; e3eSSXt B6xT| w SORBENT COMPCSI TI ON, PROCESS FOR PRODUCI NG SAME AND USE I N
DESULFURI ZAE“W“\\\“\ \m‘\ﬂw the Invention This invention relates to the
renoval of luid streams of 5 cracked- gasbDeceather2002i esel
fuel's. In anotheosspect this invention relates to sor bent conpositions
suitable for use in the desul furizatifon of fluid streans of
cracked-gasolines and diesel fuel. A further aspect of this invention
relates to a proeggsEliercOMPESIATORT PR @Gﬁsﬂtﬁwpkém@eimoﬁfmlause in the

renoval of sul fur bodies fromfl ul d’ streams of cracked gasolines and diesel
fuel s. 10 Background of thé [N b AJION eaner burning fuels

has resulted in a continuing vvo d, .wi . ffot to reduce sulfur levels in
gasoline and diesel fuels. The r%ﬁ@e@—f&gp—gﬁ’ﬁ%l i ne and diesel sulfur is
considered to be a nm@snvtafuohmmgIt@%@feﬁndw%f sufilepamstuilsibdifs segati ve

dnpact the fuel sulfur has on the performance of autonotive 15 catal ytic
-conver er scrackied-gosdings @ad sliessk ﬁtﬂﬁs lof anothefr @spdch tlaammtlpve'elewg |tme exhaust

inhibits an i rrevers son. n .cat

conver t or - ETL SpBRESHSAG habid By ALY e TRlPeuRl R0 Srbded 5nc ai n
level s of #aneargaysiiRg andUleRPRRANA RirtheP GBOS! el i %ha&S ralitedliot4 0gen and
carbon nonoxi de. Such em ssions are catal yzed by sunlight to form ground

| evel ozorgrocessifer the predunsionyofrsulfer serlients fersuseringhe xermeovalfofisnlurshddiesr i n
gasol i ne cpnes fro t he ther I rocessed lines. Thernally processed
gasol i nes @ﬂ@tﬂu’g@ TPYPS 8% & Faé g%ﬁ?@??‘ﬁaﬂ@gg?eg?ﬁgﬁ gasol i ne, vi sbreaker
gasol iyge, coker gasol I ne and WcRbroih€ aF ke Bivesdigd gasol i ne (hereinafter
collectively called "cracked-gasoline contains in part olefins, 25
aromatics, and sul fu?fh%(ljn@%ﬁ?rl Hepneohppingdfielsdias desulisdtin gaeatinniog, wasldch as
for exampl ¢, aulpnpbi 1.9, 8250l E5u: PEkTn0 20kl A80neRY | Fd P8RS SE ne and
of " at °T'eas )

boat gasol I'nes”contain-a I'n part cracked- gaso I'ne,

reduction gdsoRtd hnd dieBelCdumkedccgﬁﬁi@i'ddrle b 4 e freintpryviag iraqualityr educe t he
sul fur levels in such gasolines. 30 The public djscussion abqut gasoline

sul fur hasbeseusecefnthemegative iprachthe fyel swiur das pnthe perfommanice of quisEoti¥RIuCed.

A consgnsu t '

e 551 D Sisave STENAIBE, | FRE prWiR diindls 1A3RlY BEAGRGEE AULORRIaNE

debat e hasidhititssed raay 1&@&9&1@! poisdnl bl mefal cadlyetsi iarthe icbrvegragr aphi cal

areas in need of |ower sulfur gasollne and the tine frame for
i npl ement aEpvssions from an inetficient or poisoned converter contain levels of non-

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

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

25  aromatics, and sulfur-containing compounds.

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

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

lower sulfur gasoline reduces automotive emisstons and improves air quality. Thus
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As the concern over the inpact of autonotive air pollution continues, it is
clear that further efforts to reduce the sulfur levels in autonotive fuels
will be 5 required. Wiile the current gasoline produ®dBe&aiBeri20022bout 330
part per mllion with continued efforts by the Environnenta rotection
Agency to secure reduced levels, it has,been estimted that gasoline wl|
have to have | ess than 50 part per m I'I%(')n of sulfur by the year 2010. (See
Rock, K. L. : - i i; i Vi a
Cat ai yt o 'y et APBatb il oY O PPl Rirkd IGEER TR (R Bttt skl

Refi ners Assmeed af loner/sulfnalgasdimeiang th&\kin@8fraidy Yor implementaidén.t he ever

increasing need to b ble to produce.a | ow_sul fur. content automtive fuel,
a variety of processgé?}l‘fa‘?@cﬁ’é’e?lveﬁrt%ﬁg%t 108P“@E?}ﬂt’é@iaﬁgp‘?qh’&’lffgtwnﬁ‘éﬁ?pl i ance

-Wth the Egege C Wy for the
r emoval Oﬂ?%ﬁl?ﬁﬁﬁﬂ?@ﬂﬁh@fﬁ%@%ﬁ%&gﬂfgité&aﬁ%ai\%’fg‘xgﬁugo UYP?% g%% F‘gﬁl.agt\e/\hi |l e
“hydr odésul requiredat Wiileathe garehti gesolienprodocts eostairf abiout 330 pantipeg natlgmounds, it
can result jn the satuyration_ of_npst, if not all, of the ol efins contained
' the gastith fentingedtiosts ntP dimaronbIcRlal Reotetion: Agengy fie SeQuTe ﬁ@f"&&‘? ane
number (Dol NenheBERT Shinfiich fhal gisoﬁﬁé ang hﬁ%gheﬁx?‘ B4R SNt per These

ol efins are saturated due to, art, esul furization conditions
20 requi r ediltion p€seMer bhihepyeani201€o(PeuRdek, KL Putisan FoM. elmagrpvements

0 benzot i B Sro i PER el et SRNES e e BEeeied sl M T80t ai ni ng

conpoypds N&i&rﬁﬂ?¥ﬁoleﬁﬁdf{éﬁ&?§Wsé(ociattﬁgl Mapﬁ'lfe%%ihé WAMZ88139m) condi ti ons

required to renove thiophenic conmpounds can al so Saturate aromatics. 25 In
addi tion to the needlf wiew efitheavenincsaaksingmetd torbe rhicke prgdizeld loessulfirere i s
al so presented to the.\peftrol eumindustry a need to reduce.the sulfur

e fu ¥

cont ent of SUIEY @Rtamot £l 2 3RS0 Al PrOGFTSER DFVE JIfeR PLpose §0Y achieving

hydr odesul fidtitAaEdrBPliarich Wit tREedefal nididaéed but there is a large cost in
hydr ogen consurption. This hydrogen is consunmed by both

hydr odesul f uri zat i on Ongcueh prasesscwhighirhag daent proposadafor theneemel shewfurhere i s

. i d | i i Lt h dr i f
o ommt e FRDERPERE i GeE bOaR R G St R ARER A Bt 1
treatment gfn fnvelsulfubéntainidy éRppItRgs, 208 resdlt AS tie JabfEidn 6f ndog if ack of

success in providing successful and economically feasible processes for the
reduct i on b6t dllof the plofias sontaingdtin the geseline. gAbis| sahwaticanefl elcEpepreptlEl s, it

is apparent.that there is still eded a, better process r.th .
desul Fur | 2 4P O Myl (bR Fedat 0 G ERERRS furn By drwrsine
mnimal S af fEkke olefRRtadd1Satitatddedircial 8V patg the ahdlogyRlfariedtisiuédnditigemoval .
The present invention provides a novel sorbent systemfor the renoval of

sul f ur29 r orsquirgd do semevmthionhenicrommougds turhas fahexamniechignhiens bempe:

i nvention gl OMi : o LRy bent s

uhi oh are ComeRe Mk pr iGN BRS 1eRsohi} ot o S e MK EReRRY, 7T

i nvention fwhidchhae sonevefdhes ndosp diffiesls stilfiir-donaimiagrempomidsstol temove.ont ai ni ng
conmpounds from cr cked-ggfoli s, and di;ﬁgl fuel,s which mnim ze saturation

of ol efi ns AsiioRpBratie hydradesufurization condiaonsreauiped torrgRENe thigPhRRicies a
desul furi Z%Qm??ﬁfd&% Olab 3Gtel 18ha@Nt @i Nns | ess than about 100 parts per
u

mllion of s ur based on the werght of 15 the desul furized
crackef5gasol i ne and Intadditionantthé needefos eanow! lof sulfer fremecrackedrgasalfnes) ef i ns

and aromatics as were in the cracked-gaspline fromwhjch it iis nade.
Sunmar y. of UG 1S 0 RESERICH Ao e BTN AYBIYY 8CEQ 16 EBEE osPBCoBEL over y

that through diddgl fuels. In removing sulfur from diesel by hydrodesulfurization, the cetane
is improved but there is a large cost in hydrogen consumption. This hydrogen is
consumed by both hydrodesulfurization and aromatic hydrogenation reactions.
30 Thus there is a need for a process wherein desulfurization without
hydrogenation of aromatics is achieved so as to provide a more economical process

for the treatment of diesel fuels.



utilization of nickel in a substantially reduced val ence state, preferably
zero, in a 20 sorbent conposition there is achieved a novel sorbent
conposition which permts the ready renoval of sulfursDeestbér ZFRs Of
cracked-gasolines or diesel fuels with a mninmal effect on the octane
rating of the treated stream Accordingly) in one aspect of the present
invention there is provided a novel sorbént suitable for the

desul furization of cracked-gasqlines pr diesel fuels 25 which is conprised
of zinc oxide) silicAS &R AL Uk AH PEREFCRAB AP HIMRSELFEREDT (he ni ckel
i's subst anédoﬂbx!n;eangciumeqaagcesgeew fRueAkivAlTRGRuN VKR! inibotPEQsIdAL 1N an

amount to permt the renoval of sulfur from cracked-gasolines or diesel
fuel s. | n gasebnaseandedigicl fuelpot ircapparspb that dtere kestih verdad ajbeltenprosess fohere i s

50 Compr i w8 BRTARfon bl Boff, FRRALY R aflg ML AL SBR IR TRRRMY, oot

-m x, daughaffeest @c@he Whilel schidveipeih 1Q@Is o fCeull @k iretgotdle wet mi x, dough,
paste or slurry thereof so as to forma particul ate granul e, extrudate,
tabl et, sphere, pel | dhe presgncinyepioarpovides paeeeiverbepdEystem fohtheeof ; dryi ng

the resultin rtigul ate: Lcinin h ri r.tj gul.at e, L,npregnating
t he resul tfeﬁrg’vgg?f 8%“&?‘%?%’1}?‘?? E{r&%’?%%" f]gegegeag%r&zg af?:ac‘{lgﬁe?g%ﬂ%ai ni ng
conpound; drying theThesaVéntibs alsBlyredaed £grovess fbr M piodub®éie of AERPSI ti on,
calcining the dried particul ate conposition and reduci ng the cal ci ned

product wi sarbents whicibare usetldn thy desplfwiation of uehs fljidasterngels; so as to

producg, a sorbent co | 3d ' : ' |.ckel

cont eﬁfb i n an anount %ﬁ%ﬁ “@“Q?ﬁ%‘%‘g‘ﬁﬁ&?%bgd&%% or?ﬁ%?err%c%\?gfg% 'h sane of
sul fur frossmaifingcdotibagads Ifione cratkel-gselinds wald di¢sekfuels Whichoainitialece wWith a
further aspect .of the present invention, there is provided a process for
the desul f EatRaHeR §f olgfing apdrpmatisdbecitne or di esel fuel stream 10 which
conpri ses desul furi zi g : i i . - i.ne or

i coel fuel with a sarfdrverio3atbiic pRhAR £ ARRIGALACEALAAR e

separ at i ngthabeomiging1éssrthare dbaut 4 08 @drtg peromiltion of sdiftrsskised wal thé weigtt o€

sul furized sorbent, regenerating at |east a portion of the

sul f ur 12z edheotesulivrzad dackedogesolingeand) whigh goutapisieasentialy S o ameip éduce a
regener at eqicias dhd UmAks R de M MR AasdimeRoR! wipR iElsMhAg, sor bent
activating at least a portion of the regenerate esulturized solid nickel
met al - cont ai ni ng sorbent to pr@mueary cfahe dhveatdomed ni ckel net al

nmet al - cont ai ni ng sorhent; and.thereafter c{]eturni ng at qu\%t a &)%r%i on of
the resulting reduced PRiRIRN! HYFBEOTLERT IR Q8 Hafvepotiphirough the

desul furi z g 2fioaW enick®R liflal ﬁgst%fa@l?' redihdeh v@fenEé‘@ta{é?\S?&Ex‘aBW Z&o,Tin& term
“gasoline" as enployed herein is infended to nean a m xturé of hydrocarbons
boi | i ng0 f r conbaitocompiaBiont therepis raokievert 2 hgvel 30fbent campositierc whinh pemaiteof . Such

hydrocarbons w Ll incl ude, r.exanpl e, hydrocarbon streans .in refjneries
Shch s, nagh a0y sEPayal R sl AETIRATS oS KEr RRABRONAS BL APy el AT ne.
vi sbreaker papid Refecbh td 8étne FBRTRE Metr@ited StQITRLE. 25 The term
"cracked-gasoline" as enployed heréin is intended to nmean hydrocarbons

boi l i ng from about 10%Rordinglypinosienaspettyof Ao presentanyertiondhergrs pravideds t hat

are products fromeither th Jels talvti roce hat ..crack .|l arger
hydr ocar boff nn%’FQ?:OUr %ﬁst slgﬁfl%le?ﬂgﬁ\ee&s?%@ﬁggh%%gf c%fg??e};g%gﬁg'%s rh%‘%??ilcfu%sr ocesses
i ncl udes cokiHiéh ist dediptided ©faiid sddedlicd] slampekamUnicktiuvBereit @k Waietcesfcki ng

and 30 heavy oj| cracking are exanples of catalytic cracking. In sone
i nst ances ttheenigkelck sybsiantiilly Tedvpsd apd speharedpessdayalencaiticks] inpresentiean ed

prior to d ' I S e LIy : ti hi s
i nvention. %ﬂggkg@cé%lel{r)&f%gﬁv gl &ﬁsg?ftﬁre?r&fn %lg%%égl ééglé%'sa%sdlg%%)?%eﬁéd her ei n
is intended to nean dnfdcobidafcenwinb afothér pest>dfithe padseityidv ativnb diege 130i | i ng

from about 30QF to approxi nately . . .
provided a process for the préparation of a novel sorbent composition which

30 comprises admixing zinc oxide, silica and alumina so as to form a wet mix, dough,
paste or slurry thereof, particulating the wet mix, dough, paste or slurry thereof so

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



750F or any fraction thereof. Such hydrocarbon streans include |light cycle
oil, kerosene, jet fuel, straight-run diesel and hydrotreated diesel. 5 The
term"sul fur" as enployed herein is intended to nean3iDessmber 380 sul f ur
conpounds such as mercaptans or those thiophenic conpounds normally present
in cracked gasolines which include anong .ot hers thiophene, benzot hi ophene,
al kyl thi ophenes, al kyl benzot hi ophenes and al kyl di benzot hi ophenes as wel |
as the heathefdof,NdtlyRigUha restlig partiohlafecd RBIcIMM L theadrednsirti@llhte; RhpeeRdtiign a 10
di esel fuel of the types contenplated for processing in accordance with the
present i ntherfesudiing sHid putignlateawith agrickel oz gpliekeb@ontaining comppwnds ipagt o
mean that st J j I ed- i N diasel .fuel is
primarily fc“ﬁa%s“\}%‘%wg’%g‘ééég‘?ﬁ@?? %‘?‘ﬁ]ﬁlﬁge ug%'?‘%%ﬁllogr ?@18{né @‘Z“a‘k rﬁ%dékel val ence"
-as enpl oyegartieilaierconspobfiionnindnddacihg tieedicihéthprodutiowith apaiifablenrediicihge

val ence_of the nickel conponent of the conposition is reduced to a val ue of
| ess than 22enbruflas BYYrogense anle IPAUtE? SeTAGH FompIesition igving ¢ sehstanial

di scovery %ro%ﬂ:lnb 4 ]%&ﬁénﬂn%. Stk 'v@liéyisrs‘ﬁgﬁ'&gﬂ t\éade cf}ethg'rngfzgl'al
conponent ih a particulate conposition conprising zinc ‘oxlde, silrca,

al um na andithi sakel ofrstdfut fiom & cracked-pasdlinstur aliespefudl sieath. t he renoval of

t hi opheni ¢ sul fur conpounds from fluid streans of cracked-gasolines_ or

di esel fuel's without Imhagsasdange Svifha dhheiiaspest of She presY dnymtioRethsreisi n
content of 0 , { gl | QRLgdAC : I f ane
val ues of T ﬁ)&?ﬁd Zala{)%gg%t froglgkrfl.is d%gl?gg%fgg{ atffﬁde&ﬂbs]zeédo?dg élﬁlﬁ:fgﬁgf/egﬁwg glr %gen S
resul t $0i nwhich gmgrisesidesul fatizirig M ésul fineizationf 20he codrhekwd-gisolimeor diesdit | ng

treated flyiq strea 25 1n_a presently preferred enbodinment of this
i nventi on, ?wﬁg&lgb?s TRREbBIcKPme lrodubiainasor by ReRARINE thee range of

f rom about qasifiridle bacROl-BRLERE oPRIEAYuel HBA b SIPBASHEER, I N the
preparation of the sorbent conposition can either be in the Tormof zinc
oxi de, or regenhtratihgatieast opartion ofthe sulfurized sohduediceddidkehimetale converti bl e

to zinc oxide under .the conditions of preparatjon.desgri hed.herein.
Exanpl 5. o PEHERMATIEE SOMBBLARrORiRe fEEenBaied A-SfGt2eq Sh dicked Mefin
sul fides Z'n‘ilﬁal%gfa%g{gge gta);ebreﬁté%gmmg%he&t Qfﬁfﬁ%bﬁm%egafe%@e&h%ﬁmcﬁnd

zinc nitrate. -6 Preferably, the zint oxide is in the

f orm of powdid ettkeli metabronteiningheorbéritite produed ajsolid redymed packsd matalof t he
sorbent co itions may,be ei r in the for f silica or.in the.form of
one o mor SRGRTepBiieBAEReR g0 e s ing 2L Geschpe TRyt B RIS nay
be enpl oyededed Bf‘ckﬁpfn*é?dﬂ-fcm?taﬁﬁ)ﬁg);%%b&xit%%h@fieshﬁﬁri%tﬁﬁ%nel nvention.
Exanpl es of suitable types of siTica include diatomte, silicalite, silica
colloid, flame-hydrolyzed sDkfaded Degchiptionzafdhe ihventionsi | i ca gel and

preci pit.ated silica, th di,atomte bein sently. preferred. In addition,
sili cor%bconpounds t hatPeiFEm ¢ BRRPHPET B3 gmpgygqi ﬁ?r(?ﬁl il nggc?gq Megr & aci d,

sodi um si | ihigtRe dP dydBERBOHNbEIlinE TrHrE a6t FIOSP tb ApRoRieMel. 400°Eieraall v, the
silicais inthe form10 of diatomte. The starting alum na conponent of
t he conposiffacan shaneqfe Sioh hydrocarbons will include, for example, hydrocarbon streams

in refineries such as naphtha, straight-run naphtha, coker naphtha, catalytic gasoline,
visbreaker naphtha, alkylate, isomerate or reformate.

25 The term "cracked-gasoline" as employed herein is intended to mean
hydrocarbons boiling from about 100°F to approximately 400°F or any fraction
thereof that are products from either thermal or catalytic processes that crack larger
hydrocarbon molecules into smaller molecules. Examples of thermal processes
include coking, thermal cracking and visbreaking. Fluid catalytic cracking and

30 heavy oil cracking are examples of catalytic cracking. In some instances the
cracked-gasoline may be fractionated and/or hydrotreated prior to desulfurization

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



suitable commercially available alum na material including coll oidal

al um na solutions and, generally, those alum na conpounds produced by the
dehydration of alumina hydrates. 15 The zinc oxide wij Deganlogred(i0g be
present in the sorbent conposition in an anobunt in the range of from about
10 wei ght percent to about 90 weight pegcent, preferably in an anmount in
the range of from about 15 to about 60 wei ght percent, and nore preferably
in an amount in the rmrgemefdiesg)Tuabasemployed hetunis fflentled 38 mdaaracREE, when
such wei ght percents are expressed in ternms of the zinc oxide based 20 upon
the total wempeseddH a mxtyes dlcldrecnsprssiboilig frameabout BEA R0 apsRi@AElY v be

present in F&n@ b i i f ;om about
5 wei ght pgﬁg?n&{rgﬁg%%ut 8‘?%@?’8%‘{‘ Hﬁ%@geﬁ@?%?dg?s e{rrg&d%q%?ggélgﬁgtmt in
‘the range terokeremjarlfoel] s2dighehghdiese andhydroneatbddiesél0 wei ght percent when

‘the weight percents are expressed in terns of the silica based 25 upon the
't ot al i ght of the dederm "sWfigsods employedrherei ipintndgd te meapdhosel y be
present in k.0 i ! r f rom about
5 0 vei ght *peReS B ERIRe Sch Al Rarkihs WHBLe bbbl AREOLAs T 70
wei ght per @efthaltyopebenstin thacked ghdolines waith indlade amohg weheghthipshenent s are
expressed in terns of the weight of the alumna conpared, 30 with the total

vei ght of DRRzosippRshe, alkyl Biephepes pikvhhezotierhcaey and alkyldibgsnzathiophenes
CONPOSI t i 01 yfcieashthb HREVieC Ploseigts 8f SHmWhilS ars irobGall na are
conbi ned tgéetelriller |hn ap|ol$'oglrlglna"aetmgil tVViL:ééﬁf)secerr%l—éfg~-' ~4036r8§J°_7_ %P%Sgétt{%‘ns by
any suil0abldieseipfuekof thei tyhespeconemipiateti dor ploeessimgi inedceordancenyithfthd peesent
conmponents to ﬁrovi de a substantially honbgeneous m xture. Any suitable
means for M%HE™t he sorbent components can be used to achieve the desired
di spersion of the matgld @hs "o UeHRANHIoNA 6N 8 HABAd BlREIShat YHR' 7S,
stationary shells or troughs,g wul'l er mxe*bg, V\hinclhlare of the rﬁa?cﬂ or
cont i nuous it wiach thepfaed cracked-gasalide phdiekdl eel ik tprinsarpy es @xapyr phasterred to
use a Muller mxer in.the mxi of . the si|]ic al uni pa_and ziB oxi de

Xin :
conponents. Once the 5Eht S‘v_&tbs ﬁ]é}ﬁfesd“&? “‘ﬁ?%lp\?rlﬂf’ema%%‘pfqye THRE a
shapeahke Thahdddero hbsh 1136 41hrgB Pofiot 8 the GBRNEE of thel AiBkdl LopRheIf R X,
dough, 10 paste or slurry. If the resulting mx is in the formof a wet

m x, the wsompositionns tasudethts & ivele afdess thaneif prefergdy tzeroul at ed t hr ough t he
granul ation of the degsified m x f.ollow n(? thetdr%ii nqq’ and.cal,ci natf'1 n of
same. Wen the adm xt .ceprgfen}ix?]vccn & &e,as MPYY l}fn = ki RSa?PéécaP‘Pé 8 a
formof t h%uﬁﬂtﬁ'ﬂti&ll? réficel viafen8t hitkel EdinpondAUiiha phrdicBla® caAgdsiticit ate, the
m x can be shaped to forma _Eal‘tl culate granule, extrudate, tablet, 15
sphere, peldogiprigingrding oxidhesibica, Rlwgioatahg npkel rasulisiitap soxbght whichqwermits

exrudat,es ving from.1/32 i.nch.to 112 inch di ter and.an ifa

Fengt h 2orndy Edtial BF WePteriClik Somopuadt o R BN eferfe o SRR MRen ¢ ne
mx is in tdratidsel fielf withohthadving 4 EigniTRaht LveRktiaffecObf grRMHefis cambntesfed by
spray drying the slurry to form m crospheres thereof having a size of from
about 20 t cuslhsimeansy hys avoiding asignificant reducterRE petgne values ef theygatad ed t o
dryi ng and i i 3 i rYi C] i

par 1 cul at Srepgs btebler, T8 L@ hch el S ARPRGEPE) B KB Cechdifon

ni ckel oxi dsf the syifiumnsbnoent af nhe kesblting itdatep rfhddisgeam. Fol | owi ng t he

i npregnation of the particulate cgnpaositions wth the appropriate nickel
conpourtd, the resul tifg PFFﬁ?'&B’n%FFg"dTeﬂeﬁ“ﬁoéHP%‘lté)ﬁtE‘St‘ﬁé?P‘%oé}b NecRoEREMSS ¢t o

dryi ng and Lat i . ect | f |Gl iculate
o' oduct | Garypon 188 SN coftehlh B Lo atblles T6'abdofh B 2
ni ckel , ni gkeedenoxi de or ni ckel - contai ni ng conpound can be added to the

particul ated m xture ,ﬁ% i npregpat i gn Ol]ia t he m. xt UFM t\l;l a sol uti.on, either
aqueous or organic, that ZEGEHMECE AR tha RIFRAELSD R TOroF REIPOFRPBEBO or

ni ckel - contQing} BY iif HPRYMCf Jifc 828! &' in thd SorniBF 8453k nre YiddedrifouRtsckel i's
carned out so as to forma resulting particulate conposition of zinc oxide,

si | i ca,30al uisathare gouverhblertocited oxide ainderrthe kenditismyef prepaiatike dessribdd
precursor priar to th Decenber 2002 . rying and,cal cinatiogn of the
resul ting iplFﬁS?’Eg agﬂﬁ 0 %‘fﬁﬁ"bcnc.’?rﬁ*?f’ém%%ﬂ_ 1%@‘51%3}4}“0%" qt‘l’f’?’kﬁcﬁf ©s 208y aqueous
sol ution anghifed®) ¢itcSsubfate Uale IDRrobtid® rindéebormatd, tzald dcepit®) \dndesind fitratdle

i npregnation of the m xture of zinc oxide, silica and alumna to give an
anount of nickel oxide in the final zinc oxide




5 based conposition to provide when reduced a reduced nickel netal content
sufficient to permt the renoval of sulfur from streans of cracked-gasoline
or diesel fuels when so treated with sane in accor dag®cembbr 2002 process of
t-he present invention. Once the nickel, nickel oxide or nickel oxide
precursor has been 10 incorporated intosthe particulate calcined zinc
oxide, alumna and silica mxture, the desired reduced val ence nickel netal
sorbent | rpfpRfy §He Bhctxidd B ihhfe &&wb?gead&@mﬁl &iiga fol l owed by
calcination and thereafter subjecting the resulting calcined conposition to
reduction with a suiThbsibica eshdcinrthe pyeparatiopradt the atabgnthgainpepitinns snayabe t 0
produce a c\%FrrlFos&lthon g)?vilng a .sugsltranti ial zero val.ence nickel content
therein 151WFt B YEEA™I & SRFE BB 4M% T URE P! BB PEMOTH EMABNSPREEMRE i n an ampunt
- to permt dofifpotRdDVAhy Whithbls dpe 6f sified frmz Her&ﬁrmaﬁdacﬁe%mpl ine or diesel
fuel fluid stream The solid Teduced nickel netal sorbent of this invention
T is a cénpowmpositionh af theapresant imyentipny Bxampéescaf spitable Avpesorf stlivaninslode wi t h
or gano-sul f.ur _co unds, .such as.thi opheni ¢ ¢ ounds t Is..also.
ot o or abl ity ROCHHR R SR ArRERalsha s TR Wisplverd §iferioh ng
conpounds %e!l QA pRRipitabsk@HcH asi dRABmil Beinprekehy preFero®t & aghitibgnt of
this invention is conprised of nickel that i's in a substantially reduced
val ence stsilieon qomfoand$ that are;eonyerttbile i silica auch assibgieracidy sodiuny siicated net al
i s nickel._ The anount .?f reduced .ni cke]h i‘pwhh? S iﬂlni.ﬁkel I ﬁguged met al
sorbents % FRGORTLFHIFRE CAR g e Rpigned-WATERreM oo abtd s rfhe 2om enpyal
of sulilpur 4éf @Rtoshiter acked-gasol i ne or diesel fuel fluid stream Such anounts

are generally in the range of fromabout 5 to about 50 weight percent of
the total weight of hh¢R@rtingnaluminasenmpponentehilissiompenitiopreasdsgtany it is

f d th ' | | . Rl i AR At i h
Pange. of 1 PabllsSfyhGEHAG xBIIE ahyPRhR mtil i ERhe LBURAar BB, 1
ni ckel in $onetigaerapéngeneeallyo shdsk @iumid@ dofmponrdsopredased by theedehydatogwbodi ment

of the present invention, the reduced nickel is present in an amount in the
range of falBminglaydrates t o 30 wei ght percent and the nickel conponent has

been stantially r 4 -]
anot h:l;sbpr esently pr gﬁ%%{rﬁgo&x g(rlég'qdllj) %ﬁ%g@}? S? Il?lressgrllt%gﬁ??%%’e g{z)‘lg)()%nnclf"%?(t|lc’(’]‘eni S
present i napBmatmlatthe rarewftir@h aBLYH Wil @eicentiol dboat DO vidigtagRtcent) an

anount of abqut 31 weight percent, alumna is present in an_anmount of about
8 wei ght pBicégahly dpgnamaust in theyaageaf figm ahout d 5rta dhevy o) weighd pesental ence

. 5 . ) . ‘
precent |y LR Rty i Moo BEGEFRneE P Him s LruBOEIRaigy
an anmount pércaiipwher! fnckewgight pecesniare expgressed irs tapme o€ nhe rimc axidenwased of

about 32 wei ght percent, alumna,is present in an anount of about 8 wei ght
percen%&anap‘%} E%!Qé ta??’""fﬁ*@?élr{lﬂe SPERt GOFMOSHBt i on in an anount of about 10

19 wei ght percent. FramgiiRe vidO¥Gerdlly 5Pl 3 MCOIBER Cohlpaliibf §n SR bent
conposi tions which are useful 1h the“desul furization process of this

i nvent i on emouliteinpghe pargedfyom abouick seightipetcenttpabione 85 weightapbméent,ng zi nc
oxide, silic d.alumna so as to forma mx qf 15 sane in the fo of one
of a wet nPElerAR R AUt 3n Ty fies, of o ghoyti X0 FeeRtBeTeR t 2BaNt Gy i x
to form pagfeighlpaicent WheH aRfwhiBh p&cémts BreléxpPEi8ePin BHAS YK &% siRed baseat es,
tablets, pellets, spheres or mcrospheres; (c) drying the resulting

parti c&$ at apoy the total sverghi pfithe serbertdcqmapasitionl at e; 20 (e) i npregnating the

resulting calcined palrhtela lﬂlu%%ewi\f\f écr?lepallﬁlkbeel gregeln? lﬁ? Ithe 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



oxi de or a precursor for nickel; (f j drying the inpregnated particul ate;
(g) calcining the resulting dried particulate; and (h) reducing the

cal cined particul ate product of (g) with a suitable 8DdceiB6F: gen® so as
tto produce a particul ate conmposition having a substantial reduced val ence
ni ckel content therein and wherein the yeduced val ence nickel content is
present in an amount sufficient to permt the renoval with sane of sul fur

froma cr P GRS biMe sitabie ABherl WRikh fp'ré&iiﬁiessﬁof e MnfiRfe ﬁﬂﬁ'ﬁ@@f@ﬂe with the
resulting substantially reduced val ence nickel particul ated sorbent. 30 The

process t ecompentriie toprafide asbizatargiatlp hdewgeheons maxeracked- gasol i ne or di esel

fuels to provide a desul furized cracked: gasol ine or diesel fuel conprises:
(2) desul furizing i o8 GWLANG Hyerns, for gpixing e sorbent kerpeqients carecpsed 5
- Decenber 20@éhievd ¥ @Eftd Gikpbrsi¥r 6f MeTR4cbshls. e SUEE theBh S iiRIudEEhRbng

met al - cont ai ni ng sorbent; (D) sgfar atigﬁt he desul furized cracked-gasoline
~or desfl f withersd twnklees, sfaienary rsbails pretrpeghg) Mullgr sukdrerwhich asepf therkafielced

ni ckel - cont ai nj.ng.. sqrbent: (c).regengrating ,at_ | east, a rti.qn of the

Sul fur sedr SaPiAEIREd et hpleF IR R I s B B R R o'
regener at eduiiasmixed in aedmeehi &f the kiita, GRithink Ahd L0686 tompelentcduci ng at
| east a portion of the regenerated desul furized solid nickel-containing

sorbent to produce a0Bes th§ sosvane eompersned are preperlyi mixed de peavide her eaf t er

o ckei -comtara i RulsSine E5%Hing BILE B BS it IR SH SV amS, B8l r Tar ton
step (18) Qastehn sirep.enf tHeméQiliih@ ik Ss GRhREEnR bF aURétanixg thewepmit eaglibti ons

t hat includes total ﬁressure, _tenperature, weight hourly space velocity and
hydr ogen fdessifiedaad dhereafinrinagiicnlated thrgugh thegranlationef the depsified mix

ni ckel - corbl gl 0uS YRRt IS TALER. Whef HACKENBRPOFLAS hadl esel

fuel to pro uri1 zed cracked-gasol 1 ne or urize esel fuel

and a sul fdilidazad slomirentesultnincarfonm 6ftheuhixniie widchiis either & halough etof t he
process of the present invention, it is preferred that the feed

cr acked- ga¥dIasteeStele, tednis canq shaged o foripap Bartigelajergranule gxtaidate, tableti he
7L L6, S sNSR bel BRSO bl B S
t he range H®émalidditinchSiopls? andlodiahm@xer and any suitable length. The resulting
particulate is then dried and then calcined. When the mix is in the form of a slurry,
the particulation of same is achieved by spray drying the slurry to form
microspheres thereof having a size of from about 20 to about 500 microns. Such
20 microspheres are then subjected to drying and calcination. Following the drying
and calcination of the particulated mixture, the resulting particulates can be
impregnated with nickel oxide compound or a nickel oxide precursor.
Following the impregnation of the particulate compositions with the
appropriate nickel compound, the resulting impregnated particulate is then subjected
25  to drying and calcination prior to the subjecting of the calcined particulate to
reduction with a reducing agent, preferably hydrogen.
The elemental nickel, nickel oxide or nickel-containing compound
can be added to the particulated mixture by impregnation of the mixture with a
solution, either aqueous or organic, that contains the elemental nickel, nickel oxide
30 or nickel-containing compound. In general, the impregnation with the nickel is
carried out so as to form a resulting particulate composition of zinc oxide, silica,

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



1500 psia. However, it is presently preferred that the total pressure be in
a range of from about 50 psia to about 500 psia. 25 In general, the
tenperature should be sufficient to keep the cracked Daccaber2002 di esel

fuel essentially in a vapor phase. Wile such tenperatures can be in the
range of from about 100F to about 1000Fk,_it is presently preferred that the
tenperature be in the range of from about 400F to about 800F when treating
as crackedrdas ahd BRIcARHoh Bfftlkkercrsﬁ‘lﬂﬁg i&BrJgth@H%%ﬁ%siﬁQﬁF_ to about 900F when
the 30 feed is a diesel fuel. Weight hourly space velocity (WHSV) is
defined as the poundhegmprgghationsblution éxahypaqueons selutidn snd keunisroft he

the. presedt RUHET SRR st nsoMihe frrdng i rremion Shie Biteshaiout o s
- to about 2Ridepsifit£andbindRos givet BROUH: of idkel oxidkin GRE FilaDNEin®Bkidehe

desul furization step, it is presently preferred that an agent be enpl oyed
. whi ch $ nt desedreomnaisttiondayprpvidsiviiea reduned sorednery wekel anetel peptentof t he

olefinic ang. aronatic . ounds, ip the fluids which are,being treated with
Che. sol 1 o PiTHoL TP RrAWERRESHPEE, Pl o sat of SreBlcabiee or SE | |
preferred fhels Mheh¥ORAGHE. with GaR6 SR abdoddancd witle tRasbédsH0f2Ré pRBerdONe 1S
generally such that the nole ratio of hydrogen to hydrocarbon feed is the
range of apGwption, 1 to about 10, 10 and preferably in the range of about 0.2
to about 3.0. The d | furizatiqn .can ny. +ZQn erei
desul furi zation of f(zrgceftgééll%e!ic%%%?ggg%ﬁrr%lg&oe?o)é/}déspégc‘ﬁ%%rl haég)ﬁe’tl ake pl ace.
Exanplies dhcdiporaiel|ifitozibe partidutaté cxieihed ether €a€4, AlgmindndNgliQeRiNt@Re ther s,
fluidized bed reactors and transport reactors. Presently, a fluidi zed bed
react or ordesirgd seducedevrlencgarelkel imetyrsorhant sgprepared pygkyingcthe reswitingg t he
desul furi I . rl . I i . C . carbon
i oxi do. - Pieg8h AGPRY catRfibh dhd Thorblr b et the Teaf A B 10

t he pract icmpakitibheo peduedss with & Beitgbleflating igend preferabBt hpdrbged) spusi ty

hydr ogen be e‘;gll oyed in achieving the desired desul furization of the

cr ackedgadBIATeRICE 2 eAnERAsition qviny syhstangialzerg sialange pickebeontentthersingt i | i zi ng
a flui,di zed; i i . at has a
part i dre S UL SRS Vilende Sk odfi SBfhe BrEgthl i B BBn IR HEIA 48

Pr ef er abl yrempugihwib siraatos ssifotfrdmhavackedpgasvline or diezel fakl fludnstebmut 40 to
about SO0 m croneters. \Wen fixed hed systemis enpl oyed for the practice
of the desul furizati .fﬂl@c@ggcﬁnlﬂﬁﬁq@?tﬂ\ﬁéﬁ??n&ﬁ, thif, & 18Brt 2shoul d be 25
such as t O AaKiidnRAAL Hat ke §hﬂ1‘ct'y k&réab@wftﬁ"&ﬂ&/o fh@hRbis withds Ar[&?%lfu? about 1
/2 inch diangter. It is further’ presently preferred to use §o i d reduced

ni ckel sordanicandd)atclhav thieplenid eogpaunds  tf is falsonprafecalile tha qghaserbenst er per

gram tg about 1000 uar ters per .gram of soljd sorbent.. 30 The

Separ A0 orreBrvERGolEEis dnd atper 2 eTtE GURRPYFI G he GTATEdERONE f ur i zed
sorbent can be acconphd silROrddbchefd® S6rbet I Mis Mvédidondis cohfidlsean Separate
a solid froma gas. Exanples of such neans are cyclonic devices) settling

5 Decenbernigk€dzhat id n g lsubdtantiallyrredudedrvalenpe stgteypraferdblyi @ @srof walerce stateat i ng
sol i ds and_qgases.., The, desul f ur.i ze ous cr.acked-gasaljne or desul furized
i esel T ueP R heneded teiddp ke aTF BreRBEry e daanrkd n e iheous
cr acked- gagigkél 18duted HGtHINsFotite 5£thid #Rkntich B (RANRRSInt WaHlclP willpenfi@fteai NS i n
part, olefins, aromatics and sulfur-contalnlnggc?gpounds as well as

ug

par af f3ns mpvabphsulbydrom arerackedwasoliste o diese vigh steeam. Sugle REQURASsOl | ne
is general!i!)é in.t

gencraﬁ)? in the range of from about 5 to about 50 weight percent of the total

weight of nickel in the sorbent composition. Presently it is preferred that the
reduced nickel metal be present in an amount in the range of from about 15 to
about 40 weight percent of the total weight of nickel in the sorbent composition.
30 In one presently preferred embodiment of the present invention, the
reduced nickel is present in an amount in the range of from about 15 to 30 weight

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



range of from about 10 to 35 wei ght percent based on the wei ght of the
gaseous cracked-gasoline. For diesel fuel there is essentially no olefin
content. 10 The anpunt of aromatics in gaseous crack§®degambes 2602 S
generally in the range of about 20 to about 40 wei ght percent based on the
wei ght of the gaseous cracked gasoline.g The anount of aromatics in gaseous
diesel fuel is generally in the range of about 10 to about 90 wei ght
percent. The anmount Iafansthef presertlyChrRédfRd- GsudimemsoOthidineestior!, 4itlcs can
range 15 from about 100 parts per mllion sulfur by weight of the gaseous
cr acked- g&¥isiej i dresgnigifoan amowrgoy abant 38 pisishipeicertn sHigrfis praspntidiaght of t he
gaseous cr, - i S he N about

20, 000 parfEopEoP AR T ABM p-Elfly MRy S BB B BFEmBhacofie? 0

- fluids wi tghwtight patatindniciet 8 priesdnd riof &6 edduciioty enkdronaletile Thananmount of
sul fur in cracked-gasolines or in diesel fuels follow ng treatnent of sane
" in accér damesntpt pbaus S0gueight pereeimicks! prigeess of this invention is |ess
than 100 parts per mnilJli i 0, : r . LDl s jhvention,
-1 f desired, a stri pg!‘ér‘i“ﬂﬁﬁ ptéa}'ﬁﬁ e{’%é#s}g%dt ée{%b%{eﬁ?glge&tcﬁgsslp g’é%lﬁlgeyr’ Z‘P{é’r for
regener at ioxideois présentsinl druamawmt cfabbandl d&ighitipeiven, Isllicads peesemt ihedsibve a

portion, preferably all) of any hydrocarbons fromthe sulf‘gé]i zed sorbent or
bef ore t heTHIF BHBPPH SdUEEIBRPSEHE: ABmiRd SPrFseRbPeabIPGERt ehgpost) £ ur

di oxi de fré’Wc%ﬂFpér)f?rﬁteﬂdH{ibl&rl i re's%g)%k’% rQfhcRn 1'6n RERGAEbALGHy SO bent
into the sorbéent activation zone. stripping conprises a set of

condi tliponsl 9% Weighi patemes total pressure, tenperature and stripping agent
partial pressure. 30 Preferably the total pressure in a stripper, when

enpl oyed, is in a rdigm be PPYibEYLPe appTseiated that £he sprbspcyrapesitionse

t enper at urgy: I : i an f

becember 2005 el the BETuRiachOproBess 3F (8 Rfenfion cafl HetGhdred b5
conposi t i cnprohess wigtlpsomprisesnove hydrocarbons fromthe sul furized solid

sorbent. Presently, e preferred strippin ent_is nitragen. 5 The
sorbent regenerati or‘ta_go‘?‘f@“é’r?ﬁl %9%°:§‘d§’egﬁftﬁ‘ g’E@%ﬂF’t“?"o?&“%if’c%ﬁfﬂ%to | east a
pOr ti o Of sapfaGin$hé ot BPQneSQfQ‘%fLTt nhif, SGH, bidé dedurrie total pressure in

the regeneration zone is generally in the range of from about 10 to about
1500 Asi a. Present| y(bprpdrtculating theaesuting npx és Sormepamiculatesrthegef of ther om
about 25 psia t.o abqut 500 psia, 10 e sulfur renoving. agent parti al
pressure ié”@é’r{&nﬁlq?ﬁr?lﬂﬁ?shgxﬂ%@ Ef’yﬂeft%d%‘?\klﬁtﬁoil’tt‘e?sﬁgr’glé’ﬁ‘?sl)?‘f)re bout 25
percent of the totalpr&gaiy @e rddi@jiipdribula@TOVi Ng agent is a conposition
that hel ps to generate gaseous sul fur  oxygen-containing conpounds such a
sul fur dioxide, as wdl| caleining thadniedpartigiiate;emai ni ng hydr ocar bon deposits
that nght be presen rent.l vy, Qxyvgenr.cont ai nj X . . air
are t [?e(p preferred s u(fe? u%ér@%&/‘flé gth%gees H@ﬁ%ﬁrec%feg rﬁ?‘éﬁ%‘fqgtf’ 3&?1?1 %‘E%glc t}“&%l
regener at i ®ide 6Ng précugon €oehickelf r om about 100F to about 1500F with a
tenperature in the range of about 800F to about 1200F being presently
preferred. The regend} Ayt the yapeegnated particuldssel wherein the
desul furizing or 20 g ti e ! ) bent can take pl ace.
The desul furized sor zngﬁ(ﬁéﬂ\gh@g rgé’gh{ke%ﬁ%&ngéa{#é%gi \%rg#i on zone with a

(h) reducing the calcined particulate product of (g) with a suitable

25 reducing agent so as to produce a particulate composition having a substantial
reduced valence nickel content therein and wherein the reduced valence nickel
content is present in an amount sufficient to permit the removal with same of sulfur
from a cracked-gasoline or diesel fuel fluid stream when contacted with the
resulting substantially reduced valence nickel particulated sorbent.

30 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



reduci ng agent so that at |east a portion of the nickel content of the
sorbent conposition is reduced to produce a solid nickel reduced netal
sorbent having an amount of reduced netal therein td Dedembert2002r enoval of
sul fur components froma 25 stream of cracked-gasoline or diesel fuel. In
general, when practicing the process _qfy this invention, the reduction of
the desul furized solid nickel-containing sorbent is carried out at a

t enper at Ufigel fuel RAtH 23618d PdRBOHIckALREBLa thetiotntABRRoARAL A Pressure in the
range of about 1 S to 1500 psia. Such reduction is carried out for a time
sufficient 30 to acth)eseparadtimgabe idesdfuriged cragkedrigedodine oedestifusized n t he

sorbent syst uch reduction n neral l.y bge . ieved .in a. period of
From abodies! Bl ARt teeabmpoufiEnied STl ndfsotaming sl ng  ne
activation of the rggepgeméraGndal fchqW ﬁérﬁoﬁ@fbﬁ@%ulfnﬁizeh%@ﬁ& ré&iuB@d tion of
the resulting activated (reduced) sorbent can be returned to the

desul Bur imekel-santaiiing syihent togprogucsca egeneratedpdesuldgrizedfsolidmigkebsent
i nvention ip?ia fixed Eed 5 system the steps of desulfurization,
regener at$% ,“‘E%rsf’ﬁ“ﬁf‘ g, and activation are acconplished in a single zone

or vessel. The desu{dyurddueihgCdtacdsed pdass bNthe' REsHerdted désudiiiz&iesdigact i ce of
the present invention can be used in the fornulation of gasoline blends to

provi de gugkslicantapring gerbentsigi praguce § solikredireed nigkelcapntamipg isorbentl0 The
desul furitﬁgrd Hire%gctm fuels resulting fromthe practice of the present
i nventi on €A T i se be used for commercial consunption where a | ow

sul fucont ai ni ng fugd) teu@sd stelast BHITbIEST T rdgehdraidl ROl ¥aRLES are
intended to be illustrative of the present 15 invention and to teach one of

or di nary ®iRkgliconpining serbent t» thgldesulfitrizatien zhee.i nventi on. These exanpl es are

not intended to |img the. ion i way, LE ] A solid reduced
ni ckel nmetal sor beﬁh%lggpl)#l%lgg@é%&ﬁ@ @r@n%‘leﬁr Sgen%t%%@ lopno{fnc&g%%df o'gi atomte
silica anghdepaG3dt ppusititieds thanihclndes Gotalrprassiites -tdpératurd, Oveiglit hdurlgi nutes to
produce a first mixture. Wiile still mxi ng, a solution containing 6.38

pounds  of sPape pelegity and hydweewdlove af hesexrogditions age sichdbatdhe selid veduesd and 316
9T amey Of | BoRAlBhuRARL'sGrifil Can WELAUAMIRR dOK A% RillieNH diEle) FRL1RE Oduce a
e. er a |ngl} es %se)%nxm

second m Xtur e conponen g contl nue for an

addi t i onaprodicara desudfurizéd ictacked-gasdlint ot desul Aatret iéiseldfueb andih sol@@rzeior 1
hour and then calcined 25 at 1175F for 1 hour to forma third mxture. This
third nm x$P@twas then particul ated by granul ati on using a Stokes Pennwal t

Granul ator fitted w . . i i Xxture
was then inpr egnat%%@@%%ﬁ%@@?@pc t%qegﬁﬁerﬂ;?%&%gg#;ﬁﬁ%? {en

di ssol vedinventish, gr snprefetrell ahat(tR0Géed crackedigasolinadrediessd fuel e igravaponf
granulated third m xture to produge an 30, i npr.egnated rticul ate. The

i npr e%(ﬂat Bhefis HAUeY et thf PEAFHZE 08 QAo RIS i B SSFTIab APEILBICESTdd ot
1175F for snehe"@Ud beQofafly 't 3 vt Br BacbiSithtt € Ni ckel oxi decont ai ni ng
conposi tion. 5 Decenber 2002

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

25 In general, the temperature should be sufficient to keep the cracked-
gasoline or diesel fuel essentially in a vapor phase. While such temperatures can be
in the range of from about 100°F to about 1000°F, it is presently preferred that the
temperature be in the range of from about 400°F to about 800°F when treating as
cracked-gasoline and in the range of from about SO0°F to about 900°F when the

30 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



-. 15 The solid nickel oxide-containing particulate was then reduced by subj
ecting it to a tenperature of 1000F, a total pressure of 15 psia and a

hydrogen partial pressure of 15 psi for 30 mnutes t@& Inceslibes 20050l i d

reduced ni ckel sorbent wherein the nickel conponent of the sorbent
conposition was reduced substantially § to zero val ence. Reduction of the
particul ate solid cal ci ned conposition &o’rrpri sing zinc oxide, silica,

educed vatesd o e SR ER Bn Wriel Shdlad RE 6% ffe 37 SRR hoelR| 02,7

i n Exanpl e.3 ko a¥dhitesonpidferably, abduch o @uat 2@Ar'or activation of the 10
particul ate conposition to formthe desired sorbent can be carried out in a
separat e activati on Breamyinsogthe idesilinization steR. ib dcprgastlyyprefemigdtbatr ed t o

“the unit i i (o ; : .S, d j out .
 EXAMPLE | H“ﬁgéhﬁ% 9 ‘F‘?u‘ﬁlyfggé’e' %gf ?rg&rf%téﬁygg’ %ﬁ?ﬂé%xB%&Hg@ﬁ{o?%@Epoﬁ%é@ in

- Exanpl 6 | dfghsvekefings aebladoatatic tconpeandd i ihe fluidsnwhich laré eiag tfealddomsh A
1-inch quartz reactor tube was |oaded with the indicated amounts as noted
bel ow of tthe selit Feweedpicksigaptaining serheat. s guehyah pggub s BEsHlY Prafesteditaced on
afrit inl;chlﬁ'd?é) | e of the reactor and subjected to reduction with

hydr ogen as no In Exanple |I. Gaseous cracked-gasol i ne havi ng about 310
parts per mllion 20Hgddogen flow incthg s filrfzatiorc eoreais pengratip npeutias theased on
t he wei ght of the ?Ss ous crgc@ed-gas%li e End havi.ng about 95 wej ght
percent t HPBISHHRP € 8&&985’?\6% ydrgearogr Tegst isdhe ramee of 3pRyt 0-bdp 2Bewi Whhenes,
al kyl 1o apehefraip iz HVaRRlENShaD 1 M aRARNQ). based on the weight of

sul fur-contai'ni ng conpounds™1s the gaseous cracked-gasoline was punped
upwar dl y t hrough t heThedetforizatton zaeecands @y zb8e Aherdih idesulfrizatpen ofiour .

Thi s produced sul fyri.zed solid,sorhent and desul furized seous-cracked
galsol Pne. ut. ﬁ?ﬁﬁlﬁcha‘ehfzfaﬁ?/lﬂ}eo‘é}'g‘Heﬁguﬂﬁa ﬁﬁ%‘tﬁé‘é@%g? 6‘:“?#’ FIEs
resul ting JrB fed bed Y&dctdts, rhavihk%ca%iddérscﬁﬂfd%a be@rtRorSAd trank

sul furized sorbent was subjected to desul furizing conditions that included
a t enper atreactorsf Fe@Rfly aa fluiditedobaskreactor of alfixed died reavtorars Béfenrg.gen parti al

presee of 0.6 10, 3ol Role Ghod bl URuRErL:0le e SohRULS o S4e s ond 1 ons
ol 86 ke s o, 50 B s TR g 11
700F, a t otssgntigh tosthgrpsaciice 18 the procgssdofathe present invention that a high purity
hydrogen be employed in achieving the desired desulfurization of the cracked-
gasoline or diesel fuel.
20 It is presently preferred when utilizing a fluidized system that a solid
reduced nickel 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
25  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 nickel sorbents
that have a surface area of from about 1 square meter per gram to about 1000
square meters per gram of solid sorbent.
30 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



hydrogen partial pressure of 15 psi for a tinme period of 0.5 hours. Such
conditions are hereinafter referred to as "reducing conditions". The
resulting solid reduced nickel netal sorbent conposiStDaembes20802 hen used in
‘Run 2. In this run, hydrogen was added to the cracked-gasoline feed at a
partial pressure of 2.25 psi which resulted in the reduction of sulfur
content from 310 ppmto 30 ppmafter 11RBour and 170 ppm after 4 hours.

After Run 2, the sulfurjzed sorbent, was then subjected to the_desul furizing
condi t i onschamypersHr 9féeruemm@g%mud9v’@ﬁ%forvﬁwa@eﬂ F‘d‘d§cﬁnﬂeﬂ4§°5wa"5 & hen 10 used

Run 3. b
Irggengrat e%m&%t l%%?!%{eﬁ a.%lg}elzozre ﬁﬂ-&igﬁ?ﬁ%\%gfsubf&gﬁeg '?o '?he

regeneratlmno\(mdjamd preferamlyllmueﬁg@nerat ed sorbent was then used in Run 4.

In Run 4, the sorben& was not reduced prior to th d(?sulfurlzatlon run,
resulting in a pooref ¥ 8A%0Us corkedseasaling,pr gassans duel is Arqogpositign4, t he

sul f uriszedy,soshenths Y@?ﬁﬁ U&bﬁ]?st gﬂnﬁﬁk Qﬁd@ - édi{télﬁirﬁ'ggc -dnf en&é Ayeftid the

reduci ng condi tions i's so nic uced nmet a t was then used
in Run 5. parafims abd napbthendse hydr ogen partl al pressure was |ncreased to

13.2 psi, the perforpance of the sorbent narke roved and a.sul fu
renoval to 20 5-30 p%ﬁ?\%’é’uﬁtb%g?l\?gﬁs ‘%QSE‘P“SR‘HHC d- 5aﬁ g s iEsReraly in ent

was_subj eciagife b fioh? $6AAA0 ARigho petbir Waseit] tﬂé‘@efgﬁfjb’f:t}ﬁg%ag&ﬂﬂ' tions.

This solid reduced nickel netal nt was then used’in Run Run 6,
t he t enpercahcked-geaslingi Eerldiese! 70€lRheveiis hssentpallyvee otdfi@ @ulentr r educt i on

ability of the sorbe resul ti in.a product that .contained 25 .ppm or
loss S fur. after Rie GRORLOL SrompHics RS tsutrACKsacER R o el ihe
regenerati g RRO0bE ARNNS m@ abB&t 4@%@. Rge&&nobakweﬁ thel WeighB 8F tit " educed

ni ckel netal sorbent was then used in the tenperature returned
to bOOF. Cgaseowsgerackedngasslmeyehhe amoumobfaamomangs incgaseonsvdiessliffeliis but not as

o the r eqemerd, ghbeartas tiofeubl o nebRoCHrall SR Tone. This soltd
reduced nickel netal TaerdgRuht vRsulklrah cpatded hsbhaegbﬂﬂﬁs&ffuag\m%dg@ reduced
ni ckel netal sorbent and then used in 5 Decenber 2002 -
15 from about 100 parts per million sulfur by weight of the gaseous cracked -gasoline
to about 10,000 parts per million sulfur by weight of the gaseous cracked-gasoline
and from about 100 parts per million to about 50,000 parts per million for diesel
fuel prior to the treatment of such fluids with the sorbent system of the present
invention.
20 The amount of sulfur in cracked-gasolines or in diesel fuels following
treatment of same in accordance with the desulfurization process of this invention is
less than 100 parts per million.
In carrying out the process of this invention, if desired, a stripper unit
can be inserted before the regenerator for regeneration of the sulfurized sorbent
25  which will serve to remove a portion, preferably all, of any hydrocarbons from the
sulfurized sorbent or before the hydrogen reduction zone so as to remove oxygen
and sulfur dioxide from the system prior to introduction of the regenerated sorbent
into the sorbent activation zone. The stripping comprises a set of conditions that
includes total pressure, temperature and stripping agent partial pressure.
30 Preferably the total pressure in a stripper, when employed, is in a
range of from about 25 psia to about 500 psia.

The temperature for such strippers can be in the range of from about



Run 8. The reactor had a total of 10 grans of sorbent instead of 5 grans in
Runs 1-7. Under these conditions, the sulfur was reduced to |l ess than 5 ppm
from gasoline. Runs 8 and 9 show the high effectivensDecehbbP2pog2nventi on
sorbent to 5 reduce sul fur fromcracked-gasoline to I'ess than or equival ent
to 5 ppmat two differential pressures pjf_hydrogen and that the sorbent is
regenerabl e. The feed enployed in these runs had a Motor Cctane Nunber

(MON) of 8Qg@ideahodl Fhdgercont ent of 24.9 weight percent. The conposite MON
for Run 8 \N%S 78. 6.0 The conposite MON for Run 9 was 79.9. Wen conpared 10

with the MON val ue offhtstrigpaegiagent ¢csaa compeston thadhelps teirgmb¥é cant | oss of
oct ane was, observed. .The ol ef.in content was reduced only 10 percent as
shown by  alEIRERPPES flomrthe jlfiaed) S0LE SPEREEL o PERSFHIe ShR BIRECT9d SHPBINge; ght

" percent vviggenlfzqgnn@m?gtqduct whi ch had an olefin content of 22.4 weight

~ percent and Run 9 piroduct which also had an ol efn content of 22.4 weight

. percentS 15 The resullhs sofbenhiegeneraiiaszafe employs 8 setedf dopuditionis rsudlakiae 1. 5

Cecerber 2007 18, 8,40,15 20,101 1RESE LD, g
(gr ams) 55555551010TP 16 104 PARIR S 15 HAISHERIRr25 25 2.y R 243,213, 26, 6
F600600600600600700600600600TOSSSul f ur 41310301519555 5<55280105225§01035553

120175220301 620625134917 G ot BRI 5 Reseshspebrsdss Rovtd]l ppesswrsuinghé n psi a.
Hydr ogen parti cl ressyrg in psia. e time on streamin hours. 4The
amount of §mgﬁ?rf-%§g'ﬂta§?‘#iﬁgp%ﬁﬁ%{%@%g’w&sﬁi n the desul furized cracked-
gasolipg in parts pefl‘h@shifh@fbn%ﬂlizx%ﬁlﬁ)m pYRia0 Bresti@e 86 g@HeralNe in\le PRk b t he

desul furi zed cracked-gasol i ne. LE'I1l 25 A second solid reduced
ni ckel met ditonsahdye it pateand b abous 2 Svparcont of dhethtal présshiteows: 363 grans of

diatomte silica was.mxed with 443 grans_of acol Al 52 | um_na, sol ution

ina mx-Miller. Wil é’essfl_ﬁlf “?W%l%?g%gﬁs 6?8“‘2%%1‘%‘5%" ﬂcﬁ’é%ﬁeﬂga&omg was
t hen added gh&oﬁ@&xlﬁb%kﬁgéﬂ-&&ﬂtﬁiﬂir@"@brﬁp&ﬁﬂﬁ&udH xedfifrafioxdde 34 Welluses to form
an extrudabl e paste. This paste was extruded through a | aboratory 1-inch

Bonnot ext budesf @np ireprininsahyrirecason denositythet reghtrherpiseanss Curreatlyet
oxTUIghS s iuhe HRE, PR O RO BAE AR R, T o
371 .4 grans The temperature in the regeneration zone is generally from about
100°F to about 1500°F with a temperature in the range of about 800°F to about
1200°F being presently preferred.
The regeneration zone can be any vessel wherein the desulfurizing or
20 regeneration of the sulfurized sorbent can take place.

The desulfurized sorbent is then reduced in an activation zone with a
reducing agent so that at least a portion of the nickel content of the sorbent
composition is reduced to produce a solid nickel reduced metal sorbent having an
amount of reduced metal therein to permit the removal of sulfur components from a

25  stream of cracked-gasoline or diesel fuel.

In general, when practicing the process of this invention, the
reduction of the desulfurized solid nickel-containing sorbent is carried out at a
temperature in the range of about 100°F to about 1500°F and a pressure in the
range of about 15 to 1500 psia. Such reduction is carried out for a time sufficient

30 to achieve the desired level of nickel reduction in the sorbent system. Such
reduction can generally be achieved in a period of from about 0.01 to about
20 hours.



5 Decenber 2002 -19 of nickel nitrate hexahydrate dissolved in 36.5 m of
dei oni zed water. The nickel inpregnates were dried at 300F for one hour and
then cal cined at 117SF for one hour. 200 grans of tfEDédendier200Xel '
inpregnated sorbent was subjected to a second inpregnation with 74.3 grans
of nickel nitrate hexahydrate dissolved in 30 granms of 5 deionized water.
After the second inpregnation, once again the inpregnated extrudates were

dried at 300F for 0?8119\9H{§ meqmgv%ranwtﬁé Egg%n@;atédléaﬁcaﬁ{e LRfenigyr - The

extruded solid nickel oxide sorbent was t reduc In the reactor by
subj ect i nigastta paytian toérthe restliing asfivatéd Fredacdd) tsatbept esrs be ectofned 3o isd a and a
10 hydrog(geg ‘t%ar.tial lgrlri.essure of 15 psia for 60 mnutes to produce an

ext ruded P I2GREY ni ckel sorbent wherein the ni ckel conmponent of the

sorbent conposi ti onwigéh HRsi@Bhl Rk |prodeSHUE Bk HRsARMAVHRbERES BledtRd _
EXAMPLE 1V 10 grams of the particul ate sorbent of Exanple Il was placed in

a 1 SS51/ 2syistenh the ateps of deswlfunizalden, seganleratiobe stnippingy and laetigation afe about 12

i nches. The boﬁ'tt?m of the tube was {Je?cked wi th al undum pellets (R-268
Nort on ChafFPER(ished N3 SIREIE.20Rs 9T V&8l support for the bed of sorbent which

was placed in the ngdl@sQfuriee cf&ﬁe&.g?sou@lsqe&iﬂmgﬂ%nahﬁeoprgém%q‘tﬂésl tOP of

the sorbent bed. Gaseous diesel notor “fuel having a density at 37.SC o
0. 8116 g/ preserdinnvemitionzdaniwi useddn Frei formofatid of g@Folimaiblands toaproBde| i ng Poi nt

of 725F and having, 415 sul fur by .wei ght sul fur-containing conpounds
based on %%QB%P He S\Fﬁ@edﬁggw%q%ﬁc S¥H8Y'%as punped downwardly
through the reactor e desWMiRize@ididsePfifdls resullfifg fFRAChO bradAse FRIBIRéRAC at a
tenperature of 800F and a pressure of 150 psig. Hydrogen FIl ow was at 50

sccm f eedinventgidedry likenyise beaised farteommersial 2ensyimniias) whanga lowr dfur-

conposi tiQn s I e .5h hydrogen for 1 hour before Run 1. Before Run
2, the SO?%%%@‘%@%%@%?F% ed with air at 900F for 1 hour, then purged

with nitrogen and then reduced in fExpawpgHSydrogen for 1 hour at 700F. 30
The product sul fur pm for each run was neasured _at 1 hour intervals over
a 4 hour period. Th ollewinggexagmlgst are ieterdashtoghe Binstratie gletbe pirsent2002 -

clear 1y abRahde P4 7P (8 oEBHIRAY S R b s aga ko g 11

i nvent i onidventieA0 Thesdibkaniplés et thtesdd thUshit iy im@ndbd gy wapul ts in a
significant reduction of the sulfur_content--generally to below 50 ppm 5
December 2002 -21 CLAIMS A sorbenEXAMBEE L on suitable for removal of

sulfur 1 om ot acked gaagh' gseel) F6l Bl ARMSOLRY P Rite), 27,
present i 2082 poundsbf idintdrhite sHicgand25a3apdundd of airkbexitie Ha wiik Niilldperpeent ;
wher ei28 S%iSdmiSIJulteisCtg irgdtPcI;eeaSSrr]sE rriliQtu?er? %Th?lléns:[tilli rr;xi)Eixqe gggl%?ior? ]::or(;itztl)i(lillillt > to
about p 8 g
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 1 hour and then calcined
25 at 1175°F for 1 hour to form a third mixture. This third mixture was then
particulated by granulation using a Stokes Pennwalt Granulator fitted with a
50 mesh screen. The resulting granulated mixture was then impregnated with
673.8 grams of nickel nitrate hexahydrate dissolved in 20 grams of hot (200°F)
deionized water per 454 grams of granulated third mixture to produce an
30 impregnated particulate. The impregnated mixture was dried at 300°F for one hour
and then calcined at 1175°F for one hour to form a solid particulate nickel oxide-

containing composition.



85 wei ght percent; wherein said alumna is present in an anount in the
range of from about 5 to about 30 wei ght percent; and wherein said nickel
is present in a substantial reduced val ence state ansDede@Be2gp2nt Whi ch
effects the renoval of organosul fur froma stream of cracked-gasol i nes or

di esel fuel when contacted with sane under desul furization conditions. 2. A
sorbent conposition in accordance wit- -hlct ai m 1, wherein said nickel is
present in an anmount in the range of about 5 to about 50 wei ght percent. 3.
A sorbent conpositi dReisplidBickeliexidecoptaining particulatgrwas thepaediicad dXi d zi nc
oxide is r 0 0 i ght
per cont . SfGARE ¢ b ERerliplle b AR 2048 fRessBROME 13 Beb i iPHar B! P
about 60 pmngmremre:eﬁﬂs psiadod 38! miinuns topredues endolidireducednmickdl sorbehhe range

- of about 5. 0 to abqut 15 weight percent and said nickel is present in an

~amount i nwhersIT e dquckal camparentofithe sprBeRt comRRBIIGR W seiedisRd substantidllyr bent

- conposq t'f&%ér&vﬁfégeé dance with claim 3, wherein said zinc oxide is present
in an anount of about 38 wei ght percent, said silica is present in an

- anmount of about 31 RedgdtionpeT the phrticabitel saiducalsined sompesittort comprsingnount  of
about 8 wej ent and said njckel is present prior to redyction in an

anount of Zl& '\Ré»l ﬂH‘F“WP‘C F’CWPQS‘W&@ as 4o oRtadn thedesired iposi tion in
- accordancg, tmaei méaucama a&a& fékd Bhifit Rtafifed SuRhqfEMactd? An amount  of
about 41 wel ght percent sal l1ca is present 1n an anount of about 32
vei ght pedeseribed HaEdaraplng nAlteanmwebemnch redactioaneruarttivafiombbtite 8 wei ght
perceg@ and sai d nickel.. pfreseF n _gnount f aboat 19 Welgqr percent.
r BRI wp@mqsamtﬁ qve *’d&?ﬁ!@ t58¢ HSIC‘H’f ¢ RUTSE VLS Age
wher ei n Saétwaﬁ&%p%yafdg@nmnazoaerahu %ub@hﬁedt@ BRI Ghe QAR 19fw195@nul e,
extrudate, tablet, Sphere, pellet or mcrosphere. 5 Decenber 2002 -22 7.
A sor bent dmi@usattqmwﬁlccfwd}.tmg is to bé @amed ouhherein at | east a portion of

the conposition is calcined to co l[ ast a portion of the alumna to
an alum nate. 8. A process for th%n of a sorbent conposition
suitable for the reméadanm‘ulawk&w rédheéa ﬂlcﬁaas@h%t Gﬁﬁﬁéphﬂ-ﬂ ArEdingielr fuel

stream whi ch conprises: (a) adm xing of zinc oxide, silica and al'um na so
as t ol$ or miaa tested foﬁéﬁwﬁum’ﬂﬂa@mﬂlab’éﬁﬂ&fﬂ@“@m de is present in an anount in

pr asent i n_an anount® HinthaREagachy Wb iR e iR Santil cont and

sai d al uma@aoled HRlcR® eNthd sdrbdht dMBxAMmpld1].t TRisrsalilgtickel fsmemah@yplaéed 0 about
30 percent; (b) particulating the resulting mx so as to form particles

t her eof ; EB)a fittyn tae mddip of thecteaetor and sehjegied t9) redpetjorc withi hﬁdnggenwé dried
par ti cul at 3te8fm§f§xea:l 'C§ da?%]o s Cekc?c 43t 'orfx%eth gmrgecon{&{tgpar?s er ﬁ%‘ino

particul at’8 of SPATRINE aln und; ()

dryi ngot heulfiifoye 9/iphe dulfatdontdihiap €ofipotihdibas€) on (i) weidht iof Itllitg%isbeusdr i ed
particul ate of step (f); and thereafter (h) reducing the resu t|n cal ci ned
parti cul acEacked-grsofne gnd havine abawcd Wisighd rercopt: thiopagieicampayedn (SUtfier

sui tabl e aitpie, t f t ci. | ence of the
ni ckel cont entéﬂso a% a?@pgr"g% iS) gé{%gn%g lltfﬁllogrﬁ&?ér%’ g%:%ﬁé%%?v#?h claim1l.

9. A procebisphanehbaseddanihe weiglht oflsalfor-8ontaihmpgeiompoainds s theigaséaust he f or m of

one of a wet aste or sl.ur 10. A process in accordance with
cl ai m 8 orcragke n%/\ﬁﬁogpﬁq"é"é “B’&’ t‘lp@iaé‘llyé%“g'h theeagtgF-m E‘F 8%V gr anul es,
extrudat eg; SS in
Socor dancasd fliftcrs paPREE SO BtdRbay ANeREs SIRNEhfEn: ohil ddby Riibreeo

i mpr egnat gﬂswut-hraaked(ghsohnealmRnhell roolmyuiveged was wsed alupingttheé o provi de a

ni ckel con r] therein |n an am) in the ha ge of fromabout 5 to about
50 wei ght d:?é‘% E‘Eﬁ?“mﬁesu “ﬁrIBd’é’s‘? 11 108 JISSHHUE SOREM- any one of clains 8-11,

wherei n said parti culféeRrin® 1 dfHeQdIfuz&d ﬁﬂﬁerﬁ@as%ﬂ%eﬁfcﬁ t8tdedulk ature in
the range of about 65.5C. to about 177C. (about to about 350F.). 13.
A process donditions thah incdudedtantemppratire off908T R atotad -pressurshedr ES nsis and adr i ed

021 ) g SNG4 bR e BBy ETOERRLAL o, s o

process i rcop@itions afcleeréinhflera@fer¥dqo @k "edgahdratich dehditibiRr @b Prédicd azi nc oxi de
is present in _an amount in the range of about 15 to about 60 wei ght

per cent, sissulfigized qdckel-coptaiming sarbenin Thiptarbent vasithen ahjected tcams‘uemao to
about 60 wei ght percent, said alumna is present in an anount in the range
of about 5.0 to about 15 wei ght percent and 5 Decenber 2002 -23

b=t




'said nickel is present in an anount in the range of about 15 to about 40
wei ght percent. 15. A process in accordance with any one of clains 8-14,
wherein the reduction of nickel is carried out at a5Deppebat2002 in the
-range of about 37.7C. to about 815.5C. (about 100F. to about 1500F.) and at
a pressure in the range of about 0.103;,0 about 10.34 Ma (about 1 Sto
about 1500 Asia) for a tinme sufficient to permt the formation of the
desired rggfigshy/dheeRidell GkempeRRREREM00°K 6 tofalPre&aRSof P plilGng ghoval of
an organosul fur froma stream of a cracked gasoline or a diesel fuel which
conpr i seshydmper pattiat presgurs &if d Sgisk éema tiimehpesiodorfd hthorsnBuosh tomtitiansnpr i si ng
zi nc oxi de na and gi ckel \@ﬁtﬁrej,n said nickel is present in a

ilic a%um’d
subst ant i éﬁ °rF‘é‘aﬁ%fer§ OH etr?c%s PSP vount which will effect the

renoval of an 0_rgaan‘dé%whiﬁ%@&‘iﬁli?ksﬁu&é@ﬁicﬁaixﬂeﬁl k6BEMt ddndpddRivr! atr i zation
zone under conditions such that there is forned a desul furized fluid stream

of cragkedthepagsetliim&uor2.dindus rindiydeagenavasidddad ito dlar eroekesngasoling feséptir at i ng
the resulting.desul furi fluid stre fr sajd.sul furi.zed sorhent; (c) ‘
Fogener at FiFGAl e of 525 prbhish AR IS FRleudH L ABEF ool aRE | '
regener at iz@Q PpRN® 3P pp& dfeer NeRBMCandt 1 7088th akePAtoue) of the sul fur absorbed
t hereon; (d) reducing the resulting desulfurized sorbent in an activation
zone so as to provi defte Reydcthe splindanedsorberkavascihan subjeqtpé tethe which wil |
affect th f r cQ d A t m .of

cracked- gggéﬁﬁ%\éﬁl&r é)oélld gg) e(3 agggﬁé \?\%c{éxg{n&cr?tlﬁgg?’ég' v&t }{lﬁgzggdn%rﬁ%gav aghtg%eaf ter

(e) rebur RseDiraRuh 8asRurd 3pedst 4 edpedt§ offt Rén Reiadichiing titesdbdntichz 86, reduced
sorbent to said desul furization zone. 17. A process in accordance to claim
16, wher eitegengiaEddesul furi zation is carned out at a temperature in the
range of about 37.7 U .5 . t.., 00k - and a
pressure in the rangcgé‘aftéor?R a gUﬁheos.%if&zi‘%dog(gggﬁtw%o%hec %at%?tggt(g?ﬁ]eg%gﬁ?% about
1500 psi a)cohditions.t THis regérerated 8orbem wis theh uséein Rohvial InoORupAgarastichtir from
said stream 18. A process in accordance to claim 16 or 17, wherein said

r egener at iV6#$ 194 redyced pHOBIR the desulfemzationrun.creswting dn apegeergemapd el 37. 7C to
about ;815. 0 F to about 1500F.) and a pressure in the range of
about1 .Oég@%%@oﬁg f%%{.?m Mpa (about 10 to about 1500 psia) for a tine
sufficient to effectAftidreRuedpttel subfuriaéd karberdt waspautijdctad tof the defulfurizingm t he

sul furized sqQrbent. 19. A process.in ordance with any one of cl|ains

16- 18, wherBflitons png the ﬁﬁ}l@g}%&og tigng, @ﬁﬁépﬁai%?keameqv Hleéaiisarqeg@éhser ation
zone. 20. 85 RuU5 2§ K | & ¥ : i - ein

sai d reger@?g?%g 23} ent |ﬁs @3%10\9%%% eghyg ?%gﬁjﬁl%?rﬁsﬁ% ﬁ%d%ggg%gaﬁ% a

hydr ogenatl3dhpsipthe perforianendithe 20flient arkddly mpovediand aisafdr edmaval to
terrperﬁt ugﬁ in the ra]gs%e f about 37.7C. to about 815.5C (about 100F. to
about 2¥50 3§ PRigWat © b‘fegssure in the range of about 0.103 to about 20.34

Moa (about 15 to aborfierlREY 5PHeAduIRPided brbBntPRhd QhjQted I0elrBocabfaG6h 2
substantial reduction of the val ence of the nickel "content of said sorbent.

21. A proowaditions and theduedueingicohditioys. olbisofolid Iredured méckzd matdl spdient was d

ted | fur,. i tri d i t.0 jnt ti.on.t id
o anor ot i B bR v B8 Kyl & Bk hedREEREE hBh rifed L IGE el ipPuaR
16- 20, wheheispifémRdGQBANGIRfyesk e sbeht FeSulbihg il REskoBiidt Ahatt @ntaidgdoduct i on
into said activation zone. .Ahy.A9. AL. A@ Af 9. A9. A& A9. A;
L. AnL.280. AlOnmm osdesssulfpr. ANO" . A& AN9. Ag. . A" 9. A" . A . A5/ 1LcL2N73uf +
?zupkf a cal] c”a] cRa a ca al calc . al cal cal.cal cal ca
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109 & () - S. #10% & ()rné-feddUhBidybd M theb U IR MorctLOUiné Number
(MON) of 80 and an olefin content of 24.9 weight percent. The composite MON
for Run 8 was 79.6. The composite MON for Run 9 was 79.9. When compared

10  with the MON value of the feed it can be seen that no significant loss of octane was

observed. The olefin content was reduced only 10 percent as shown by a
comparison of the original feed olefin content of 24.9 weight percent with Run 8
product which had an olefin content of 22.4 weight percent and Run 9 product
which also had an olefin content of 22.4 weight percent.

15 The results of this series of runs is set forth in Table 1.
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= 1100R ()= 1-11112214k\7/ 10 "1dos 0& () -~ L NI " 10041Al A& ()-*10
)%AJ&no(xht 14% 5 5 5 5 5 5 5 10 10
(grams)
TP' 15 15 15 15 15 15 15 15 15
HPP? 0 225 | 225 | 225 132 | 132 | 132 { 13.2 | 6.6
°F 600 600 600 | 600 | 600 700 600 600 600
TOS® Sulfur?
1 310 30 15 195 5 5 25 <5 5
2 80 105 225 20 10 35 5 5
3 120 175 | 220 | 30 10 20 5 <5
4 345 170 { 215 | 235 30 10 15 <5 <5
5 <5 <5
6 <5 <$
Total pressure in psia.
’Hydrogen particle pressure in psia.
3The time on stream in hours.
“The amount of sulfur-containing compounds left in the desulfurized cracked-
gasoline in parts per million sulfur by weight based on the weight of the
desulfurized cracked-gasoline.

EXAMPLE III

A second solid reduced nickel metal sorbent composition was

prepared as follows:

Al-20 alumina solution in a mix-Muller,

363 grams of diatomite silica was mixed with 443 grams of Nyacol

oxide powder was then added to the above mixture and further mixed for

30 minutes to form an extrudable paste. This paste was extruded through a

While still mixing, 454 grams of dry zinc

laboratory 1-inch Bonnot extruder employing a die containing 1/16 inch holes. The

wet extrudate was dried at 300°F for one hour and calcined at 1175°F for one hour.

500 grams of dried extrudate were then impregnated with a solution of 371.4 grams
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impregnates were dried at 300°F for one hour and then calcined at 1175°F for one

hour. 200 grams of the first nickel impregnated sorbent was subjected to a second
impregnation with 74.3 grams of nickel nitrate hexahydrate dissolved in 30 grams of
5  deionized water. After the second impregnation, once again the impregnated
extrudates were dried at 300°F for one hour and then calcined at 1175°F for one
hour.
The extruded solid nickel oxide sorbent was then reduced in the
reactor by subjecting it to a temperature of 700°F, a total pressure of 15 psia and a
10  hydrogen partial pressure of 15 psia for 60 minutes to produce an extruded solid
reduced nickel sorbent wherein the nickel component of the sorbent composition
was substantially reduced to zero valence state.
EXAMPLE IV
10 grams of the particulate sorbent of Example III was placed in a
15  1/2 inch diameter stainless steel tube having a length of about 12 inches. The
bottom of the tube was packed with alundum pellets (R-268 Norton Chemical) to
provide an inert support for the bed of sorbent which was placed in the middle of
the reactor. Alundum was also placed on top of the sorbent bed. Gaseous diesel
motor fuel having a density at 37.5°C of 0.8116 g/cc, an Initial Boiling Point of
20 266°F and a Final Boiling Point of 725°F and having 415 ppm sulfur by weight
sulfur-containing compounds based on the weight of the gaseous diesel fuel was
pumped downwardly through the reactor at a WHSV of 1.0 hr'.
The reactor was maintained at a temperature of 800°F and a pressure
of 150 psig. Hydrogen Flow was at 50 sccm feed (standard cubic centimeters per
25 minute).
The sorbent composition was reduced with hydrogen for 1 hour
before Run 1. Before Run 2, the sorbent was regenerated with air at 900°F for
1 hour, then purged with nitrogen and then reduced in flowing hydrogen for 1 hour
at 700°F.
30 The product sulfur (ppm) for each run was measured at 1 hour
intervals over a 4 hour period.

The following results were obtained:
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about 90 weight percent;

wherein said silica is present in an amount in the range of about 5 to about
85 weight percent;

wherein said alumina is present in an amount in the range of from about 5
to about 30 weight percent; and

wherein said nickel is present in a substantial reduced valence state and in
an amount which effects the removal of organosulfur from a stream of cracked-gasolines
or diesel fuel when contacted with same under desulfurization conditions.
2. A sorbent composition in accordance with claim 1, wherein said nickel is
present in an amount in the range of about 5 to about 50 weight percent.
3. A sorbent composition in accordance with claim 1 or 2, wherein said zinc
oxide is present in an amount in the range of about 15 to about 60 weight percent, said
silica is present in an amount in the range of about 20 to about 60 weight percent, said
alumina is present in an amount in the range of about 5.0 to about 15 weight percent and
said nickel is present in an amount in the range of about 15 to about 40 weight percent.
4, A sorbent composition in accordance with claim 3, wherein said zinc oxide
is present in an amount of about 38 weight percent, said silica is present in an amount of
about 31 weight percent, said alumina is present in an amount of about 8 weight percent
and said nickel is present prior to reduction in an amount of about 30 weight percent
nickel oxide.
5. A sorbent composition in accordance with claim 3, wherein said zinc oxide
is present in an amount of about 41 weight percent, said silica is present in an amount of
about 32 weight percent, said alumina is present in an amount of about 8 weight percent
and said nickel is present in an amount of about 19 weight percent.
6. A sorbent composition in accordance to any of the preceding claims,
wherein said composition is a particulate in the form of one of granule, extrudate, tablet,

sphere, pellet or microsphere.
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about 30 percent;

(b) particulating the resulting mix so as to form particles thereof;

(¢) drying the particulate of step (b);

(d) calcining the dried particulate of step (c);

(e) impregnating the resulting calcined particulate of step (d) with nickel or
a nickel-containing compound;

(f) drying the impregnated particulate of step (e);

(g) calcining the dried particulate of step (f); and thereafter

(h) reducing the resulting calcined particulate of step (g) in a reduction
zone with reducing agent under suitable conditions to effect a substantial reduction of the
valence of the nickel content so as to provide a composition in accordance with claim 1.
9. A process in accordance with claim 8, wherein said mix is in the form of
one of a wet mix, dough, paste or slurry.
10. A process in accordance with claim 8 or 9, wherein said particles are in the
form of one of granules, extrudates, tablets, spheres, pellets or microspheres.
11. A process in accordance with any one of claims 8-10, wherein said
particulate is impregnated with nickel or a nickel compound in an amount to provide a
nickel content therein in an amount in the range of from about 5 to about 50 weight
percent.
12. A process in accordance with any one of claims 8-11, wherein said
particulate is dried in steps (c) and (f) at a temperature in the range of about 65.5°C. to
about 177°C. (about 150°F. to about 350°F.).
13. A process in accordance with any one of claims 9-12, wherein said dried
particulate is calcined in steps (d) and (g) at a temperature in the range of about 204°C. to
about 815.5°C. (about 400°F. to about 1500°F.).
14. A process in accordance with any one of claims 8-13, wherein said zinc
oxide is present in an amount in the range of about 15 to about 60 weight percent, said
silica is present in an amount in the range of about 20 to about 60 weight percent, said
alumina is present in an amount in the range of about 5.0 to about 15 weight percent and
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