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LI QUI DS FIELD OF THE | NVENTI MMR “”mhe present invention is directed to
an i nproved process capabl e I'ng product streanms of |ight and
heavy gasoly @6y dssmgti ons, which are substantially free opcsuybdrbosl
cont ai ni ng conpounds. BACKGROUND OF THE | NVENTI ON [ 0002] Catal ytic cracking
is a petroleumrefining process, whichyis applied comercially on a very
| arge scale. A mgjority of the refinery gasoline blending pool in the
United St at es AROGESRIFOBRSUIHURREMOVALFROM tRHRROEABBONEKIAPS FCC)
process. In the process, heavy hydrocarbon feedstocks are converted into
| i ghter products by reactions taking place at el evated tenperatures in the
presence OfF[BLDAORIIWE INVENTIONe majority taking place in the vapor phase.
The feedstock is thereby converted into asol,i ne, |st| | | at nd ot her
liquid frad®®H proddde Pesseridmsnaan isdirectedsio an diypioye Brageéﬁﬁ@a@Fﬁgkl ng

products h bﬂ& ??%du@f stleBR§ of:@g'hm{a lﬁh@}”%lsgﬁﬁe FRkisUbich BRe three
character| tic s a catalytic cradcking process conprises: a cracking
step in whlScklhstallth@yrﬁ@a@&ﬂﬂ%ﬁ%ﬁﬁ%éﬁom@é@dét reamis converted into |lighter
products, a stripping step to renove adsorbed hydrocarbons fromthe

catal yst material, and a regeneratl on step to burn off coke formations
fromthe cais ANE ; Nhen reC|rcuI ated and reused in the
cracki ng st [0003] troI ni c sul fur
conpounds, ﬁ@?x%h as agglct ans 1???& g%ﬁgrn %@%g@ Cﬂ‘fﬂ%ﬁﬁ?@ducts of

t he cracki n@nficciels on@&éﬂyd&gemilengﬁl majoeitycbfithe mﬁnd:ralgnsodnuds blendingrpenli ti es
even t hough about half of t fur . c ungs. are co ed to hydrogen
sul fide durPh ﬂﬂ’épdg’l?%@%isﬁ °‘§‘F ‘ésgga%‘igm?‘{j)”ﬁ@ym Rk F@Eij@%"ﬁf}o& tion of
non- t hi ophepitge siokdse ! hef PYTPRIEEASon TEe@sth Elis QRN IMVEL 1Nk o lighﬂ‘cleprodﬂi@ﬁw c sul fur
cont ai ni ng conpounds have been found nost difficult Ejo renmove, The

speci fic di ©aqHoBstakEE Rigcesh plevated trmpesaiures Jbibe RipSHICE ahie F¥aY Withdident on a

nunber  of §aeHAS Gl pladd i de LARE phaBat PheyBédsiotR S therdBy édnveedpn@sent
conversi on and Ot her ~operati n% conditions, but, in ani: ey in a certain
proporti on gAsoline distilltes andeiaes hgyd fragtiomprodyet stregms apwel ésalégi‘teéasol i ne

fractions a&@ecﬂﬁ%?a%ﬁm%\ﬁ%ddcﬁthgwﬁgfoupBPE%%rb%ﬁ%oms per molecule. The three

characteristic steps of a catalytic cracking process comprises: a cracking step in which

the heavy hydrocarbon feed stream is converted into lighter products, a stripping step
to remove adsorbed hydrocarbons from the catalyst material, and a regeneration step
to burn off coke formations from the catalyst material which is then recirculated and
reused in the cracking step.

[0003] Petroleum feedstocks normally contain organic sulfur compounds,
such as mercaptans, sulfides and thiophenes. The products of the cracking process
correspondingly tend to contain sulfur impurities even though about half of the sulfur
compounds are converted to hydrogen sulfide during the cracking process, mainly by
catalytic decomposition of non-thiophenic sulfur compounds. The thiophenic and
other organic sulfur containing compounds have been found most difficult to remove.
The specific distribution of sulfur in the cracking products is dependent on a number
of factors including feed, catalyst type, additives present, conversion and other
operating conditions, but, in any event in a certain proportion of the sulfur tends to
enter the light or heavy gasoline fractions and passes over into the product pool.

Although petroleum feedstock normally contains a variety of sulfur born
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Al t hough petrol eum feedstock normally contains a variety of sulfur born WO
02/ 083818 PCT/ US02/ 10031 2 contam nants, one of the chief concerns is the
presence of unsubstituted and hydrocarbyl substituted thiophenes and its

deri vati vesyo §x6s3s1@S t hi ophene, et hylthi ophene, ethylthpopisiaces:
propyl t hi ophene, benzot hi ophene, and tetrahydrothi ophene, as well as

t hi ophenol s, in the heavy and |ight gasoline fraction product streans of
the refining process (e.g. fluid crackihng catal yst process). These
conpounds generally have boiling points within the range of the Iight and

neavy 9250l 0L ERCLAOIIN Ay bl B YE-ROIPRLEARRL Ly { Nose product

streans. [0 sponse 10 concer nm'ssiron of sul fur oxides and
ot her sul fhydravartybsietiiutet tidophssesaintdits phrevacvéspsduchus thdpphemdust i on, vari ous

gover nnent al enci es have promul gated requl ati opns. on the amount of sul fur
cont ai ned ilﬁetpﬁgg%p °B"etca’éf¥1é‘8ﬁ]?etn&fﬂrg?5h§“°i8Lﬂ%u?:efléo.tg’ﬁlﬂl?enﬁ le, the U S.

Gover nnent {B@ghydfcibighendiQl Vel Blicihe£E1S o the Redvitafl lifRpdbdline Fastioras wel | as
Anmendnents to the Clean Air_ Act. In addition, the California Air Resources

Board has skEPduct pirgpms oftherrefdringpraessh (& adlugherasking cpralist prrcesak oiesfe t o about

40 parts peéoniﬂohﬁ&s%&nér@%ave%hﬂiﬁgpBﬁ% witd#h 1R Mngs Ut fndigh€MRlRadyn gasol i ne
are about 385 ppm thes€ new |l ower goals require significant resources by

most pet r ol gasemedfachenssnd ghre becomgeonentrpted &) thesp poUISPt sGeyds-al appr oaches
have been dmg?‘hoped i rersﬁc%ﬂg B bdHE aﬁoﬁ?@is%&?é}{ Sll?lgr OXIdeS éﬁ}@gtgl}&ﬁc h has been

t he renoval sul fur co I ning comnpoun rom edsto ydrotreating
t he st ock psuifor camponndscikiorthe atwbspherenfojbvipg ebmbustion,evariows goveappenthch t ends
to be expensive in termnms é‘%’lt al asui red as

of ca costs of the ui_ pnment . r
wel | s operstiisn v §romsiied BRbRns 58 Tevw S Sl foR P L B fed. “T o006
From t he ecmnolum-Rahig pafdusts.eRor dxhmplapihd Uhe: Ghesinmabl lastiguathi eve
t hi opheni c | fur r val i he crackin rocgess . itself sipnce this would
ef fecti vel &Bﬁg‘i}fnf’gggi"gn‘f ﬂ%(rt‘r)arf% atﬂ%’ﬁfﬁ%@ﬁtaé Dgpenty LIBp FEF@‘”@Il‘éndi ng pool
wi t hout addiéi enadditids; BRICHERIrnia VaF REeSrcBaBadrY hasGemBli@itioalite have been
devel oped for the renpval of sulfur during the FCC’a(Er ocess c¥lcl e. For
exanpl e, a YooeeniEation glowlfpniysasping dyabpnt 40 payts REPIALARE™h eed Meet al  has

been shown é&reﬁ?gﬂﬁglervaﬁﬂ V&lineQfe a‘bi'o?%t s bfe st ne“fl];%%&r ASleq@reet al .,

Ef fect of N ckel and Vanadi um on Sul f ur Iggductl on o Napt ha, Applied

Cat al yst A sigiifieantresqgesb3 000} pysendraun hgerg gneet Hiegepdevdlence al so showed
that a sul f[‘g)bog]ed”‘:t | Qe AN bEdatiRs RATELeR BeRIDENG thABIESARRL §mal um na i's

effective t
gasoline. One approach has been the removal of sulfur containing compounds from

feedstock by hydrotreating the stock prior to cracking. While highly etfective, this
approach tends to be expensive in terms of capital costs of the equipment required as
well as operationally, since large amounts of hydrogen are consumed.

[0006] From the economic point of view, it would be desirable to achieve
thiophenic sulfur removal in the cracking process itself since this would effectively
desulfurize the major components of the gasoline blending pool without additional
treatment. Various catalytic materials have been developed for the removal of sulfur
during the FCC process cycle. For example, a FCC catalyst impreghated with
vanadium and nickel metal has been shown to reduce the level of product sulfur, See
Myrstad et al., Effect of Nickel and Vanadium on Sulfur Reduction of FCC Naptha,
Applied Catalyst A: General 192 (2000) pages 299-305. This reference also showed
that a sulfur reduction additive based on a zinc-impregnated alumina is effective to

reduce product sulfur in FCC products. However, when these materials are mixed



reduce product sulfur in FCC products. However, when these materials are

m xed WO 02/083818 PCT/ US02/ 10031 3 with netal inpregnated FCC catal yst,
the effect of sulfur reduction was | essened and becane econonically

i nefficientyohf@@de O her devel opnents for reduci ng produgtrssdfigézihave
centered on the renoval of sulfur fromthe regenerator stack gases. An
early approach devel oped by Chevron used al um na conpounds as additives to
the inventory of cracking catalyst to sadsorb sulfur oxides in the FCC
regenerator; the adsorbed sul fur conmpounds which entered the process in
the feed were, rel eased N.,.Sul L riNe r I rtion of
the cycle arin B BRBRERTNCE BB L BT of UL R BpFF AR aRE s 0" Py
wer e r enovebtcaine ecdflonstully imdffigibnt, Additives | nproved FCC Process,

dr ocar bon cessing, nber 1991, pages, 59-66., Al't ho | fur i
rHIérmved fr oIIIOI:;IZr'@ stS Zgﬁg‘eb‘g@é@plﬁfmf III’é r‘?d@&gﬁgfc‘g% SPE'BIIBIHEE‘?H"%%II‘ITE 1) I;veI : are
not great | yregiofvgIdfQdifur fromthedbienchGP O8Ik MRe| AitdRtaby@adtefehelopidyy for the

renoval of sul fur oxides from regenerator stack gases is_based on the use
of magnesi ufheiremhsed Hupnseqmpoyads ag additivesds thegnyameory pf eragking Gatplvshioal yst
inventory i Ltin R0} | SGleasd isSviivpe of

sul fur rern)IE/IIaSII)I:I):s [ tI)I\C/IgésS']Ilrt]cl ude e%@sé.r&%éﬁgtﬁtasol{lgég%éy, Qé)g?ggl(%ﬂ;ﬁv 4%%57, 892;
4,957, 718; etqedilggrocesvinghhierd weragelpased poliisivegen spifideiduringghe fragkidgevel s  are

t I ifd : I I
"1 Do o CPARREERRe AR v e bR SOBRRR e Mo SRR

U. S. Pat ent wBre3@fp i3 SenKrisbnas2 5., 2WditivEhbnrored G Pogesyr Bpdbrs@sbanhe addi ti on

of a cracki cat al yst additive o] of an al um na:su rted Lew s
acid with POSoSHE NRY RS04 Boass SRR Affodh Gt e ésta"g‘yst em has
t he advant aggss of the edgahergios phdduct suifckuedelsoite ot gréeely effeaed iifeg ajpr ocess, the
conposi tion not achi eved, significant comercial success. It has been
found that Ioﬂﬁgl‘,onpo ?‘I(S‘?IgatIYF(S%E‘%%I‘EIg r%ﬁﬁg@@iﬂiﬁ“@{ ! "’.S%‘EI’BI_' not provide
si gni fi cant rdgslisibi @RckOdasdsNebdsey 6l e Qle dfthPRBENESI@NHuh sinelgkd vat i ves, even
when high |levels of the alum na-supported Lewis acid additives are

i ncl uded i n2ddiidves shp<Sieriane cafst gueriesy iythe s vith AFCEBBEX P e ght
percent of addhiihy & byBe bhgiifhr LARPASHEON HO8% UROPaBI MWsdeo enefit equal
to the cost of the additive. [0010] The possibility of adsorbing thiophenes
directly fréaP688014.9%, HEsd, 7HER aad pthorse dhgpiny bewsyer, pradyet syEudavely i ¢
literature, A in4s nd. Eng. Chem Res., 33, page 336 (1964) and
Garcia et a?‘é%%hgégﬁ%g&dt:hem 96 page 2669 (1991) have

[0009] A ca}alyst composition to reduce sulfur levels in liquid cracking

products has been described in Wormsbecher and Kim in U.S. Patent 5,376,608 and
5,525,210. The composition proposes the addition of a cracking catalyst additive,
composed of an alumina-supported Lewis acid, with conventional zeolite molecular
sieves. Although this system has the advantages of causing sulfur reduction in the
cracking process, the composition has not achieved significant commercial success. It
has been found that the compositions proposed by Wormsbecher et al. do not provide
significant reduction of the levels of thiophenes and its derivatives, even when high
levels of the alumina-supported Lewis acid additives are included in the composition.
The use of greater than about 10 weight percent of additives in their composition does
not provide a benefit equal to the cost of the additive.

[0010] The possibility of adsorbing thiophenes directly [rom gasoline has
been explored briefly in the scientific literature. A.B. Salem in Ind. Eng. Chem. Res,,
33, page 336 (1964) and Garcia et al. in J. Phys. Chem. 96 page 2669 (1991) have




WD 02/ 083818 PCT/ US02/ 10031 4 shown that certain zeolite materials can be
used to adsorb thiophenes fromolefin-free gasoline. Exchanged zeolites,
such as Ag-exchanged Zeolite Y and Cu-exchanged Zeolite Y have been shown
to adsorb audoiessgigom st andard gasoline (See U.S. Patent pdri8@/18&2 and EP
0, 275, 855). However, in each case, the absorption capacity of the
adsorbent material is insufficient for comercial application. [0011] It is
al so recogni zed that raw fuel s, such ag gasoline, diesel fuels and the

| i ke may not be useful as a fuel source for a fuel cell power plant due to
the presen finR R0 7ok ogen
generation %@“&ﬁ%ﬁq preséer?z%l 1{6?{3 ??B] gpéﬁgtﬁl&%ﬁgﬁn S rgteefslﬁblf%é in a
poi soni ng efidselite. dxchdngedfeofites, suchmsaAg-sx@angBd(Zcbhtea’ nydiCogemhatgedn

generati ng e i ncl udi ng fuel cel no taI st ventional fuel
processi ng Z%/@{tee YR \ﬁ‘“ﬁ‘%ﬂ Tfotfglforﬁéﬁﬂkurgr(? a’iﬁilar 2%?6%'5' E*Q‘Plﬁer nal
st eam r ef or #@88,2&mld BPO,27158 550l e Howevae,dn karhdass, theabsinptidn, ap&it334thel - such a

system the sulfur is renpv fromthe fuyel conventi onal
hydrodesul f%ﬂssp@a%ﬁ%erfaéwﬁg%lemf%@%ﬂﬂtag c2H9Br ogen sul fide is then

renoved USjoRE1IR Zi NQt R%1sdQedd@Bized Wbt BwifMIS sSchSk @0life SASstBhAShAT Y When
used in co ination wth |large stationary applications, it does not |end

itself to n%lhkémayaﬁ%%rs?%ﬂ pomfuchsoyrop dertd farise b pewersams due ftha y st ens si ze
cost and coppl&y oth)r 31\1 ShrRouBaoh e fuéi%éhrﬁédHyd}o?éhagen@raﬁa% tfd fective

means of renoving rom hydr ocarbon fuels so they can be used
in fuel cel presgopt chmtfunmsl sxl{imx}poundsmltdm@epmm&lﬁﬁeet ancplidvie an

econom cal 8t &l LE8hL ¥Ry REAGESS: contiblLhBncARALS 00 LEURENO
pnhe

sul fur-cont ai nf ng ma rect TFom gasol i ne
pr oduct strmatgsts:tﬁicmvmmbnﬁ}ﬁuahmomknmgsmmomlsmﬂm fu[sDc&]lEp]oMet plagsll d al so be
desirable to ve .an nom al and, ef | ectively
adsor bs sul’fnﬁ{eﬁﬁgmeé[f‘ Oéli’nF F%Ch%h\agﬁg g%siggv?%gfkp gd t stream

and in whi cfuchheyahﬁah@anmrcsaﬂmbeedmdtﬂewuaas}@mb@du@faithe sul fur materi al
and recycl r{her mve su fur _materia diti onal gasol i ne
product . lﬁm&?&%ﬁ“ W@Eﬁ‘ﬂﬂe {‘eo‘ﬁsi"ﬂ tﬂé”ﬁ?‘é%ﬁ‘?? BAEPO¥di s direct ed
to the des u{ﬂm%u@@ bffe @éd hy BilOGar HQBm iCAmracbiy it wByd BQRkdEhie sul fur

| aden hydrocarbon |iquid such as product stream |iquid of petrol eum

refining pr U&B%%&%S%Oﬂlﬁrymaalé%ﬁ(ﬂpys Hidorstot ket dssikio 1‘&(8%‘&6@?%%%@\/@ 02/ 083818
PCT/ US02/ 10%‘10&1%5 because of the systems size cost and complexity. It would be highly

desired to have a cost-effective means of removing sulfur from hydrocarbon fuels so
that they can be used in fuel cell applications.

[0012] It would be desirable to have an economical and effective process,
which is capable of removing sulfur-containing materials, such as thiophenes, directly
from gasoline product streams obtained from cracking processes.

[0013] It would also be desirable to have an economical and effective process
which selectively adsorbs sulfur containing materials contained in a gasoline product
stream and in which the absorbent can be readily desorbed of the sulfur material and

recycled to further remove sulfur material from additional gasoline product.

SUMMARY OF THE INVENTION

[0014] The present invention is directed to the desulfurization of hydrocarbon
compositions by contacting sulfur laden hydrocarbon liquid such as product stream

liquid of petroleum refining processes with Raney® nickel catalyst compositions



useful in packed bed reactors, and separating the desul furized hydrocarbon
liquid fromthe Raney nickel material. The process further provides for
renoval of the sulfur species fromthe Raney nickel and reusing the

regener at edygei/gdsygt to treat additional sulfur-Iladen hydepgssdness:! i quid.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0015] The present process provides

an effective and econom c nethod of renoving sul fur species from
hydrocarbon |iquids, especially light gnd heavy gasoline fractions
obtai ned from cracking of petrol eum heavy hydrocarbon feed. The present

process conprkses_contactin | % ur -1 hydr.oc n.hiquid.product with
porous ni ZP ngu- at %aﬁﬁﬁ%&grreﬁgoéggf' 5 gqpar ria‘fa" %5%%%e§é@rlg%d§{}@g cgﬁbygki zlLmcsltt erial that
i s cont ai nefilomnhaRarfely néadehageraatThoproessd furtheoprevidegfot femovelafitiieant

desul furi zed drocarbon. | jquid. ., The . sulfur species, of .sul fur-laden fixed
bod cat al & oTURY Pt fasint b hisblko S tne e BRGRETE ARl foulfet o oy ovi do-
r egener at edadaaicdbsult-gldyshydrddaitongiatial yst can again be utilized for
renoval of sulfur species fromadditional hydrocarbon |iquid. Thus, the

present invention provides a process that can effectively and econom cally
produce a sgEfTil b THSAMETRRROROTHE NedHStTIoN0016] The terms "fixed bed
reactor" or "packe ed reactor™ as use erein and in the clainms appended
her et o i nt el08hEnhgeabl Thernsesent preseasprovidescniieptiveind espnpmec methedplist is in a
densel y | 0alatlyly SURSLRIL Sk ¥y BRLDANRLYL! S flehPKATRLE s T eCt o
may have a pgg)lzeé coﬁ%&n or an }écguﬁtratl nu%sé%bg%r r‘ﬁlgTﬁe terv’r?rylsg " |exed bed
cat al yst" ofractioas Ridinpé ffomatagkipg of pétrodee ey bedsbsarboaffesd. tTdhe pagsabty st

conposi tion | : t ) t em of
he. pr esent oatia SpipteR sbigifty KRS RLReq sl AT pRERRS B r5HE

hydr ocar bonnipketeiiaiing br mielted-afurcdmne fiked tyeidi catatystunkterna tpr soestesd ild shoul d be
under st ood, _however, that the scgpe of th esent invention.ig,not [imted
to hydrocar%’éeﬁivgaqdd?ﬁcﬁosr_aﬁ feﬁ?ﬁé‘ﬂg%dﬁﬁ ﬁgﬁ%ﬁﬁ@%@ggmcf"%@ig‘ﬁu@hjhﬁrocess and
system of t§gfupkReRIbLS bLﬂMﬁ'—'IHdb@ﬂxédSbe@cﬁ@B‘dtS@fl%E réadily Rghovéd BRIERRsef

hydr ocar bon, product streans contenplated for use in fuel cel

|
appl i cat i on&Vensngo preyiispaegseqiatedeororn 0xalvy- (1ol rotplysirapeain b biliedi ng is a

petrol eum r g irdthéMal Bf REHESHeVBEEERKARASYY hydh¥shrRmalqhen Tagdnd srespnvert ed
into lighter products by reactions, which take place_at elevated

t enper at ur e¥VEHiopEO Yidessgresshatsae affentiyely andreronpically prpdete aMEUE onver si ons
free hydrocarbon product.
[0016] The terms “fixed bed reactor” or “packed bed reactor’” as used herein
and in the claims appended hereto interchangeably refer to any reactor in which the
catalyst is in a densely loaded or substantially stationary form. For example, the
reactor may have a packed column or an ebullating bed form. The terms ‘“”’fixed bed
catalyst” or “packed bed catalyst” interchangeably refer to catalyst compositions
useful in these reactors.
[0017] The process and system of the present invention is particularly adapted
for the treatment of hydrocarbon product streams from catalytic cracking processes.
It should be understood, however, that the scope of the present invention is not limited
to hydrocarbon liquids obtained from such processes.
[0018] The process and system of the present invention is also useful in the
treatment of hydrocarbon product streams contemplated for use in fuel cell

applications.



occur in the vapor phase. The feedstock is converted into gasoline,
distillate and other |iquid products as well as |ighter gaseous products
having one to four carbon atons per nolecule. This petroleumrefining
process i s wi@oi®ssg perceived as being conposed of threepgifepR/1667Pr1 Si Ng
the cracking step in which the petroleum hydrocarbons are converted into

| ighter, commercially desirable distillate products, a stripping step to
remove hydrocarbon adsorbed on the catglyst and a regeneration step to
burn of f coke whi ch has accunul ated on the catal yst during cracking. [0020]

Distillate ucts I, . i accaor.di esent

i nvention a e t'ypi Caﬁﬁ&hﬁ?&(ﬁﬁkg{%@%ﬁ%t?Eei@%@%%ﬁg%&g&%ﬂeﬁ@bg&g% rbon
conmponent s lnydrooafhoulfeedbs)cmwmeq)iarod@ﬂltm produab byneattions,nghitioiake pigeepoi nts i n

t he range about 80.to 180F C mai ni ng_havin

boi 11 ngpot Hr e PR Hpres B Ui GAERe of £ Gl e B BT edny' 160 ¢
Sui t abl e di gdcut inalecvapbophest. STiEedtosk isenvdried ito @mhﬁe distillaeaddthgasol i ne
products hayi n‘g Bout 10¢Perc nt by volu Qav % o lin p0| nts of from
about 300F Y{qadREPdRCEs a5 ECOYS RrPrAICH ) Pi“gt gy 43 BéWEnSby vol une
havi ng boi |1!>75€hoﬂ&l11&t ?hﬁ%&r@%u&%&ﬁn@ﬁrofsés@&hﬁ%ﬁkﬁy &Q&Fveﬁ%@@éﬂ to not nore

t han about OF (399C). [0021] Typical distillat'es, which can be subjected
to the desu‘FGFJEHOiSGLdeﬂfltbrﬁe SEPOEREISHE herpsadsingSaRtin MNEERG RAFOBEECT | bed bel ow,

may have thg g@a}b%ﬁéﬁgcoﬁé&%@%ﬁﬁ 1ﬁé6ﬂ %og%é’x\%ﬁﬁ&ﬁ%ﬁ&%m?ﬂlﬁ (oli’c%l?’ 10031 Lt.

Cycle O lsCGasoliuies Densit Catomc ratiol. 4
Ni trogen, wirig@ngseptoresare krdroaarbog@dpried 20 tpGealal st Mpdomegties8sn steno 15 30

(150 | 21CFaBEr G PHOER GaRR 68 By BB BB 0 (52 00 )

[0020] Distillate products suitable for processing according to the present

invention are typically are light products composed of hydrocarbon components in
which about 10 percent by volume having boiling points in the range of from about
80° to 180°F (27°-83° C) and the remaining having boiling points within the range of
from about 180° to 500° F (83° to 260° C. Suitable distillate products may also be
light cycle oil and/or gasoline products having about 10 percent by volume having
boiling points of from about 300°F (149°C) to 500°F (260°C) with the remaining 90
percent by volume having boiling points in the range of from about 500°F (260°C) to
not more than about 750°F (399°C).

[0021] Typical distillates, which can be subjected to the desulfurization
process of the present invention described below, may have the following

characteristics;



509610 - 575 F (266 - 302C)250-300 F (121-149 C) 90%625 -

366C)350 400 F (176 -205 C) End Point700 -

690 F (329 -

sul fur speavesosé@t need to be renoved to provide a resubtambozaneduct

havi ng a reduced sul fur content
| y accept abl e.
hydrotreati ng processes (hydrogenal ysi

envi ronnent al

absorption processes (treating). [

0023f

whi ch causes the product to be

The product streammay be a product of a
and treated product) or
The terns

from

"sul fur" and "sul fur

780F (371 - 416C)400-450 F
(205-232C) [0022] The distillate hydrocarbon m xture normally contains

speci es"” as used herein and in the appended clains refer to el enental

sul fur and to_organic sulfur conpounds including sulfides, such as a

di C3-C6 sulfide, as for exanpkbmbmhnyl sul fide, Gmmmhasulflde pentyl

sul fide, hexH ‘k““ are i““ Hte—eh-stHdes 76” aS5—eH—E2—C4
disul 11 des.  ADFGH Abyanpl L&RyI dl sul 11 de.  prbBTOdi sul f1de. butyl

di sul fide andithmﬁmggmone @apuqns such as Clf 4 al kanethiols as, for
exanp| e, nmat hanethiol thanet hi ol Tals nn:\nnf hio and-the 1i I(n; thi n)henes,
such as neth3¢@%?8ﬁh@h% e1ﬂ§ﬂtﬂﬂophene propyl t hi ophene,

di hydr ot hi oph&l i 749, The | Hke 1 Henzothiophenes|gEqy as a C - CA~arl Ky
benzot hi ophene_as, for example. nethyl benzothi pphene.

di net hyl benzotPhbmpﬂitrsne WO

di benzot hi oplye
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whi ch are corfg%ﬁgﬂ inal a i d hydrocarbon, [OjgﬁfSThe present invention
is directed ttgaaenédcti ng $Bhlde | aden hydrocalbgmangdi stillate wth a
sponge ni ckelletal—alloy tatalyst (also rnf erred 10 herein as a "Raney
ni ckel cat al yStsullatign il s{ 1§ 2t 80 ERiPRateyChi ck8IFHAY Be  cont act ed| by
passing the digspillate thrpugh a packed bed (e.f. fixed bed or ebul | ated
bed) of the present catalyst. The materials arel contacted under anbient

pressure,

whilé% nor mal |y
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0221 o, Nibe dipgllateljydrogarbonmixie pojanally geutains sulfur species

that need to be removed to provide a resultant product having a reduced sulfur content

which causes the product to be environmentally acceptable, The product stream may

be a product of a hydrotreating processes (hydrogenalysis and treated product) or

from absorption processes (treating).

[0023}

The terms "sulfur" and "sulfur species” as used herein and in the

appended claims refer to elemental sulfur and to organic sulfur compounds including

sulfides, such as a diC3-C6 sulfide, as for example propy!l sulfide, butyl sulfide pentyl
sulfide, hexyl sulfide and the like; disulfides, such as di C2-C4 disulfides, as for
example ethyl disulfide, propyl disulfide, butyl disulfide and the like; mercaptans,

such as C1-C4 alkanethiols as, for example, mathanethiol, ethanethiol, propanethiol

and the like; thiophenes, such as methylthiophene, ethylthiophene, propylthiophene,

dihydrothiophene and the like; benzothiophenes, such as a C1-C4 alkyl

benzothiophene as, for example, methyl benzothiophene, dimethylbenzothiophene

to a

about 10 wei ght percent of other



therein) in which the nickel is present in fromabout 35 to 60 weight
percent, with the remainder being primarily alum num subjecting the
formed alloy to an aqueous al kali (e.g., sodium hydroxide) solution to
extract theyabyogsgigm netal fromthe alloy. Wen the resul penuseaoosds
material is of the coarse granular, fixed bed type (cross sectional

di aneter of about 2 to 6 mm, the alumnumis only partially extracted to
retain about 60 to 40, preferably 55 t@ 45 wei ght percent Ni and from about
40 to 60 weight percent Al. The fine granular fixed bed type (cross

sectional dj .of r el to 95

wei ght per céenratli'[EE %\Fﬁeaﬁbb o ?ogﬁ%gg% %ngﬁu;ies E’f%lﬂg’lga%% SLMfur @ém Ol{iﬁ } &é’t St at ed
above, snal ]hkeanlnuhh:sooﬁtahheurzeﬁqmdmyﬁroqadronus cat aI yst nay be conposed of
copper, i rolrb\%%obal t,..zinc, mol ybdenum, and ? | i ke or m xtures
t her eof , as ¢ rﬂr?:sﬁ?fi%}"ﬁﬁfi%’d dﬁ}'ﬁﬁ;ﬁéﬁ’ SORtacRS s,uggrulp speci es.
[0026] The IRARGAriNn didlielel with £eanfanifkel fedl AGEVaAIyANalsd 1ét&eednboc ess

descri bed |n U S. Patents 1 628,190, 1,915,6473; 2,139,602, 2,461, 396, and

2,977, 327. hertia ap aaRmneyguckst catalist . The disklinterand Rasey piskslatPeherein in their
entirety DYedhRleRR RO AT RETHORAO0S (B OIS Ghahichr O0UC S of

this material are sol R Grace & Co. under the trademark RANEY(cC).
[0027] The lbeah af%prmtecﬂialwt ey mseerialp)argeatastedrunder(agbicat psbsirer bonded

material th i oduct. In
cases wher e@fuchéoébgaiuglsl gﬁbﬁfagﬁgsp?\ C‘rﬁ%%ﬂa t@??]é@ﬁl? %@'a@d %%S%e{]ﬁ%g‘gt alyst is
f or med f r ontoRhknety5 Nnospwres). cTlesndtenialsrge sonpactad at tenpsiaperes mngingfromnde of

m nus 50 ne St a g%r eens) or |less, such as mnus 100 nesh or
nore pref er%&Sb%m§tr‘1%hs£‘gg tg7 The term "mnus", when used in conjunction

W th nmesh s[Oﬁes] r ef er'Rahey Nﬁt arusad herdin ahd pabes egpendadrotuingh) refms tdesi gnat ed
mesh screen_(U.S.  Standar Sareens) . The. catal ysts of Rane may be
forned by c%‘?%elé%‘iaf%ﬁ%ﬂ ﬂﬁ%%ﬁ%ﬁ i‘?felﬁg ﬂ‘gisagu%]é‘g Fzﬁé’@'yw}lﬁr SP0HLt ent s
4,826, 799 %ﬁhmarﬂ&ﬁu%th&mtdlﬁanﬁlpegﬁw odtalydtiic oride®by AGOfopaingtaed herein in

the| r entirety by ref rence For . exanpl e, the catalyst invalved in
cont acti ng Brefyrsug@ll %a? pipkel lewamﬁ@dostﬁon@mhbﬁwgﬁﬁlﬁ%@%&%w& with the

sul fur -1 adeg,oly ¢ we%ﬁbpacént SIMtEEr BRYals, Bohfa mqqo g%, cﬁlo@@% 5l 'ﬂ?ethkem xi ng

particles of mnus 50 nesh or |ess of an allo ni ckel and alum numw th
a hi gh nol ethatein) ipwhightheyeirkehispresewrie from abawt e 6Qiveighhperpanhstithctheer f or

the pol ymer St GindhiRGhdly aRintinurh,buBEdidy R oG0Pl y 38R o ik Aii0

(e.g., sodium hydroxide) solution to extract the aluminum metal from the alloy.

When the resultant porous material is of the coarse granular, fixed bed type (cross
sectional diameter of about 2 to 6 mm), the aluminum is only partially extracted to
retain about 60 to 40, preferably 55 to 45 weight percent Ni and from about 40 to 60
weight percent Al. The fine granular fixed bed type (cross sectional diameter of
about 0.1 to 2 mm) normally has about 60 to 95 weight percent Ni and from about 5
to 40 weight percent Al. As stated above, small amounts of the resultant porous
catalyst may be composed of copper, iron, cobalt, zine, chromium, molybdenum and
the like or mixtures thereof, as well as chemically-bound oxygen in the resultant
species.

[0026] The Raney Ni material can be formed according to the process
described in U.S. Patents 1,628,190; 1,915,473; 2,139,602, 2,461,396; and 2,977,327.

The teachings of these patents are incorporated herein in their entirety by reference.



about 10 weight % of other ingredients such as inert fillers, stabilizer,
etc. can be added to the m x. [0029] The m xture is forned into shaped
material, typically by extrusion and cutting or by pellet nolding. [0030]
The shaped wabhgsgssds 1S then subjected to an extracti on or pot/yes2/1p632CESS
step to renove all or at least a majority of the plasticizer fromthe

shaped material. [0031] The shaped material may be then treated in ways to
formthe active fixed bed catalyst. Fgy exanple, the shaped material may
be treated with alkali (e.g., sodium hydroxide) to renove al um num net al

by conventi | ]gﬁr,r S i s a Raney
Ni  havi ng aeg ap%%n‘%‘%%?ﬁ%@ t)?%e%i:}yéf%% %?ﬁcﬁ%{gpﬁnﬁéﬂﬁg&é shaped fi xed
bed cat al ystradauask RANEX® be cal ci ned and t hen subjected to aI kal i
solution to ve a of the m num.fr the in alloy. The
resul t ant pg¢0§9]§ shap@%cﬁgrlyggmﬁﬁerﬁlpf a)sgfﬁ%“flaén{)bs]ﬁlpf’ nfefh%n ‘f] pol ymer and
pl asti ci zer maBlaDiR41Q8 B8 k8bjRsEdd 1SRN I (c) A cilb8Bprodhe. abenses Whered bed
catal yst can, as,st.at ahove, . forned with the use of a _ymer al one
or additi onﬂ1 |°9t%&lﬁa§°fﬁ%e§&%t?ﬁag§w Of & "g?ﬁ%at%%ﬁtﬁs%@’fmed[tg‘ﬁéblw?y he case
where the npiitleshavirg Spaice sielintthe ﬁaﬁé&bfﬁhﬁ& 50 eshaiks StandhRieRebRy Of

al um num fromthe calcined fixed bed catal precursor may provide a

Raney Ni fi Rel§shenshesiiguyd00 meshpr gretﬂiiﬁ?mglb’F%Q%@péﬁesbymh@rmabl e herein
bel ow. Q(ygexﬂmuﬁ“a%h&?uﬁéﬁ%%u&ﬁml?%ﬂ%egﬁ)s@é wﬂrwiinﬁéﬁam Bl pRjesand, in
addition, small anmounts of Oxygen may hem ca boun to certain other
metal s that tm@hgh@@eemnateq‘mesh scgeqnl(H;quStmmd aéredog). eﬁmtad»fstsmﬁ&nmt ent of

t he conposi S t e on a

t ot al corrpo}sq: ém gbx\@]agjfgw%e rg?]ma (l)lﬁ&é%%ﬁiagﬁ‘%ls%%%énaﬁl%%m%tpé‘%g&as met al
or al um na AB36778kandA, 39529, ﬂhedeackmngd ofsthighf arhingdr pstatedrigtdin suth¢imbl e for the
cyclic proc u e ent described herein
bel ow. [00%%] %gjﬁggfg |ézjeeg&g%np le, ﬁegﬁéaﬁrgtl};%\g% \5/13:%@161 qﬁx &%ﬁé?ron or
pelleting ploetgdsess the packedbed camalsmlsth theedutfue- laﬂ?aﬂmmﬂsa%liqaﬂeﬂapn % based
on Tot al To% or meé gl met al conposi ti onconposition

[0028] First, mixing particles of minus 50 mesh or less of an alloy of nickel
and aluminum with a high molecular weight polymer alone or further with a
plasticizer for the polymer, such as mineral oil. In addition, small amounts (up to
about 10 weight %) of other ingredients such as inert fillers, stabilizer, etc. can be
added to the mix.

[0029] The mixture is formed into shaped material, typically by extrusion and
cutting or by pellet molding.

[0030] The shaped material is then subjected to an extraction or other process
step to remove all or at least a majority of the plasticizer from the shaped material.
[0031] The shaped material may be then treated in ways to form the active
fixed bed catalyst. For example, the shaped material may be treated with alkali (e.g.,
sodium hydroxide) to remove aluminum metal by conventional Raney technique.
Thus, the resultant material is a Raney Ni having a shape bound by a polymer.

[0032] Alternately, the shaped fixed bed catalyst material can be calcined and
then subjected to alkali solution to remove a majority of the aluminum from the initial
alloy. The resultant porous shaped Raney Ni will be substantially free of polymer and

plasticizer.



Pol ymer boundCal ci nedPol ynmer BoundCal ci ned Al 5-4017-324-3615- 25

Ni 60- 9568- 8348- 8550- 70 Pol yner 10- 20 Oxygen*18-30 The oxygen content is
bound to al um num and/or to other netals present. [0036] Polyners suitable
for form ngyoyedsiged catal yst used in the present invenpromse2nedigde
materials which are fluid at sone stage in their processing. Suitable

t hernopl astics for carrying out this invention include: unplasticized
polyvinyl chloride, polyvinyl chloridgypropylene copolymer, polyvinyl

chl ori de- et hyl ene copol yners, polyviny?idene chl ori de copol yners,

pol ystyrenepd.mpact styrene, . resin,. styr t adi gne

copol yners, mp‘)’é?ij)et hyl {é%eeeﬁ)(g?e {lxg\%%f’ 6 v g@lyr%}pc .aﬁ’d% .S@pet%c?'g?g‘fegﬁc E)ﬁlgﬁés)}vﬁ@ lﬁleo 97 sp.
gr.), pol yeteeyfapelymepaloneer sidiviohhilptoby pkieksizdd ddrehepolymgrent ane, 1- oct ane,
hexene, sty etc. ol yet hyl ene copql. rs with vinyl acetate, alkyl,
WO 02/ 08381 OBHr/ Uso P Bogke Yggfaél?wa&?‘g*ﬁ i{Ghiegief é‘b?a}ﬁl’a{%,th%éf i ¢ acid,
etc., chloricagii®goPahmBiubyt@n the calelted FiRsdbddARlRHp B3R Ity peREde a

pol ypropyl ene and propyl ene-ol ef i n copol yner ut ene_and

. 0l S, .. pol ybut ¢
but yI ene- ol Briay Niditse Phe Faialygiotugh as thatiilyqteated by theatgale hermigr bty Sbwgen
pol yur et hangay BE ¥Rk 48 Bourld 8 alumbbinP (s Riurdil) AR, 12 ad IR0 8n il Snodiivd &n- 6/ 10,
Nyl on- 11, fluorocarbon resins such as FEP, "polyvinylidene fluoride,
pol ychl or ot P¥ygensragdetehereiselly kaung Foeartein atker metaAsthatzee pressne Eiipol yner s,
acryloni trifgm.;Nd @y 'dﬂfé?&f&& ﬁ‘%h&&b%nygﬁhé sHRGE WhAtdnb Iol:l%'n?ett¥ro?l
copol yners, Jiynethy nmet hacryl at e, cef? ose acetate, cellul ose acetate
butyrat e, abssisatersusthay danchmrestve] congmisiyisn b eThepeteytanivf higha hoxindes,

ot epne ol abaudit bR St RIS AR B AP bed BRES R R BB R L e ns
are al so suiheabtléc frocessipg aregeifed by thdpresentin@erition Anddddcrived| Hatbin bdlew.
fol |l ow ng: Lation gured. | yet hyl eng, er oxi de- cur ed pol yet hyl ene,

di azo cr gss[‘ﬁﬂ%ﬁd pol aeaaﬁy?cg?%x}pog%la%f%%gqp%ymomw@gap Bgﬁ?l%ewgr opr ene,
and nitril epfod6iiey &e siowmaia TableBietsw:ne- f or mal dehyde, urea- fornal dehyde,

phenol - fori nal dehye, diallyl phthalate, polyesters and silicones. [0038]
From econom ¢ consi derations, one wi shes to use relatively inexpensive

bi nder pol yner [ShAEGuckit PPELAEd &€ NI A beea®a O Toti M N L NE Thixed Ded
catalyst, it Wil be burned away in |the final product. A prieferred grohp of
pol ymers metal metal composition composition
Polymer bound | Calcined Polymer Bound | Calcined

Al 5-40 17-32 4-36 15-25

Ni 60-95 68-83 48-85 50-70

Polymer 10-20

Oxygen* 18-30

¢ The oxygen content is bound to aluminum and/or to other metals present.

[0036] Polymers suitable for forming fixed bed catalyst used in the present
invention include materials which are fluid at some stage in their processing. Suitable
thermoplastics for carrying out this invention include: unplasticized polyvinyl
chloride, polyvinyl chloride-propylene copolymer, polyvinyl chloride-ethylene
copolymers, polyvinylidene chloride copolymers, polystyrene, impact styrene, ABS
resin, styrene butadiene block copolymers, polyethylene of low (0.91 sp. gr.) to high
density (0.97 sp. gr.), polyethylene copolymers with propylene, butene, 1-pentane, 1-

octane, hexene, styrene, etc., polyethylene copolymers with vinyl acetate, alkyl,



are polyol efins, polyvinyl chlorides, polyvinyl acetates, polystyrenes and
m xture of these polyners. The polyolefins are nost preferred, and these
are discussed separately below. [0039] The preferred pol yol efi n conponent

is the samay@gidigse used in mxes of the prior art, e.gpcr@soadessiri bed in
U S. Patent Nos. 3,351,495 and 3,904,551. Thus, the polyolefin (which may
be a m xture) has a high nol ecul ar weight (at |east 100,000). Suitably it
is a linear polyethylene of at |east 0;083 to 0.97 g/cnB density, high

nol ecul ar wei ght pol ypropyl ene, or high nol ecul ar wei ght particle form

et hyl ene- buwi,lﬁeesoggﬁ%%gﬁ{& %c(%lgﬁeicﬁd%@{c.‘?c}ﬁ{?ﬂﬂﬂ? e‘ﬁ,g}?%}tﬁéngyl ene- propyl ene

copol yners, e I'en e yirers, propy ene copol yners, and
et hyl ene- pr dpyiosuifenhted eolyethyleot, \potypopylénamdpubpybemeyadd faf dopolymes, conmer ci al

TR LA g S e G R e A

ng1,4680mggésﬁﬁbﬁreﬂhm&}églgﬁmiﬂef,e.gi,l l’dﬁbhsﬁ,FNyl@B(l)@,.l‘%Son—&/{GQN&lotﬁ(ﬂilétéic\:I@m[nb\éiAfgi:Osi ty
. as . o1 po r.irn 1\ g.decalln a .

O ends of - nf biaRePanrsie bl R RO P PSSR RS Can be used.  bonr i ng

in mnd thapolgshidrb@ifMéeietGRnelceAsiRile- Wethgicrflfte EEsHIERSs, dcRGonRARSi bi l ity of

slunping is increased during the bake-qut and early part of the firing

process. [ bighghlorie copal¥mpisi Retha Al HeHY NG AMPIAE Y, PobaetE t hat used in

prior art HieSylak, Gellul@s 2686, deligfsel :Bethle ButyFd, @B taNOSycadbodd, 551 and
3,351,495, bearing in mnd that sone plasticizers wll react violently

wi th finel ypelysulfges palyethelege oxidpepolsprapylenapxioh oblyphenyipoe kaidet hese shoul d,
of course b i i useful plasticizer is mneral oil.
BB g S Aty

Hydr ocar bon n o "I ow nol ecul ar wei ght polynmers such
as pol yi sob[0$¥kene andapothyimrsaiting resins andecresslinkableaesiilthare aiso euitabledoi | e t ypes

of mneral oil _ar referred if val.is 10 . dane by, baki ng. [0042]
The pl ast | cPORpseERERRUELEOE ad b hSTBY Ruobnd SachioR Hta BELBANIRD- | L0013

the melt vi paosité-yuradgolyetiyieas didze crsdbidkdd miyppapydene] epouy resitly ch is required
to conpound and fabricate the conposition. Very i tant | the

bl ast i of gor Bypartol ChERbGaP ko RILR b, Bty sn LR o BB and

I nCreases i kgmiideis@s] phensluehnilbetye, GAlyIPitRgate Yolyegtetshad isiictriedl part of the

firing is elimnated, thereby providing greenware suitable for firing, in
that it retHO038 jts SFapecantnic sosiferatigns Prowitbesdo MO elE pol yol efin or

OEPZ; pol y MBexisive BRIy RIFRMRL 1 AF oPlRDHdcEisEE6T BARNE HABRA bbdir ough the
P ' catalyst, it will be burned away in the final product. A preferred group of polymers

are polyolefins, polyvinyl chlorides, polyvinyl acetates, polystyrenes and mixture of
these polymers. The polyolefins are most preferred, and these are discussed
separately below.

[0039] The preferred polyolefin component is the same as those used in mixes
of the prior art, e.g., as described in U.S. Patent Nos. 3,351,495 and 3,904,551. Thus,
the polyolefin (which may be a mixture) has a high molecular weight (at least
100,000). Suitably it is a linear polyethylene of at least 0.93 to 0.97 g/cm’ density,
high molecular weight polypropylene, or high molecular weight particle form
ethylene-butylene copolymer. Others are polybutene, ethylene-propylene
copolymers, ethylene-butene copolymers, propylene-butene copolymers, and
ethylene-propylene-butene copolymers. A useful polyolefin is a commercial particle

form high molecular weight polyethylene having a standard load (2,160 g) melt index



[0043] When plasticizer is used, it conprises about 10-40 wt. % preferably
15-30 wt. % of the total mxture. This is equivalent to about 0.1-0.35
cc/g, or about 30-70 volunme % preferably about 35-55 volunme % [0044]
Renovabl e, woogbsgsidi vided fillers can be added to enhancepppus®itogsior for
ot her purposes. For exanple, Al powder may be added which is substantially
renmoved during the |leaching step with NaOH O her powdered fillers that can
be renoved in the NaCH or other aqueoys solution include sugar, various
salts, such as sodium carbonate, powdered urea, and the like. Sone fillers
can be adde 1 u l.n the final
cat al yst sh(gajfp%\b anugh lo\i&ﬁiqé‘bbgprgﬁ%%?d%k%@%%, ﬁsgegg@dgfg%éségfﬁ'gcﬂ%du“ |l ers

i ncl ude Ti Ascaaltphid. alm;tmlmzi asrﬁ.ﬂ?lgdsfqgol;amrdiwdgdacaletn 130§0.02/ 083818

PCT/ US02/ 10 13 All_a f.co . The .Ti @2, may be
expect ed to[%ﬁég\]ct wi tHe “aqelﬁ’ﬁmg’tgﬁafl OWE‘PI?'F“Q g?ﬁ g’ngﬂ%{fa@t&}W %hg the
sintering ppAGAs $n mifdQdR s the alv@ragaﬁuﬁatlmqmghtmemed &Il@?@s'sibilﬁy &t

(anti oxi dants) and | ubricants whe fabricati n ﬁgo yol efi n-cont ai ni ng

materi al s. SWORIngdyinesessed duing fﬂlﬁéal*’é‘»rr‘?}ﬁﬁtl%eaémm g &IrngPreogss r use are wel |

known in thgog{y - Repflﬁ%@ﬁhﬁ&ér‘é%&p&ienﬁv@ﬁhHlbe%leéa% tR kSt el mtpﬁbloem S
(6 tert-butyl-ntcresol) Qﬁli Sant onox" 6-di -tert-butyl-4- nmet hyl phenol

("lonol"). Sixesid § zesrdsscaibed ipd At P@ﬂﬂ Nﬂﬁr:i ?fo $5lrandhd.357iP% bsvagriate is a
preferred | yhyd tﬁ@tg% é)ﬁl@ch?ﬁﬁre n@lg%thtfﬁhe on?rT@ AP @%e Mhd BlePN as an

aid to give goo rsion o eso% sin mer -pl asti ci zer
sol ution duulpmigals;mcbthatrtdicsagbom loé cowremtreaybided. kAqmulcelxtly umfuirpleatlds¢r

stabilizers, and ent,s can dva eous on orated in

Shrd £ or oot R Bl Bk RRR € oS PR LB ISE Rt Re vt RERIBRAS! °F ) oo

bedkc?t a: yssuchlaypllnlly?mbutﬂbne dngd pb%&ﬁahﬁhc)@fﬂ Suitpiele, y’lnlrermaned/ofalutbetr}]rpmrotﬂ cl es of

ni ckel -al um num_al_l o er, etc. The mixture is

shaped and gngnqr@zgéltar%pr F”Pﬁi gﬁe ?V &Fﬁ jﬁ’ﬁ@gmgfromthe shape with NaCH

sol ution to[geygyi de artﬁﬂ%ﬁéizﬁ@nyﬂ@és@@bﬁ@ﬁnﬁaﬂﬂycémp@ﬁonb@ icRtvatsyst. In
o}

anot her enbodi ment, usi ng onl ol ymer and fol | owi ng shaping, the
shaped ni xt thednglisvigeqpipy %@dec{uscsffé%%urﬁ@f DOVST gl HHehdis FraEed Ke al | oy

particles, thgphuil ah@fa'bﬁ@sﬁé‘ﬁ@ c@ﬁdf)osﬁtﬂ)nf (Ve'f@f ﬁﬁ}%rtfahtlya{hc%sﬁbﬁ&dbfﬁé alyst. (1)

The Corrpoundl ng Qperation |00 M xing of the initial conponents used to
form the fiseaepvbkempaits@Pipsty toutw cmmltwera@d ceases Be vigensdy Bychdhas

convent | O”aélu&g&%%ugg%heor 1of Hﬁ%%%elﬁ&‘%t@& Xty rBdafg Haake

Rheonet er m-xer
greenware suitable for finng, in that it retains its shape and combustion products from

the polyolefin or other polymer and residual amounts of plasticizer can escape
through the pores.

[0043] When plasticizer is used, it comprises about 10-40 wt. %, preferably
15-30 wt. %, of the total mixture. This is equivalent to about 0.1-0.35 cc/g, or about
30-70 volume %, preferably about 35-55 volume %.

[0044] Removable, finely divided fillers can be added to enhance porosity or
for other purposes. For example, Al powder may be added which is substantially
removed during the leaching step with NaOH. Other powdered fillers that can be
removed in the NaOH or other aqueous solution include sugar, various salts, such as
sodium carbonate, powdered urea, and the like. Some fillers can be added with a
view of increasing bulk and/or strength in the final catalyst shape; i.e., they remain in

the shape as used. Such fillers include TiO;, alpha-alumina, mullite, cordierite, etc.



continuous conpounding is desirable, the use of intermeshing twin screw
conpounders is desirable. An exanple is the MP conpounder manufactured by
Baker Perkins Co. and the ZSK conmpounder manufactured by Werner and

Pf | ei der er .wo dges3pisabl e conpounds may al so be nade by mnul pCplusozpassies

t hrough conventional single screw thernoplastic extruders. [0048] In the
specific case of where polyethylene/oil plasticizer is used, on cooling
the mx, the oil separates as a finely4lispersed |iquid phase readily
renoved as herein described. WO 02/083818 PCT/ US02/ 10031 14 [0049] The

mxture t hu?\llca(?m'fbétﬁ%, f]ﬁl%}r éi etd' “‘I‘!hg? maN be’oél g@é]t_éoo% 19ac 1t9§{&n'nﬁ1| i§ size of

m nus 50-nesh or finer, erably out m nu
preferably FrmUSuRIO0m titebe dlabétﬂtesmerm poeaess by wei ght preferabl y about

hretor ol y 081, " O e B Moot Thluo RS ard BB ke, b ™
preferably ﬁalbnuatmg@omlqmﬁdoatahmg meteigls, Suelqatldm}eenﬁd the ambontt arld 70 vol ume %

of the total m xt re, refe about 35-55 vol.une % Shapj ng t he
M xture [00BBISHA RSP o IRT B RO &t RERoregiRHERT o bk FE s havi ng

regard to thﬁ)hﬂ@@t@ﬁﬂﬁtﬂaﬁ ctfeQd'l "S@8droRY anf 2{6N@- kit Bushedhdhyiadndled catal yst.

Ext rusi on |s one npl est  net hods of shapi nq. For exanple, the
m xture can B‘@“’é)?t ﬁfi‘&@’&e‘isﬁm R & fluring S ing x 210G glepmaters 2 prstarggd fuRiisant ybes

(hol I'ow or y@ngey be adad i ip ﬁ)r@@g%,co@deiltxatfbtlg@&@%d't@ Qe 368 BRI off he desired
length in the known way. Some of the sinplest and nost effective shapes

are pel | et sthegaldsgy tfmqlmg Plasggizer splpgon duringgomppunditge HOtheti capsraady r ods i nto
one nall 1 Oxddol LiRBALDR, oM AR Blpnddolb WocaVduiEl3uapge [ adi al - vaned
bé nade R UEE

catal yst pellets may y vario rusi on proces See, e.g.,
u. S Patentinmtpoatﬁﬂﬁsﬁmox@mlmidaager) and U. S. Patent No. 4,510, 263
(Pereira et (ﬁ ui Wmﬁlh di.s

I'g

e t ude dri.ca hol | ow
annul ar con ation ltss }gzl‘;’sr%t?i °°ta Frfnﬁﬁ%rf% %&Pﬁ%%@fﬂy%@l
t her nopl ast infx&éng urgauhegorpy pelgmsemd $iie Pardisles 60MIPkets RinGiunABlthy, BingGhig on nol di ng

ey ol eo he kst Tp, SR0oRaL LR, LRpklaly A0S Mt oanane o
prior to fifrbMmghé sHapt RethCReR sfiutddto pdkide A8Rapeadpalyst-boundtRansy fxsdf erred to
have bed catalyst. In another embodiment using only polymer and alloy, following

shaping, the shaped mixture is calcined to remove polymer and to sinter the alloy

particles, then Al is leached out to form the final calcined catalyst.

1 The Compounding Operation

[0047] Mixing of the initial components used to form the fixed bed catalyst

utilized herein can be done by any conventional means. For example, they can be

mixed using a Haake Rheometer, or a Banbury or Brabender mixer. When

continuous compounding is desirable, the use of intermeshing twin screw

compounders is desirable. An example is the MP compounder manufactured by

Baker Perkins Co. and the ZSK compounder manufactured by Werner and Pfleiderer.

Acceptable compounds may also be made by multiple passes through conventional

single screw thermoplastic extruders.

[0048] In the specific case of where polyethylene/oil plasticizer is used, on

cooling the mix, the oil separates as a finely dispersed liquid phase, readily removed

as herein described.




the m xture heated during shaping since it is easier to shape the pol yner
containing mass when it is heated. [0051] At this point the material of
the shape is still identical in conposition to the mxture of (1). It is
ready for twigonesssisstep: - renoval of sone or all of the ptagkeaoasgr (e.g.,
mneral oil). WO 02/083818 PCT/US02/10031 15 (3) Plasticizer (G1l) Renoval
[ 0052] Pl asticizer can be renoved fromthe shape made in Step (2) by

vari ous nmethods. The two best are extwlcti on with a solvent (e.g.,
hexane), or, if the plasticizer is sufficiently volatile (as are certain
m neral oil y he in. an air circulating oven at about
100C for a hd ﬁoursalth\(?ﬁlgi?‘% th% 9(911? % s vapori zed and renpbved; in essence
the shape is dri@y. I%armmlomﬁ Aﬂlaﬂsﬂoﬁzm&ucldﬂmxﬂmmusﬁmem oxdmﬁposi tion

consi sting essentiall artlcles oces pol yrmer
matrix. That is to sa@ aI]?Pgt IBIB}‘%%O[IH?H@%‘?IE‘BEQ er’%’r‘f"%ﬁz gﬁuégg@essenti ally
of an intimate m xt wiahofbouf 6)- Qw)pzﬁtsltﬁlv&*igl@fprﬁéﬂabw abPRSALIMpans, Mesh,
pref erably passi ng 100 nmesh and npre_ pref eralg%t passi ng 200 nesh U. S

e, P

Standard Sieve Sbre, hgomplegyar \9@%}&99@%@%& arts by i b PyelerBblt  80- 98
parts; (b) high nol eCaHbﬁcrz-szQﬂtadHN ynmer, about 1-30 parts by weight,
preferably about 2-20 parts; and (c) Honpbgeneous voids, |eft by renoval of
pl asticizer, if @&hy, pisrstigigery D-40parts thOweights prefesabit 2okl Grd& parkseby preferably
about 35-55 vol une %, 0, : t he

pl asticizer may be ometlékﬁ el:“l%lvaéﬁv\g ﬁ&coal%Oihere WluF%ltl a’;lln%gﬁrr se be no

pl astici zer - gener at e dbrefoiatlly. abuwe3s- 55 phast %ci zer is used, the voids occupy
t he sane vol une | i t that the plasticizer occupied. [0054]
Here, as above n@?ed%hfl%e |thﬁev1\élnxt%|§%n branches. The next step can be either
| eachi ng Al [0850h causlhecesniiitg wiRtud is oitendsrogtd $00 ishepds, ihavidg begarnivo tigr 1t can

b | t fo d_by .l eachi. d 5 bel Leachi
A 0055 ”3@0&%&&4 g Sanlin SR e RS il Hidedong GHGLHEL soda
sol ution M?leﬁﬁhétﬁocﬁbﬂ@ﬂap@i@ Fok@ﬁéiﬂ}il@%dlﬁxd@é‘@anmétextrﬁﬁﬁd igxanpl e at about

90C., but preferably not over 100C "Leaching with NaOH is exotherm c, and
col d wat er mcg@n%gaders as solid rods, tubes (hollow or vaned), and filaments, all

chopped into segments of the desired length in the known way. Some of the simplest
and most effective shapes are pellets made by cutting 1/32, 1/16, 1/8 or 1/4 inch
diameter rods into one half to six times the rod diameter. Hollow cylinders and
radial-vaned catalyst pellets may be made by various extrusion processes. See, e.g.,
U.S. Patent No. 3,907,710 (Lundsager) and U.S. Patent No. 4,510,263 (Pereira et al.)
which discloses extrudes with a cylindrical, hollow annular configuration with
internal reinforcing vanes. Other thermoplastics forming processes such as
compression and injection molding may also be used. The general idea is that the
mixture is shaped into final form prior to use (in the case of our polymer-bound
catalyst) or prior to firing (in the case of our calcined catalyst). It is preferred to have
the mixture heated during shaping since it is easier to shape the polymer containing
mass when it is heated.

[0051] At this point the material of the shape is still identical in composition
to the mixture of (1). Itis ready for the next step:- removal of some or all of the

plasticizer (e.g., mineral oil).



periodically to maintain the tenperature at 90C. Leaching may require
several hours, and is preferably concluded with a fresh sodi um hydr oxi de
solution for an additional hour. The | eached shape is then washed with
wat er cont ivigiezesssisuntil the pH of the water drops to | epeTiub@noaout 9.
The result is a shape consisting of a WO 02/083818 PCT/ US02/ 10031 16

pol ymer - bound aggregati on of Raney N fixed bed catal yst particles nade by
the Raney process. These particles arggstill connected by the original
polymer matrix. At this point the shaped catalyst differs fromthe
conposition of ( i arly all of the Al has been renoved,
| eaving the Raneg’/é))pr(r)i?:légsalgc}ZFremta)z,:;d15 Rgﬁaﬁﬂag the catal yst consists essentially of
an intimat e[0052) ur e dflasticapr abe ravh@sd dforRAs eyapbimadeinltep(2) by vasdwdual Al ,

about 15-50 rts i ght, preferapl bo 20-47 parts, by weight; (b)
hi gh nol ecu’lng Oa%i%tw\éﬁﬁegﬁéeﬁxg %Jc? w‘%—%ﬁ?\’&&tj{e . x%@ﬁﬁﬁtlfthﬁr ef erably
about 2-20 phasticizebis sufficiHitly valagle (&) arberBEEneetss o) Wshewliddihe siape um Xt ur e,
about 0.1-90 volunme %of the total mxture, preferably about 40-80 vol une
% [0056] THEAEGEPWAIngoFen 3oy 189G 9 a fexy Beyrs rhsrsy themil i Ganepized and a
macr opor osi : = AQ% : { i L eyer al

nmet hods of eargﬁoggﬂg{rggﬂ%gg@i%@g ligﬁﬁgr' g%aelﬁog'?p%f{lbﬂs %iﬁerrﬁé%g?gds&%% ysis, vol.
14, No. 3, eumpbsitiohT0BGIting Peseptiadlly of phrtisleh piiganay proctis@bwinl apolymer [ 0058] 5.

W proceed L ong,..al t. 2 B o) 3) is

cal Gi ned- 1 obfbved 8y S SSESUAMNE hB MELSHIRR G ERIRAEHY LD et 1o
shapes of (Bxtereevfheated so as to renove polyner, followed by calcining to
fuse the alloy particles.to or ous tal stricture. . Siyultanpeoysly some
of ‘the Al metal B4 coRvEREes e RS el WGBSR on | s
calcined first in a jhofepadeanly padaaigt208 ki 008 Standsrafsasvalslise, didut B8 presence

of air or oxygen. The tenperature is jncreased and calcination is
conpl et ed at  tenper at {4 RHBEY Wewht Peierablidbaut 3§PE P2l ci nati on at 900C for

about 1 to 2 houfsy i ShipRidoeilhr whightSpoBRhd! b88S1-30 ParGRR LR, frsetabl beyond
1, 200C. [0060] TLbZ corrgosi tion rna%/ ;paiwr?hwei ght du??rngg)ca?éc}?nﬂi?ng bggause of
the conversion of so¥Roupd-20marts aidy al pha- al uni na. The wei ght gain nay be

typically 5- 20%and j : AP e
of cal cined fi xe%igbedHémage%Q&é%ﬂg’%ﬁb9;e‘ma?§ﬁﬁﬁlbﬁér’ BLEP, df Bbduld

(v 3

0.1-70 volume % of the mixture, preferably about 35-55 volume %.
[0053] As noted, in some formulations the plasticizer may be omitted, in
which case there will of course be no plasticizer-generated voids. When a plasticizer
is used, the voids occupy the same volume (or a little less) that the plasticizer
occupied.
[0054] Here, as above noted, the invention branches. The next step can be
either leaching Al with caustic soda solution as described in 4 below, or it can be
calcination followed by leaching as described in 5 below.

(a) Leaching Al

[0055] We describe partial leaching out Al with strong caustic soda solution
(typically about 6N). Leaching is done hot, for example at about 90°C., but preferably
not over 100°C. Leaching with NaOH is exothermic, and cold water may be added
periodically to maintain the teﬁxperature at 90°C. Leaching may require several
hours, and is preferably concluded with a fresh sodium hydroxide solution for an
additional hour. The leached shape is then washed with water continuously until the

PH of the water drops to less than about 9. The result is a shape consisting of a



catal yst. The al pha-al um na "spot-wel ds" or cenents (sinters) the particles
of nickel- alum num all oy together. WO 02/083818 PCT/ US02/ 10031 17 [0061]
The resul tant shaped fixed bed catal yst precursor that has been cal cined
in the manney ofldssigi bed above is then subjected to al kal i pepus@nose t he

al um num and provide an activated fixed bed catal yst. The | eaching can be
acconplished in manners such as that described in 4 above, [0062] The
resultant Raney N -Al fixed bed cataly consists essentially of particles
of Raney Ni and aluninunlcenented together with alum na. The resultant

wei gt per OFethsBR B Re RN oF Rty AL TR8 LOTBANL RoR) b BT oo The

BET surf aceRaregarocess. rithesmpartjcles ardstiil dDhnectedr’ugeh@cbngﬁhlpolyaﬁr maRikg Adnd has a

el l et den ht ed.. t ot ell et from apout 0.5
Po 5% soeh luispiof TieXtiody HlhF e deat @ offboflon Mg o RREROL O
to 0.7 g/ ccall $fGR6A] hﬁEf‘lﬁe@%nﬁdeQdezﬁrmgrthﬂdele@ fproeedsl idteld Thisxbelcdngybt cat al yst

has a structure that tains macro or?s as well as mcropores. The
nacr opor es @Pﬁléﬁ&ssFH‘i‘adu Sadntpate MFWeqthed catal yst and provi de porosity

of at least 600 (& QStﬂaﬁ:{&cso'fmaﬁemf@&hlt\%tﬂx%s1dﬁ’41%ﬂ'alb'dﬁtal@ﬁ)ﬁa@tsbiﬂe renmoval of
pl asticizer or t e conbi ned | asticizer conponent fromthe fixed

bed catal yst. The ni CWQ}@‘ﬁrPffng%b @Ob?wnﬁﬁﬁtérwwlgh&ssom ated with the voids

caused by the r val U\H?IW I num al | ow
particul ate used to fhcl) L I xg%ﬁtlgg%gﬁg%gtcﬂﬁr%{g b%,ot %ﬁ\%‘?%rg%ol une is
normal |y about 30 to abouwbllﬁbp@tsmw aé the fi xed bed catal yst pellets.
The total por e vaj ug plo e, RNAYwbhin Ml RAREL GhER o Sodalal borout 0.3 1o

0.5 cc/g. [0064 een species can be renoved from
sul fur-1laden hydr ocatotlabmutturqmrd&rabgy adaomtt@e&(]w@pmm% liquid with a Raney Ni

fixed bed c e desu |zat on of aCzlosof a fluid
catal ytic cﬁ&gi]yng ca Icﬁgfpof#’l sas}“-sfaccﬁéﬁat()f@ ggpﬁb ? 1% to the
present proge&Spord§e dFrabeual 1-30% @ate @kl pofsitpr ocesses are knovvn to contain
undesi rabl e_anmpunts of sul fur Sgem es, which, @vl’ FS g&/{ render

t he product (9988l t abl Vet mEde & lepching prejdesqribedy by Fregt ehab fpurg ronrrent al
concerns. Thkaiysis R@LPHENSN, § wnbsganw&we%scﬁlwamam Regpeni cal ly,
effectively and efficiently renove sul fur species fromthe hydraqcarbon

li qui ds wi t H988] causihgWa Prefeed naveiorthy sepopskadierngte Wheee the faMRYSHPREnponent s

of the treatsd didlitondAO0R] solli FARSNebachinged bed catalyst may be
contained in"a vessel

Calcination
[0059] The shapes of (3) are heated so as to remove polymer, followed by
calcining to fuse the alloy particles to a porous metal structure. Simultaneously some
of the Al metal is converted to alpha-alumina. Thus, the composition is calcined first
in a furnace at about 200°-700°C., preferably in the presence of air or oxygen. The
temperature is increased and calcination is completed at temperature between 850°
and 1,200°C. Calcination at 900°C for about 1 to 2 hours is optimum. It is pointless
to continue heating beyond 1,200°C.
[0060] The composition may gain weight during calcining because of the
conversion of some Al metal to alpha-alumina. The weight gain may be typically 5-
20% and is a consequence of an essential step in the formation of calcined fixed bed
catalyst. The alpha-alumina "spot-welds" or cements (sinters) the particles of nickel-

aluminum alloy together.



inline with the product stream of the sulfur-laden liquid of the petrol eum
refining WO 02/ 083818 PCT/ US02/ 10031 18 process, such as a FCC unit. The

fi xed bed catalyst nay be contained in a conventional fixed bed or noving
bed react onwyesggsisi Nt o which the sul fur-1aden hydrocar bporisnuodii s

i ntroduced. For exanple, the fixed bed reactor nmay have the formof a
vertical cylinder in which the interior is divided by horizontal

partitions. These partitions are perfgsated or foram nous plates or the

i ke which aid in supporting and retaining the Raney Ni fixed bed catal yst

vessel 1 pRBI " ¢ nPH4 ey AR (S PR BRAAS0 UL BERPOE 100 1o

i ncur a tor taomsd pathé naiweo deferibdiabov edhdnetbeattditoyditali tamendde than i nt i mat e
contact with, the Ran Ni, fixed e | yst. The .sulfur-laden liquid is
mor rai |y "l VSRR 3R Rro Rl AT A RS S blctPine TSt B Do dovera
fixed bed recwimplishedrie maoner@ducll auithat dssedbednin pabak] el to all ow for

cont i nuous | furizatio ile rmtti regeneration of, nt fixed
bed cat al ysl[(?beﬁi desciﬁ%@WQtahA@%ﬁeﬁRﬁﬁﬁlélWé Q%ecafa%%‘fqnéﬁfs eIS*ie_é}Bﬁ_‘@pogr oduct has
been found partdRY8f R&dey Niaud hieM@ludn Smentdd!thgéihect RER ARSniAL MR YesiBtand,

t hereby, provide an environnental |y desirable product. ({0066] Simlarly,

t he Raney Nmagatahisyighlyparoyschayigpgaes¢ompesitionsd fron gbgpt 20-3Q@pighly dr ocar bon
l'iquid used i 7 ' 21 IS T el fixed
lplugﬁlg %3 @g@ﬁ% H&g@gﬁmg{éaﬁs?%%w the BathdHeS LB %ﬁ%ﬁaﬁ &

bed catal ys ,d are I ntroduced into the noving bed
vessel . Thi és wampabewibinahd nange of@Ado 8P ents aod haoapeller dausiteiweighy dividedr ed)

manner with i t | fouy, i |.i.quid bei ng
capt ur ed. [86%‘%1 p%ﬁg‘%ﬁ{“#eﬁrgpfrg’g‘gﬁ&ﬁyﬁ%’?é?‘%@%s ??Eﬁﬁéﬁ%@gﬁrﬁé@& i - Al fixed
bed cat al y$td demsity ohfraiotabaht ft4 th OW g/emrper at ur es and pressures. The

mat eri al s ar nt act t_tenperatures ranging,fraomabout. 15C t.o 150C,
preferably 1[60(?%? 20 tofﬁa@%mc?hegcpm%cfdeog é’ﬁﬁeée(ﬁ%%g rbg%z}tgﬁﬁg%%% AT Ehat
acrzrgorrpl [ Shedgﬁtshlﬁhﬂubp@ﬁeasabémk&pﬁﬁo@o&b.t mbuhgbcre;b(ﬁmh dmreﬁgmneth?f from
anbient to 0 0.5 to nPa (5-10 at er W t e use of inert
gas, such agﬁﬂéke%ﬁlﬁlﬁé : 8‘.’1_‘1? BYBETY Qéz?ﬁg% GBé%éﬁ‘t‘i?Uﬁdﬂﬁd%o"‘isﬁé “present
process provitHegsasle sithé ilodal dfYMhsBEizerton erel doi¥ingd bmgmegﬁsmmef eed wi t hout
reduci ng the octane ra liquid. Thus,  the ol efinic conmponents

rating of the , ot :
are not redGesgonegt %GPIHIP“'&%’@Q bed ppsefiittd e BrigaRpsRsity iy RFGERIEINBHLY i n the octane
rating of tRg bi@divh hOQRR calitil d5aRe¥rlival drsgchied e Al Bé }ﬁ%‘hur‘é\érl | be
effective for a period of tinme, after which the rate of adsorption of
sul fur speciniskehglnmingecllegparticplaee esed éq fopmitipfixed bed catalyst. The total void

volume is normally about 30 to 70 volume percent of the fixed bed catalyst pellets,
The total pore volume of the Raney Ni-Al particles is normally about 0.3 to 0.5 cc/g.
[0064] It has been found that sulfur species can be removed from sulfur-laden
hydrocarbon liquids by contacting the liquid with a Raney Ni fixed bed catalyst. The
desulfurization of liquid fractions of a fluid catalytic cracking catalyst process is
particularly suitable to the present process. The product streams of FCC processes are
known to contain undesirable amounts of sulfur species, which, unless removed, may
render the product unsuitable for use as a fuel in view of present environmental
concerns. Thus, the present invention provides a means to economically, effectively
and efficiently remove sulfur species from the hydrocarbon liquids without causing a
detrimental impact on the remaining components of the treated liquid.

[0065] The Raney Ni fixed bed catalyst may be contained in a vessel, which is

in line with the product stream of the sulfur-laden liquid of the petroleum refining



WO 02/ 083818 PCT/ US02/ 10031 19 when this change of rate occurs wll depend
on the liquid hydrocarbon being treated, the anount and type of sulfur
speci es bei ng adsorbed, and the type of contact being used. The rate can
be readil y wiopngsesigd to determ ne when the fixed bed cat apgsiso2abul d be
subj ected to regeneration, as required by the present process. [0070] The
regeneration of the subject Raney N fixed bed catal yst can be achieved
by: i) treating the spent fixed bed caial yst with an aqueous sol ution of a
mld chem cal oxidant such as, for exanple hydrogen per oxi de, an al kal

met al hypoc 1 (e g., NaNG3) or
an al kali éyef%s Sﬁclﬁ %FC&W i‘hﬁ\@%@#f@&&lyﬁ‘%&a Ibe% Etta%lg&ﬁlerborate (e.q.

NaB 03), pecomvyntibanldixedded or mpang)kqd macdd vessetine) whiokl theBelfirilkden This i s
acconpl i shed at anbi ent Less, nd at te res exten from
arbrent o PHECwRoR i SiRoante, R culinebuBR SRt B Rect BRI 1 1 om

anbi ent to RbAWE a&@x@cbl&iyﬂﬂdérhﬁwbﬁh tiengte i@ i01HividEA b$ homponbepdralibaned by
washing with water, or a m | d al kaline solution to_renpve unreacted oxidant

and/ or any FEREPHIHHENOXP BFtFIated ot foramiaghs pfadss; orithe kg gl 4idyit he spent fi xed

bed catal yssupgb&ﬁ hydFRE8Ag dRRaby K ﬁ;ve@tt@al cathBERAiRLUE R Mg e fidu@m 100C to
500C, preferably %rom 200 to 4008 1ii1) Treatln t he sag;it catalyst with a

m | d chem chgingparshio passthipugl r Besausetis epsel éﬂtw@ vith thodikad B5¢ subj ect i ng
th t | t bed
e materi ‘fj‘cl,atélgs‘r| thyé %@@E i dl%gllglreﬁ t& ﬁl@ﬁ@ﬂohﬁﬁgeﬁﬁ tH[roﬁgl th@?lx@d §6%?iscq fibe

her ei n abov treating the ‘spent t preferred
as using m dlmﬂ hmndamneete c<a1tmnw1thml3c Rageay Ni fixquidredicatalyst "lfhheulélatlaiepst in an
oxi di zed st

nyar ogen et ROMEESEURRed f pRARE PR i R PRI bE 0BT omove.
Conbi ni ng  fikedl Hed eadcom@f i nofmdllyentifiveditin garabie] ue Blsy h:asoﬂmeausf ound to _
ol evi st b9tlieuglubheySERESHASy| SoRatice 20, actius cabal yolosilyt ot il 1Y

herein below. The resultant liquid product has been found to have very low levels of

sulfur species remaining and, thereby, provide an environmentally desirable product.

[0066] Similarly, the Raney Ni catalyst may be contacted with the sulfur-

laden hydrocarbon liquid used in a moving-bed reaction vessel. In this instance, the

fixed bed catalyst and the sulfur-laden liquid are introduced into the moving bed

vessel. This may be done in a concurrent or countercurrent (preferred) manner with

the spent fixed bed catalyst and desulfurized liquid being captured.

[0067] The sulfur-laden hydrocarbon liquid and Raney Ni-Al fixed bed

catalyst are contacted at low temperatures and pressures. The materials are contacted

at temperatures ranging from about 15°C to 150°C, preferably from 20 to 125°C. The

pressure under which contact is accomplished is about one atmosphere although

elevated pressure of from ambient to about 0.5 to 1 mPa (5-10 atmospheres)(with the

use of inert gas, such as N3) may be used.

[0068] It has been found that the present process provides desulfurization of

the liquid hydrocarbon feed without reducing the octane rating of the liquid. Thus,

the olefinic components are not reduced to saturated compounds to cause a reduction

in the octane rating of the liquid.

[0069] The Raney Ni fixed bed catalyst will be effective for a period of time,

after which the rate of adsorption of sulfur species will decrease. The exact point



iv) Treating the spent fixed bed catalyst by contacting it wwth a netal
salt of an organic acid provided a) the organic acid does not have high
reactivity with the Raney NI and b) the netal ion forns a sul fide (M5,
where X i s wo9ossbigsch i s insoluble in acidic and sol ubl e por/@kdeabizie
solution and c) the organic acid salt is at least partially soluble in
wat er. [0071] Organic acids which can be used to regenerate the Raney

Ni ckel fixed bed catalyst include: satygrated nonocarboxylic aliphatic
acids, e.g., formc acid, acetic acid, propionic acid, isovaleric acid,
etc.; satur 0, mal or|c
acid. succi 2\}11%9 ztilg.% fgﬁﬁ% %Mgﬂf%c@t 5%: ?f?ﬁ&ég&u@ﬁ{ t‘ﬂé 11c|]1 dg hgdrbca(}f)(& 153911ﬁat déage'd

sat ur at ed trthe(mmdmb(gddns:pwdf ispHiat specieschedisg, adambpd hu;cﬁme)me@ﬂbmtm ttingl aI i phatl o
aci ds,

gI colic acti.c aci d,
gl uconi ¢ am“ﬁ‘3 ¢ r‘ge 828 rea H{l%‘?‘i"{:e i%gﬁe’%g ec‘@heé%g%ﬁﬁ%% a.fyp fc acid,
etc.; and alshaydbs snbjbeled% re@elg:ratloﬁiyisl roqexed sy the p@@éllnqywde\ss: aci d,

hexahydrobe aci exah hali.c acid, efc. After the spent
Raney Ni E@ﬁ’oie gT%H V%?neé’ﬁlﬂ GF é AiRgech ysbéllffxegtbé “ﬁtk‘é‘blbe the mixture
i s heat ed tgc}%vdd@gst about 40C and held at that tenper ature for about 5
m nutes residence tine. The pH of_ the sugg)gnm on is then increased to about
6.5to 7.1 by th® addﬁr%ﬁtla&t}&rspﬁ‘&&‘ed efecalpdsbwith ap pEeamivlysion gf aﬁlﬂdqueous
sol ution. The tenper gl 638ulSudShdoPEduile Hyafoeth SURKRH, dusyiel during
this addition. At this point the % ns?ﬂo E’flgérset}g g% ‘IE%I ge prlo ced in the
organi c acid treatingustekp to a sol uble condition so that it can be renoved
fromthe catal yst-bas i tion or
some ot her known tech qgﬂel&oﬁtqugglg‘?%?l lr%edg&%é eﬂg%ﬁ ’%all\fqdd}%i{%Fol | owi ng
such a liquid renpoval allsetleqwtatmmtcéqyyﬁﬂ@zaphnﬁﬂmé)mmalmlcéioraxa(eag.,yst is
washed, preferably vmqula’%@ dried al cohol, to renove traces of the treating
solutions. [0073] The Qferred nodes of regeneration are those of ii) and
|[| i) ]descr:]rl bed above%@mcgz dchiz (ag?perprép%oerdw ﬁﬂd)rﬁlﬁdehei]ﬂcet hmhs 1f bi i) gbove
0074] The regenerated Ra Ixe ed cata can then be used to
renove sul fur speci esaoF?‘B&l%‘&@JPtt%%ﬂt P?ﬁ?“ﬂ%?'lldlaégeélwef?}‘ﬂ%%"é‘?"%\g ff9yui d. For

exanpl e, when the f'éﬁﬁﬂeﬂl@@'t&%ﬂn‘g%ﬁtﬁft‘ﬂé&ﬂm&@s RakonspréRrbRSrh fixed bed
reactors which run in parall the liquid can be treated seorCﬂlgentlally

through a single or nﬂ?‘?lﬂﬁlt%a?%‘éé@&r}(%wth@\ﬁP’IthPPt’ét rBHamay by follewed or (s) of

the series are subj ecty {RhiROFMEHAE O Bild Mkﬁm%'s&ﬁﬂo@%@eM@v@ﬁﬁQﬁ%ﬁls
PCT/ US02/ 10031 21 cat aI yst in the manner described above. By alternating

the reactors of the s@®fifans ancbj(p]reany remaining oxidized sulfur species;
i) Treating the spent fixed bed catalyst with hydrogen gas at elevated

temperatures of from 100°C to 500°C, preferably from 200 to 400°C;

iii) Treating the spent catalyst with a mild chemical oxidant, as described

herein above, followed by subjecting the material to hydrogen at
elevated temperatures, as also described herein above. This method of
treating the spent catalyst is most preferred as using mild oxidants
alone may leave a portion of the catalyst in an oxidized state and
thereby in a less active form and mere treatment with hydrogen may
produce bulk sulfides which are difficult to fully remove. Combining
the treatments in the stated sequence has been found to alleviate both
of the concerns to produce an aclive catalyst substantially free of sulfur

compounds; or




can have a continuous process of form ng substantially free hydrocarbon
product conducted in an efficient and econom cal manner. [0075] When an
ebul l ati ng or noving bed reactor is used, the spent catalyst can be
regener at edwext/essmsl to the reactor space in one of the nmpapgiksy@descri bed
above and the regenerated catal yst can then be fed into the reactor.
[0076] It has been unexpectedly found that sul fur-laden hydrocarbon |iquid,
such as produced by conventional FCC ppgcessing of petroleumfeed, can be
readily desul furized under |ow tenperature and pressure condition. The

presently requir fi : i , ~as..described abqve,
effectively rerm\?/‘gs tﬁ%g%%etﬁ %gggg%%ﬁwebsegﬁ Ir‘@%ﬁé"ﬁé‘&?‘éég\%f&ﬁ‘Tle%dza@h under
these mild conditionefanRirgaidagid frbreidéd etk hgehicatialysnot ive dighpent of its
Further romve. sul  ur “LpaRf B8 ERREa a0 RER el bR o ikacrs ity abobar bon
liquid. Thus, the prewhat xinsnwhionis ifsolitleataerid Ad blupklieskine and

ef ficient process of (ilesulf rd zation of liquids. [0077] The follow ng
exanpl es are given fof° ‘fqofl&g‘r?)aqz“?9@%Pﬁ8§@5156h1thBW8%@I‘Itﬂ%%n neant to be
alimtation on the iwyention, as defined in the clains appended hereto.

Al parts a % iﬁrcentgges, are by weight unless otherw se indicated. [0078]
Furt her, anB’ Plhge of Orgamsarids which cenbe wret Hereaprers the ReneyrNigkeldixad ns,  such

as that reppeBeRiyshthefidbaatulfst & i L85 e d o Fific QFigmeasur e,
condi tions physi j(]:Sal Cst at gs or pg?(%gltrl\)to g%hecgfl,hgﬁg{citalrc\@%r?d%’? Ot%mlc‘)lit“]tdér ally

i ncor por at e3%4p reidspropineic a¢id, ipgyaleriofieid eote psatimated tiearbovydie alipimyic avidher
falling wtain shieh J@ s Lagl udi. ny .subset. . of. .nuopers w thin any
range so r ec?t’ e, caﬁrg]?@uilaflg’oggﬁﬁg\aggﬁl tgg(g)?m%rag%ctaé: > SPATHNIASH £ i xed bed
catal yts wegte; painmted tiigarhoxglic atiphater acitizse gj Hydebxlpalivituted aliphsargei®, of
Raney(r) N gkel, OV.: DI € ed by first crushi an alloy.  having 58
wei ght per ce'E't’ %X? J’lg"n%ldi@‘%%‘g{“‘g‘ﬁgm&e ra?é'ﬁ ° ‘.nypf‘h%m‘g lgﬁ‘gﬂlél 2t BHicAcidhas
passed t hr owughricaadesccbiridicH, cilitieut ke, SneWegciNoackispag., kldRnikhel d materi al
of "8x12 0 particle size material. This material was converted into
useful cat sz? a;gqu 5y am?’éﬁ‘?@ﬂf"ﬁ?’?ﬁ%c "z&lq?b%t’&’ﬁ?"ifap}g@‘lhﬁtapénﬂ?-hr ough a bed of the
particles. [D082] eachiAfge:3id spbitRane ERMRKdIIRE cRBIR 84 BfcadichelBhghl. Per cent
sodi um hydr oxi.de, and was ,uz)ed to treat 227 g V% 02/ 0§3818 %%%?J&Z/ 10031 22
of the 8 x %% 3&? IGPBHR 1S S8atedripent fepghabp 8 Ghens! IB1datithat sameperitmetier.  The
| eachi 9 vedbout 9 BitiRsaesidedte fnb e ThE BF thd QudfliMthus i bl FeddEH G 4pIR! Nt &1 N

6.5 to 7.1 by the addition of base. The base is preferably in an aqueous solution. The

temperature can be retained at the elevated level during this addition. At this point the

insoluble metal sulfide produced in the organic acid treating step to a soluble

condition so that it can be removed from the catalyst-base solution admixture by

decantation, filtration or some other known technique of separating a solid from a

liquid. Following such a liquid removal step, the rejuvenated Raney nickel catalyst is

washed, preferably with a dried alcohol, to remove traces of the treating solutions.

[0073] The preferred modes of regeneration are those of ii) and iil) described

above and the most preferred mode is that of iii) above.

[0074)] The regenerated Raney Ni fixed bed catalyst can then be used to

remove sulfur species from additional sulfur-laden hydrocarbon liquid. For example,

when the fixed bed catalyst is used to pack a series of fixed bed reactors which run in

parallel, the liquid can be treated sequentially through a single or multiple reactor(s)

while the remaining reactor(s) of the series are subject to regeneration of its fixed bed



C. The catalyst was than treated with 3630g of a 3 wei ght percent NaOH
solution and then with about 20 L of water, all at 38C, until the effluent
has a pH of less than 9.5. [0080] Additional sanples of catalyst were forned
in the sangy@yengegisas descri bed above except for the fol penus@/10031
differences: B. The initial alloy contained 4 weight percent Mo with the N
and Al being present in the sane ratio as described with respect to the
all oy of Exanple 1; C Activation was, fonducted with a 5 wei ght percent
NaOH aqueous solution that further cofitai ned 0.5 weight percent Zn0O

di ssol ved therein. .The re uI a ca t contai ne ercent Zn;
D. SubsequefAalysh It mpnpergs Lbf'flu tf\?é’?]—t%%fﬂ??@ﬁ" % &ﬂ’ﬁt ZF[}eaf’Fg %‘Pcont act ed
with a sol U&anQiavtKQl?@(ﬂnﬁoﬁ@prpédwbﬂﬁnﬁng)£L£bdﬂ¢lﬁﬂiaﬂy&\ﬂeﬂgdﬂ)cabwﬁp@bﬁctperCent Re:
and E. Subsequent to acqtlvatlg?E NaOH solution, the material was
contacted NEHCtEd SAnAtiGFRYRE @HB‘nlcéllBi“B\‘?} de a product having 0.3 wei ght

percent Ru.ogr&mpl e 2Avh@PS1dbufla@fidrefovaly RATRCR? iised iR BeRdQNES uded fixed
bed cat al ytlc material were formed in the manner described bel'ow A A

m xture of ¢ptgaeaenEdoxieghd tode rasier Race ingnoef damapagre descripgd 28pYOY, a

pol yet hyl en ri cant, were conpounded
in the san@ldﬂ%ége eﬂ:%%&&@zgt(:?{lgmg dﬁﬁ{gag:é?g%tlgaé <5118)26 799 and 4, 895, 994,

whi ch teach[ﬁﬂg@ are lithaxﬁepmnnﬁxpebtdfréybumd ti1,1t mﬁileiadm:bydrfrchebomhqtudre was
extruded thg ul ar. ClOSS Se Le. h d sing a
Haake meon%@g% ‘%H%“g T°“Y1et%°n%h%£ OEPIELR solel\lfxn/ér %ﬂy W eat under an
i nert at nospdeiay tamratmdmrtssxrefqondedn Hbdpresgalvabhlysd ﬁ)pd bed Reep Ni opjalsst.aal ci ned at

900C for 1 &%Bed ald¥g eff&:ﬁ%lytré}ﬁ&/es@@ ot Bied ﬁdﬁﬂﬁla H?@dcal\ﬁg %{dm mlld
PCT/ US02/ 1003 an&ﬁ)b 1$_1xed Bg ec(a:t%iils? gr{ce %’1‘)’?}11% oft 1t.? %)gttﬁto a&%org 9\1 sgetcgs can g_i y

cont acting fﬁ cata ng aqueous
sol ution hanli@fcwef%’r?@éWem@qhqf EPPOG@Uh?ﬁ WEFE“J&@O%%@“%G“IWHF@ was fol | owed

by a 36409 fyeftatoh liid. MyuspbiieaeiSin®atdobl isidibsteC 0 ail éfettivegha 2ficiensrbgdbf per cent  of
NaCH for an,additiQnpheR9 mnutes at 90C. Finally, the material was washed
wWth water to ac |eveqa H of less than 9.5. [0082] Additional sanples were
formed in t¥978ame e pllewing examplesage given for illustrative purposes only and are

not meant to be a limitation on the invention, as defined in the claims appended
hereto. All parts and percentages are by weight unless otherwise indicated.

[0078] Further, any range of numbers recited in the specification or claims,
such as that representing a particular set of properties, units of measure, conditions
physical states or percentages, is intended to literally incorporate expressly herein by
reference or other wise, any number falling within such range, including any subset of

numbers within any range so recited.

Example 1
[0079] A series of promoted granular fixed bed catalyts were formed in the
manner described below:

A. A sample of Raney® Nickel alloy was prepared by first crushing an alloy
having 58 weight percent Al and 42 weight percent Ni. The crushed material was
passed through sieves of U.S, Standard Sieves No.8 and 12 to yield material of “8x12
mesh” particle size material. This material was converted into useful catalyst by
recirculating a leaching solution through a bed of the particles. The leaching solution

comprised 5000 g of a 4 weight percent sodium hydroxide and was used to treat 227 g



above except for the following differences: B. After treatnent wi th NaCH,
the fixed bed catal yst was contacted wth a solution containing Amonium
Hept anol ybdate to cause 2.8 wei ght percent M to be deposited in the
resul tant fwegegddgd catal yst product. C. The initial allopceossaomngd 2.0
wei ght percent Fe netal D. The initial conposition was extruded at 1/16
inch dianeter and after activation by contact wwth NaOH, the naterial was
contacted with an aqueous solution coz§a| ning Tetraanm ne PdCl 2 in an
anount to deposit 0.4 weight percent Pd in the final product E. The

initial i d 1/ 16 i hen cont act ed
wth a sol EF?%R% ﬁolr}lfg@éae Llfﬁsl(ll'hgldcr@su tiln ?rg?teewlg?me The eaﬁ $&d° and had
0.1 wei ght pcmdueued fdiapenod bE3(f intnates pyhdle beihg mlﬁmtaeﬁidde!t adsthpevatiie @ 38y cont act
wi th NaCH, e s cont ac ueous n_cong ai ni ng
Tet r aanmi ne tﬁlia’ft ncféeate?ﬁg %&@%P{] aaﬁ Reryeat 5@?#58&?1‘8’&!&@{

wei ght per C&i&h“%albmlttﬂoq_, of vagbr, Bl ASEC, unkkdeBifRert HAO QBB of TEE 116AD, yst s _of

Exanples 1 and 2 were anal yzed according to the follow ng nmethods: B.E. T.
Surface Area: According to procedure described in "Surfaces of Raney(r)

Cat al yst s” E)OS&][@dltﬁ%El@aﬂble's Rf @ﬂﬁt%&éto%&ﬁ%@aﬁm%ﬁ&ﬂ RARscriBed t ed by
Scar os and Dekker (1995). CO Chem sorption: Pul se

runi er %@ i shed
met hod condakave@xeept Cbeefgll‘l}@ggﬂlff%@iw?&ﬁ "Surfaces of Raney(r) Catal ysts"

i bid. cal cul atedgu g

catal yst]/0.587. B\/\ghg%l%%%‘ggﬁgé%ﬁﬂsﬁg 1%%&%&@@@ @M‘ tlt‘Te geglcde‘?\ltb%%gz | CP- AES
met hod after di ssolptgsendin the ssmerpitio asﬁcsxceibrailwiﬂtrei,mcamnhh allblyef Bxémfle and
chemi sor bi ng surfaqe areas were nornalized to packed bed vol une, by

mul tiplying the weight-nornmalized surface areas by the apparent bulk

density (ABD) ap@r @utivaios wasrkcofidwetddwith 0F weightgleyteht NIOBg4e@u solutghanul ar
Lype, and 0,607 cc 1 ot Erberde el ARDYES sl ULl ad By determning the
the entire sanpl e bahrie cyelygtoRQindd d8rwalght ipBRédt Z#as at nosphere. The
wei ght/ D. Subsequent to activation with NaOH solution, the material was contacted

with a solution K;ReCls to provide a product having 0.2 weight percent

Re; and

E. Subsequent to activation with NaOH solution, the material was contacted
with a solution K3RuClg to provide a product having 0.3 weight percent

Ru.
Example 2

[0081] A series of samples of promoted extruded fixed bed catalytic material
were formed in the manner described below:

A. A mixture of powdered 58 weight percent Al/ 48 weight percent Ni alloy, a
polyethylene oxide polymer and glycerine, as a lubricant, were compounded in the
same manner as described in US Patents 4,826,799 and 4,895,994, which teachings
are incorporated herein by reference. The mixture was extruded through a 1/8 inch
circular cross sectional die head using a Haake Rheometer. The polymer and
lubricants were removed with heat under an inert atmosphere and then the fixed bed

catalyst precursor was calcined at 900°C for 1 hour, The resultant calcined fixed bed



volune ratio equals ABD. This ratio varies negligibly over different
conposition used. [0083] The properties of the Sanples 1 A-E and 2 A-F are
listed in Table 1 below WD 02/083818 PCT/ US02/10031 25 NwaCO ~LLOCcO

Nw( Ymdr N Gy Weesesis N W LL~-co |1 1(OLoc, CJ3 LLIO"R It tpct/Os@Acd - Olor
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catalyst precursor was then leached using NaOH by contacting the fixed bed catalyst
with a 728 g recirculating aqueous solution having 20 percent NaOH for 60 minutes at
90°C. This was followed by a 3640g recirculating aqueous solution containing 25
weight percent of NaOH for an additional 60 minutes at 90°C. Finally, the material
was washed with water to achicve a pH of less than 9.5.
[0082] Additional samples were formed in the same manner as described
above except for the following differences:

B. After treatment with NaOH, the fixed bed catalyst was contacted
with a solution containing Ammonium Heptamolybdate to cause 2.8 weight percent
Mo to be deposited in the resultant fixed bed catalyst product.

C. The initial alloy contained 2.0 weight percent Fe metal

D. The initial composition was extruded at 1/16 inch
diameter and after activation by contact with NaOH, the material was contacted with
an aqueous solution containing Tetraammine PdCl, in an amount to deposit 0.4 weight
percent Pd in the final product.

E. The initial composition was extruded at 1/16 inch
diameter and then contacted with a solution of KoReCls. The resultant material was
analyzed and had 0.1 weight percent Re in the final product.

F. After activation by contact with NaOH, the material was
contacted with an aqueous solution containing Tetraammine Platinum chloride, The

resultant material contained 0.03 weight percent Pt in the final product.

Example 3
[0083] The catalysts of Examples 1 and 2 were analyzed according to the
following methods:

B.E.T. Surface Area: According to procedure described in “‘Surfaces of
Raney® Catalysts” by S.R. Schmidt in Catalysis of Organic Reactions, edited by
Scaros and Prunier, published by M. Dekker (1995).

CO Chemisorption: Pulse method conducted at 0oC as described in “Surfaces
of Raney® Catalysts” ibid. calculated using the formula: Surface Area(Ni) = [Vol.
CO/g catalyst]/0.587.
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Weight Percent Ni: ICP-AES method after dissolution of sample of catalyst in

acid.
The B.E.T. and chemisorbing surface areas were normalized to packed bed
volume, by multiplying the weight-normalized surface areas by the apparent
bulk density (ABD) appropriate for the type of catalyst (1.8g/cc for granular
type and 0.6g/cc for extruded type), ABD was calculated by determining the
settled volume of a water-covered sample of catalyst and then vacuum drying
the entire sample before weighing under an inert gas atmosphere. The weight/
volume ratio equals ABD. This ratio varies negligibly over different
composition used.

[0083] The properties of the Samples 1 A-E and 2 A-F are listed in

Table 1 below:



[0084] The follow ng general nethod was used to determ ne sul fur

adsorption: Each sanple of catalyst was packed, under water, into a
vertically oriented stainless steel tube of 0.43" (1.1 cm inner dianeter.
The packed wobgesasys equi pped with a piping systemthat pecwoubdadeseit her
gas or liquid to be punped through the catalyst bed at controlled rates. A
clanshel | -type resistively heated furnace was placed around the

catal yst-containing section of the tube to beat the bed during initial
drying, sulfur-species adsorption, and regeneration steps. [0085] The basic
outline of the adsorption/regeneration experjnents were conducted by first

e a circulating atnosphere of

drying the catal yst sanpl g Qeiln Jﬂ > e
N2 alone or with H2 at el g dﬁﬂé‘-‘lﬂe of 130 C. The catal yst sanple
grature as indicated in each of

%
was then allowed to achieje ladsargti eny
the specific exanples beljo il egqoryt | the flow of gas. [0086] The
packed col um of catal yst ¢ gst el Wi th sul fur- containing

R

| liter/mnute. After cooling to
e, dsorption and regeneration
a5

D
=

B8 |,

hours in flowng H2 at the g

at
anbient tenperature in the Q
steps were repeated. Sanpl ¢si
e

T

ILLE

gasol i ne at atnospheric predsur e enployed was a |ight cut
naphtha with a specific grayitly oofg a total analyzed sul fur
content in the gasoline na [ wei ght, and a boiling point
range of 81-437 F (27- 225 [ 0d7] ol i ne was passed through the
colum at a constant flow r@te_i ofn, ("fl ooded-bed") nmanner. The
used catal yst bed was perijod&q hygpﬂ gasol i ne and then regenerated
by first purging it of redidqugl sali flowwng H2 at a rate of
about | liter/mnute vm'thjtr cdt bd'/%:[ o nperature held at 130 C for
30 mnutes and then the c3tdR|H adis 3jnd reduced at 200 C for 2

baut

HA

a

ol ine were periodically

qngéo._'n
nang

-
€1
coll ected at a point beyon exitl_dng the catal yst tube (for later
of f-line sulfur analysis)|U aIpTEyC el apsed tinme and the
resulting capacity of the|cquk g%/@,ﬁ‘gg;g_rm ned. WD 02/083818
PCT/ US02/ 10031 27 [ 0088] fﬁarrpl eq qf°|t e |t rleat ed gasol i ne were anal yzed for
sul fur content by GC-AEDTTﬁI og-gsimg—qrmiAyi | ent Technol ogi es AED det ect or
Model &350A and an Agil ¢én e*' @tﬂ '5\;5,91 Model 6890 GC. Quantification
of sulfur in the gasoline| Wwag qoingycygedq ijn laccordance to ASTM D 5623. The
val ue of adsorbed sul fur fof gaqn ©
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di screte time-dependent sanple was cal cul ated by subtracting the anal yzed
sul fur concentration fromthe anal yzed baseline sul fur content of the
untreated gasoline. These discrete adsorbed sul fur values were then

i nt egr at ed wyetossie wei ght of gasoline delivered (wei ght peraisd2iteesned
volume X sp, gravity) to yield the cunul ative ambunt of sul fur adsorbed
fromgasoline during a given experinent. [0089] This result of the

currul ati ve anount of adsorbed sul fur was nornmalized by dividing the
determ ned result by the weight of thezcat al yst bed enployed, yielding the
adsorptive capacity of the catalyst in 6g sul fur/ kg of catalyst. For

equi val ent conpari sons the cunul ati ve gasoline volune used in the
integration step was arbitrarily set at 70 ml, by which point the sul fur
content of the effluent gasoline hadesmmpredhed the untreated baseline
asynptotically (i.e. pearly all of the capacity was exhausted). Exanple
4- A [0090] PR8gr anuiThe inklowing genpeal methogdnasysed to detgrming pulfuied to t he
react or andadsg,?m,@ct ed with gasoline, as generally described above, using
the follow ng the specific parameters: Adsorption temperature --25 C
(anbi ent t enper diagh S§mRls Obrataist as Ragked.inger water, iptq kvertieadlye Wei ght hourl y

halyt Scéf‘%ﬁ%Stfﬁﬁl‘*bn%‘%f;%‘%%‘éﬁ-Su%*&%ﬁ*gﬁ@ﬁ%ﬁ%@%%ﬁ st

cal cul at ed emippedwithsgipingsystes) tharpermited githearghsion liayidtatbelppmped ( See Tabl es 2
and 3 for thi ul,t / PCT4 US02/ 10031 28
Exanpl e 5. %§§P1gf%£ahy6?g%zagg§r§£&%? F@sa#pﬁ?%nsﬁﬂg&%\%égsgsﬁélglhg%é except that

t he cat al ylutnacswes placedqraimd|thy cakddyshicomtainmigyssdtionfof thedntm te hed.thdhahpl e 6

[ 0093] The procedur.es .of | e 4-4A were followed except that the
Catal yst U GOyl TN RE ot AR eD. 250 FeBeBtTRon S Exarpl e 7 [ 0094]
The procedui0essjof Examplbasid odiline\ef the adspARioRMedefi¢ragorgxpetimearits Mere cat al yst of

'F)e(?rpnglr gt L'ﬁeggngtt]ctmy ﬁr)étcgrg'}nlg(me &fta])lljs% Isar}gplg Egingc te%tsed tugc?cr I;I%Ezﬁgtlilggt 'on
atmosphere of N; alone or with H; at elevated temperature of 130° C. The catalyst
sample was then allowed to achieve absorption temperature as indicated in each of the
specific examples below while continuing the flow of gas.

[0086) The packed column of catalyst was then contacted with sulfur-
containing gasoline at atmospheric pressure. The gasoline employed was a light cut
naphtha with a specific gravity of 0.73g/cc, a total analyzed sulfur content in the
gasoline range of ~500 ppm by weight, and a boiling point range of 81-437° F (27-
225°C).

[0087] The gasoline was passed through the column at a constant flow

rate in an upward (“flooded-bed””) manner. The used catalyst bed was periodically
purged of gasoline and then regenerated by first purging it of residual gasoline with
flowing N, at arate of about 1 liter/minute with the catalyst bed temperature held at
130° C for 30 minutes and then the catalyst was dried and reduced at 200° C for 2
hours in flowing H; at the rate of about 0.5 liter/minute. After cooling to ambient
temperature in the flowing Ha, the adsorption and regeneration steps were repeated.
Samples of treated gasoline were periodically collected at a point beyond the exit end
of the catalyst tube (for later off-line sulfur analysis) up to a prescribed elapsed time

and the resulting capacity of the catalyst was determined.



Exanpl e 8 [0095] The procedures of Exanple 7 were repeated using granul ar
Mo/ NI catal yst of Exanple 1B. Exanple 9 [0096] The procedures of Exanple 7
were repeated using extruded Ni catal yst of Exanple 2A. Exanple 10 [0097]
The procedwy@gyéhsigxanpl e 7 were repeated using extruded MotASso2/10e81al yst of
Exanpl e 2B. Exanple 11 [0098] The procedures of Exanple 7 were repeated on
extruded Pd/ NI Catal yst of Exanple 2D. WO 02/083818 PCT/ US02/ 10031 29
Exanpl e 12 [0099] The procedures of Exanple 7 were repeated on granul ar
Re/Ni catal yst of Exanple 2E. Exanpl e;;13 [0100] The adsorption steps of
Exanpl e 4-4A were repeated on granular Zn/N catal yst Exanple 1C. No

regenerat i ogogs) subseg msof&etu%%d@&%hﬂ@m@ragﬁgmd%@sm}ugcr&f’enE ?11 The

adsorption steps of Exanple 4-4A were repeate ranu cat al yst
of Exanpl e GG:AEPR methpsnsmaiah dvgilowt T@Qb@é@gmrﬁEE éetp@@ttMmé@ Cﬁéﬁ%md Exanpl e

15 [0102] T&%@ﬁ%@?@%&;&pé@ %ﬁgécl @é‘@d‘@be ﬁan%cé%!ﬁ% Elﬁﬂl?% @9 gbndt anul ar

Ru/ Ni cat al yst regenera I on or est was
per f or med. \qunﬂm:tdsﬁm[aﬁdo@@cér oA AP ;56230Whe;treémnsof(aﬂsoﬁmirsplfer #br dakhwer e

ubsequent PEATE LR et Tehoab g Ehichlea b7 PR iod o RuBIEREE: on 'steps of
Exanpl e 4- %nmnﬁuc@ﬁemttwamlyzgi beselir@rsulfor coﬁ&h’ﬁdﬂt&l uﬂﬁk&ﬂ&& lgasolide.except t hat
or o1 reat odT 14 FsURieHg-RRSR AGES Fiste Benpeefi SREHE SERLS #450 Wioi ent
t enper at ur ejelivkred ¢REBRAY atdb]@@re@rvoﬁm @p' AvityProt BSld theRBmRREL O kB Eht

of sulfur adsorbed from gasoline during a given experiment.

[0089] This result of the cumulative amount of adsorbed sulfur was

normalized by dividing the determined result by the weight of the catalyst bed

employed, yielding the adsorptive capacity of the catalyst in g sulfur/kg of catalyst.

For equivalent comparisons the cumulative gasoline volume used in the integration

step was arbitrarily set at 70 ml, by which point the sulfur content of the effluent

gasoline had approached the untreated baseline asymptotically (i.e. nearly all of the

capacity was exhausted).

Example 4-A

[0090] The granular Ni catalyst of Example 1A was charged to the reactor and
contacted with gasoline, as generally described above, using the following the specific
parameters:
Adsorption temperature ~25°) C (ambient temperature)
Gasoline flow rate of 0.5 ml/minute (Weight hourly space velocity (WHSV) =
60 min. X (0.5 mI/min) X (0.73g/mL)/21.6 g catalyst = 1.0)
[0091] The measured sulfur capacity of the catalyst, calculated as described
above, was 0.47g sulfur/kg catalyst. (See Tables 2 and 3 for this and all subsequent

results).




Exanpl e 18 [0105] The procedures of Exanple 17 were repeated on granul ar
Mo/ NI catal yst of Exanple 1B. WO 02/083818 PCT/ US02/ 10031 30 Exanple 19

[ 0106] The procedures of Exanple 17 were repeated on extruded M/ N

catal yst ExpoplssgilB- Exanple 20 [0107] The procedures of pxaapdAods] were
repeated on extruded Pd/N  Catal yst of Exanple 2D. Exanple 21 [0108] The
procedures of Exanple 17 were repeated on extruded Pd/ N catal yst of

Exanpl e 2F. [0109] The above Exanples 4 to 21 show that the preferred
catalysts based on initial capacity age those of extruded Exanple 2E and
that recovery of a large fraction of the initial capacity can be achieved
on regeneration using H2 reduction alone at tenperatures of about 200C -
350C. Exanpl e 22 [0110] The procedures of Exanple 8 above were repeated
using granular M/ N catalyst of ExalpP@Ple.except that an oxidation step
was conduct ef ore US| : if . m of a 1.5%
NaCCl sol ut[?g%ﬂwas puﬁ% éot glrn{gﬁgh i[nﬁga ‘Ebél{qa e§§{%ﬁgggd %?Eé%h%fﬁ% ol | owed by 60
m of wat ercaiyst usadaiastgaimilan dla/Necatadygd of Bxampde 3B. 70 C. Exanple 23 [0111]
The procedures of Exanple 22 were repeated except that the catalyst was
that of extruded Mo/ N catal yst of Exanple 2B. The results of Exanples 4-23
are given in Table 2 bel ow. WO 02/ 083&x@mpdElé USO2/ 10031 31 0 o0 a

[0093] The procedures of Example 4-4A were followed except that the
catalyst used was extruded Mo/Ni catalyst of Example 2B.

Example 7
[0094] The procedures of Example 4-4A were repeated using granular Ni
catalyst of Example 1A with the exception of using 350° C as the Hj reduction
temperature.

Example 8
[0095] The procedures of Example 7 were repeated using granular Mo/Ni
catalyst of Example 1B.

Example 9
[0096] The procedures of Example 7 were repeated using extruded Ni
catalyst of Example 2A.

Example 10
[0097] The procedures of Example 7 were repeated using extruded Mo/Ni
catalyst of Example 2B.

Example 11
[0098] The procedures of Example 7 were repeated on extruded Pd/Ni

Catalyst of Example 2D.
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Example 12
[0099] The procedures of Example 7 were repeated on granular Re/Ni
catalyst of Example 2E.
Example 13
[0100] The adsorption steps of Example 4-4A were repeated on granular

Zn/Ni catalyst Example 1C. No regeneration or subsequent re-test was performed.

Example 14
[0101] The adsorption steps of Example 4-4A were repeated on granular

Re/Ni catalyst of Example 1D. No regeneration or subsequent re-test was performed.

Example 15
[0102] The adsorption steps of Example 4-4A were repeated on granular

Ru/Ni catalyst of Example 1E. No regeneration or subsequent re~test was performed.

Example 16
[0103] The adsorption steps of Example 4-4A were repeated on extruded

Fe/Ni catalyst of Example 2C. No regeneration or subsequent re-test was performed.

Example 17
[0104] The adsorption steps of Example 4-4A were repeated on granular Ni
catalyst Example 1A except that before contact with gasoline, the previously unused
catalyst was pre-treated in flowing Hj at 200° C for 2 hrs and then cooled to ambient

temperature. No regeneration or subsequent re-test was performed.

Example 18
[0105] The procedures of Example 17 were repeated on granular Mo/Ni
catalyst of Example 1B.
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Example 19
[01006] The procedures of Example 17 were repeated on extruded Mo/Ni
catalyst Example 2B.
Example 20
[0107] The procedures of Example 17 were repeated on extruded Pd/Ni
Catalyst of Example 2D.
Example 21
[0108] The procedures of Example 17 were repeated on extruded Pt/Ni
catalyst of Example 2F.
[0109] The above Examples 4 to 21 show that the preferred catalysts

based on initial capacity are those of extruded Example 2E and that recovery of a
large fraction of the initial capacity can be achieved on regeneration using Hs

reduction alone at temperatures of about 200°C - 350°C.

Example 22
[0110] The procedures of Example 8 above were repeated using granular
Mo/Ni catalyst of Example 1B except that an oxidation step was conducted before the
H; reduction step. Specifically, 60 ml of a 1.5% NaOC] solution was pumped through
the catalyst bed at 70° C, followed by 60 ml of water while maintaining the

temperature at 70° C.

Example 23
[0111] The procedures of Example 22 were repeated except that the catalyst
was that of extruded Mo/Ni catalyst of Example 2B. The results of Examples 4-23

are given in Table 2 below.
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24 [0112] The procedures of Exanple 4-4A were repeated except that the
catal yst was that of granular N catalyst of Exanple I A and that the sulfur
adsor pti on wobhpesss@s perforned at 125 C Exanpl e 25 [0113] pdtvesqrioezedur es of
Exanple 24 were applied to granular N catalyst of Exanple 1A except that
the H2 regeneration steps was conducted at 3500 C. Exanple 26 [0114] The
procedures of Exanple 25 were applied to granular Mo/Ni  catal yst of

Exanpl e | B except that the catal yst wa% subj ected through 3 adsorption
cycles and 2 cycles of regeneration. Exanple 27 [0115] G anul ar M/ N

catal yst of Exanple | B was pre-treated in H2 at 200 C in the sanme manner
as described in Exanple 18. The catal yst was subjected to absorption,

oxi dation and regeneration for three absorption passes. The regeneration
step was conducted at 200C using HZExaniplld@% The results of Exanpl es 24-27

are present i.n Tabl 3 bel ow. hes ults show that a hi gher fresh
c apagi ty c aﬁﬂ achi e rogedpres pl Hgamp et{-gi were repeated except that theg

catalyst was that of granular Ni catalyst of Example 1A and that the sulfur adsorption
step was performed at 125° C

Example 25
[0113] The procedures of Example 24 were applied to granular Ni
catalyst of Example 1A except that the H; regeneration steps was conducted at 350°
C.
Example 26
[0114] The procedures of Example 25 were applied to granular Mo/Ni

catalyst of Example 1B except that the catalyst was subjected through 3 adsorption

cycles and 2 cycles of regeneration.

Example 27
(0115] Granular Mo/Ni catalyst of Example 1B was pre-treated in H; at 200°
C in the same manner as described in Example 18. The catalyst was subjected to
absorption, oxidation and regeneration for three absorption passes. The regeneration

step was conducted at 200°C using H,.

[0116] The results of Examples 24-27 are presented in Table 3 below.
These results show that a higher fresh capacity can be achieved with Mo/Ni
catalysts when using high temperature Hj pre-treatment and higher adsorption

temperatures (e.g. 125° C).



0. 2000000 O

PCT/US02/10031

t' DLOLO

33

@)

%6/, (usbad pug) vs'o 002 890
%28 (usbaiisi) 95°0 002 89°0 12 5 IN/OW a1
ojelousbel 0] upalupIxo usyl ‘0 ,002/2H W 1sAjeyed yselj aonpaJs-aid
%87 “(uabai pug) 590 05€ £8°0
%45 (‘'uebl is1) 2V°0 058 £8°0 92 5 IN/OW a1
%9Y 520 0S¢ £5°0 5S¢
%58 92’0 002 1e°0 Ve 9 IN vi
oijel Alloedes “ON
yselyusbol poyessuabal (00).L. uonesoustss Ayoedeo ysaiy ojdurexg 1s9)
oN
uondiospe ) .52l 1sf[eled ojduwiexg yen
"€ dlgqel

tenperatures (e.g. 125 Q WD 02/083818 PCT/ US02/ 10031 33 L
d CO.n ccNNc OGOy O UC% LO#H4-e '

catal ysts when using high tenperature H2 pre-treatnent and higher

adsor ption

L) CnL() OO Nb bAvbsbisC

Qd' I nNcoN  a)




C ON Mc)d)00Co |I" Cucocococo'-) ) co00 oo 0 m a ZNNNN

WO 02/083818 PCT/US02/10031

34

ITIS CLAIMED

1.

A process for desulfurization of a hydrocarbon liquid comprising

a) contacting sulfur-laden hydrocarbon liquid with a packed bed catalyst
composition composed of sponge nickel metal alloy to produce a hydrocarbon
liquid having a reduced sulfur content;

b) separating and recovering the hydrocarbon liquid having a reduced sulfur
content;

¢) regenerating the packed bed catalyst composition by treating it with an
aqueous solution of an oxidants selected from hydrogen peroxide, an alkali
metal hypochorite, an alkali metal nitrate, an organic peroxy acid or mixtures
thereof, to remove sulfur contained therein;

d) contacting the regenerated packed bed catalyst composition of step c), alone or
with additional packed bed catalyst composition, with additional sulfur-laden
hydrocarbon liquid to remove sulfur therefrom; and

e) cyclically repeating steps b), ¢}, d) and e).

The process of Claim 1 wherein the sulfur-laden hydrocarbon liquid is contacted
with packed bed catalyst composition at temperatures of from about 20°C to

150°C and at about one atmosphere pressure.

The process of Claim 1 wherein the sulfur-laden hydrocarbon liquid is contacted
with packed bed catalyst composition at temperatures of from about 20°C to

150°C and at a pressure of from ambient to about 1 MPa.

The process of Claim 1,2 or 3 wherein step c) is conducted at a temperature of
from

about 50° C to the boiling point of the aqueous oxidant solution.

Lo
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PCT/ US02/ 10031 34 IT IS CLAIMED 1. A process for desulfurization of a

hydr ocarbon |iquid conprising a) contacting sul fur-laden hydrocarbon liquid
with a packedobsdsigat al yst conposition conposed of spongecmiskabosnet a
all oy to produce a hydrocarbon |iquid having a reduced sulfur content; b)
separating and recovering the hydrocarbon |iquid having a reduced sul fur
content; c) regenerating the packed be® catal yst conposition by treating it
wi th an aqueous solution of an oxidants sel ected from hydrogen peroxide,

an al kali 5 Theprocess of Claim 4 wherein the oxidant is sodium hypochlorite, sodium nitrite

or sodium nitrate.
6. The process of Claim 4 wherein the oxidant is peroxyacetic acid.

7. The process of Claim 1 wherein the step ¢) further includes washing the catalyst

with water or with an alkaline solution.

8. The process of Claim 1,2,3 or 7 wherein the steps a), b) and d) are each conducted

in a first reaction zone and step c) is conducted in a second reaction zone.

9. A process for desulfurization of a hydrocarbon liquid comprising

a) contacting sulfur-laden hydrocarbon liquid with a packed bed catalyst
composition composed of sponge nickel metal alloy to produce a hydrocarbon
liquid having a reduced sulfur content;

b) separating and recovering the hydrocarbon liquid having a reduced sulfur
content;

c) regenerating the packed bed catalyst composition by treating it with hydrogen
gas at elevated temperature, to remove sulfur contained therein;

d) contacting the regenerated packed bed catalyst composition of step ¢), alone or
with additional packed bed catalyst composition, with additional sulfur-laden
hydrocarbon liquid to remove sulfur therefrom; and

e) cyclically repeating steps b), ¢), d) and e).

10. The process of Claim 9 wherein the sulfur-laden hydrocarbon liquid is contacted
with packed bed catalyst composition at temperatures of from about 20°C to

150°C and at about one atmosphere pressure.



metal hypochorite, an alkali netal nitrate, an organic peroxy acid or

m xtures thereof, to renpove sul fur contained therein; d) contacting the
regener at ed packed bed catal yst conposition of step c), alone or wth

addi ti onal waoxesdsBed cat al yst conmposition, with additi onBCTA210¢31| aden
hydrocarbon liquid to renove sulfur therefrom and e) cyclically repeating
steps b), c), d) and e). 2. The process of Claim1l wherein the sulfur-I|aden
hydrocarbon liquid is contacted wth packed bed catal yst conposition at
tenperatures of fromabout 20C to 150C and at about one at nosphere
pressure. 3ll. The ppressed Clam Owkdren thevsh Fureladet iydreatbbu tiqhid desontaggtdocar bon

liquid is contacte i t.h cked bed catal yst conpositio t ratures
of from about w%@afoed\%fgﬁepa%ﬁtcfoé O%{H%]r‘gstes LS W@%&%ﬁgﬁ? Pd about 1
MPa. 4. The poandatsspredsufd difionilamabian tGabsiet @Pa, step ¢) i s conducted at a

tenperature of fromabout 50 Cto the boiling point of the aqueous oxi dant
sol ution. WD 02/083818 PCT/ US02/ 10031 35 5. The process of Caim4 wherein

t he oxi dant 13, The elicks® JTYRARIY, Q0 bf €1 whaEih Widp @) IsldafrRd Ot £ SdidPoli trate. 6.
The process of aim4 wherein the oxidant is peroxyacetic acid. 7. The

process of O aP¥Crokevte0l G he step ¢) further includes washing the
catalyst with water or with an al kaline solution. 8 The process of Claim
1,2,3 or 7 wherein the steps aé, ltj% and d) are each conducted in a first
reacti on zokke Thagrosesspf Slaind, 40 alicwhatein gtep cyscamigd oatas fioorabgone. 9. A

process for d rizati of a hydrocarbon liquid conprising a)
contacting su??%ﬂrcflpggéﬁdﬁgg%ocar bon liquid with a packed bed cat al yst

conposition conposed of sponge nickel netal alloy to produce a hydrocarbon
i qui d havi reduce yl fr ent .. b) separating and.recovering the
hydr ocar bonﬂ?i'lﬁapwcﬁsg\??r%al%l dr’légﬁgglélw Fﬂ?’?ﬁiep Ciﬁ"r‘ﬁh > es?fgﬁte%a@%&tgi ng the
packed bed catielgpsit solwiipe siithiadiquidiseletiedfromguni aldeydehkdryh agenkagsls at

el evated tenperature, to renove sul fur contained therein; d) contacting the
regener at ed packed bed catal yst conposition of step c), alone or wth

addi ti onal pRgkegrdesst sF@lamyiSiwiRaIPas lhans seMcida e hdetRBat 2 &Yl ur - | aden

alkanol

16. The process of Claim 9,10, or 11 wherein the steps a), b) and d) are each
conducted in a first reaction zone and step c) is conducted in a second reaction

zone.

17. A process for desulfurization of a hydrocarbon liquid comprising

a) contacting sulfur-laden hydrocarbon liquid with a packed bed catalyst
composition composed of sponge nickel metal alloy to produce a hydrocarbon
liquid having a reduced sulfur content;

b) separating and recovering the hydrocarbon liquid having a reduced sulfur
content;

c) regenerating the packed bed catalyst composition by contacting it with a water
soluble metal salt of an organic acid, provided that the acid is substantially
inert with respect to Raney Ni, and the metal is capable of reacting with sulfur

to form a sulfide that is insoluble in acidic and soluble in alkaline aqueous



hydrocarbon liquid to renmove sulfur therefrom and e) cyclically repeating
steps b), c), d) and e). 10. The process of Caim9 wherein the

sul fur-laden hydrocarbon liquid is contacted w th packed bed catal yst
conposi ti oRy@byégagmer at ures of from about 20C to 150C angdcaius@besss one

at nosphere pressure. WO 02/083818 PCT/ US02/ 10031 36 11. The process of
Caim9 wherein the sul fur-laden hydrocarbon liquid is contacted wth
packed bed catal yst conposition at tereratures of from about 20C to 70C
and at a pressure of fromanbient to about 1 inPa. 12. The process of Caim

9, 10 or 11 whersgjyfiosd RRnGlevhted GRpEhRle, @ ienftlve SHIAMNBRAMED thiRBGot O about
500C. 13. The process of Caim9, 10 or 11 wherein step c¢) Is carried out

at from about 200iuce 8 Sy P ca@loe; 14. The process of Claim9, 10 or 11

wherein step 8% c;)HtraE thg?%gk%}gg&e];gﬁﬁh AL aa]u{?i]ﬁe fofl‘&%_té oNlde@n W th a

liquid selecte roman a tone or an ano e process of
Cl ai m 14 wher ei mesubtentsiugeyi with s pHef etdtastlatfonbfibacet one or a C -C3 al kanol
16. The process of

Laim 9,10, or 1 rein the steps . b).and d) are
cach conduct a PegRY Ik feepra eabtot e Bl L OEROMRR Mg afbioy [
second react i on addwineal phodkedAep cades sohpasitthas with uddidadal euifupfladan hydr ocar bon
| iquid conprisi a ont.acting sul fur-laden hydrocarbon liquid with a
packed bed cat a{}\(}?’g’i‘)"”@B guif 9 %ﬁlogﬁﬂg%légﬁregrf)n%ﬁﬁﬁge ni ckel netal alloy to
produce a hydpocaslaly répefiitightdps i)W, & ahédlced sul fur content; b)
separating and recovering the hydrocarbon liquid having a reduced sul fur

content; c) regenerating the packed bed catal yst conposition by contacting

it with a wat ehe pRebudb iRt alwRakl thobufR ARG A6 iqud R\bagded hat the
acid is substantially inert with respect to Raney NI, and the netal is

capabl e of rewithithrpagkechbegipetalist compositipmatgemparatuees of fram abeuti2A¥dicubl e in
acidic and sohﬁb%nhgt er(?iﬁ%ﬁerh‘?m H&QB%Q{R 02/ 083818 PCT/ US02/ 10031 37
I t t '

solutions at an elevate enpergsg’ure, 0 renove sul fur contained therein to

19. The process of Claim 17 wherein the sulfur-laden hydrocarbon liquid is contacted
with the packed bed catalyst composition at temperatures of from about 20°C to

150°C and at a pressure of from ambient to about 1 MPa,

20. The process of Claim 17 wherein step c) is carried out at from ambient to about
90°C

21. The process of Claim 17 wherein the organic acid is selected from the group
consisting of saturated monocarboxylic aliphatic acids, saturated dicarboxylic
acids, saturated tricarboxylic acids, hydroxy substituted aliphatic acids or alicyclic

organic acids and mixtures thereof.

22. The process of Claim 17,18 or 19 wherein the steps a), b) and d) are each
conducted in a first reaction zone and step c) is conducted in a second reaction

zone.



produce a slurry of catalyst; d) contacting the catalyst of step ¢c) with an
aqueous al kaline solution to provide a resultant slurry wwth a pH of at

| east about 6.5; e) contacting the regenerated packed bed catal yst

conposi ti oRyo @d/e3gs0or Wi th additional packed bed catal yspce@snassi on,

wi th additional sulfur-laden hydrocarbon liquid to renove sul fur

therefrom and f) cyclically repeating steps b), c), d) and e). 18. The
process of Claim 17 wherein the sul fur3f aden hydrocarbon liquid is
contacted wth the packed bed catal yst conposition at tenperatures of from
about 20C to 150C and at about one atnosphere pressure. 19. The process of
Claim 17 wherein the sul fur-laden hydrocarbon liquid is contacted wth the
packed bed atheprpsass furdesdiurizationznf athgdrpearbaniliqydd efmpfrisiig about 20C to  150C

and at a pres rogcess of Caim
17 wherein stég %)‘]Pacmg%arrﬁp%r&g{lon Z‘tan?lrgg%ré%%nlﬁfjr(%cgrb%g%ﬂlgw%é 21. The
process of d ai r’paﬂ:]ZedMadrcﬁtaﬂyst d:tmpmtsgamc(nnme(doﬂspoﬁ@lﬂﬂdebﬂeﬁatmﬂw&dﬂe group
consi sting of saturate Boxggl C aI| hat.i c_aci ds, saturated

di carboxylic adirfduced YE it ?‘B%%(%/T poegd SPHY CORERE oxy subst i t ut ed
al i phatic aci dp separalingCsl m@ov@fnggameﬁ cﬁ@(tad'ﬁ)nalﬂl%dnﬂa)ﬂnlgraﬁédﬁcg@ﬁlﬂ@f 22. The
process of Claim17, 18 or 19 wherein the steps a), b) and d) are each
conducted in a f49%RLr eaction zone and step c) is conducted in a second
reaction zong %&%ﬁg%cﬂﬁw&%%&Q@ﬁ%oﬁ@o@% coftREAERESa §e8nd
desulfurlzatlon o] rocarbon |iquid conprising a) contacting, in a
first reaction zréﬁélongem Wb P agusowssaligen phisroRidea selegied From hygeared bed
catal yst conposi } produce a
hydr ocar bon ||qtﬁ&&ﬁ%€?ﬁgﬁ“§ﬁg‘§%c§%@ F? tr}';l%g%r%tnﬁ%l%ﬁ%@é é"gg rlgfl ng and
recovering the mcmwrdmnnmwltucrmivuomgnaversaﬂumtmﬂfthmcm,content c)

regenerating t atal.yst. conpoesiti.on b ctin in a
second reacti getre?ag qaﬁ eg egaﬁglgﬂgoglg?s&tﬁnoq{ SQCP %ng %gﬁ?nsg%éél{@ct ed from
hydrogen per oxieevatednembdratute; met al hypochor| te, an alkali netal nitrate,

an organic er ox aci d or xtures t.her ve sul fur contained
t her elgn P turning the catalyst composition ote step d) to theefmc reac%on Zone am?

therein contacting the regenerated packed bed catalyst composition, alone or
with additional packed bed catalyst composition, with additional sulfur-laden
hydrocarbon liquid to remove sulfur therefrom; and

f) cyclically repeating steps b), ¢), d) and e).

24, The process of Claim 23 wherein the sulfur-laden hydrocarbon liquid is contacted
with packed bed catalyst composition at temperatures of from about 20°C to

150°C and at about one atmosphere pressure.

25. The process of Claim 23 wherein the sulfur-laden hydrocarbon liquid is contacted
with packed bed catalyst composition at temperatures of from about 20°C to

150°C and at a pressure of from ambient to about 1 MPa.,

26. The process of Claim 23, 24 or 25wherein step c) is carried out at a temperature of

from about 50° C to the boiling point of the aqueous oxidant solution.




d) treating the packed bed catal yst conposition of step ¢c) wth hydrogen
gas at an elevated tenperature; e) returning the catal yst conposition of
step d) to the first reaction zone and therein contacting the regenerated
packed bed weababgssts conposition, alone or wth additionabcpaskadodied

catal yst conposition, wth additional sulfur-laden hydrocarbon liquid to
renmove sulfur therefrom and f) cyclically repeating steps b), c), d) and
e). 24. The process of C aim 23 wherei 8the sul fur-Iladen hydrocarbon |iquid
is contacted wth packed bed catal yst conposition at tenperatures of from
about 200C op Thtposeeay et @&mﬁi@ﬂhcr@iﬂﬁtcﬁﬁﬁﬁ%mﬁﬁ%upz{tw ut 700° c1ge process
of Claim23 m@@rg n the sul fur-laden hydrocarbon liquid is contacted wth
packed bed cat py t conposition at tenperatures of fromabout 20C to 150C
and at a pressure of fromanbient to about 1 MPa. 26. The process of C aim
23, 24 or 25wherein step c) is carried out at a tenperature of from about
50 C to the2bditeiprryepsnfilains 23, Ré onduwherein the sdepsta), ddbust d)ome eddlD 02/ 083818 39

2t 1 rom about 150 0k * HRAERIoDten AL D RGhR R otk 3468 05"

wherein the stzeps a), b) and d) are each conducted in a first reaction
zone and step c) is conducted in a second reaction zone.



