essure of

For 30 m nul 2 P PRRHEE 1 8 prilRR et el e BuliBiguec WO ¢ Pt SO0

conmponent ofrommolsbqj?.ia@mhbﬁﬁﬁwpﬁa.was substantially reduced to a zero
val ence state EXAIVPLE I The solid reduced cohalt sorbent as prepared

in Exanfe | was test & F‘%ﬂfah wepgratwreishawid e sibeientyto keep dhe eRaskedn one

LB?Beﬂt’aéﬁzéiﬁﬁﬁ%“*P‘&?h.?ésﬁ%@ﬁqauce%f’ 3Byt “VARL S TR uls ghife

frit int helmﬂntdlmga)éf from abeac100°F faaamu:%mcheﬂ—pg&smﬂy pﬁefhmd thgt teout
34S parts per 10 nulllpn sul fur t he .sul |n|n

conpounds hHTRRFTHHIS b Pgi’ﬂg"o‘?ibéﬂ‘@‘ﬁ% Fc‘Pa‘H’t?HHE%E HSvi ng
about 95 mbﬁl&ke&?ﬂ@ﬁﬂéﬁﬁ Spﬁﬂﬁﬁﬁiﬁnsw@t@&oﬁ@bo@iﬁ{vﬁbﬁm@ Kyl

benzot hi phenes) enes enzot I ophene and thi ophene) based on
t he wei ght &edasllafd,mcd:ﬁml.al ni ng corrpounds in the gaseous cracked-gasoline

was punped upwardly t react or e.15 was 13.4 mlliliters
per hour. This producg’gmggqhh?ﬂryzwgb’ﬂoﬂ“%m é?n‘geﬁd‘ﬁi %Eh‘r?‘?’é’é‘s §hseous
cracked- gas gl ifdearbbfl g%an% 4'o235behBh e@%ﬂnﬁ&ﬁh&%ﬁ@bm&eqﬂ@é a

partial presSure of out of a total pressure of 15 psi) resulting
in a reduct pmnmogamqutmehuon,t@chmvpdmmﬁ pein thel tangs of fomaghast Run

1) the sulf ent S ected t gneration conditions that
i ncl uded a }[(5;”%, fﬂgpﬁﬁ@ fi\g@@lf "gﬁ{“t ﬁ% @@?ﬁ?e of 15 psia and an oxygen
partial 3press<rre of %Qaﬁ?m%é;tﬁﬁéd&ﬁh!ﬁ:ﬁzﬂﬁﬁﬁ &p, it islprésdn@iy’y feﬁ'éﬂhhat

conditions are hereinafter"referred to as regeneratlon condi ti ons"
produce a d @MW@@M@W%MﬂWm@@HWbEWWMEM \A‘&@tﬂlﬁ en

oral press O dob Rt Sriramate Saopolbfin F I WRA ST BERE U S,
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
sul furized sorbent :




e desiliunization zone can be any zone wherein desulfurization of

vwas subj ectihd fesdl crageagassilondidsd] FHAG Q?ﬁpﬂgégi hbed above.

30 Runs 2 and 3 were eg'%entia?_l y repeafds?ﬂo n 1 ?ﬁ@@%?ggﬁﬁgﬁ%ﬁ

sor bent can“ﬁ@xﬁéé’éﬁéﬁ@tfé‘& mcvugfheésha@omﬁumm&:eﬂtrmraﬁduﬁgsﬁdap sul fur

cont ent. of e |i pe t ut 5 parts per, mllion 10 Febraary.

2004 - 16 A%%ﬁ%%’s?ftsrg&gﬁy’p? W@T%‘gf PF 3riixed bed seactords muefsred.and 2 was

subj ectl¥d to a test t@I désir ' i S8RZL b ra.(s ing a
26002 pr ges O B8 AR b dehls

met hod as described in ASTM 2_699gprocedure enti searc Nurber
of Sparked Fghia msthansgearbordisxide, Tlue gaghufdomitrogen quncsh ased. fTHuMiRisnsot 1 and

2 was 5 91. 448 r RON_of .1 for the cracked-gasoline feed,
i ndi cating t hatla{:wgﬁg&%&oﬁtﬂﬁﬁgmffﬁsc?é%P PERSHR nxenfion ‘ﬁB‘ta highguerdy py
carrying oulydrégeni rvanployed itesdhidving At de@ted GOGEHRzatldh SRS cﬁ‘cﬁe(?-t he effect

of hydrogen rtial pressure was studied. As the hydrogen partial pressure
i s reduced 49T digseb fugdi | ity of the sorbent to 10 desul furize

crackedsgasol i ne di mqi rogen.is ed in the process, (Run
5), ve?;'/S little reduc@i’%ﬁ%ﬂwgﬁﬁiwﬁ]%ﬁ@ﬁﬁg Pgls %H’.m&@éﬁs? ¢
hydrogen paedicetl cobals sarbentbxsusedahatdsh pRtidl3-ske ih e FRERYTabEHSHNI @l | Y

3

reduced the crag&@d asoline to less than 5 parts per mllion. Run 7 was a
repeat of Rpgut 10 @?ﬁ“Wﬁ?ﬁ%a?@“?ﬂﬁt suohesoghients shoulddsavet paiticle sizesofof

desul ful ri z@add [ cty,Pn or. actiyation, the abiljty of
the sor bentﬁ?moqu%‘sg&gu f ur@r@m%égggém%ﬁquﬁéwaym 13 iemPIRYeR for o
exanpl e corthepeackon of theoddulfurizatibhrocss bt ﬂn@invi:ﬁth&;riﬁ‘é 5StBeft shbuildhd S Set
forth iya Table 1. 10 Februar9, 2004 -17 10 15 20 Tabl e 1React or Run

Norber Cond SHeR a3 1o, haves piwticle Size in the range of about 1/32 inch to abont 1/2 fuch

(grams) 1016846 1010TP 151515151 S1515HPPZ6. 66. 66. 62. 25013. 26: 6F70070070070
0700700700TCS' Sul fur' 11555752855152205<5105385<5153255<S110320<5104255115<5

552410L510RON91. 49L4' IT i fuirther pessemtly pref@sddato 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




talipes 01 aboul .U 1o aboul 4V weight percent based on the weight of the

i Hydr ogen p@aswtgleaacreawlﬁml TiRSaount UFardhiaesqh gﬁ%&gﬁ?;ﬁlﬁm ZegtJ{sS ‘T he

anount of sul fur-containing conpounds left In the
cr acked- gasganeradlyiin tbemepérabqutl 10 talsoat HOrwdightpergeiat. based on t he wei ght

of the desulfiuized c a 10, Febr.u s..20 -18 CLAIMS 1. A

process for the produ‘iﬁ'fgg'ﬁlggl(f1 %O%&W%%%?P{'Pﬁ rdipse gl@F"és F@rratnse

renovalt(of Sotafabouf lmwﬁé%ﬂﬂoﬂﬁﬂﬁh'ﬁ}e\v fijFﬁrﬁ &?
na so as

conprises: (a) adm xing zinc oxide) silica orma m X

t hereof ; (P 34vaut 1Q0P@ Prrigperhwillion gulfuriy weight of e gasedtmrmtqk&dtgaedlﬁﬁ

et S0t of ol o Bkt Ao o AP s s e lPe e e

parti cul at efuef pritreg the treainidht @@lkadt flgids widPha! sorteaf bytdh 3¢ d; (f)
drying the jnpregnated particulate of step (e); (g) calcining the dried

parti cul at e'ng ‘%ﬂnep (f); and thereafter (h) reduci ng the resul ting cal ci ned
particulsate of step ( C|n bl.e

condi t:{osftls to produce%e%%g?ff#%éﬁ%%f% F@?i%*?ﬁt%&r% al |
of the cobalr¢atmbmtrafi sam-smzaewrdsmuehwﬁmme ﬂé&ﬁlﬂn&ﬁﬁbﬂ%x&&@@bkﬁ@ﬂi@hﬂbﬁ‘%

corrp05|t|on| a g&ect the renoval of sulfur froma stream of
cracked- gas Py hen said streamis cont act ed wth said

reduced cobalt-contai ance W t.

claim 1, wherein sai dmm X @ |ﬁlst?n%e’9 orm f@mo#&%?ﬁ s‘a'é’l?&hﬁm‘gast e

or sl urry @n b jpserteestsefore the ecgedants foi tdperdratith bfmmﬁhﬂeéedrecﬂtartlcl es
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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.
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*Hydrogen particle pressure in psia.

¢ 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.
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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 1o provide a cobalt

content therein in an amount in the range of from about 5 to about 50 weight

percent.




-Z 109
1096&
1096&
1096&
109%6&
10968
1096&
1096&
1096&
1096&
1096&
1096&
109%5&
& ()
% & ()-

OAAAAAAAAAAAAé

about 815.5°C., (about 400°F to about 1500°F).
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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 pérmit 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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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.

15. A process in accordance with claim 12, wherein air is employed as a
regeneration agent in said regeneration zone.

16. A process in accordance with claim 12, 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
(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.

17. A process in accordance with claim 12, wherein said separated
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.




