; BCDEe3e+M(||}] 6 T"w24 Novenber 2004 -1 DESULPHURI ZATI ON AND SORBENTS FOR
SAME Mel d of the Invention This invention relates to the renoval of sul fur
fromfluid streanms of cracked-gasolines and diesel fuels. In another
aspect, this invention relates to sorbent conpositions suitable for use in
the. desul furization of fluid streans of cracked-gasolines and diesel fuels.
A further aspect of this invention relates to a process for24 Nevenead&f4on
of sulfur sorbents for use in the renowd- of sulfur bodies fromfluid
streans of cracked- gasollnes and dlesel fuels The phrases "consi sts

essentially of and "consiyg PRBA 3 0 the
presence of other steps, e errents or materl aI s that are not specifically
menti oned i n thi s speci ficati on Esﬂﬁﬁ&k@% st eps el errent s, or

materi al s, affect t c an ¢ Of t he

i nventi on; add| WXF?@OHF ?Ftﬂ ’E?qu@i;ﬁ?f/@ﬁﬂrrpurl @ I es nor mal |y associ at ed
with the el.oped o%ésm&&esélf&ewsachnoﬁiee this irventi@ntlgiésrta satbeatr ¢

i nt ended for usgi?n areas outside of U. S. fjurlsdl ction. g\é&hl n.the U S.
jurisdsct |oompbblaoai)ﬂumbleeﬁormsmdh@ﬁ¢m0§q Shuid strepms ot sgpcked-garalines, o
construed by U S court Pat e

| nventi on @é@fﬁéle@e]lsorA eﬁ#ﬁﬁﬁémfe&g?é %&é ?oesﬂgeg%%ﬁmggc@%ﬁwrﬁl ng
wor | d-wi de, fi-i]]tf&] inStHE féthovab BELfur Bodivs foaafitidistreans of ni ng fl ui ds
such as gaso |nest°aﬁne§t§dﬁgg§f fuels. 20 The reduction of sulfur in such

hydrocar bwﬂadke@-tgasdhnlegamddnesldfudsconsi dered to be a means for inproving sir
qual ity because of the negative

sul fur-sensi ti vEbeRIERES SERNFISLRSS é‘ld’c C%%W%g%ﬁvépgr@%o%ﬁfmce °
presenge. f)tp Bkcaﬁéo?Bc%rk{eget e[‘h&h'é ema&m&ﬂmaanm&ﬁbammeﬁﬁmde may

irrev y*poirson no catal ysts in the converter. Enissions from
an i nef f i ahignpedficativins as kg as sursteps, clomeatsorasaterals do not affedt thebasicndd

" non- net hane h drocar bons xi,des .of ni.trogen, Such
eni ssi ons navel ¢hgr dyeny H‘E’ a?‘éltt*‘&gﬁx él??yu‘ﬂodn?% eggﬁdgﬁﬂﬁﬁ for e '
commonl y ref v?ﬁﬁ’ 5}}@,?] d Bstefitsugéd.i n a
hydr ocar bo[t‘nc'ﬂ?l ?gsls?ﬁ%ng f gl suc agé%asol I ne cones from
t her mal | y~pr oceBlseshoya sernisnad phifises arelibtgndeddorusedy ageas onisierfdli8h as,  for
exanple, 30 thermally cr acked gas Il i.ne sbr eaker Ql i ol i ne
and cdbal ;auns@pthn cWithipthedh ?%}fb&"hﬁ gﬁrﬁf fb%?%?@%st 0 as

"cracked- |0 ne “}!{e foPEéntQ!E&UEHt i Ccs, suI fur) and

sul fur co jﬁ corrpoungrﬁ;S % r%br 2004 -2 Since nost gasolines,

such as for exarrpl e autonobile M@Masol i nes, aviation

gasol i nes, boat gasollnes and t he cont nd. of S

part, cracked- gBeongeddor eleanse %#“t‘fhaﬁﬁ?s“ﬁf’f?ﬂ% %%?Hﬁég !

inherently serve t SRAlas b@ﬁ@ﬁﬁ;yalfum for
AT @Ll@%&%%%éﬁﬁﬁ e

exanpl e, raci ng I nes, aV|at|on asol i nes, boat

gasol izes, Tﬁé‘édﬁ&tﬁ:d dﬂ%ﬂﬁﬂhﬂuﬁhh&dﬂcﬁ:ﬁm@ﬂmﬂs isponsidered tebe & meaks
nas oror gefor immovinsAlr quiliy becagatiol inacsabiys CuRse SHORIAY ber O peeranERRg "
Improves ait qual iy e iits subl Gs hEBnotieh Bifyl8 Sl RiFtdsE he presence of oxides
of su]fm'm automotive engine exhaust inhibits and may irreversibly poison noble metal
catalysts in the converter. Bmissions from an inefficient or poisoned converter contain
25  levels of non-combusted, non-methane hydrocarbons, oxides of nitrogen, and carbon
monoxide. Such emissions are catalyzed by sunlight to form ground level ozone, more
commonly referred to as smog.
- Most of the sulfur in a hydrocarbon-containing fluid such as gasoline comes from
thetma.lly}-processed gasolines. Thermally processed gasolines such as, for example,
30  thermally cracked gasoline, visbreaker gasoline, coker gasoline and catalytically cracked
gasoline (hereinafter collectively referred to as "cracked-gasoline") contains, in part,
olefins, aromatics, sulfur, and sulfur-containing compomds.'



on the required | evel of reduction, the geograpbical areas in need of |ower
sul fur gasoline, 10 and the tine franme for inplenentation. 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
required. While the current gasoline products contain about 330 parts per
mllion (ppn), the U S. Environnental Protection Agency ré%%N@Y@Hmﬁgﬂgﬁ
regul ations requiring the average sulfur.2l5 content in gasoline to be |ess
than 30 ppm average with an 80 ppm cap. By 2006, the standards will
effectively requgiic @& RasélhiRE bubl adftt ekirhifle w9toshdbilelgaSolifts! B6ing ek,0
meet the 30 ppmlevel. In addition to the need to be able to produce |ow
sul fur conta¥mation gasnlines, \boaf gasbkines; ansl the like adrtaing hlemtiof, at leastin partss whi ch

ill h | .effect t h |.efi tent of., 20Q. f uel t
hai nt -t RERSSCH-BR R o B AC A BB Sriek S Resoitoe Ll TheSHE Aeteep ydusicn o
process Woyhdalifir diﬁliﬁ@stﬁ%ﬁﬁe%ﬂ%@tﬁpé}:aﬁcpléllaﬁfdﬁ@oiﬁg%%' ts the

ﬁ adv raily

oct ane nunber. Suc erse effect on olefin content 1S gene eto
t he sevgr e gaspluiies,iaymtionrgasolings,cdwpt gaselinessamhthadikelur i ng
hydr odesul furi zation

.tq.renmpve_t hi ophgni c.coppounds (such as, for exanple,
t hi ophenes, benZdeMUBER ,51°<¥I4P9Pt$‘1%i’€‘b°rﬂ\@§, PR T%Ie‘fﬁ‘gg FM ks,
al kyl. di bepg@eih SRS | A Bﬁgii Ihﬁ]ﬁ@ LEficult
sul fur-cont al ni Egagonpoﬁﬁggedglg&ﬁef&;é%ve %%ﬁﬁg%%ﬁgso | ngésoﬁhIa
addi ti on, tréduces itomotieeemissioay mdinaproyeastainquatiey. €Thus) the reairdtbate bias fexseds uch
that the aronmatic content of the ci acked-qgsol ine,is alsqg |lost through

sat ur at i on Onthgrequirgd Jexel of redyction, the geographical areag ionesd pfdewen sullyr gespliss. | s

achi ev a . bﬁg&? ' i ntained. 30 la addition to the neat
for re?rgvalrm%ﬁbgﬁﬁ?ur rfggn@?é%éeg-gasol Ines, there is also presented to

t he petrol eum i Pdutht cyncrrmenst theoimpadtisfavtdivotive ditpolhnivhedhtintesslit éselkarfuel s.
“1n reproving sul fur fromdiesel fuels bﬁ hydrodesul furization, the cetane

i s i mpr ovedfiab firther sforg ta-reduce the sulfurdey utemetrye, fuels Wik be raquirgdi, Behile

e _ . : i ot d
romat Lo hag it GAACBds EaRatY HRdu Y30 plY SR Yoot} he B 50 3G
desul f uri zEnivizonmentabProteation dpeiidyaeténtlyissaedPégumions réquiHrome aseragssulfur

provi de_a nore econonical process for the treatnent of 5 ~ cracked

gasol i h%sf gerfcrf; 18 gasolingdp be loss than 30npm averagerieith ar RO ppmsiape Ey2008, theovi di ng
Fevels i n Sralfis SRESMARY LanfiSichy Fiof 8 Ea31ip Lotk AEnletfen el o Bber '

still a negg Iooppma 1del.t er process for the desul furization of such
hydr ocar bon-contai ning fluids which has m nimal effect on octane |evels

whi | e achi evi ng It addlitipryte the peedstodte ablg toprodusedaw sulfin eomtent gntomopive faelbent

conpositio i QL EeSSES 1.he. val . of r .o Lrem

hydr ocar bo%%?’gslon %%dgﬁﬁfa‘g)cﬁ%%m%}ég#%%%%éﬁ% PPF‘Z%‘&“ c??tfgtd(’foed
appl i cz0 i ORsch fB€183H 2E tePMmalnlidin Y dobaife Hibitee fotinfbsaditln 86d nidkor! detind intfithebp ds
hydr ocar boncontai ning fluids are sonetines used in fluidized bed reactors.

Fl ui di zed Buch & prasessrwould bg dasirsblesincersabigationonfwlefinsgreatheaffoctstbe oetanguch as
bet t heat t d bet.t . FlLui.di bed .
gener al 'y EbR0Eh sB0étss ] bu Bl pfinlisdtnorply ule fifs Rk cBdiRo

parti cul at a§miallydaRsaoved, ¥udhhsdifing Bparedesulfabestion] tdefiove thidphégst 1000

m crons. However, the reactants used generally do not have sufficient

attrition pempeusdsuchas, far example. thinphenes, begsathinphenss, gikyt thiephegesa sor bent
W th fighent attriiion nesigtance.that 20.renpves . sul fur fro hese
Pyl ookt boftks e Aithionhé AIRE Bief5 fieBRhes 3 VRS frith ertaebie PR bR 8 o1 ¢
movi ng, ordieﬁmﬂsmﬁﬂ-obﬁﬁ%'ggso' 318 e BOtethoved bRt brdclRl-gdsofih€) Ninf dddaiy:
contribution to the art an tolh?%e econony. is ™
there is 2 need to avoid a system wherein the conditions are such that the aromatic content
of the gi'ragked—gasolinc is also lost through saturation. Thus, there is a need for a process
wherein desulfurization is achieved and the octane number is maintained.
30 In addition to the need for removal of sulfur from cracked-gasolines, there is also
presented to the petroleum industry a need to reduce the sulfur content in diesel fuels. In

removing sulfur from diesel fuels by hydrodesulfurization, the cetane is improved but




-1t is therefore desirable to provide a novel sorbent conposition that can
be used . for the renoval of sulfur from cracked-gasolines and di esel
fuels. 25 Again it is desirable to provide a process for the production of
novel sorbent conpositions which are useful in the desul furization of
cracked-gasol i nes and diesel fuels. Once again it is desirable to provide a
process for the renoval of sulfur from cracked-gasolines arid Jpvaeher2(@4 s
whi ch m nimzes the consunption of hydr-ayen and 30 m nim zes the saturation
of olefins and aromatics contained in such streans. Yet again it is -

desi r abl e theée By Dlatgtecodt eltydrbgeni conshmptionk fhchdiydtogem istdonsumeiitybot | ess

t han about 100 parts per mllion, preferaply | ess than 50 parts per
million, d&ydzdes mmﬂmw%éw@s%&%%gﬂ&t he wei ght of the

desul furized ClaekeeRAs allb? ford ot 6Pd&athakdon AR b Slehifickfie same

amount of ol ef aronmati cs as are 1n the cracked-gasol’ i ne from which
such desulchgingsibneofifdaskefias ak toproviie arade. ecohdmicabmpess $or thbireatmentef and
advant ages of the present invention will be apparent fromthe detail ed
descri pt i eracked geeolinayand digsel fppds-t he appended cl ai ns. Summary of the

| nventi on The present..iByenti ' NRRR ' i ough the
utilization of %5%8%8?&°ﬁﬂf1?§f#“§°%§?‘?nﬁr a sor%%&g%@gﬁ%ﬁﬁ%ﬁ# ’
conpri si NgeAiH16 pRIcesitfor BicnRag bR shifinclensld irsérackedagastlives end diegel duslslat a
novel base conposition for the formation of a 10 sorbent system.by.the

addi ti on G$ appapend that shereris siill 2 nesddona hetier progessior & EBALFWR of the

attrition,vglue,of the.r.esy ting.s t - eta/n) 'dﬁ%
sorbent s MSPWHW@?P& s‘g‘é‘c?ﬁ%g‘gml Y, %%é%gggf%gﬁ:e V\Hlﬁﬂet_ e présent
i nventypon hidh RIUR oftsal@MRhRValk hat use of expanded perlite as the silica

source in a systemconprising zinc oxide, silica, 15 stam na, agd
pronot or net al Tméﬁmﬁw,immntm!h%%ﬂnwmifeh&ﬁmﬁl8 S"\}Eﬁzi ance

of the zinc oxide content,k and th t anj na : : pport
conposi ti &FPDE‘ &@B E‘rcﬁﬁaf%gh 121«313}(7 ea%g&ﬁ%%te‘g%?%ent‘ﬂﬁﬁ%b en used in
the desul f&gﬂiiéa%{oin&nla%axﬁé 3¢ HRAHBESpIoBas: advarth@sof fixidited trds, dryiitocabon-

achi evi ng variance on the attrition value of the sorbegt system t hr ough

t he al t er icogtaiding fuidstaaersoraetioer waed im fluidizged hpd eactors, ed bpdigeactery one
aspect _of the present inventjion, there i.s _Rrovj v.el

conmpodPt | MVEGEY%&@‘PB?I E’F@I@Q§Wﬂ'ﬂﬁ‘%ﬁe&§# H‘%?E?ﬁ%%—%&s& | ﬁes‘ and

di esel f “%ﬁ%“ﬁu?&zmjé&ﬁr@gﬁéﬁﬁymﬁ%mﬁm&ﬂdﬂm of
essentiall'y 'of zinc oxide, expanded perlite, stam na, and a pronotor

gogps)?gﬁtn_t al | rr.e<.1I ced ignd séﬁ%%ﬁgﬂ@mi%%ﬁﬁﬁﬁmﬁm%ﬁ

u i y u -V, : r

present i FAHaHe qreaprAnisised genqrally fig, not have Fucy BT i T from

- cracked-g -{;'g}f‘oiso L&ih 4 SorB&f WitlpaFRcivhit ditrition ridstaee et t  of  t he
present in iﬂ on, tbﬁg%e isﬂl%;ﬁgi\(/i?lc?ed a process .f((:)lr the preparatjon of a
novel 290r hemioveysifumfiom tHese hydrocasbon-centeining fhigdsanskibat 20 bews

For m & m MREREeR BT FRP BB e oed Rcgrs epowar g RRgeITelRifyEe 10

dough, a p&ﬁ&ﬁiuﬁ%@%%%{m@%ﬁéw_ﬁg such m xture so as to farma

particul ate-.selecte e group 24 Novenber 2004 -5 consisting, of a
granul e, an exthigihersfore desibibd¢ to prosideamoyvebsopldnt compesition thetgasdssed :
drying such particulate to forma dried particuyl at.e; .cal cining such dried
parti cul atferﬁwww&%ife;ﬁe@%w- ; aa‘ﬁlé{e??‘ ¥-ng a pronot or
compongnt upon gUeR il detirdi 1o e vidaAthrodisl st hepRdhatidn HoRelBortivnt ed
parti cul at e; dr§#§§1§%c progmte par'ﬁ)i cul ate toltnf%orm a 5 dried_ pronoted
parti cul atempaitivng wlicts arehisefful iothe desmfueidation of aradked-gasalines ppd diegel| ci ned
pronoted particul ate; and reducing such cal cined pronoted particulate with
a suit abl eftebduci ng agent, such as hydrogen, so as to produce a sorbent
conmposi tion NaviRge g3 R34 BkiBld ¥ pFEHHCE ProcBésbp Bidfrbaiovad ol sulfireinne

pr onot or comongﬂn~ S ?I%%)g e !)eln Such baged sorbent conposition in an
anount whi @icked-mbbindsiand diesel felswitich mihimizesithe consumption o€ hydsogansadi ne or
di esel fuel jstream The attritjqn resistance of .the. sor onposition can
be enﬁ&ncmmwgnegﬂifgﬁfﬁ% ??Pémﬁ?‘ﬁ’r?isﬁﬁgg‘g%%hent in the
base support. The: dshiiedl abdiBbRab HAViASH Bbsiutioed iaakedapbiie thazontuinef
cracked-gasol i nggt dftggse uel.sBi s control led through the_control .of the
zi nc oxi delesthar abowt100parts peemillion.preferably leas than §0 perdnillion, of m 15
1n accordance with a further aspect of the present invention, there is
provi ded a process for the desulfiuization of cracked-gasolines and di esel
fuels, which conprises desulfurizing in a desulfurization zone such a
hydrocar bon-cont-aining fluid with a sorbent conposition, separating the

.




20 to produce a regenerated, desulfurized sorbent conposition; activating
at least a portion of the regenerated, desutfurized sorbent conposition to
produce an activated, regenerated, desul furized sorbent conposition; and
~thereafter returning at | east a portion of the activated, regenerated,
desul furi zed sorbent conposition to the desulfinization zone. DETAILED
DESCRI PTI ON OF THE | NVENTI ON 25 The present invention is bakedovgparer 204

di scoveryby applicant that through the ude of mlled expanded perlite in
the formation of a sorbent support conprising zinc oxide, mlled expanded
perlite, afbdsest duithesveightof érevdesulfurizid cetked-pasting, andovhick ponthins lessehiéally nc.
oxi de content and bi nder ntent coul.d be adjysted,sp as.to provide an
BTUrition HFCICAMANE Of oS B HEFAtGs o 116 Thibe SRk ERToLTR SRR SRS Sibke of
t he sorbenigesiifnizaf Mek&i-sRehhi Wadddadd, it Was di scovered that through the
use of mlled expanded perlite in the formation of a zinc oxide) crushed
expanded perl it @themaspecthiobibetives, aid advantapes ofthe prasentinwendionivallds appirent
support _conposi.tion which permtted the varigtion o -6 24 Novenber 2004
the zing o%%r@&%@@éﬁ@@ﬁ?éﬁﬁhﬁ’ﬂmpﬂaﬁ‘é&? Wﬁ?‘iqd(ﬂl?% ng i mpregnation
of the base support with a pronoggy. /i L R&ehfsh! ting system exhibited
attrition resistance as well as ExXtern follow ng the reduction
of sanme wi th hydhegessenilinecntixaiis based upon herdiscovenyabat thamghdlse atilidatiyedf i n

t he desul furization_ of a_cracked-gasoline and/or diesel_ fuel, 5 The term
"gasol i ne" cyeAged perditgioform e sgrbent bass campesidon gompriging gincipxide, gxranded f r om

about 37.7 bpul 4 _ qggﬂ E’%B-“%ﬁ ) fgﬁﬁaﬁ-' I on
t her eof . Eﬁg}np %gﬂg Sul tt%g?{es gasg#%gg‘l’ér]lg ude, %’é arfgrﬁ{gt |mé.ne ato,
hydr oc 49 bosorberntegstem by thefadditioh ©f a provhotasmeep tHebeto wiiiclopghtitsiboth therbhitel
coker naphtha, catal ytica}%asol I ne, visbreaker naphtha, alkylate, isonerate,
ref om at e, ohthe attritionvlue i dhe requiting sasbend syer anddheesmtro} pkthesorkent system

"cracked-ggg%i' e" denotes a mi xture of hydrocarbons boiling in the ,.
range of fro bout” 37. 7C to about 204.4C (about 100F to about 400F), or

any fraction thad@efspedifiadilypintachsrddbee with tHePréschhiiveitie, Mhbvodiscdiotddythatc
processes that crack |arger hydrocarbon nolecules into snmaller nplecules.
Exanpl es obssef exapnded peshies thesilinasoutedn asyiemsomppisingzinc pade, si§2; ed t o,

coki ng,cther . i i | ' . inatLons

t her eof” Exglrlf)] 9 ?%@ﬁ@gﬁfﬁ@ﬁ%@@@@g@%@éﬂﬁg&@g@@@ﬁc L:f%‘? but are
not |im t edafighce of telzif@bRAKY botelaad the thmbRcsontdit bf tledalieduppaitd the |ike
and conbi nations thereof. Thus, exanples of suitable cracked-gasoline

i ncl ude) beaempesitiewtherébyipennitied the vAtanceyefibe sedent life wher|used imthike d
line, i N fluid 20 catal vticall ked | |
Peavy o BriioBARin o Rkl Eae it Or e ek 4B pe dotBh05¢ REpHRRorllBe e

i nstances, aftfi§ortvAGK 8FtHEASAIh\§/sidhYthishghRCAlteral FhSidmdha Sotilélof g ed

prior to desulfurization when used as a hydrocarbon-containing fluid in a
pr oces?0 of basgsuppastent i uvention. The term "di esel fuel" denotes a mixture

bt S00F L o° TBBk:in $Hleasber Gt Pt inveRtion HbE B bovided s Acvefsibn: °
di esel fuelsmboglioH RritaBIE forth dAehIfirizatibR e trickddlgiRblicsGha disk] fusRiWiseERe,

jet fuel, shaight-run diesel) hydrotreated diesel, and the |ike and
combi nat i opempises adfase Fupportoompopenticonsistingressadialy of ginc iopridenpxpanded such as

| t al f . | f d |, |
hydr ocar boRSHiln ALEFpE ahd & pogtes GompauCty Whereis He alforct of SIARIOMOTel 1 el
Exanpl £5 Oforpbied isMibSian &A1 rBfudall 8A& SlchFeiiddd-valdic pRsifotef cédiforineient

invention usually contained’in a hydrocarbon-containing fluid. include, but
are not | i presed in an ampuntwhich sakfféctive ircthe bangval of ilfiddrquicaicked-gaindines or
di sul fide &%sseqﬁlgser captans (RSH),

-

- In a.ccordance with another aspect of the present invention, there is provided a
process fc;r the preparation of a novel sorbent system which comprises contacting a base
30  support consisting essentially of zinc oxide, expanded perlite, and alumina so as to form a
mixture thereof selected from the group consisting of a wet mix, a dough, a paste, ora
slurry; particulating such mixture so as to form a particulate selected from the group



24 Novenber 2004 organic sulfides (R S-R), organic disulfides (R S-S-R);

t hi ophene, substituted thiophenes, organic trisulfides, organic
tetrasul fi des, benzothi ophene, al kyl thiophenes, al kyl benzot hi ophenes,

al kydi benzot hi ophenes, and the |ike and conbi nations thereof as well as the
- heavi er nol ecul ar wei ghts of same which are normally present in a diesel
fuel” of 5 ~ the types contenplated for use in a process of 24iEoysnehesgp04

i nvention, wherein each R can be an al ky§.or cycl oal kyl or aryl group
contai ning one carbon atomto ten carbon atons. The term "fluid’ denotes

gas, |iquignaRobsa @@Wﬁ%ﬁ@%ﬂﬂb?ﬁnﬁ 6t 4 grcresplrie; deying es

that state 1 n which The hydrocarbon-containing fluid, such as
cr acked- gaswhipasicolataiiocforh afdgied paitisulats; galeining sush srigd pagiculatetafopmnase. 10

The t "attrifi i st " denot he atisiti ' -
sor bent o paiodR; dtifie f PRAGE tfphliordfol Bl sl Eeita |\
The -t er M * DaibaaR tb B plonided pirfibits; diging STk ptorsoted parivalalrniform

resistance to particle size reduction under controlled conditions_of
tur bul ént dmiéd promoTedepabaailateycaloinipg suabiried prersoted @ariiculate tpErmaraldped ne

20 m t ticl ' f ti ich i : flgl
Gl ses 15 PromGal RaRiRLIY: TR Peh srbed prero] R A BRYE

I ndex is ”Feﬁﬁ&égg%éh?iﬁﬂhﬁs ﬂ?ﬁrog#s@ﬁ%?rwe(ﬁbﬁﬁm BahpeyitibEhavesk a The Jet.

cup attrition rmnati on” method 1 nvdl ves screening a 5 gram sanpl e of
sorbent t osybenmiisilprdutal, prefirably reroovalance pramaetonemsnpenest distribyingeon speh
particles above 20 mcrongters are then.subjected to a tangential jet of
sir at a rhﬁ@&m%m@?@%&w&@&h@}#ﬁ%@ggﬁmmﬁ%ﬁoﬂﬁ 20
(0.0625in rdfbhse & t?&npqﬁeoam Fedift@fdef the SbbrtRehpasitios UP
(2.54 Igbm L@k@%ﬁ%ﬁecé#nﬁ%%ﬂ{eﬁ 1" LD. X 2" nhei ght) for a peri odpgf 1
hour. The Ravbesahahdeddy Yatng jheiconcentratiomofithe abmiink componesgiighe bsse 0 to 20

" mcroneter material forped during tes 5 DI = x 100 correction factor
Vi ght of mnnaﬂleéﬁqombe@emmf&&ﬁﬁﬂﬁﬁ&aﬁ%ﬁ Shedgasplings o,
factor (pr ' : ' &}&i&ﬁ!i {HBZir %@ Eorftéti TR bl sigpandar d
t o adj ust @%gﬁ%%r%kgjgge?n | t@ﬁ%}r@%}gﬁm ons and wear. The term@@upport
conponent " cslfipsiefSofihy sobemisystetm. or conbi nation of such conponents which

can be used as a support for a sorbet co&‘gosition of Iheg%esent %%

i nvent}®n to helpagsprispeewitha fuhst appact obifie prespRiJREQwiof; TGS REPHEF n.
Exanpl es of a 1. {abl : mgg_ | salUit coinptised to,
zi nc oxi depﬁoﬁﬁzsgé%%?é%s%ﬁﬂ%g{lﬁngp_g_ %BSI\%\@%L ermgg%flgg’?ﬁliﬁtegbl_eﬂ%? nder
'such as al ggduiveriging i ¥@endfaizate zdne sush phydrecarbyn-ponthimingfiuid vyiffos sorbent

conponent is that conprising zinc oxide, -expanded perlite) .and,al na.. The
t eam " pnmoeAMpesHigb ﬁmﬂﬂ%égé ﬂ@%@%@&fﬁ&ﬂﬂ%@#ﬂ&ﬁ% fromyhg 5&51081%6%

sorbent co si.tion of. th t. 1 ' i
cosul T ur 5 SEpgH ohfibeSiioh eeBlcRaiia a3 idkth bORR SRt YTt Betnposition
conpongt s t@ddade 4 RRSherflBE dBBilAlrizedBibntaoimposition; gutivating ot ledss a portiomed al

oxi de wherein the netal conponent is selected fr%gmthe y OuUR consi sting
essent i al | theaegeversted, desifimized sarber compagitieR apTogdRes At actyaied, I "3'/% num

RSEC T SRR 1 RO i A iRt O
' actiyated, regenerated, desulfurized sorbent composition to the desulfurization zone.
| DETAILED DESCRIPTION OF THE INVENTION
25 The present invention is based upon the discovery by applicant that through the
use of milled expanded perlite in the formation of a sorbent support comprising zinc
oxide, milled expanded perlite, and a binder there was produced a base support in which
the zinc oxide content and binder content could be adjusted so as to provide an atfrition
resxstance sorbent as well as the extension of the useful life of the sorbent system.
30 More specifically, it was discovered that through the use of milled expanded
perlite in the formation of a zine oxide, crushed expanded perlite, and a binder such as
alumina there was achieved a base support composition which permitted the variation of




10 netal carbonates, netal nitrates, netal sulfates, netal thiocyanates,
and the |i ke and conbi nations thereof. Preferably, the nmetal of such
pronot or conponent is nickel. In & preferred enbodi ment of the present
~invention, the sorbent conposition is pronoted with a precursor of a nickel
oxi de such as nickel nitrate, nore preferably nickel nitrate hexahydrate.
15 The term"netal" denotes netal in any form such as el engd#Movemhen2004 a
nmet al - cont ai ni ng conmpound. The term "nmet8r oxide" denotes netal oxide in
any formsuch as a netal oxide or a netal oxide preqursor.,Dur%aﬁ t he

dasgy

pr epar at i dhe gincoxids ansthindeepaient thereimsuchiihat follewing tmpresnahgn of ¥
t ) | ect.ed f t Sk y
b des. - arEPHS P PieRip et B O P B e iplon TekiBiaice il s

of a net al oE&HeailHe Mheh FIWIRS i 1ed8dtion ofeinak with ldeirpgac Fipaesultitg sodearitd be
understood that when the . pronotor conponent is initial
wediinghe deswifuripation ofa

.y a .
met al - conteompasiionowpoemplo € r%"é?ﬁeaanﬂfﬂrtq‘@ﬁlwl or
all of,. such compound ,and/or, Rrecur.sor y. bt 0 £
corr_esﬁdndi ng ne %ﬁmﬁ‘r gﬁﬁ‘é‘P g%oﬁeg o suct?f?lgdrr%gun aﬁgl}%gl%?%curéseoor duri ng
.the inventfyg BHRCEE 3 Cid shos 204.8eC ¢hsbut TOESR & dPoitp400 TH)0r @y fimstioh her ei n
I's the petrographic termfor a siliceous volcanic rock which naturally

occurs i n therebfii Bxamyjles o€ suitablagpseline inplyde,diut are nod dinfest tonlaysiresbag f eat ur e,

which sets it apart_.fromother volcanic.m neral 1.8y, ] expand

Four 't o 3OEGHEIEY FeTAEEs PR Al SRRt U BT, Bk e Satyd

tenper at ur %&mﬁ(@%ﬁk&é‘%ﬁﬂﬁhﬁ{ﬁl@ﬂe idohRPRE refoihiasd) add ey liltd mdexpands due
ence 'of conbi néd wa

to the pre tef with the crude perlite rock. The conbi ned
wat er Mapoconlsinatibnsithereofie heating process and - - 9 - 24 Novenber 2004

creates countlegs tiny bubbles in the heat softe I 1 It s

t hese di m nut | vﬁl@?ea%’s @&EP%W@BB@?%ia&H”%?S&Eﬁ?d‘%S?‘%?’&g%% . ght .

- Expanded P&hi;é& £oR DBuBNHF LS MR 209.47€iI(S1AI00E td £5cas 480F)] Gsmper- cubi c
foot. Typicar chem cal analysis 1 properties of expanded perlite are:

si licon di fradtibn th&%ef, shat mreproducts from éltier hormalsor catadyticiprosegsesdtbal agkoxi de

3% calciumoxide 1% plus trace el engents. Typi cal Si | es of

ex(:)anded pASFSer P@gfé‘f’ : g&?ﬁ%‘mﬁﬁdﬂw&“ﬁgﬁéwlec&y$o%@§(ﬁ%q@%8%%‘%1 fusi on
oi nt 60 2 - 1 1ermd | ¥ikisregliny,iahy th

2. 2-2.13?.2 1&%%3%?%&%@%%%@5%@@? ’étg)kg"]séused E%ﬁgéﬁﬁg’r??%rs t% t%e °

spheri cal fils andfonisinhtirs théreoth Hxampibesaof seitahln datdiytip cnackingproedssesinelide, e
siliceous volcanic rock tg a tenperatyre .. above 871C (1 600F). term
"parti cul bW aEkpetliaiedio, %P’éi'c W%?’Pa%’ag’&é?w ?ﬁ"mgé"{%@lﬂpﬁgﬁ'gleg&@enot es
that form @i&&ﬁ:ﬁ& 4 %@1 i@&;&%@o&%&@hﬁﬂﬂe‘ Qndlids; Bun@e 86t as to
forma 15 %Jz?rl I cu atqge%{;smv}ﬁ’erel ? e particle siZe of such nmss is

conpri sed ﬁﬁlitaﬂtd,eakérﬁﬁigﬁnd Mnﬁhgpbm%wa@mﬁgmw,mhz .
T g ooty anclol ARy B ik gl 1S 18 o bl B

thereof. ¥n some instances, the cracked-gasoline may be fractionated and/or hydrotreated

prior to desulfurization when used as a hydrocarbon-containing fluid in a process of the

présenx-invention.
: The term "diesel fuel" denotes a mixture of hydrocarbons boiling in the range of
_' 25  from about 149°C to about 399°C (about 300°F to about 750°F, or any fraction thereof.
Examples of suitable diesel fuels include, but are not limited to, light cycle oil, kerosene,
jet fuel, sﬁ‘aight—run diesel, hydrotreated diesel, and the like and combinations thereof.
“The term "sulfur” denotes sulfur in any form such as elemental sulfur or a sulfur
compound ﬁomla]ly present in a hydrocarbon-containing fiuid such as cracked gasoline or
30  diesel fuel. Examples of sulfur which can be present during a process of the present
invention usually contained in a hydrocarbon-containing flaid, include, but are not limited
to, hydrogen sulfide, carbonyl sulfide (COS), carbon disulfide (CS,), mercaptans (RSH),



subj ecting expanded perlite particles to mlling or crushing. The zinc
oxide will generally be present in the sorbent support conposition in an 20
anount in the range of from about 10 to about 90 wei ght percent zinc oxide
based on the total weight of the sorbent conposition, preferably in an
anount in the range of from about 40 to about 80 wei ght percent zinc oxide.
"~ _The zinc oxide used in the preparation of a sorbent suppor34 Nevasabsr200h of
the present invention can either be in the formof zinc oxide or in t he
formof one or nore 25 zinc conpounds that are_conv rtible.%&gf'nc oxi de

. under t he argand¢ sulfides R-SpR b eaganiq dpnldes(B-BRhdhiophens-subst JtopbieReSab| e
i ds | . but. i1l £ ek ' gl £ de o | fate,
Zine yar gie bR, omiicREfad)ides, Wil Aifichendt bikg1 fitehioes aIANC 111 1€

and conbi %&&ﬂﬁpheﬁéﬁ%mabumﬁ,rmdmm&mmmMm Merdofaswefl

powder ed zi nc oxi de. 30 The stam na used_in preparing a sorbet ort
conposi t i cs th heavierpreleeular weigbtstof same wifioheare pgrmaall Ristcat %&‘Eﬁi?’%&) P%/

L1 Ao e i gl g
Novenber 3004 Ayitdi@yeishikel &4 SoritAihng dhedationtom té tenarhoaratongs. t he

sorbent support ‘conponent “of the subject invention, there is generally
enpl oyed an anolim teoh "fluidfi denoien gash Bquidnyrposs andisembinatipng g t 20 wei ght

t, f er.abl in t . . i ght
er cont | basea T (B “eateane gepies it SRR sl i hvaRochfboRMlainte WD
expanded RQEL bl Eratkdd-o£HoNRE BF Hiksd) Fudl) i8 peifiarilyin 4 gasServapor ptasRPOT t

conposition in an anolnt in the range of from about 10 to about 40 wei ght
per cen® per| it eThsteen "atiritibw rasistagpie” denotes dhasatiriion resistapes of & s9MB#di t i on,

preferably in ap, ampunt in the range of from,akout L ght
percent. 19PMRQS %pregmwgﬁpg Weﬁmﬁ‘i ﬁ%nblg Ili?ag)}'%é%%{]%s :ﬁfél{%rgl?‘ ?%Xﬁésoglr bent
conposi ti ggalpe (?ﬁrgfi@fép&toi ﬂgsmmrmwnﬁ Féaistaee 6 partibleisizeabdustion Gndeei ght
percent pronotor conponent based on the total weight of the sorbent

conposi t i acontrplled esmditigns of tarbulend motionn The Davisey dodsx Ep tt o about

g
30 wei ght percent pronotor .co nent. .\Wien_.t he pr : : rises
a bi met al |HEoGH %rOVEBh‘EHH@Pge?? WMFW%?‘P?%“BW@%#%@‘E%@ BRI R oul
compriyge Zofidls a0 kiero Sest O5HifihsS UFHe IAvigdnahli:Cisphesmcd using
conponént 1n the range of fromabout 20: | to about 1:20. In a presently
pref erred £rdedp arritionietehrinptiesmethodn Thnateiowp attritiopdsteominatienmstidnt is a

bi netal I i c pronotor conpgnent conprisi i ckel and..cpbal [, i wei ght

rati o of cib¥ekvessoreening g BETHE AR qfr”@%%f‘&& @%PB%RF“&%%%@F@S?% t he

present | el gidr cib SarbidP ABle pafIGABBONS0 inibrémibeehdthen flbfRRGAd by
e conponen

conbi ni ng ts of the support conponent, zinc oxide, expanded
perlite, aatgaitiahjenaf ain atppatepf 2 bliteryperprinuiednisodnced yrough @ 5B2 MMt hod or
manner_ whi ch praqvi des, for_the intimte g xi ng,,of, suc 0, t er eby
provi @@ a ﬁamh%miimrﬁdﬁ%géﬁéé’e@m A PEC el &%g‘lr’%c&g’%%éi‘%xwpanded
periite, ag ; Sk 3Blohi) TEADPertcd of il K0 THEDRRGAMERRI(SDD) ist he
support c?ﬁ%%%%ﬁ&%)gngx&sgggﬁg ach?eve the desired di spersion of such
conponent Scalduigsdbefollwssui t abl e mi xi ng nmeans include, but are not linited
to, mxing tunblers, stationary shells or troughs, Muller m xers, which are
of the batch or continuous type, inpact m xers, and the like. Itis

presently prefe % WS M#&&m%&%ﬂam fkixi ng of the conponents
of thessuppp:t % 6%@%. B%T e conponents of the suplimtcomostispdstar ar e

m xed to providg a resulti 1 xtur ich can.be in a formselected from
t he consisting ﬁ?ﬂ%f’ ?ﬁ‘g}?ﬁgwﬁ‘ﬁrmﬁgg}t%ﬁcg%qlﬁfw,e&%dnd the like. Such
resulting m xture can then be shaped to forma particul ate -11- 24
Novensér 2004 ] ] . o
Correction factor (presently 0.3) is determined by using a known calibration

standard to adjust for differences in jet cup dimensions and wear.
Tl;e term "support component” denotes any component or combination of such
componeiits which can be used as a support for a sorbent composition of the present
35  invention fo help promote the desulfurization process disclosed herein. Examples ofa
suitable support component include, but are not limited to, zinc oxide in association with




selected fromthe group consisting of a granule, an extrudate, a tablet) a
sphere, a pellet, or a mcrosphere. For exanple, if the resulting mxture
isinthe formof a wet mx, the wet m x can be densified, dried under a
~drying condition as disclosed herein, calcined under a cal cining condition

as disclosed herein, and thereafter shaped, or particulated, 5 - through
the granul ati on of the densified, dried, ,calcined nix to fd?%NgY%MMﬁéﬂg%.
Al so for exanple, when the m xture of thé'conponents of the support

conponent results in a formof a mxture ich is either in_a dough étate
or_paste sP_éF’éibﬂ% oF g ﬁ@%;ﬁﬁﬁ%ﬁ@%@ﬂ; Apv@f@tfaw S'aweatt to
orma par is tAEds : 's%ﬁin reﬂﬁl& ?Qﬂfﬂﬂgg a dianeter in
t he range %?ﬁ#rlgérl?gbout Bﬂ%g&éﬁ%t%ﬂqél mndg?gaout ta%? rnch to % inch) 10
and any suit abl &hé ¢yt Tpromotet eompbnent!’ deaotgs lany compenentmbichodantheaddedbtaut

3.17 mto gbout, 25.4 mm,(abo 1/8 inch to aboyt 1 inch). The resulting
par ti cul at e sopeat eqmpesition oithe preasnt duyention promofe q%ﬁﬁw%nmder a

or vi > Gi <ol . . _ U
cond Ui GabkRLeRSIfte Y SABLrdf Siubh PREICDARERRSHS WIESE ol 6RE, 170
of a sl ur rnetdl beidppst precursdr forthe imatal Gxided whidryinithe fiehil eumpohent sddelstedr Yi ng

15 the slurry to form m crospheres thereof having a size in the range of
f r om about froin the sEw ronsigingessewistly oSpickelnrebalis bR Taanganese, RAPCEIN%ct ed t 0

drying und ' i bl . ' 0 -.ej n and cal ci ni ng under a
cal ci ni ng %@dﬁ#ﬁ%&ﬁ%%g%%gg&ﬁ%ﬁ@%&, e@ﬁgﬁlﬁ%@%{nﬁ)arti culation-is achi eved

by preferably sgomy estanipled of profididansabtoddningrpaiponadsinyivde netillaceagsand
can be any suitable compound that helps to pronpte the spray drying ability

of t helGhi xmgifl erbpmates, aretalabirates, metal sulfgesymntal ghioryrmeles, and e likp end ar |

setting. SOUVBRHRTHESE Srplerelt HERLOAER PR perfpiep i b ¢
e UM Subdoalbhedl ISR BRIYFShd ftebont e e U brbUap sokipbsigon BArbAORISHM

pol ymers, and conbi natjions 25 thereof. The term condensed phosphates refers
to any dehypregueser phsiskelaxidgmuck as hickeimifpate,gnorepreferablianickelgitrats: 1.
Specific eg % of suitable dispersants include sodi um pyrophosphate,

sodi um et %%‘ﬁ %ﬁta?t e, sulfonated styrene mal efi c anhydride pol yner, and
conbi nggt i ons  t heh@fdm "Thkale dentids MétaPinding B6tns ith saRIeARAlimetalest 4 s genial Iy
in the range of from about 0.01 wei ght percent based on the total weight of
* the 30 conpetabponiamnangampound. wei ght percent. Preferably, the anount of a
di spersant conpgnent ysed .is.generally in t.he.ran of from about 0.1

wei ght per cent '?fge f“‘%’l\ﬁé} He:gﬁgs%eta[jguegh EH@B?‘I%%HI%B"%F&W‘M
conponent @bt BEdEpRRuiAspPOrt can be any suitable conpound of alum na that
has cenent-1li ke properties which can help to bind the particul ate

conposi ti on t ogButing themreparatidnfrasiorhant dompositiomofithe ppsetitanvditipnppet i zed
U7, eSS B b S e S S
I'n preparimg dfsoRiithions thet@SfiaydhitRfly 58 PRtk BPL fhdtAlUdntAding Ci d

conponent can be used ht general, the acid conponent can be an organic acid
or a m nereimpmot and/on i mdtal axddechreduirsarh & should beamdorstoud that wikenghgani ¢ aci d,

nci d, |1 IO SPRBGEY TS N 4 Tral st TR AOTPES TR SNt ur os. o
these aci QseGikorah @er&aﬁ &Poﬂaf&i sﬁﬁ%ﬁrﬁbﬁdd ald/\& lggeﬂsdwsécamﬁem @k to

forma dil'ute aqueous acid sol ution. e anount acid i'n the acid

conpoént cosregpding ingtal or bl oxide of sfchfcompoaidand/or frecwsdidringgheent based
on the total vpolune of Iglgfa%%d .conponent to about 20 volunme percent. In

prepari ng ’Pﬁ@taﬁm%@_s 1™ ed sorbent conposition a base support
conponent, CO”PTﬁéﬂeBﬂ"?%ﬂﬂfe"%'u%hééiE@Qﬁ%%eﬁﬁ 18 terdi foral ifidebas ¢SiBari8

contacted 15 toget her any manner known'in The art that wll forma
m xt ure t hratk which fateallyl oemirsiin certainaegions thyoughoutthp asdrkd. t Tist distingnighakg e of

bei ng dispersed iin.a fluid-1ike spray, Wen, a base.s ort co ent is a
sol i d, theﬁawe’MM%ﬁaa%ﬁﬁi%lﬁm°|wmﬂ@'m BdoresprI o ure
that i3 a dyefii éﬁéﬁj ' ﬁggn &%Tﬂo%ﬁﬁﬁt%ﬁ?&ah Fes OWRBL Bestbg Dei ng

di spersed in ig’lt?'lllui ﬁi e s‘%rhgil/‘!:I wltla e neans fofr cont agﬁﬁng ?ﬁese
conponent sahave 8THO(HG0DAF), bmsbed pezliteenpindz siue tothepresepteof comtiihed water
stationary ghells, troyghs | et mi xers, inpact pixers, .and the |ike.
Cener al 1y withestids bt pac the Shmihe Uater veorizes e B eninaprogess snd
contacted with an acid conponent as descri bed herei nabove. However, the dry
conponents and the acid conponent can be contacted together simultaneously

or separately. 25 After the conponents are contacted together to forma
m xture, they are subjected to spray drying to forma spray-dried sorbent




15 m nutes; thereafter, the material retained on each sieve is weighed. The
percent retained on each sieve is calculated by dividing the weight of the
material retained on a particular sieve by the weight of the original
sanple. This information is used to conpute the nean particle size. The
resulting particulate (preferably spray-dried) cal cined support conponent
20 conprising zinc oxide, crashed expangded perlite, and bi ovemblr 20841 vy
alumins, is then incorporated with a pi Dt or conponent. The pronotor

conponent which is useful .in th ractl ce of the e ftﬁ:}:ﬂﬂ:'
" pronot or Qreatﬁ/@dmﬂwm}“%&é 3‘%0 srﬂor netal oxi de
~ precursor g wherel | B ed pefiive6astid ng of
nélg%eﬁeal%{l%u{)ﬁ%%ic@tacboﬁm SASI s c, Epid ;

cobal t, ron, mnganese, copper nol ybdenum silver, tin,
vanadi umm@ﬂﬁaaafddrmmgﬂsaﬁaawyspbmmbmfmta pr onot or corrponent of

Enggspo?at?ggaﬁplor hegy th‘éﬂ? thﬁgg%ﬁ : mﬁ W’rhlg %p%? preq erably
y i A @P‘é”’t% gx?aelﬁi ﬂg%%&?&:ﬂgsr&m% sokdfifin bRfde 3% @ dinarxidil %,

part subje yi ng under a drylng condition as

dlsclosed ﬂ@ﬁﬁbébﬁﬁﬂém@O cal ci ned under a cal ci ning condltlon as discl osed

herein prlor to the subjecting of such dried, caIC| pr§ﬂﬁyg
rogen

particul ates t Sypicaludsicnl mpparties of sapanded PaEis aje: FSP -14

- 24 Nove 0 QRN gggqr;g);mt 6®W68, or
W th, their@@r Ef@gﬁg}@g(ﬁérggé?‘%’ yr{gpr ayiozlir%dfgldab @cal ci ned suplggrt conponent
by any suhﬁ@gﬁﬁlﬂ%ﬁwgm hods) for |ncorporat| ng t he pronotor

conponents) onto, or with, a substrate naterl ch as.

-caI cited parti ahbm"cxmm@ﬁpﬁféﬁﬁlatsélsﬂlh?fﬁ‘é‘rF @%Fg fﬁ’gdﬁsor bent
. conposi ich can.t ce@uéj‘;dibﬁgcmqbtalt@ﬁ &ature

d| scl osedwlt}i't‘-.rg'gﬂﬁm%m ?ﬂ@ﬁh%gﬂgm ?ér gﬁjr’n ng condition as di Is)cl osed

her ei n tofﬁ;\%@ﬁyc qg@g dr| ed, cal cined, prom)t ed particul ates. The
dried, calcined, pronoted parti cul at es_can 1 b i on
with a reduci ng'hagiml "paphi a?ﬂ?an?ﬂlléﬁfbﬁeﬁr Ipﬁpefl ]ifﬁ L%P%R%ﬂﬁge%dgxg'f%s;

conpositign th resent fcrggﬁﬁgsg ggtolmﬁﬁtaporatl ng
the 10 prgtﬁt) ‘ﬂ%&ﬂ‘i fr‘t "ﬁ’aéeﬂl npregna |n%i,ﬂsoak| ng or sprayi ng, and

conbi pati ﬁgﬁtlc{l%?éﬁ%s w}fer&hﬁlﬁ@ﬁérﬁéie@ﬁbbﬁdmbfmassamcqnnpmﬂw tdeastP’eghat i ng
usi ng any standard i nci pi ent wetness inpregnation technique (i.e.,

essenti al Ipmlnsﬂiaehlglwemﬂlbﬁghaﬂ%m&?% of a substrate materi aI with a

sol uti on of th ncorpor tin AR SrodudiTeslidsd frafne. A
preferred nmet h ‘Qﬂfeprﬁfa@ﬁgggﬂlsé dgﬁﬁéonprl s‘?%g t he desirable
concentr algy }fr,'j &w}{e,@lite %lhnﬂﬁg@ﬁcﬁmhmlgtl mately provide a
pronoted parti Clﬁ ate whi'ch can then be subj ect ed to dré%’nggwndsrﬁal t:lar}1 ng

fol | owed by redﬂmtmmmadﬂrﬂhgmmm@r@gew%

ol ut BB Rt wibe aBies ob ottt PO R S Efﬁ% i
solu n I'on o e

parti cul aL‘ﬁél %gﬁ,@ﬂﬂ%ﬁﬂi& il ﬁ&b@ﬁmmbmﬂﬁn treormgoef Femponent
t hat provi gtﬁ?er reducti on w t%ﬁ’a reduci ng agent, a reduced pronotor

_conmponent abeuﬁ@ibd;uﬁf%&welghtpmqmeww e renoval of sulfur from

cracked-gasol ine or, di e. fuel V\hen hod iléﬂ&%&;{,ésﬂ]mgance
with a desul furMP‘b aé.g%’(rhesen# inve can be
desirable to ﬁﬁh&?&éﬁ%ﬁeﬁs}! M&h%rﬂfofmrﬁmarmmfﬂmﬂﬁommm 25

i npregnati on o particulates. A preferred i ega g sol ut on
conpr pses zﬁﬁcaﬁnmmﬂsﬂntatamnvdmblné@lmyomdﬁé@ﬂ Eorgp

conpound, preferably al. n| C S Q{, a

met al sal t‘fwﬂhﬂq h&ﬁem-a E‘ ’F‘B‘PF]ET %Hgﬂz{éﬂﬁeébﬁtga%gﬁalhﬁ{siﬁf at e)

o s |2 Al 95 éﬁi’faieoﬁch?&bﬁia& b cabSleitc acstatd mmmemdth

al cohol s, ssters, 6 hers, ketones, and conbi nat| ons the eof Th
concentrathkvanﬂfmhﬂmamtmthewmwﬁrﬂﬁahbnfbemwm ispR fiﬁ‘_[eﬁ&nn can'
be in the range eof from about 0.1 gram of netal pronotor conponent per gram
of aqueous°’§6‘f ution to about 5 grans of metal pronotor conponent per gram

of aguous sol Ui Ofmina dsad in Bphiyedbibent @ippdry edmpasition of he preseift rati o
of netal pronotor conmponent to The aqueous nedl um,of such.a ﬁ.l ﬂé tion
can be in injamttcmr@ntmanmsmlnlﬂ@mmm ytagailahle; @&{erm,lrg?: cﬁ?%lb 1y,

!sprlenltnmtahe tP‘ing %ﬁ?ﬁ%ﬁt“lﬁﬂ@%‘%&‘ﬁgmﬁ to the spray-dried

sorbent material as a conponent of the original m xture, or they can be
added after the original mxture has been spray dried and calcined. If a
pronot or conponent is added to the spray-dried sorbent material after it
has been spray drled and caIC|ned the spray- drled sorbent naterlal should

o o —— o 1 . e




to about 600F) and, nore preferably, in the range of fromabout 93.3 Cto
about 287.7C (200F to 550F). The tine period for conducting the drying a
second time is 15 generally in the range of fromabout 0.5 hour to about 8
~hours, preferably in the range of from about 1 hour to about 6 hours and,
nore preferably, in the range of frrm 1.5 hours to 4 hours. Such drying a
second tine is generally carried out at pressure in the rzhyeveshberi20D4
about atnospheric (i.e., about 14.7 pounus per square inch absolute) to

about 689 kPa (japoyt.,100, gound er square inch absolute (psia)),
Pr ef er abl yb3é Lﬂggﬁﬂﬁﬂ% . spray-dried sorbent material is then

cal ci ned, pref.eiuﬁ%%{ : s&ﬁb'ﬁisﬁgg' &kt S BiedbinvBntidic tkegence of
unde arg{kclgFCI ni ng ndlet%tlﬁg E’P’\'hiu'slﬁ'] u &t

oxygen or air, n as disclosed herein. A preferred
i npr egnat i genesadly ehiploysdsan annovmtl obludhinzsinl the xapge ofebeiit- 160t ahout 2@ wewghbound

(such as nickel nifrate hexahydrate) in ter. It i ccepiabl e use
Somewhat ORerERLATFIF ISR ARPBH in dhcdenet af Shat 560 Ebp I3 FeEh Renent, Baded
met al - qont gl 'qﬁtaf:%g}gﬂﬁ | for the patticulates to be
i'rrpregcnsgte {vi\%et a nrc g gg%)lgﬁte&n?p%%%% % a sol ution containing nickel
ni trate hexahydThé exphindedpeartitt will genkemily b8qmeseat inythe aorbent sugpom radirpiositionas
referred to herein, can include a tenperature jn the ran of..f bout
82.2C to al@gamomtin ﬁlsaengcfg(ﬁm Bb%dﬁtt" @1#)‘{,0 Vﬁ?‘&ﬁ%ﬁ% peTlitg ﬂf’rénf’ﬁ? Qi ge of
ti om about %Q%: 190 st

pr ef er abl yt,héi%”ﬁeZ ttgﬁlgé;%b%b#z?&ggnt( : E@&Fﬂ%@ﬁ@%ﬁ%é?ﬁ E%t %;tg%ﬁ esggh

dryi ng confipinl 2dBuCEStodbeat 30eeighepercénte period generally in the range of

fnm about 0.5 hour to about 60 hours, preferably i%he rrange of fium_ about
1 hourl® o about Thepraseater epmpongtwill geneplly bepregspbinfbe soent camposiion i

t he range f r P SRR 4y

I ncl ude a %4%@%%“ &@%ﬁf;@?‘ﬁg{’ﬁ@%@ﬁ"ge 0 6? r%%érlt%gut a%%g%bﬁﬁaggg ?Q%t ,
about 14. 7b43ed 68 thePotal Svbikht of theaorths cbripegitidg ptefétibhy infm dnadimiin theGangeunds
per square inch absolute (psia)), preferably in the rang o%ﬁgrom about -

at mospher i ef frem@boutkisto@kpei A0 BeihbpesesH Promelor CoMpeRTED g promotor

at nospheric, so |long as the. ' C ' ' . Any

dryi ng net ?ﬁ?&%‘t"&?&% W“C?S%b[ﬁgt%%ﬁq?‘gg&(égﬁkéﬁgﬁﬁguc cﬂaggi, ' 1.gfrnagd}(lanpl e, air

g; yi ngis hegdmpbnthtdhoukébriiifsela réo df theaidtihatalsi foningaciebimetsilic promustor!.
nerally, a calcining condition, as referred to herein, can include a

t enper at ur eorippriehkinrthe gmge of fiooratb20: 139 about; 152¢:pba A presently nrekEed 700F to

about 1600E referably 10 .i.n the ran I .

8155 ¢ (amuediugeEe e bt it On Bt ENpAEY Iy it pr AR

from 482C t@nshRHt coifiptisinPRitkelland 28B4l inld@eipht ratio cRubbutcRllci ni ng condi tion

can al so include a pressure, generally in the range of from about 48.2 kPa
P

to about 5.167 lthemaanufacture pba serbeptiomnesttion of thapresen ipxcatiopdhe sunpsrtapout
7S0 psja), preferably in.the range of .from.about 4 MPa
(2bobtd ediupnead 18 genssBiy Piren 00 PmbHiSE e thpdibuf gfi bibpdftlihptndd,
firm about.; . Pé%k' (*) : niRAinla®pi 'aj;bsprg' tidfsb v SEitapleriod i n
t he range %@5?%161% a ou?édlﬁ%]é%:ﬁ%%ﬂabout 6 ik.lorioﬁlrs., pir’%ferab?ﬂ ortag time
period in mbthodangeannér Whishpatrades for theinimate mixing oDmich sompongs tofhereby

Bhce the. HPBIea s bRAB HonesDeus mirRle S RpralEgEe Rdk, i goite.
par ti cul at g 18QifR! AhyQfiabRIBetN AR M xifL TRAUMHon At ©f @RSduppekt component

reduced-val ence pronotor conponent sorbent is prepared by drying_the
resul t25g cartrossed toachiextdhe desiredidigpersioniof sush campanenss.oEsemples of fitable owed

271 o1 eby pr BU BB Nde) Bt RO ks Rotpeibe Hinbiere shape ghells pr
cal cined, ppOAROETIRAR &Y WAl ardof thd 04t QRb1 SintihBLEHE dnipact hikiers, madithsi t h

a suitabl e reducing agent) preferably 25 hydrogen or "an appropri ate
hydr ocar bolike olt #spresently prefereditocusepdditticomixesin thg mimgo@ﬁtgﬁ cpmppsents of
reduced- val ence pr-onot or conponent content therein, preferably a
substantiaﬁefﬁﬁgbw- therein, with such zero val ence prmotor _
conpongpt bei ngmm&n@&%em%hmﬁ%wwf@mml of
sul fur froma hydrocar~on~ontaini'ng flui"d such as cracked-gaso]ine or
di esel f uemixtarecwhighogn beiit # form selected from the group consisting of wet mix, dough,

paste, slurry, and the like. Such resulting mixture can then be shaped to form a particulate

C




30 process disclosed herein. A sorbant conposition having a reduced val ence
pronot or conponent of the present invention is a conposition that has the
ability to react chem cally aadl or -1~ - 24 Novenber 2004 physically with
~sulfur. It is also preferable that the sorbent conposition renoves

di ol efins and other gumform ng conpounds from cracked-gasoline. A sorbent
conposi tion having a reduced-val ence prrFPtor conponent of t ZHeNpvesbart2004

i nvention corrpri ses a pr onot or corrpone'r'l fhat is in a substantially reduced

e el M Sl

reduced vg{gﬁgsﬁoﬁéwptp& ﬁﬁdﬁ&e&@ﬁi@eﬁarmof@wetmn,ﬂ:esorbent
conposition o ent In entron I's an anount which wll per t he
removal oh@ﬂimbedmmﬁm;uﬂddgmmmngmnmeewsmpwdé&@ﬁﬂm@eﬂﬁs of
reduced- val ence. pr.onot or _conpo eferab balt or
10 a m xt wnder caﬁqlewsrcoamoe@ﬁarspf%?ﬂgﬁ Pﬁ%%ngg& rom about

0 to abglﬁrt gt(‘) d&{sﬂﬁ&f dﬁ@d,%blcﬂﬁﬂﬁﬂi&: 18 fornid granakateeniso for
ti SHPEL

corrpos? corrposr ron . plus pronotor). In one presentl
preferred egaprd %Bﬁth%fmbdﬁ&emfdmeﬂhnpdmentﬂbfﬂm suppert comporant FAselisin g form

present in an anmount in the ra from abou 15 t,0_ ahqut ght

per cent bafeaaniztire highd Sﬁﬁhﬁlm\ﬁée"b‘ﬁ{m@*e?rl?ésﬁqr R R TS craggthe\g? ni ckel

has been spbst.anti ferdbly eididiRal dxtradsaes havi
g?ﬁ?gdPﬁﬁ%ﬂI%F &ﬁﬂ&&%r esent &u&ﬂﬁt@”ﬁr@ it i

preferred nventi on, zinc oxide |;é£resent in an
anount i n st digmeRPREEHhe arge@Nfrboaiout 0.793 randol 2 Jomme(about 1432 wento %itieh) oxi de

ot eserd | rndnmetahle E0EinPraRERR A JERR I HEES S EOrD AP AR SO, gt
per cent eﬁgatrde F@g{%ﬂ/heﬂ&aa% m%ﬁﬁ%'ﬁﬁr gmgﬁlafég @Wt support,

and stam an anoun e range of f mm about 0 to about

20 wei ght o?ﬁﬁ&%memmsp&etmmamndmmpmnm@mﬂ@wd@mm and
pnmot or is present prior to reduct an.a
f r om aboutthdrocaleingdBader 3ralpinigg coptif ‘é‘e?‘&‘!hﬁ‘g B%?%é"qg’n‘(ﬁ%’g‘ﬁ? ot al

wei ght of the 25.c Skt i &gﬂ@pﬁ hgsj el B
i nvent i o)™ & the 18 g%uﬁﬂryha{é%e dF'esu| #urr zat1 on gl%cegs o?s?ﬁga@megsent
i nventyison, in6 8k to FoaPRi@dsphiere therectinevingomyize i thg rangs of flox ahgub% por t

conponent preferably conprising zr nc oxr de, ex arti e) stam na,
so as to fabont S00unicronse s&'e’lgﬂ?w rin t 30 mx,

g g(r)grggr abqwglint?s adt‘ﬁ’%ﬂu%%%e%gﬁgﬁ 1]!uét oﬁ#}d“rm par ?%%‘rﬁgﬁggbglgﬁgiﬁdeébgrom

the group ogai sting of granules, exl, filets, pellets, spheres, -18 24
Novenber 2004 mi cro-spheres, and the Irke and conbr nati.ons ‘gspereo{]
preferably m cr%phbﬁlwtlcmmtlﬁw@gv%@% Bor?

conditjon as disc]ose el (t@I roﬁfﬂt@ﬂjal ng

the drd%d ‘i?a’i‘an&d’a‘?%gﬁr@e%ed; aﬁaLr if ng congrtrgln ag“&ﬂ% cs)seg S herein to

forma cai AHHIRYIOT U mbeWbchdopRpscsbly hythorlonts of abluyoy dppageaer.ng,
parti cuI

the calcin e with a pronotor copponent, thereof to forma

pronot ed p&&ammﬁ@ﬁmeﬁﬂngpménﬁﬂ&méﬂoﬁeﬂ@@m % SEHlg: 2 drying
condition as_discl.ose here n r %&ﬁﬁt ﬁy,ﬂﬁée 10
cal c: n: ng ‘Eggemlﬂ?r?ﬁﬂg I dﬁ@?f]gcu dg{ os RN > (9

un er a cal cining condition as

di scl osed ﬁgﬁ&b&h& &eﬁﬁé%ﬁd&ﬁb&pwhataf eulfiretodysolyiners, andconahitations reduci ng
e

the calcin

pr oduczs a mmir.%%h”immt - pa&é&hﬁé&r@w&% e 2 Jatnuree ROHBRS FES Bonont
\(,:\32? Zinh : Eﬁrﬁ B0, Pr eGP o 311E Rt lic X afiph oPShiikdblle &i3piBiits inbREe! . and
sodium pyrophosphate, sodium metaphosphate, sulfonated styrene maleic anhydride
po]ymer, and combinations thereof. The amount of a dispersant component used is
, gmeta]ly?'irr the range of from about 0.01 weight percent based on the total weight of the
30  components to about 10 weight percent. Preferably, the amount of a dispersant '

component used is generally in the range of from about 0.1 weight percent to about 8
weight percent.




15 reduced-val ence pronotor conmponent content is present in an anount
effective for the renoval of sulfur froma hydrocarbon-containing fluid
such as cracked-gasoline or diesel fuel when such hydrocarbon-containing
~fluid is contacted with a sorbent conpositions) of the present invention
according to a processes) of the present invention. A process of using a
novel sorbent conpositions) of the preseg% i nvention to 20 eNovdmibdar 2804
hydrocar bon-contai ning fluid, such as cr ked- gasol i ne or di esel fuel, to

provi de a desul furi zed. cracked | ine or diese feeI rlse
vl fur 2t ng. e weawepm@eﬁ B3FRSPROT G e o i o
sel ected T pRiRihdlthalh vﬂﬁé}p&sdre Cﬂmd'ﬁle tefuel with a
sor bent conp05|t|on of the ent 1 nvention; b) separatlng t he

desul f | ui zecmhgsitier togother. chr%mﬂjnpncfefrbduscﬂﬁmmmpm&rﬂéspbp tized abunifiir i zed
sorbent conposi ener a ast_a rt| e suylfisized
sor bent conposi &?&?Wé‘#ﬁe gg@@rﬁ@g@gﬁ&% gds %%l? fégg@;haé&,e H’ :
conposi§io I_.! ﬁﬁﬁ#d@nﬂé‘) RHRAhAVRFied

desul fu§r| zgadm g%ﬁr#%) corrpog'15 tho pro B%e are ucec, r§fe’gse(ner at ed,
desul furi zeﬁi-bemrdomjabsnmnpmadld oorppariemt ¢m)ber13bd1r I gemersl, the aciti camponént om of
the reduced, regenerated, desul fUI’I zed sor ;itf cono to the desul furization

zone. - 1!?33“223%@?3 @@E?nedf ‘staﬁé’rﬁ”é"sent

i nvention | Q4 xflfct { Sciliok A
pressure, ?‘gg’pcig?ga‘%rgre &%PQH%EW% y space ve?omt d y roge%1 ?’I

These condpidfarai teibe aaitic acltﬂﬁbriiﬂmqmmﬂm:ud cmmo&sbfdmseamddmlémba ze the
hydr ocar bon-cont ai ning flujd t roduce a desu ffized

hydr ocH} boHsesde rﬁ@cmllygthem%rs ‘Hm?x wiafeg ko % e aqueoysacidiselutan. The
[ f f
Cavent | on. BphftoraEitin & bAf bBomh PR Snodf LS MR oftiin BOGROYI yolyme, |

gas or Vappércﬁhéb&@ed diQﬂﬁ\t@lﬁlvdlﬁmbhEﬂwanimohbnﬁtbabmt@imdlumapmbmton it
I s not essentlal t hat such hydrocarbon-contai ning fl yid ge totally in a gas

or vapor phase. Inprepagng teprefsred sprny-deedsaskent gompasition g Hass SUPRME about
103. 35 kP | ut
(psi a) toaa B@%@%ﬁ%ﬁﬁﬁgwﬁo @%%&pé@e@@%ggﬁﬂ y pre e]!t?‘?g? at ;J _h:

total 1§ esigethePin dny ManpYfowh if the Artaha il Fdrn k Reixtue thavista Bquid sdiPdor,about

50 psia to about 500 ps In eneral the tenperature should be su ci ent
to keep tha sy, rmmﬂl&“@n@g‘f digpersad in adliudrlikg SPrpya WhEsAbasE gas

Bbout %“3&@%%@@@&&%@@%&@%@% AR AN B (D

t enper at ur grilaQrd thati8 @ liqaibsolfior, & @farAh 6t paithdGs cap Moot beiR disperkaiaus

400F to about 800F) when treating a cracked-gasoline, and in the range of
from about flawlolike; spraph oSHitabanems feiesumtaciop esemmncnm)mmwﬂlﬁe&tu ng a

ﬁgmglrl al ?'ﬁ%ad #I i ho}%%ﬁv%@%%%@é%@con@m ng"" we rsthe

char ged t ogdd@ed@eul furi zati on zone in pounds per hour at standard
condition of tenperature and pressure ("STP"') divided by the pounds of
sorbent conposi i theseroompionenth afige eontacting o, foraya miktare, gragentagtedne 25

rvent o, WA AoRonet A deSeripifdeinannle. 6P By Knbolfpp Y
50 hi', prﬁlewabaném&&seme@iogémmebum or séaradigut 20 hr ' . In

carrying out the desul furizing step) S presently preferred that an
agent He enpl oyé&%@@ﬂp@@&@lﬁa@n@tﬂdt@@é@@@%@mﬁma&%ﬁ%al

iy —OChr ontOTREL KRS HPTE A BV R o TGP JEV B o BrofePly 2 £, o

et al Contﬁirﬂﬂdﬂnﬁﬁf-g%i& C@EPRMed MBan Fir€d1e ki2b kn the Thitges ag disclosed yeteingen.
- 20 - 24 Novenber 2 Hydrogen flowin the desulfirrization zone is

general |y Sprey drying istknowmindhe ant mad istdisopsned de Rerry's ihemiend dimgineemnt ai ni ng
fluid is the rangecol bhohaband dy MRGARHin ., at pages 20-54 through 20-58,
30  which pages are incorporated herein by reference. Additional information can be
obtained from the Handbook of Industrial Drying, pubhshed by Marcel Dekker Inc., at
pages 243 through 293.




preferably in the range of fromabout 0.2 to about 3. The desul furization
zone can be any zone wherein desul furization of cracked-gasoline or diesel
fuel can take place. Exanples of suitable zones are fixed bed reactors,
~nmoving bed reactors, fluidized bed reactors, transport reactors, and the

| i ke. Presently, a fluidized bed reactor or a fixed bed reactor is
preferred. If desired, during the desulfiyrization of the crcNeverges@0Dhe
or diesel fuel, diluents such as methané; carbon dioxide, flue gas,

nitrogen, and t i ke .and 1 omhi nat | . . 4 , 1t 1s

not essential t ?W%ﬁﬂﬁ&ﬁ?ﬁm@ﬁﬂéﬁﬁ%{&%%g?ﬁ%%ﬁ%ﬁ tﬁaté aﬂﬂliflggldguri ty

hydr ogen bgisQBRdheasn afid freRicalcined, préferabdypin erbxidizitpsminbsphicrasuchras arf the

hydr ocar bon-containing fluid such as cracked-gasoli PCES@L di es?{) fuel. It is
gige 10

present | y presdnee of dxygenror airi under agalgining goaditiod ag e Bt hat a
bent o be. havi . ; ; ¢
sor ben COQ%;I i on ssg ﬁ%tbpe%@@&%%r&iﬂa%ﬁ'ﬁbh 0 diRtddanider &y from

about 10 1 croneters. erably,  such sorbent

conposi¢ i og,&BRMAAIRYEh#A rBRbdsGbads #atdrand bfidiaes gay ofmbustiblasb oUsually,
m croneters to about SO0 meronmeters, and, nore preferably, in the range of

from 30 m theapriyatriedttmse Sabernit cuaderial éx calcingeldn ag OXYEEHCHRYIEAPGFPEI S t em i s
enpl oyed for the pragtice of .desu] furizat i t
i nvention, the E%F‘ﬁ-’éﬁ ’éﬁm%ﬁﬁéﬁﬁ#ﬂ%gﬁ%ﬁﬁgﬁea%%%ﬁﬁ% eggisge in
the 20 r a“ﬁﬁan%oam ﬁﬁ&uhe&ﬁ Q%811 000emetés, praferdbdpinithe TR dficim t 0

|

abut'/z incC nmeter, preferably in the range of from about 0.794 nm 6. 35
mm (about AbaR 20 meibroneetas de atidud 1 fGohdgromietgreter. It is further presently

preferred to use a sorpent composit,ion havin LB ERratdia ‘range
of frol about 1TBgterre § St éﬁflc(s&?%ié3a%%°§%%% 1000 g’&teglfaie&enet ers 25
per gram Ohe@%g@k%ﬁ%%%@m TodHRk SicvelShaket, inaeufacngs bf W.Sylatinag 1

g. "

ne/ g to abou he separation of the desul furized

hydr Ecgr bOBfIIM_mtoitj ohiggof dnfze:gbonlmﬂbﬁw s'.b&lre]?. g_asegmiaéto %W%i_sdé%‘@fiﬁ%r i zg‘d

cracked gasoline or diese nd sulfur sor a..can be

acconpl i shéke tpy oAA R W@H%&?iiquq@tmcﬁﬁ%&%%%ﬂgg%gra ?agie%gbvggl id

froma gas gl §ine bofia THE aiferfi fndetfdedifling @fi difiodsllabburi) chanber s,
évices tor ~ solids anc

i mpi ngenent gaseS, and the |ike_ and conbinations
t her e0f 5 Thenigh@tes)Ithereaftapithg asteist retzsinekenieaghsisve ieweighad s The percstdeiginedous

ARG SR T TN R T
can be acc 3%}9% hi Iﬁ?cdwgéh%ﬁhggﬁ% ﬁ#@}g 11‘1{'1!5 fnifSmation is isedas sompate the mean

cracked-ga or gdseous suitable as a feed in a processes)
of the pregaficld dimention is a conposition that contains, in part, olefins,

anmatics, Sulfur, as well as paraffinsg.and ngphthepes.. T

olefins in gasemw&@&m@%ﬁpmfﬁ%ﬁmﬁﬁ ﬁaﬁqqqesu?gﬁlggg%p&?%m about
10 to out_ 35 .wei gh ' Yilkger! ningfis tHea
gaseou%cr&ﬁﬁ?@&%ﬁ%ﬁﬁ%@&’%ﬁ %@gﬁ&%ﬂ%ﬁlﬁ?h@e S ’el'ssﬂssgrﬁ?lgl ly no 1i)l efin
content. T vﬂﬁgﬁpﬂmb d:mnipmng:gseous crackﬁd-gasol ine is generally g
in the range of 10 from about 20 to,ahout 4Q i ght..per AN se
R o G R T TR R I ey
aromat [ 65\ RHARE Alyel 56 onb UEmolomIRRCERIA Yridss, of euaRase pamas abou

10 to about? U~ W percent aromatics based on the total weight of the
gaseous di a@Rleif tIgd mefi salvoted froni thegréupr cansistihgofgabalicaickelnirebBaNSANS
fluid, i.e. cracked-gasoline or 15 diese) fuel, suitablg for '
proces@Sof zitecoprss.anelybderur, isdyerclh wm; Aad P%?B&“%f&?%‘%%yﬁgfﬁ?g‘lgsoa
parts per mllion su | Emf@e 6edoBiasald aiekdlo about 10; 000
parts per rﬂr?tfl?‘g’ﬁc‘s’" %ﬁ#ﬂtgim‘&g{.’%ﬁw@ tér%e cracked-gasoline and from about -
100 parts per mﬁduoqangﬂ{efmwaﬂ@g'ghhepirﬁbﬂatedi@@ned SREpOrtCoRMSREnis 0, 000
barts per rgnlafl‘exl-a%?y gjlrj ilnl;;rggga%on, with a promotor component, the resulting promoted
particulates are then subjected to drying under a drying condition as disclosed herein and
30 calcined under a calcining condition as disclosed herein prior to the subjectin gofsuch -

dried, calcined, promoted particulates to reduction with a reducing agent, preferably
hydrogen.




wei ght of the diesel fuel prior to the treatnent of such

hydr ocar bon-containing fluid with 20 a desul furization processes) of the
present invention. The amount of sulfur in the desulfurized
cracked-gasoline or desulfurized diesel fuel., followng treatnent in

- -accordance with a desul furizafion process of the present invention, is |ess

than about 100 parts per million (ppm) _gylfur by weight of 24 November 2004
hydr ocar boncontaining fluid, preferably |less than about 50 ppm sul fur by

wei ght of hydr r.b t ai i F QP4 fo Porakiel i8sistei han
about 5 ppm sul rﬁ&oﬁi%%g?&kﬁﬁc%rg%@g%ﬁt al n?’lrc}sg- Tl uiq%yalr%&?arr I ng
out a proc@ssferablylsprayrdrasdly daldifiodsupporm combonert byedy saitaile tq@pmonmﬂhoééh be
inserted before and/or_ after the regeneration of, the sulfurized sorbent
conposi t i dior ingarperatinghe promatpr eqmpARCRKs) Ao\E “&ﬂb&rsﬂg . B%ﬂé’F@%éB?@”al |,

of any hydgogarbon, f romt he .3 | S d “ﬁw | USBpent
stripper céﬁ%ﬁfj@ﬁn%‘éql% 3@8%8%’%§§%g%%%§5§%{}%ur |oxigc11?af8 rgen'a?theensystem
Prior ts0 idniRAiiohivNcR tarl then bedeiee taded dgingohditionys sisclasad hertin anide :
sorbent activation zone (i.e., sorbent reduction zone). Theg sé]réigi)pi ng

conpri ses lcined wider a calginingcandition azchisrlesed dersinHy ProYfl t ot al

, t t 8 ' j ; . ' P,
Phe ot ol (aheh piomaed Pfichlslisl AfRdAL AR prothoRipatii e R MGAY ¥
about 172 %@%&& 18 pQttictidn MM R GRS Bient prefeplds hpdogag vatierdhyghovilis el ut e

(psia) to ut 500 psia). 5. The tenperature for such stripping can be in
the range suftbdnt oompbsition 8f7the peesent inventions Bxamplesafan e thooF) .

gansg
The stripping agent is a.c osition. that helps v rbons)
from tHe seiemoigricompoRsRtincipde mpysEnating, so °e‘r€§ v, %@?%g%@%g agent

I's nitrog he sorbent regeneration zone enploys a set of conditions that
i ncludes total 10 pressure and sulfirr renmoving agent partial pressure,
 Total pressure Apreferred aicthod of intrgporatingisimpregneting ysing pay standgyd MAPigRb i

3.44 MPa (about 25 pounds, per. . nch absol | t 500
psia) . ThewedimRCRIDPR OB meoraiial sotpadly ML RS’ 10, 1o
of from abguifs ke BEAGHN wittCa 41080 ShP Rickfbratdiip élbmeite) Rir impfgasting a 15 The

sul fur renoving agent is a conposition that helps to generate gasequs.
sul f ur & ongubistate g Acprefented osethodiuses pg émpregnetingsolytiaroearopriing thedesigable y) f ur

di oxi de, as well as to bum o~'any renaini hydr gcar ho ' ) ght
be present coneawratiopraf amEemator Pﬂﬁn%P’é%W ﬁﬁ{}’a%wgﬂ Pfqdl%'ﬂ&eg S%(r?ﬁdl} é%pélﬂé‘ﬁlﬁ{g
sorbent re raf i  hnd &Jéﬂé}hﬁf%ﬁ&wﬁ@ﬁ aduchien gades such as
air. 20 Theﬁ{&gncr%%ub%gﬁlﬁ%&f%ﬁgg% t regeneration zoﬁr:e is generally in the
range of freditidg agéatisoctpdaddrdieh. The ihptepnatinggitution eanoks any5QYeyus solution
preferably in the range of_ from_ahout 426.6C to_.abhout 648 8C t 800F to
Dbout | 1200md ameientsof BeheogB gl FERDBEBviEn febe prisiar S ci -t he
desul Ty i 2] bld VoLt dth iR O f RITAGIDE caitpirat fhapn can
take p acebﬁgg%eéggégﬁpﬁudpﬁ%gg%tg? ent conposi t?on Is then reduced in an
acti vat i onpgeites,ifted raluction with a reducing agent, a reduced promotor component content

sufficient to permit the removal of sulfur from cracked-gasoline or diesel fuel thsn such |

flid is treated in accordance with a desulfurization process of the present invention.

" It can be desirable to use an aqueous solution of a promotor component for the
'25  impregnation of the particulates. A preferred impregnating solution comprises an
aqueous solution formed by dissolving a metal-containing compound, preferably such
metal-containing compound is in the form of a metal salt, such as, a metal chloride, a

metal nitrate, a metal sulfate, and the like and combinations thereof, in a solvent, such as,

water, alcohols, esters, ethers, ketones, and combinations thereof.

30 The concentration of the metal promotor component in the aqueous solution can )
bein the'range of from sbout 0.1 gram of metal promotor component per gram of aqueous
solution to about 5 grams of metal promotor component per gram of aqueous solution.



reduci ng agent so that at |east a portion of the pronotor conponent content
of the sorbent conposition is reduced to produce a solid reduced-val ence
pronot or conponent to permt the renoval of sulfur froma cracked-gasoline
~or 'diesel fuel according to the inventive process disclosed herein. 30 Ir
~general) when practicing the present invention, the activation, i.e.)

"~ reduction, of the desul furized 'sorbent qgap05|t|on i s caai & Nenenther 2004

tenperature in ti re range of fromabout 37.7C to about S15. 5C (about, 100F

to about | 500F~ S5k BiedRiR 6f frizRge of
fi nm aboutf™ %?by ? b %%?@Sp%%{g%o t 15 poun S per square |nch
absol ute (a&ﬁéo?ﬂssbmtah%uﬁb&mem@ofﬁmmdmmmmeldmrt,rm@raptﬁf

time suffci'ent to achieve the desired |evel of pronotor conponent reductlon

cont ai ned it is in e rehgmobfromteS:3 ¢ Bdnt corrposr tion. Such reduction can
general ly be a&?ll eved | a t qﬁggﬁ rB&lt éi&ﬂﬁrt&f contpfoiesttat be @dded hour

to about 20 ho | vat ion, reduct’i on, of the

regenerat ﬁwgp?éyt mi@éitfnhﬁ&ml&& alceﬁ@bn@tpﬁtuermmﬂmmm,@sthwmgbe
acti vat ed ? -alauced) sor bent corrposrtlon C@n E rned to the

- desul furi zadﬂed)aﬁemheongﬁnelmwme;haﬁ geensprey it @ B?“é%tglht

i nvention, the ste f desul f.ur %ﬁ@f Phggeen%g by el @d (1 -
reductlon)c"%"%gﬁ‘g‘fﬁﬂ %W}’) ﬁ%%re éﬁ or after such regeneratlon
can be acc _&ricd Sbéht ARG i0 Ehotdd be ried andicaleihed pbaond tige. or
vessel s. en C rry|n out the process of the present |nvent|on in a fixed

bed react OThesyiyedtied surbatt ensterid] isiprofarshly dried 2 serond SFe AR i vat i on,

and optionally shi bef or | are

acconplf srmmﬂyangh%@g%e?%%%m&%%‘m&@%ﬁsu rhzggﬁg?g?ﬁgg%jtasol i ne

can be Use&dt E&B ér%lguth@ts?&?-&fed%ﬂﬁht ﬁeteﬁhmﬁs:etdmenrmoim tims ot 4 ne

products sul or conmre consunption and can als £%(J I%efge a

cr acked- ga&ﬁipbmegﬂnmhynghbmge@fﬁomdwﬁéﬁﬁuﬁ:m@%élg sh

desul furized_di esel fuel can the f fo fuel

bl ends to REbRRIYE) ae%%?feﬁéffmﬁf g‘i‘%ﬁd@@ %ecﬁgﬁlﬁgdvfn ng

exanpl es aﬁg dw BQSP(}:)I |1!~Hé$ﬂlﬁ rmﬁfc@ﬂmcﬁﬁgﬂerm-ymg\mmmmmu to
ordrnar

teach one © skl In the art to make and use i hv, nt|on These
exanpl g5 a alewymmhmdgeiofﬁmwout@ﬁéwmmub% mﬁs e&é&’/ gof A

(Vista Bdﬁééﬁa)arﬁhﬁée/ineﬁr%gﬁa@eéﬁéﬁa i Ao anty, B ng ke ﬁ%‘%g&“‘?}’%ﬁ*"
oxide wit héﬁﬁ‘g‘% &ﬁ%ﬂ%%%ﬁfltl & Eﬁ‘éﬁ]@yé@b&lﬂmmh(wmmhnﬂmr@w as

t he di sper resu I|p was spray dried usin €ONI @ﬁ Mobi |
M nor  Spr agof dbot Atiridspher((i ¢i, tbout 1d. TpBmidnpér sqparedagh shealuie)do 8 ‘}tﬁ

I gﬁgéfé?urggwiéh% P‘;rﬂggs;’gfiﬁ%[“ﬁt‘?gﬁ X at ef?\é% g éisi 5133 F er s per “hi nut e.
The slyp vag; ds% | \-’cfne%dso%en@i?ﬂiéﬁéﬂ {Eath&t b!aléxﬁed;%érbﬁbly in@n oxidiZiag Monespbere 2004
such as in the presence of oxygen or air, under a calcining condition as disclosed herein.
A preferred impregnating solution is formed by dissolving a metal-containing
compound (such as nickel nitrate hexahydrate) in water. It is acceptabie to use somewhat
of an acidic solution to aid in the dissolution of the metal-containing compound. Itis
25 preferred for the particulates to be impregnated with a nickel component by use ofa
solution containing nickel nitrate hexahydrate dissolved in water.
Generally, a drying condition, as referred to herein, can include a temperature in
the range of from about 82.2°C to about 143°C (about 180°F to about 290°F), preferably
in the range of from about 87.7°C to abut 137.7°C (about 190°F to about 280°F) and,
30  most preferably, in the range of from 93.3°C to 132.2°C (200°F to 270°F). Such drying
condition can also include a time period generally in the range of from about 0.5 hour to
abommhoms,prefa'ablyinthermgcofﬂ'omabom 1 hour to about 40 hours and, most



- The spray dried product was dried in nit using a nuffle furnace at a

tenperature of 150Cfor 1 hour and then calcined at a tenperature of 63SC

for aperiod of 1 hour. The resulting cal cined conposition was screened to

. renove fines <40 mcrons and oversized particles of >250 mi crons. The
screened sorbent was inpregnated wth 12% ni ckel (as the netal) usi ng

mel ted nickel nitrate hexahydrate in 5%ygter to get it t o JfeNeyeanbes g0G4%.

The resulting solution was then sprayed onto the sorbent using a Sono-Tec

PSS AR SR ARSI BRSO ™ <
t enper at ur Gn@lhd6@presSirb genckallpis the AheT0€ froa abonesnbahericake), atsmt hemt

conposi tion was again inpregnated with |1S% nickel as carried out supra. The

resul ting PPieds pRSHUATG R k) to 1 03¢ kRaébereld0nauadnper saparg iRdyper at ur e

f 635 Cf Qd h t I d 9 | f i ckel
iorrpr- egnat e&%é?}ﬁﬁgﬁ%‘aﬁyg?%gﬁ#ng é'%? ; #ﬁﬁ%ﬁé%k%%(%{ gmehas
a Davisgn %b&Jsiab,qgogt%éi&fa%lcﬁm‘ldﬂ&tﬂﬁasﬁﬁer@s&ﬁng EX¢RleRirdd tedipegitireBawbe t he

sorbent as prepared in Exanple | were placed in a % inch dianeter quartz

t ube havi ngnainfainedt Ay dringunethods(s) dinown s anthekilledyinghe pr sucls 35, forggamplegned
20 above the lower, 1/3 t.hereqf, sqQ as to provide,an i-nert support for the
bed of sor# '%??‘%&9%@3@&’&8@% o‘i‘??’ﬂ’ﬂﬁ’('ioﬂ‘@%@%elé? “Yaseous
cracked- gasol i ”Q}éﬁa]loaﬂ%ﬁﬁiﬂiﬁ%’\@éﬂiﬂoi Béfé@ﬁﬁdtb%efcﬁﬁ%ﬂ!mﬁide@t&ﬁ%@mﬁimi@- 6

m per hour. The gasedls cracked-gasoline had a notor octane nunber of 80.6
(MON) or 92hdraRgbiof finmodbeiit 37 Ehtoabbut$ 712 C. (2bowsi7§ATF teeahoah1 60SED, prefierably 5

1 o 1 L T BB S

ei ght 0! ! "yl ds i
t hi opheni Cﬁ?&mgggg | rm]getd}%de&usiﬁc&iab%ﬁﬁw@@mwmuwmm s in

t he gaseou ne.” During each cycle, the reactor was nai nt'ai ned
at a t enpeSuachcalcifing Effdithortican aisodasiudea presqifre genelly prethegangeraf frame About
absol ute (pgsi Hydr ogen ) 30,150 standard,cubjc, cenjiineters per
minute (sc 4%)2%4 tﬁtag’ﬂuaﬁllﬁ; h‘% éﬁ?'ﬂ?ﬁtlﬁﬂmﬂ’f perSgede %@F@u&@fﬁéﬁo ‘%EEF
initiated, I ] 9. 1aMBa at hsia00
Scan at & (oOpS Rl By BECHEECT Holta O LPaty MRS [ONPa (Bt 75

consi slifd to abaf 450 péiaand; mhest pRderdblyf inftbeiranige of fromi dbout 4&2 kPatut.03 MP4 ur
(ppm for each cycle neasured, at one hour,intervals ov%;‘?ea??r; f oyr - hour
r

cycle peri &aPﬂAft%/éﬁgEﬁ'éh apg atizgne perioddp therpe or Zhont LA 0 F for

two hours it ] %%éﬁﬁﬁcﬁ |t RO Frdn® Rb it P HA%ed B Whoo! UNe

per cent ox%&%%%&g@gaw ni %%ﬁ%egener%@é%, and tﬁen reduced
I n hydr oger20fHouyd s, AiosbprefirsblpffoBH @mepetiod imthe rinsgerofditony 8 Gbufsaotl5 \hatirson) .
The sorbent conpositjons were each tested over. 2 cycles. . Fach cycl
utilized a nixt (preedhe promalercompancatfas basridistibuiedan, ﬁmtgg@ﬁpaﬁl&"@%
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sorbent is prepared by drying the resulting composition under a drying condition as
disclosed herein followed by calcining under a calcining condition as disclosed herein to
thereby provide dried, calcined, promoted particulates. The dried, calcined, promoted
particulates are thereafter subjected to reduction with a suitable reducing agent, preferably

25 hydrogen or an appropriate hydrocarbon so as fo produce a composition having a

substantially reduced-valence promotor component content therein, preferably a
substantially zero content therein, with such zero valence promotor component being
present in an amount sufficient to permit the removal of sulfur from a
hydrocai‘ﬁdn—contajning fluid such as cracked-gasoline or diesel fuel, according to the
30  process disclosed herein. _
A sorbent composition having a reduced-valence promotor component of the
‘present invention is a composition that has the ability to react chemically and/or




A solid reduced nickel sorbent systemwas produced by m xing 13.75% al um na
(nitric acid peptized Condea Disperal), 17.25% m || ed expanded petlite (R'F
271v1), and 69% zinc oxide with water at 42% solids using amoni um

- polyacrylate as the dispersing agent. 20 The resulting slip was spray dried
using a Nuo Mobil Mnor Spray Drier fitted with a 0.035 inch air cap and a
0.35 inch fountain head nozzle. The inl_ﬁ?_terrperature was PhNayearher 20@4
outlet tenmperature was 150C. Air flow thifough the nozzle was 70 liters per
ruiriute.

The slip, was deljvered af oXkL hYeddd ray
dried prodﬁ%lcﬂg’s‘gﬂﬁg@@% r#tﬁiqsqm'ﬁ&%ig%%wtnac g{ﬁgg terrg'fesr%?%@?of
25 150C f I :gﬁrqa-ﬁﬂm!n}f? 19 88mPdrackell paRdingl ure of 635 C for a period

%?I?gnﬂ'? sul ting cgblngIﬁdlﬁ

of 1 hour ned conposition was screened to rempve fines

<40 mi crons andA eurbent cenpqsiticn kaving axfeduczdyalanes prosnolqmeompqusg €or bent
was | npregnated with 15% nj ckel (as the net I ' nitrate
hexah;/rgr a?@'&ﬁeﬁt DYSRHRRTEGORRYISSE £ PFY ?WF@R%@%%&Q?@%@%&%%%O

| uti ' 4l torhi |
solutign Wﬁg&??@gﬁ? gf&gﬁﬂgyﬁ&o mgnm@; Nprefirabily the fdinced-eslesqeaymptoshi | e

the sorbe S weré rotated in a baffled cent m xer type drum The
ni ckel i npg t6tds reduced nivkele Mherank 0o frodinedtvalanse BIpMOIoEAAPHERLbat a

t I f 635C f 1nh . e half of the. ti ' - 1594 ni I
Sor bent _ campively Tsduoelaigkeh 3 4 SP<0l FORBRFgR af e o SfeaiEH el lbels

. Th L - i - tfaeln Suehci ned at
supra. The ﬁ@ﬁﬁ?ﬁ%ﬁm@ﬁ}%@d&%%ﬁ@ﬂmwmwmam n cined a

a terrperatﬁ _ 1 hour to provide a_ 30% (by weight)
of a ni ckedmbmd efeated-wieive promgtet esmpofient, peeferablyneduced nigkaberrPbatiPbent

system has a Davison attrition resistagnce val ue of. 10. F&%L?Eaﬂc%tlo 10
grans 16 emmixtyre afmicked and pobaltage g7 Yéﬂ@%{%‘?ﬁﬁl %tgﬂ’ (‘15% and 30%

ni ckel) wepe se : e%ﬁ RSB e Rkt Ak ippoktbdReositionng a
| engt h of é@gﬁﬁqﬁﬁ%)&g@&g%v}h |§5ﬂl§ gl ass frliﬁ)"té po§itioned above the
| ower 1/3 ﬁlh@f)ﬁﬁiot&ﬂ. as to provide an inert .~ support for the bed of

sorbent which was placed thereon in each of the quartz tubes, ' ach
cycle, gaseous kropsqwesegtly proferaed seb &quvﬁpéﬁﬁﬁ?ﬁegdﬁwg%t or
at arate of 13.6 ni 590 i percantBsed on
oct ane nunﬁé’rrc%?t%@Pﬁ%%‘%%ﬁwaﬁgggﬁ?ﬁﬁcomen'g gf 21.2 wei ght
per cengs, 3@ tar weighEsf thie hidkelarkithé redubsd nieke) has beenfsubstawtinllyiradeegdédmound

based on the total weight of the gaseous cracked-gasoline and about .0.03
wei ght perzarntvale¢®pheni ¢ conpounds based on the wei ght of

sul fur-contai ni C oun i ' ghcldxidesg each
g@% pF&slgﬁtil% e QASRAHRerk bREHE Sialveftfon, 2fhc dg

cycle, the reac ned at a tenperature of 700F and a_pressure

of 15 poungfesaﬁ'in S514AbEnt if The RBEObLLrem (apsita0. to dhoutEfemeightneromt zue
standard cubic centineters per mnute (scan) diluted with 150 scan of it
ni trogen. Bekdos the/totad weightofithy sorbgné suppPHe em?quémrm%’&%%
hydrogen f| ow ng at rat.e Liied Haflité B4sed diohea
per i ogZQ)f mﬁe%@;p@g&ﬂ%@)@@%@%@#??ﬁ%% %ouF hourI%i.wjth t he product
sul fur ( pp@arfvad ' @g@%@twﬁ,eﬂdmmwﬁmmmmﬁbﬂmwﬁ our
hour cycle period. After each cycle, the Egrbent ﬁs [ eF ratque at 900 F
for two hofiom abiouhl teiakewt 29 weightaegent based An thedg W&ﬁ?’?& ER§TYB0r vol ume
percent oxygen, then purged W ' | 4 bund ifthe kedpe cfduced
I n hydr'oge\ﬁ/‘%i‘ﬂpmtg%oé&?%ﬁt\éi%&%{@g}ﬁ%#agne ' 03%1 at /00 F (activation).
30 The fol QW MHuf €6 ﬂﬁyd«elgoev@g{t@bﬁeﬁtpromotormetalbasedonthetotalwelghtofthe

_.25 composition.

The sorbent compositions of the present invention, which are useful in the

desulfirization process of the present invention, can be prepared by a process comprising:
‘ .. (@)  mixing a support component preferably comprising zinc oxide, expanded
per]ité, and alumina, so as to form a mixture selected from the group consisting of a wet
30  mix, a dotgh, a paste, a slurry, and the like and combinations thereof; ’
(I:) particulating, preferably spray-drying, the mixture to form particulates
selected from the group consisting of granules, extrudates, tablets, pellets, spheres,



- 2~ - 24 Novenber 2004 5' 10 15 Table 1 PPM Snlfur in Cracked-Gasoline

Usi ng 15% Ni Sor bent SystenCycl el2345PPm ~' S510CS5ppm sul f ur 555<5<5ppm

sul f ur 551010<5PPmM ~<5<5 Table 2 PPM Snlfur in Cracked-Gasoline Using 30% Ni

. Sorbent SystenSorption Cycl el2345ppm sul fur CSGSC55¢c5ppm sul f ur c5C51055PPm
sul f ur <55<5C55 The above data clearly denonstrate that the sorbent system
of ‘the present invention provides a sysiggmfor the ready refovevemrer 2004 ur
froma hydrocarbon containing fluid such as cracked-gasoline. 20 In .

addi tion, t | hadtio SnicHy- _gﬁlg}essysterrs of
Exanpl e || ,&?hﬁPﬁsﬁg}ﬁéﬁyeﬁﬂmﬁﬁ%ﬁgﬁ?ﬁ%Eﬁ%Qt em which |s
attrition resis{@nt drang thepartionidit endelr acicying doudition ap disolosedhartia todern f or
repl acenent aof same.. Use of the mlled expanded perlite in the formation of
t he sor bent d8ed paeUlsts; Exanpl e 111 provided a sorbent composition which has

only two thirdsgghe Eiﬁh"x%gth | uldaf gﬂﬁgcmﬁmgﬁsml el,
and-t hus takes gir?l y '?{/%o t rggn?ﬁg%wgﬁ to ?l%lmlb t he sane vol une.

Mor eoves , héreinkbdpmn aicylcided phrticntates vol ume of the resulting conposition was
as nmacropores which in turn provided a system nost suitable for the

renmovi ng of gas@i ne MEGRANRLNG, pecferablydmpisenating ‘?%P&P Patesit g g

adapt ati on v Lhl Rt Pg{.tl 41S5. di scl osure and the '
appended C?a@ﬁ@o&&gﬁo&%ﬁ%&%ﬁ%gﬁ?fﬁ%ﬁ]&?ﬁ%ﬁ copéeulig()t% this invention. - 28
- 24 Novenber 2094 Cudfyifip the pforaoted patticulutpmeder iaairyingicoadition kodiscleseal/al  of

sul fur &o~ cracked-gasolines and diesel fuels vVhich is conprised of: (a)'
zi nc oxi dehereintp farapgdied, nsewofedgaryqufate; 31 uni na; and (d) a pronotor netal

whe3ei f, &ai d pr tor L L Sy ' el VAL SO : in aH
am)untﬂ?/\/ni sk wi E#}Def %@M@E%ﬁ%@ﬁﬁ%@d&ﬁ ur ?@?ﬁeréﬁl.sa?r ea%ﬁéﬁ&ﬁo{i@g

cr acked- gagistlos&l Idreielit® Sdiin 4 elbinedlGirorhOted paitivulatel andt h swi ne under

desul furization conditions. ~.~. A_sorbent conposition in accordance Wth

claim wherein 68 d pdusingdhe ealeinpd,iprometer parficulite with asuitablededucing 38587 t he

id
group consistin ni_ckel Q . L o, DoAY
nol ybdenu i %iﬁ‘?g’ﬁi%e agP?R?B} ‘?Otﬁﬁ%ft%%nn%ﬁ%%@gn adiu ﬁqnce%g%%s% r(.;é{é%tg nent
conposi t i OBoritentAEEEmIpREGaM bltedilcall Walknce'fiickeliconteat thepsin aidovhareihdhe i s 15
present in an anmount 1n the range of about 1.0 to alsopt 60 _wej ght-percent.

4. AlSor pducedomlpusipromator comperand sertentif presentin an-amoppbeecive Lorfhs | nc

e e e f _
omi gt per Al e R ot iR her Por Bonf BRE B HOM crlbka L SRS dlbckt
of about | @ie} FheRSndh HArdBHBALcORERAR Tuidid Gofiticfbdavidith Berbent qohgeition(s)

an-anount in the range of about 5 to about 30 wei ght percent,
of the present invention according to a process(es) of the present invention.

A process of using a novel sorbent composition(s) of the present invention to
20  desulfurize a hydrocarbon-containing fluid, such as cracked-gasoline or diesel fuel, to
provide a desulfurized cracked-gasoline or diesel fuel comprises:
_ (@) desulfirrizing, in a desulfurization zone, a hydrocarbon-containing fiuid
| selected from the group consisting of cracked-gasoline, diesel fuel, with a sorbentw
composition of the present invention;
25 (b)  separating the desulfurized hydrocarbon-containing fluid from the
resulting sulfurized sorbent composition;
(c)  regenerating at least a portion of the sulfurized sorbent composition to
produce a regenerated, desulfurized, sorbent composition; ,
| (@  reducing at least a portion of the regenerated, desulfurized, sorbent
30  composition to produce a reduced, regenerated, desulfurized sorbent composition; and
(e) returning at least a portion of the reduced, regenerated, desulfurized
sorbent composition to the desulfurization zone.
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~p raid weight percent. being based on the weight of the sorbent support
5. A sorbent conposition in accordance with claim4, wherein said zinc
oxide is preserit in an anount of about 48.3 weight percent, said expanded
~perlite is present in an anount of about 12: 08 wei ght percent, said al um na
is present in an amount of about 9.63 wei ght percent, and said pronotor
“netal is Present in an anount of about _3§_vV eight ~5 Per ceiftNpeaseer@f04 he
total weight of the sorbent conposition. 6. A sorbent conposition in
accordance wt

. | . %&él‘ . .
sor bent conposi .%W%?{&gr@e&%ﬁ %al m %‘?d%%%adgiitd Ptoa;ll_stéitg?or
met Al i s csjaditions that idlide$ totél pedshentengperanms] weight hourhcspatelvelocitypiand cl ai m
2, Wiereiri said prtstnotor nmetal is_a mxture of nickel and,cobalt. 9: '
A sor bent Mﬁ?ﬁ?@iﬂ%nﬂ%%’@%@ﬂﬁ%ﬁ%sﬂﬁhﬁhﬂéﬁ% et CORPOE, n%ﬂ@i@ﬂﬁﬁed
Petlite 9, - . [ ) oshiburiZed S GHRERAR ntdp Pl N
accordance%WYﬁ%%Wgﬁﬁégggh{%%%om tion r|i)3§£la particul atée i nat he
f or m ofs ongdaf sulifudited Sorbenticotpasiddn.t abl et, sphere, pellet, or mcrosphere.

11. A sorbent conposition in_accordance w th cl ai mfkg; wherein said,.
particul ate is J oBrpying @t thredesulfization sep e£8 grocgss Qfifle Bregent cRYEHOBL 1§

sorbent co Si t1.0 uj l,e f t he. Of I .
cracked- gafgrgféfrﬁé ﬂg{} ﬂisﬁ Jé%%jedf% HIE to?%éé?l\%%@# ]g(})itgrz%g rl‘# :&épecjsrp%?%f? %%“rﬁ?r’nlg of
zinc oxi dephe prRABSSEHRPréschEinddiion) it ikirion esseatidl shitguélohydrecarbon-thrdeininig 10
(b) particulating the resulting mx to formparticles thereof; diyng the

pal ti cul atfuidbedoteBy {1b3 gas grajpperphelhi ng the dried particul ate of step (c);

(ej inpregnati t resul tin ' ' | a
bromtl metal g BRSes ey B Bk PERRAGOREMA! ofls Rpafh ssabal T

| | npr egnstomaRaidut 39/pd er&?ﬁl?c in6h absoluts (id)ed aborg 150€ peia).cHowavdr] itid at e
of step (fj; anil theéereafter (h) reducing the resulting calcined

" parti cul atpregsintlypeefexred thatitherto edBaarRgeRfdTomn abpyAMKPR toabettcul at e
conpositio | ng, a reduced pro Qr..Rretal content therein such that the
reduced nef'é?%f’%ﬁ’d’s@o%g‘l{%ﬁs 11 effect the removal of 20 sulfiu
froma scream ofy @nefaAGke hntsdire 3Bold béls@Fielent totkeeplibhyrdtoturbdn-eam i s
contacted with sanme under desul furization conditions. 13: A process.in

accor danc econtaihing fhiidrinl &sentially givapaerar gasphasp.s While syeh fgmparaflres fan §¢ iy wet

whor ei - oetbe e e gt 377Gl aftyf 5 C ol RREHPABSE MAOLFEABET 51 o
;[M atjlhet(:: Is x Wgaﬁré@hg@ﬁﬁ; tHefterip&htfdbiih eBe rahfe of FBMUbRAG20414 3C twslstance

erein said particulate is, fornmed by spray drying of the
m x of stef2&)C (abéut 4005Fd0 ag@tiBW'édelmgnﬁﬁMﬁéﬂhﬁ@EP, %ﬁ%ﬂé&%@&? d

zi nc oxi de | rese LR ,an, a o) 4t N e of 90
el ght " per ek sBaFP b AR abatgbr R Caekalt SO Bt Y ) Pl oA 2
range £f afgil sl to about 40 weight percent, and said alumna is present
in an.anount 1 n the range of about 1 to about 30 wei ght percent of the -

30 - 24 NovenbeWeigihoury bpate velopi("WHSWbis dafinedias thanpmgrieal gatig of the
accordance with ¢l ai Z, wherein said.particul.ate is | . t, ith a
promot or rgteAt wcha ?V%"Hﬁ?‘r Pn‘ﬁ‘_%?‘ﬁ‘Pm@ofﬂﬂg bsn@ﬂggé*ﬂi% ﬁgﬁ@%ﬁ&? gﬁ#‘
consi st ngg&{ndﬁ‘?&klﬂm af QB akd chrld®ibn SRAHPEERIRe akPpieSure ¢'STP!") diRideddyrthen
tungsten, silver, tin, antinony, and vanadium = )
pounds of sorbent composition contained in the desulfurization zone to which the
25 hydrocarbon-containing fluid is charged. In the practice of the present invention, such
WHSV should be in the range of from about 0.5 hr* to about 50 hr, preferably in the
range of from about 1 hr to about 20 hr.
 In carrying out the desulfurizing step, it is presently preferred that an agent be
employed'which interferes with any possible chemical or physical reacting of the olefinic
30  and aromatic compounds in the hydrocarbon-containing fiuid which is being treated with”
the solid reduced metal containing sorbent composition. Preferably, such agent is

hydrogen.




18. A process in accordance with claim17, wherein said pronotor netal is
present in an anmount in the range of about 1.0 to about 60 wei ght percent
based on the total weight of the sorbent conposition. 19. A process in
~accordance with claim12, wherein said particulate is dried in steps 10 (c)
and (f) at a tenperature in the range of about 65.5 C to about 176.6C
(about 150F to about 350F). 20. A procesg._in accordance wi t24 Novenhen 2004
wherein said dried particulate is calcined in steps (d) and (g) at a

tenperature in 2@; Qﬁ!ﬂlﬁa%t' : %9#%.31%? . H{O Hafo!
about 1500F). fg&gﬁé& P gé'éhgs I'n accoéllgéé\%eﬁ C g‘ll‘%%mg erl.el nots?gi d
zi nc oxi dehydfogeh & BdrobdtbéicaBinttig flvid iibe ramggafdfonabbatt 04Dtotaboabljt 80
wei ght percent, said expanded perlite i's present in an anount in the range

of about Ipreferablintthgrangeiof frompehoetf2 to 889w 3al unina is present in an anount
in the range of.,about..1.0.t0 _about .20 ' <1 %ﬁ:it{lxﬁg%' i@ pronotor is
present in an a%W néﬂeg%anoéag&?aﬁp%&&tt%ﬁg ou o\}gt:’fght percent.

20 22. sA EREKe8Saidlinder diddaltuel dhitikepladeMExdmplicofanitalie zones ave fived bl i S
present in au amount of about 69 weight percent, said expanded perlite is
present i rreantoraymoving bed sgagtors, £l torsy waapportaeactars; andithgdikea i s

present in,an anoupt..of .about 13. 75 el d on the wei ght of
the supporitf®sy.2 lﬂdﬁcggvgggeqc r&ﬁﬂéﬁﬁ%ﬁ&rﬁg{oﬁ?ﬁﬁfﬂ%’%@z wher ei n sai d
promotor is ni oi@lsiRAddiring’he RERIMAbatidh Gthe BRidRéd-gdsotihe ot dibsel Madlght
percent based on the total weight of the sorbent conposition. 24. A process

i n accor dafilentsisuth & medhade) carhhe disixide fud gps, eitbegen, and thedikelandnd is present
in an _anount of aboyt 3Q wejght cent . hased on ,the . i t he
sor ber@ cd%?ﬁ?é‘?ﬁtﬁ%&“%%"%bgﬂseﬁf g‘é’é‘ﬁ’s&}sﬁw &5 %&?Mﬁvgt%&?%n\}mer ein

- the reductiouhg tﬁzﬁ%]ﬁé&i’%ﬂ‘i Thy3Rig8h bé EmpRIved Blacdhiidving th degiiBrature in the
range of from aBout 37.7C t0 about Slgt.ngc (about 100F to about 1500F) ~and

at a pr essdesslfiirizatibe of a hyédroodrbon-oomtaining fluid such agrragked-gageline or diesphfuel.

Novenber 2004 put 10,33 a {apout .15 toabput..150 i fo tinme

sufficient to %%H’PS"PHXPF%P V ?P‘S?h%a&é‘é‘ﬁ%egabeaé‘gﬁ%érd%%/ e f:aprormtor.

26. The s ke ; : Sk irshoefloffRord hboig 10! ai ns
%g&gﬁ g%@nﬁﬁﬁ%aﬁh@%%&é si283h #fo .

12-25. 27. or t removal” of sulfur froma streaWof a :
cr ackdd- ganaieromeenito abalitd 960 niicrometersihPreferslypsuch serbent ¢ampasitinneghonldy sai d

21 Ui na. - diea DA T BeGAE CORTARSA 20 BraRBIes Kot P00 pRebuRféy o
duced ' ' ' i f
reduce V?&%@?ﬁﬁ%ﬁﬂﬁ@@ﬂ%m 30hhicRortbtids 16 4DO Blictdferérs MR od

sul fur fr ul'funzation zone uiidet conditions such

t hat t her efised Hedireaetbraydtémde smployed fardhé practicesof edgsntfirizationiqweocegs(shofithe or
di esel fuel and, a sulfurized sorbent; ( ar at.j the resul.tin

desul furi zléﬁcflt wventiqn, OFb et FURPFIUQH %Pf‘fgﬁe?yﬁ'ggﬁ? ,apﬁ?)‘i? %ﬂ%ﬁg?gt i ng at
| east 28 PYLhAddF im bGu PR BhEM Bbd 1217 AEH (RRUPEAD ihéh © dBfERThe o zone
so as ‘to renove at l'east & portion of the sulfur absorbed thereon; 15 (d)
reduci ng, tdi@metes préfbrablydashe fanke of fomabobich794 mm 6.35anindabowrl/3biveh @ as to

provi de.a reduced yal encx pronotor nmetal content thereof which will effect
the renovabtoubt/4dngly diamasterm a stream of a' cracked- gasoline of diesel fuel

then, CONt 2t i e oA 85 acBlochbtl i it On
desti | f ui i jaakié @AgE offtom about 1 square meter per gram (m?/g) to about 1000 square meters ‘
25  per gram of sorbent composition, preferably in the range of from about 1 m’/g to about
800 m%/g. '
The separation of the desulfurized hydrocarbon-containing fluid, preferably
gaseous or vaporized desulfurized cracked gasoline or diesel fuel and sulfurized sorbent
compositibn, can be accomplished by any manner known in the art that can separate a
30 solid from'a gas. Examples of such means are cyclonic devices, settling chambers,
impingenient devices for separating solids and gases, and the like and combinations
thereof. The desulfurized gaseous cracked-gasoline or desulfurized gaseous diesel fuel,
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28. ~1 process in accordance.with claim27; wherein said desulfurization is
carried out at a tenperature in the range of about 37.7C to about 537.7C
(about 100F to about 100UF) and a pressure in.the range of about 103.3 kPa
- to ‘about 10.33 |lviPa (about 15 to about.|5(10 psia). for a tinme sufficient
to effect the renoval of sulfur fromsaid stream 23 29. . A process in
accordance with claim29, wherein said %lggeneratl on is car rd4ddovemben004

El

tenperature in the range of 37.'7C to ut 815.5C (about 10QF to about

1500F) and a_pressure t he ra e pf Pa 33 MPa

(about IOW%B‘E&'&’%@@HP&?‘BF €3P§S‘FIH%€PE f%ﬂ&%@%@%ﬁ#&% r enoval
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process in’accor alm 27, wherein there is enployed air as a
regeneration amhagasenusmadkexbmuhmwmasmrdeeselﬁlel snitable as Br 2004 31.

A process in accordance with claim 27, wher.ei ai d regenerat sorbent is
subj ect edpm&aheftb@mrvﬁe?wnﬁm@géﬁcpwpaﬂ 9’&2@88?1&13’1"5’%11 eh is

mai nt ai ne /. 7C to about 815.5 C (about
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‘- Preferably, the total pressure in a stripper, when employed, is in the raﬁge of from
about 172 kPa to about 3.44 MPa (about 25 pounds per square inch absoluie (psia) to
about 500 psia). |

5 The temperature for such stripping can be in the range of from about 37.7°C to
about 537.7°C (about 100°F to about 1000°F). _
The stripping agent is a composition that helps to remove a hydrocarbon(s) from
the sulfurized sorbent composition. Preferably, the stnppmg agent is nitrogen.
The sorbent regeneration zone employs a set of conditions that includes total -

10  pressure and sulfur removing agent partial pressure. Total pressure is generally in the
range of from about 172.2 kPa to about 3.44 MPa (about 25 pounds per square inch
absolute (psia) to about 500 psia).

The sulfur removing agent partial pressure is generally in the range of from about
1 percent to about 25 percent of the total pressure. .

15 The sulfur removing agent is a composition that helps to generate gaseous sulfur-
containing compounds and oxygen-containing compounds such as sulfur dioxide, as well
as to burn off any remaining hydrocarbon deposits that might be present. The preferred
sulfur removing agent suitable for use in the sorbent regeneration zone is selected from
oxygen-containing gases such as air.

20 The temperature in the sorbent regeneration zone is generally in the range of from
37.7°C to about 815.5°C (about 100°F to about 1500°F), preferably in the range of from
about 426.6°C to about 648.8°C (about 800°F to about 1200°F). ‘

_ The sorbent regeneration zone can be any vessel wherein the desulfurizing or
regéneration of the sulfurized sorbent composition can take place.
| 25 The desulfurized sorbent composition is then reduced in an activation zone with a
reducing agent so that at least a portion of the promotor component content of the sorbent
composition is reduced to produce a solid reduced-valence promotor component to permit
the removal of sulfur from a cracked-gasoline or diesel fuel according to the inventive
process disclosed herein.

30 - Tni general, when practicing the present invention, the activation, i.e., reduction, of
the desulfurized sorbent composition is carried out at a temperature in the range of from
about 37.7_°C to about 815.5°C (about 100°F to about 1500°F) and at a pressure in the
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5- range of from zbout 0.01 hour to about 20 bours.

Following the activation, i.e., reduction, of the regenerated sorbent composition, at
least a portion of the resulting activated (i.e., reduced) sorbent composition can be
returned to the desulfurization zone.

When carrying out the process of the present invention, the steps of

10  desulfurization, regeneration, activation (i.e., reduction), and optionally stripping before
and/or after such regeneration can be accomplished in a single zone or vessel or in
multiple Zones or vessels.

When carrying out the process of the present invention in a fixed bed reactor
system, the steps of desulfurization, regeneration, é.ctivation, and optionally stripping

15  before and/or after such regeneration are accomplished in a single zone or vessel. '

The desulfurized cracked-gasoline can be used in the formulation of gasoline
blends to provide gasoline products suitable for commercial consumption and can also be
used where a cracked-gasoline containing low levels of sulfur is desired.

The desulfurized diesel fuel can be used in the formulation of diesel fuel blends to

20 provide diesel fuel products.
| EXAMPLES

The following examples are intended to be illustrative of the present invention and

to teach one of ordinary skill in the art to make and use the invention. These examples
, are not intended to limit the invention in any way.
25 EXAMPLE 1

A solid reduced nickel sorbent system was produced by mixing 10% alumina
(Vista Dispal), 40% diatomaceous earth (W orld Chemical), and 50% zinc oxide with
~ ‘water at 42% solids using tetra sodium pyrophosphate (TSPP) as the dispersing agent.
The resulting slip was spray dried using a Niro Mobil Minor Spray Drier fitted
30  with 2 0,035 inch air cap and a 0.35 inch fountain head nozzle. The inlet temperature was
320°C and the outlet temperature was 150°C. Air flow through the nozzle was 70 liters
per minute. The slip was delivered at approximately 43 cc/min H,O. '
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‘The resulting calcined composition was screened to remove fines <40 microns and
oversized particles of >250 microns.

5 The screened sorbent was impregnated with 12% nickei (as the metal) using
melted nickel nitrate hexahydrate in 5% water to get it to melt/dissolve. The resulting
solution was then sprayed onto the sorbent using a Sono-Tec sprayer while the sorbent
particles were rotated in a baffled cement mixer type drum. The nickel nnpregnated
sorbent was again calcined at a temperature of 635°C for 1 hour.

10 The calcined 12% nickel sorbent composition was again impregnated with 15%
nickel as carried out supra. | .
The resulting 27% nickel impregnated sorbent was then calcined at a temperature
of 635°C for a period of 1 hour to provide a 30% (by weight) of a nickel impregnated
sorbent system.
15 The resulting impregnated sorbent system has a Davison attntmn resistance value
of 19.26.
EXAMPLE IT
10 grams of the sorbent as prepared in Example I were placed in a }2 inch
diameter quartz tube having a length of about 12 inches and having a glass frit positioned
20  above ths lower 1/3 thereof so as to provide an inert support for the bed of sorbent which
was placed thereon. |
During each cycle, gaseous cracked-gasoline was pumped upwardly through the
reﬁctor»at a rate of 13.6 ml per hour. The gaseous cracked-gasoline had a motor octane
© number of 80.6 (MON) or 92.1 RON, an olefin content of 21.2 weight percent, 340 parts
25  per million sulfur by weight sulfur-containing compounds based on the total weight of the
gaseons cracked-gasoline and about 0.03 weight percent thiophenic compounds based on

the weight of sulfur-containing compounds in the gaseous cracked-gasoline.
- During each cycle, the reactor was maintained at -a temperature of 700°F and a
pressure of 15 pounds per square inch absolute (psia). Hydrogen flow was at
30 150 standard cubic centimeters per mimute (soom) diluted with 150 sccum of nitrogen.
Before cycle 1 was initiated, the sorbent was reduced with hydrogen flowing at a
rate of 300 scom at a temperature of 700°F for a period of one hour. Each cycle consisted
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of four hours with the product sulfur (ppm) for each cycle measured at one hour intervals

over each four-hour cycle period. After each cycle, the sorbent was fegenerated'ax 900°F

for two hours with a mixture of oxygen and nitrogen containing four volume percent

oxygen, then purged with nitrogen (regeneration), and then reduced in hydrogen flowing

5 _ at arate of 300 cc for one hour at 700°F (activation).
The sorbent compositions were each tested over 2-cycles. Each cycle utilized a
mixture of 150 scem hydrogen and 150 scom nitrogen and 350 sccm/hydrocarbon.

The following results were obtained:

Cycle 1 2
10 PPM Sulfur 10 5
PPM Sulfur 20 ' 20
PPM Sulfur 25 15
PPM Sulfur 20 i5
15 EXAMPLE IIL

A solid reduced nickel sorbent system was produced by mixing 13.75% alumina
(nitric acid peptized Condea Disperal), 17.25% milled expanded perlite (R/F 27M), and
60% zinc oxide with water at 42% solids using ammonium polyacrylate as the dispersing
agent.

20 The resulting slip was spray dried using 2 Niro Mobil Minor Spray Drier fitied
with a 0.035 inch air cap and a 0.35 inch fountain head nozzle. The inlet temperature was
320°C and the outlet temperature was 150°C. Air flow through the nozzle was 70 liters
per mirute. The slip was delivered at approximately 43 cc/min H,0.

' The spray dried product was dried in air using a muffle furnace at a temperature of

25 150°C for 1 hour and then calcined at a temperature of 635°C for a period of 1 hour.

The resulting calcined composition was screened to remove fines <40 microns and
oversized particles of >250 microns. |
~ The screened sorbent was impregnated with 15% nickel (as the metal) using
melted niékel nitrate hexahydrate in 5% water to get it to melt/dissolve. The resulting

30  solution was then sprayed onto the sorbent using a Sono-Tec sprayer while the sorbent “

particles were rotated in a baffled cement mixer type drum. The nickel impregnated
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5 of 635°C for a period of 1 hour to provide a 30% (by weight) of 2 nickel impregnated

sorbent system.
- The resulting impregnated sorbent system has a Davison attrition resistance value
of 10.
EXAMPLE IV

10 10 grams of each of the sorbents as prepared in Example III (15% and 30% nickel)
weré separately placed in % inch diameter quartz tubes having a length of about 12 inches.
and having a glass frit positioned above the lower 1/3 thereof so as to provide an inert )
support for the bed of sorbent which was placed thereon in each of the quartz tubes.

During each cycie, gaseous cracked-gasoline was pumped upwardly through the

15  reactor at a rate of 13.6 ml per HR. The gaseous cracked-gasoline had a motor octane
number of 80.6 (MON) or 92.4 RON, an olefin content of 21.2 weight percent, 340 parts
per million sulfur by weight sulfur containing compound based on the total weight of the
gaseous cracked-gasoline and about 0.03 weight percent thiophenic compounds based on
the weight of sulfur-containing compounds in the gaseous cracked-gasoline.

20 During each cycle, the reactor was maintained at a temperature of 700°F and a
pressure of 15 pounds per square inch absolute (psia). Hydrogen flow was at 150
standard cubic centimeters per minute (scem) diluted with 150 scom of ﬁitrogen.

_ Before cycle 1 was initiated, the sorbent was reduced with hydrogen ﬂowiﬁg ata
rate of 300 scem at a temperature of 700°F for a period of one hour. Bach cycle consisted

25 of four hours with the product sulfur (ppm) for each cycle measured at one hour intervals
over each four-hour cycle period. After each cycle, the sorbent was regenerated at 900°F
for two hours with a mixture of oxygen and nitrogen containing four volume percent
oxygen, then purged with nitrogen (regeneration) and then reduced in hydrogen flowing at

" arate of 300 cc for one hour at 700°F (activation).

30 The following results were obtained:
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The above data clearly demonstrate that the sorbent system of the present
invention provides a system for the ready removal of sulfur from a hydrocarbon
containing fluid such as cracked-gasoline.

20 In addition, due to the low Davison attrition value of the sorbent systems of
Example III, there is provided an operable sorbent system which is attrition resistant and
thus capable of extended use prior to the need for replacement of same.

Use of the milled expanded perlite in the formation of the sorbent systems of
Example I provided a sorbent composition which has only two thirds the packing

25  density of the sorbent system of Example 1, and thus takes only two thirds the weight to
1 the same volume. Moreover, the majority of the pore volume of the resulting
composition was as macropores which in tum provided a system most suitable for the
removing of gasoline sulfur.

Reasonable variations, modifications, and adaptations can be made within the

30  scope of this disclosure and the appended claims without departing from the scope of this

invention.
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coppet, zine, molybdenum, tungsten, silver, antlmony, and Vanadlum : e

3. A sorbent composmon ih accordance Wlth clann 2 wherem sald promotor metal is

o 15 ‘present in an amount in the | rangc of ahout 1 0 to about 60 ‘
’ 4 A so:bcnt eomPOsmon in accordance‘ ﬂfl laim 3 ‘whereiti sai Z L
S present m an amount in the rallge of about 10 to about 90 Welght 1""31""‘31‘“t sald expandod;'ﬁ: =

- petlite is present in an amount in the range of about 10 to about 40 Wexght percent and

- ,f'smd alumma is present m an amount in thc rangc. of about 5 to ab' ) :'t 30 wmght percent -

welght porcent bcmg basod on the Wezght of the; &

50 A sorbent composmon in accordance -oxide: |
7 prdeent inan amount of about 483 we:ght perccnt sa1d e:cpandcd perhte is present it an '
e "alnount of about 12; 08 weight pcrccnt sa.ld alumma is prcscnt in an amourit of dbout 7
) _' . 9 63 wolght pcrccnt, and said promotor mctal is prescnt in an amount of about 30 Weight -.:- ; -
o 25 ‘- _pcrcent based on’ the total we1g11t of the sorbcnt composxtlon ‘ L .
B 6‘.' . Asorbent composition in accordance with claim 2, whetein said protitotor. metal is
mckel L _ " | '- | i e N
A A sorbent composmon in accordancemth claun 2 wherem sald promotor metal 15
._.'cobalt . | A
- ’30 A sorbent composmon in accordance thh claun 2, wherem sa:d promotor metal is
s 2 xmxturc of mckel and cobalt | ' o

E 9. ' A-sorbent composmon in accordancc w1th clalm 1 whcrem sald expanded poi‘hte
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\ 12. A process for the production of a sorbent composition suitable for the removal of
—sulﬁJr from a cracked—gasohne or diesel fuel stream whmh comprlses |
(a) admxxmg of zine oxide, expanded perlite and alunina $o as to form a mix
- thereof; _
10 (b) particu‘lating the resulting mix to fortn particles thereof;
) drymg the partlculate ofstep (b);
(d) - calcmmg the dried particulate of step (c),
-(e) impregnating the resulting calcmed partlculate of step (d) with a promotor
metal or promotor metal contammg compound; _
15 - o drymg the mpregnated paruculate of step (e), _
| (g) calcimng the drled parhaﬂate of step (f), and thereafter
(h) reducmg the resulting calcmed partxculate of step (g) under reducmg _
conditions to produce a particulate composition having a reduced promotor metal content
therein such that the reduced metal contammg composmon will effect the removal of
- 20 . sulfur from a: stream ofa cracked—gasohne or dlesel ﬁ,lcl When such stream is contacted
o 'w1th sartie under desulfunzauon conditions. _ _
L 13, A process in accordance with claim 12 wherem said mix is in the form of one of a
wet le, dough, paste, or slurry.
| 14. A Process in- accordanée with- claim 12, wherem said partlcles are in the form of
25 - one of granules, extrudates, tablets, spheres, pellets or m10rospheres
15. A process in accordance with claim 12, wherein said partlculate is formed by
spray drymg of the mix of step (a). s
N 16. A processin accordance with claJm 12, wherein said zinc ox1de is present nan
| a,m_ount m'thelrange of about 10 to about 90 weight percent, said expanded perlite is
30 present in an amount in the range of about 10 to about 40 weight percent, and said |

-alumina is present in an_an’mnnt in the range of about 1 to about 30 weight percent of the
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promotor is present in an amount in the range of about 10 to about 30 weight percent

20 22. A process in accordance with claim 12, wherein said zinc oxide is present in an
amount of abouf 69 weight percent, said expanded perlite is prescnt in an amount of about
17.25 weight percent, and said alumina is present in an amount of about 13.7 5 welght
percent based on the weight of the support.
23. A,process in accordance with claim 22, wherein said promotor is nickel and is -
25 pr&seni in an amount of about 12 weight percent based on the total weight of the sorbent
composition. |
24, A process in accordance with claim 19, wherein said promotor is nickel and is
present in an amount of about 30 weight percent based on the total weight of the sorbent
composmon

30 25 A process in accordance with claim 12, wherein the reduction of the promotor

metal is carried out at a temperature in the range of from about 37.7°C to about 81_5.5°C
(about 100°F to about 1500°F) and at a pressure in the range of from about 103.3 kPa to
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The sorbent product of the process of any one of precedmg claims 12.-25.
27_. A process for the rcmova} of sulﬁn‘ from astréam of a cracked-gasohne or a diesel
5 : ﬁJeI which compnses o
(a)  contacting said stream w1th a sorbent composition compnsmg zinc oxide,
expanded perltte, alumma, anda promotor metal whercm satd promotor metal is precent '
ina reduced valence state and n an amount Whlch wﬂl eﬁcct the removal of sulfur from |
said stream in a desulﬁmzatlon zone vitider conditions such that there is formed a
| 10 desulfunzed ﬂtud stream of cracked-gasohne or dlesel fuel and a sulfunzed sorbent
o wm separatmg the rcsultmg desulfunzed ﬂmd stream from said sulfurized
sbfben'ti;j' C |
() regenerating at least a portion of the sebarate‘d sulfuriz’ed sorbcnt ina
. regeneratlon Zone so as to removc at least a portlon of the sulfur absorbed thereon
> 15 @ : . reducmg the resultmg desulﬁmzed sorbcnt in an actnratlon zone so as to
o :‘prowd : red }’_e’d valence promiotor metal content therem which w1H effect the removal R
' of suifur from a stream ofa cracked- gasolmc or diesel fucl when contacted wnh same,
and thereafter '
| c A i (_e) : retummg at least a portlon of the resulttng d&culfunzcd, reduced sorbent to
o ;:‘,i_ 20 sald deStﬂfunzatto 'zone o . . _ ' |
e 2'8i | A pmcees in’ cccOrdance thh clatm 27 whercm said deculftmzatlon is carried out" .
at a teml)crature in the range of about 37.7°C to about 537. 7°C (about 100°F to about -
1000°F) ‘and apressu.re in the range of about 103 3kPato about 10. 33 MPa (about 15 to
about 150‘0 psia) for a time sufﬁctent to effect the removal of sulfur from said strcam

25 29. . A process in- accordance w1th clatm 29, wherein said regeneration is carried out at
‘a temperature in the range of 37. 7°C to ‘about 815. 5°C (about 100°F to about 1500°F) and
a pzessure in the range of about 68.9 kPa to about 10 33 MPa (about 10 to: about
'1 500 psm) ford tnne sufﬁclent to eﬁ‘cct the removal of at least a portmn of sulﬁsr from
the sulﬁmzcd sorbent o )

30 '30.‘ - Aprocessin accordauce”with claim 27, wherein there is er’nployed airasa

regeneration agent in said regeneration zone.
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is strippe prior to introduction into said regeneration zone.

33. A process in accordance with claim 27, wherein said regenerated sorbent is

i0  stripped prior to introduction to said activation zone.
34.  The cracked-gasoline product of the process of any one of preceding claims 27-33.
35.  The diesel fuel product of the process of any one of ﬁreceding claims 27-33. -




