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A METHOD OF RESTORI NG CATALYTI C ACTIVITY OF A SPENT

HYDROTREATI NG CATALYST, THE RESULTI NG RESTORED
W@20A0YBT; AND A METHOD OF HYDROPROCESSI NG Thi BCT/US2005/001825
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catalyst, the resulting restored catal yst and its use
i n hydroprocessing. Background of the Invention
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have lost activity due to their use, particularly, when the catalyst is a spent high activity

hydrotreating catalyst.

Summary of the Invention

Accordingly, one inventive method includes contacting a spent catalyst, having a
reduced catalytic activity relative to a catalyst in its fresh state prior to use thereof to
thereby provide the spent catalyst, with a solution comprising a chelating agent and a
solvent. The contacting is done for a time period sufficient to provide for a restored
catalytic activity thereby resulting in an aged catalyst having incorporated therein the

chelating agent and the solvent. The aged catalyst is exposed to conditions including a
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t hereby provide the spent catalyst, wth a solution
conprising a chelating agent and a solvent. The
weoeosacisyng i s done for a time period.suffici erdTNAS2005/001825
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In accordance with another invention, provided is a catalyst composition
comprising a spent catalyst, having incorporated therein a solution; wherein the solution
comprises a chelating agent and a solvent; and wherein the resulting spent catalyst, having

incorporated therein the solution, has been aged for an aging time period and then dried to

remove a portion of the solvent contained therein without removing therefrom a significant
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restored catalyst. In accordance with anot her

invention, provided is a catal yst conposition
W@opnreseng a spent catal yst, having i ncor por aP@mus2005/001825

therein a solution; wherein the solution conprises a

chel ati ng agent and a sol vent; and wherein the
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those Group VIII metal or metal compounds that, in combination with the other

components of the catalyst composition, suitably provide a hydroprocessing catalyst. The
Group VIII metal can be selected from the group consisting of nickel, cobalt, palladium
and platinum. Preferably, the Group VIII metal is either nickel or cobalt.

The Group VIII metal component contained in the hydroprocessing catalyst
composition can be in the elemental form or in the form of a metal compound, such as, for
example, oxides, sulfides and the like. The amount of Grdup VIII metal in the
hydroprocessing catalyst composition can be in the range of from about 0.1 about 6 weight
percent elemental metal based on the total weight of the hydroprocessing catalyst

composition. Preferably, the concentration of Group VIII metal in the hydroprocessing
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conponents of the catal yst conposition, suitably
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Angstroms, and, most preferably, from 80 Angstroms to 150 Angstroms. The total pore
volume of the porous refractory oxide, as measured by standard mercury porisimetry
methods, is in the range of from about 0.2 cc/gram to about 2 cc/gram. Preferably, the pore
volume is in the range of from 0.3 cc/gram to 1.5 cc/gram, and, most preferably, from 0.4

cc/gram to 1 cc/gram. The surface area of the porous refractory oxide, as measured by the
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alum no-silicate. The alum na can be of various forns,
such as, al pha alum na, beta alum na, gama al um na,
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subsequent , 0O tan
PR GORAEPbH o6 PR e Gak el emBnsi dhs P
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of additive-based catalysts are described in detail in U.S. Patent No. 6,635,596 B1, which
is incorporated herein by reference. The term organic additive, as used in this specification,
may have the same meaning as the term has in the referenced U.S. Patent No. 6,635,596
B1. Furthermore, the organic additive referred to herein is defined as including, for

example, organic compounds comprising at least two oxygen atoms and 2-10 carbon atoms

and the compounds built up from these compounds, and organic compounds comprising at
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organic additive, and it otherwise is the

hydr opr ocessi ng catal yst as described in detail above
wobesh7isenpri ses a netal conponent on a supporPCT/US2005/001825

material. Such a non-additive based hydroprocessing
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which)t@h@ﬂﬂtylcynﬂaﬁmd@rdrd@aﬂbbﬁg&nhﬂg nmha rehgatof freas100tE(212 °F) to 160
noi et % IS used. The hydropr oggzﬁsn ng.cataly

°C é?ﬁponﬁﬁgé@ei W
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fo &
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boiljreg llncthemmgd of fromd36i Cs(44di ) teﬁ&ﬂ‘pCe{%ZabFﬂp sph evdndleavy gas oils

conflyibb e Sb SR R bbb P BomHRSE TR g Toow
anyrid Rkotadhe Géﬁcﬁ%hsttb a&hlcqﬁﬁe B?dr%ﬁ@c@s%hgt&talyst is subjected are
hydrotreatment. More pically, the hydrocarbon
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hycfifbabsciogR R QehEheR o o TR g BeRlgef b Mhminants
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843 Byt ahd A9 el o 398e O ash #5100 759 %,

The hydrotreating total contacting pressure is generally in the range of from about
500 psia to about 6,000 psia, which includes a hydrogen partial pressure in the range of
from about 500 psia to about 3,000 psia, a hydrogen addition rate per volume of
hydrocarbon feedstock in the range of from about 500 SCFB to about 10,000 SCFB, and a

hydrotreating liquid hourly space velocity (LHSV) in the range of from about 0.2 hr' to 5
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0C (320 OF), kerosene, which typically contains

hydr ocarbons boiling in the range of from 150 0C (302
wWOEB)0sos280 0C (446 OF), light gas oil, which pgpusalsgo182s

cont ai ns hydrocarbons boiling in the range of from 230

OC (446 OF) to 350 oC (662 oF), and even heavy gas

s o SRR SARLHRTE IRl i DR B085 R 500 psic

to 2 bgd peila) @abt prefefbN ifito0HE0 Hsda 1,000 poieg Wikt preferddgtrgen
catal yst is subjected are not critical and are
partighpresiusel o hEomsSM0gsia te 2D A0481an and Moy Paeleradhtframy d 900 psia to

1 80f03>%a ; g‘ge i%{ds‘\f‘z":s é)tré(f&eab 13@M€faﬁg€§f’ﬂ5‘mf HP@ 96k - R3nd Fhost

anou ur a rogen
prefeablyafiiona®? so 8 hintl aThebydrogdnhwiditiotreeas prferbide ds theaknge of from

600 St ot 8 B el ek e et om0y SCE B o e

hy
e, it B g

hydnoamgmamt condoinorsize described 6‘®‘(e3hzs m)eratlky cabsidered gt Oﬁb cause of

the oot o1y RS Shetp D ot AABeewgBaisay 15 the pore
strudtBR G%hé KPdoPokessi F}Q:aﬂﬂ’ﬁf & 4 AT BEitd MedindGRA RS Ipeh]

pressure 1s generally in the range of from about 500
hydmpr@ee@ngcﬁfalwste;a@ baves i:abownnéemt igAredralifeabaye iywivigfargrcent with
the YQ % erg %SS g rbre%%eldnont tge ﬁort%rn @&Oﬂegﬁﬁ}?&é?pgggegg ﬁg %atalyst

inclidihg 0Bboh aﬂd/ gthecédi ch® Ql@pés@t@& upéh ﬂllaelyﬂﬁvme@eﬁng ATy st.
about 500 SCFB to out 10,000 SCFB, and

Typipply.ohe sabrn gomtplafmf &hehszmm Rydsonyeessipg| ‘»‘@@113{59 iyip tgpngeof from 5

w5005 2 LEANARAN Dl e cogBlBoiey oo

ofﬁjom?Imelgb}[mpgﬁemftofzom@z&@emma to 2,500 psia, m)st
preferably, 500 psia to 2,000 psia, with
pr ér@fdigign ﬁ%/la%"é@%ﬁ highcarben cs%‘%ﬂéra?@% e %neahhseis@ora%qsgng
catalydy ExPiRTE Ry EufRLe RETHEIEPH) ol AfbduciBeRS Be RYA of an
hyd1fotpmne@s1ﬁg hartaljzsttln it4 filesh dtategmichy tmmseﬂhaiftherralb)j' providesthe spent

to . e, hydr ogen. add on rate
hydgiErsreing oyt TS P GRS sabisf e Rgreg gpent when the
Rvé‘;fﬁss ﬁﬁﬁ 0 asnBﬁt ra&@i{o%a BhY prokERPodQ8er SR vsBalfy @9 mine the

B. dr opr ocessi ng catal yst can becone
poirg pémnqhsth@txy gprogcmamg qasaébrsbtsrseamtnﬁhﬁ hﬁbﬁl@nowsgmg catglyst, thus,

escrib I d that one

can pg fRet ﬁléolggéslsgﬁssﬁﬁgﬁqi Ae‘é&ﬁ eq due to the
deposidet O 119§ spetifReNAS e ST Btepitive lvomiﬁemn& B&ividg" RV A) refers to
structure of the hydroprocessing catal yst as a result

the esftaliytie agtivatyamigh rerpact tm@t@phmrowg}f@maé@@ﬁﬂ% Ofat al yst
Wolgli

e o R0 R PRRSEAchaB BEY L0 BB o the

catalﬁic&ictmﬂy ghthe @f)ed;lﬁl@ca&@lgﬁttln fity direstn uaassistate Thlisatl‘gesRVA of the

fresh ﬁ«%fle}%gllg; g%glgétgg gy a@fd @gp%ﬁy g“g o ngp t 2 eggl gt?ald tcgtglystp can be

represented by the following formula:

RVA = (Rate Constant for evaluated catalyst)/

(Rate Constant for fresh reference catalyst)
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Typically, the carbon content of the spent

hydr oprocesing catalyst is in the range of fromb5
wowdghtosper cent to 25 wei ght percent, and, norBCT/US2005/001825

typically, the carbon content is in the range of from

6 wei ght percent to 20 weight percent. In addition to

w588 B RO AR LSRRy 4 I R

caloﬂdtéﬂ'fﬁsﬁmmgaeﬁi HOBtrEadiBY At der bt .3t sndeelufms@ef ow the
RVA of an hydroprocessing cataly inits fresh state

hydgadesitroggnatios RYA, £ %99309$t@ﬂ/tﬁ desajonlatedrsppming an HDN

r ing catal yst. The hydroprocessi ng catal yst
reaégéﬂog&egrg’gﬁgfder ed spent when the RVA is |ess than

0. 68ne Bature ef G cRtiaa thefliodfosthe cestebii@r aff dataigtiokmtiaity yo the

determ ne the pojnt at ich t dr oprocessin
speptfydrqpapcesgng ﬁéﬁ%%yst Wémr@@? %Eﬁ-g @Pﬁgo%c%%% %Vltdﬁ%@)f a

redl]?&ﬁ B e?lﬂﬁgen ¥hERb6n B\é/'s\pérﬁ rd B Do a1 3RIARY SMltable

used In't seC|f|cat|on the term
methoé kamwmetlmmctmthel used it iediiceythe CRYA) corebairaionmn the spent

tal yt h
bycFRReHEE R L DY PESSIRORe hy B BERAMC] G gpetomed
met(lb@h')chﬁi‘es AestRRGHAE %16%&1%'h&@%op&&&%mﬁ?éatﬁlﬁﬁ%y%ﬁﬁctlng it with an

relative to the catalytic activity o e Specific
oxygen-abytgininggast sompmmg ows,etmdst sititableTathon buhen@Repndations so as

o b il 0 18 B S Ba R BEBRTedncc
thefeB§ I‘pfdi)llcll&t\l’ib @Qrbfoﬁfr%do@d ciYAsE ThRaiBofpehicadtathl9tt has a reduced
eval uated catalyst)/ (Rate Constant faor fresh

carlpasf mﬂﬁ@t@attbatyss lepsnthen Eherrariogrcopp@tiatigr opthe spent
ation (HDS) RVA, the Rate Constants are
hyo{r;é/ cusglﬁg a1'%sslssﬁm ng an HDS reaction order of 1.3; and

f or ThdeqeReEcabompaihtgantitioge oat boodepeinl upddithe bimeunt of
Rate Constants are cal cul ated assum n %n HDN reacti on
carbpryen thespantdydropgoqessng satalyst, b gPW@%b ihrespget IHgEPnregessing

cate%lgsg i§ St el 1R o t)%%yﬁl chﬁt'aﬁm?gﬁ%qi 0¥ &ubn £ rllﬁcﬁﬁ;rlﬁat the

roprocessi ng Cca st can | e a car
temperchint iof thesspenx hydadprpeessing estalyst degs neitkxces 500 °C with a suitable

concentration of carbon on the spent, hydro o
heag GESRFB OF AR UPOSER CTHETHUES UEHIGim P THES B FOBeRoBeI00 °C to
aboli? §@0 ¢® Tﬁ@g&%er}é?lecai’&hb&ﬁ‘mﬁg NG 4Bt 19 @8 rs:rgg oF Rt 320 °C to

(}/ roprocessing catalyst to thereby provi de
4754, lanch,mesjlpc@“drabls}t,@ioysiw ,Q‘pr@fSeCr ed net hod i ncl udes

heat, treatin en ydr opr ocessi ng_cat

c onftné?:%}ﬁﬁn C nwn?rﬁagrh %t}gﬁ QENECHTHNPR §2% %aél%eyconﬁoﬁed so as to
proYRIBAAhE 8ésived @¥HAR BurkiRElRimpeitirdRbAJiE8HS The BUYFHn@ntaining gas is

conditions so as to conmbust or burn or oxidize the

prefeaptp airt whichicen ba dilhied syBrethengssenp Fos desayicagingth Rasey sich as
mtrtogen, to control the concentration of oxygen in the oxygen-containing gas. The carbon
burn can be conducted within a combustion zone wherein is placed the spent
hydroprocessing catalyst and into which is introduced the oxygen-containing gas. The time
period for conducting the carbon burn is not critical and is such as to provide a carbon-
reduced catalyst, having the reduced carbon concentration, and it is generally in the range
of from about 0.1 hours to 48 hours, or more.

The carbon concentration of the carbon-reduced catalyst as already noted is less

than the carbon concentration of the spent hydroprocessing catalyst. Generally, the carbon
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t hereby provide the carbon-reduced catal yst. The

carbon-reduced catal yst has a reduced carbon
w@ossenisaat i on that is |ess than the carbon  PCT/US2005/001825

concentration on the spent hydroprocessi ng catal yst.

The required carbon burning conditions can be

dependent .upon the. amgunt. of. carbon pon t spent
conpRARGT Db BRms e B drtenSlis 185 B TP pigh a8 pL e total
weifht ST oRS QEBSSdAdc&PAdlYst! andSpre QRiAG tRE catbbi cért@ntration is less than
oxygen-cont ai ni ng _gas under such conditions that the

2.5 weighepercenteMost praterapurihe earboropmserisationf the carhosrreduresd
¢ oE. xce[ﬁd EOO.Q}Q V\gctht a suitable heat treatnent, or
cata 3} 5FlRT G SY BRSEr

rature being in the range of from

abore idéhtIE ni@habRhebDOUAES a SthefRehehg 8 spaithgbroprocessing
burning tenperature is in the range of from 320 0C to

cataliyst; ap@; prafeaablysstpept krdeompesysing eealysbibaigeat grrgsredeced

B A R e R

chelating traginteatigiep af theanvamrise triethod . inclhdesahysgenmpomtdsi thatrage capable
gas is preferably air, which can be dil ut {th er

of foraing ,comaleXPmtEﬁl&f‘er}ieﬁa}@qmpcﬁlsgtésw e_ﬁa%séofﬁf?&%a%}%ﬁ getals

and €R8hpH VB IHGaIs R P (R cRhorRP VSR daballR et iseparticularly

oxygen-contal hing gas. The carbon burn tan b .
impodaue tledinwerthiermethod tHatithe ichelantdraze whopesien that ppivadsefor the

t he spent hydropr.ocessing catalyst and into which is
restpigipR B L ih Ao Bu pgarte e WG eEDsthe time peri od

f orywe 08 ek hitehgl 0D RURO T Aparticuld Aheosy, it is@BlerbiRtbss Believed

such as to provide a carbonréduced catal yst, havi

n

thatithechedatingegentpbvides &n dhanestaration of gatalytie acfévi@'ebieﬁeacﬁmﬁrsing the
dn t range of fromabout 0.1 hours to 48 hours r

cotyi s o D bk S B hipr folpti  BooBie ifprted aue

to pEiet adeydld expodlre ealigh Rethedatufes) @618 dingdRpbduee ©AJ2EVM burning
concentration of the spent hydroprocessi ng catal yst.

conisiens af thy hydrapresssting esplyemnd dls idevivasives fiem which the carbon-

L R B

obsaned tipoedtesladiton midiescopic photogaphent ration is | ess than
2.5 weight percent. Mst preferably, the carq$

conBERing et 1t Addeddp Hisraroadediredserlysin bayig ggm
prefefidily By Wed Sy seogﬁ?cﬁle%taiﬂ_iﬂg tﬂerb‘ﬁﬁmig% g#fﬁ Lo doMiIB8E with the

i ncludes a st or treatrng the hydr opr ocessi ng
aggivmtarhigd metalrnd thepeazber-redhyed atadyserifheropdipdpres exes thuagn a liquid
oAb it oo R PSS bbb e et
throtighb®h & cdrBon-USRictdcdthigstah &l by o bite BrTBS te-GibSisioh of the

the i nventive nethod includes those conpounds that are

metglpabl e of forni ng conpl exes with the netal

co o}r) c netlgﬂt C%Hl%ro]ur?é il Xui@tglytpqgvi%sof&’ tl}c/el blelnegtﬁcgﬁle&ored catalytic
activity as required by the inventive method described herein can be used in the chelating
treatment of the carbon-reduced catalyst. Among these chelant compounds are those
chelating agents that contain at least one nitrogen atom that can serve as the electron donor
atom for forming the complexes with the metals of the carbon-reduced catalyst.

Examples of possible nitrogen atom containing chelating agents include those

compounds that can be classified as aminocarboxylic acids, polyamines, aminoalcohols,

oximes, and polyethyleneimines.



10

15

20

25

and G oup VIB netals, contained in the carbon-reduced
catalyst. It is particularly inportant to the

wO0 pasntisee et hod that the chel ant have properPCEES10085001825
provide for the restoration of catalytic activity in
the carbon-reduced catalyst. While not wanting to be

bound to a arti,cul ar t.heor it IS never less . .
perrapalpeh det e G g Relitn pipl oA B DGR acia
(EDT 23, 18/daé: yehydénedibhahattihcetia abid(HBD ), dRtitH s hingpeht@cetic
active netals contained in the carbon-reduced catal yst

acid( PP ANasnsl wedlotiaceifacdheYbted due to prior use and
t o hiah. i di. . t
AT o oA AETRALA! Uh Aoncd find WDB, RARGANES,  ©
trietByltadtysdmimB aridt siagitidtiethy umsne r om whi ch t he

carbonreduced catal yst. i s derived. The _ampunt of netal
r e Erpaiplas f gpnipealcabslsdasisde iethanalagpee @;‘gg)r%a\? t hr ough

] i ¢ photographs. The chel ati ng agent
hyd]{agﬁgtgg%gly?%&ﬁ%éﬁ{ggr bon-reduced catalyst in a liquid
f ofline preffaedbhalating ageet fof use indheiinventiveonethbdisreg antigocarboxylic
..Chel ating agent ich | exes with the aggl onerated
acid %télangf’g‘ﬂﬁ S Eﬁdﬁg’ﬁﬁ?ggﬁ’ggﬂg %F’é‘}{%st. The conpl exes
are, thus, in a liquid phase that provides for
mobility of the conplexes and assists in the transport
of the netal tﬁgoughou t he tacbon-reduc catalyst to
t hereby provide Kor the re-dispersion of the netals.
Any chel ant conpouN ReStNtab R preNi des for the
benefit of res#gr/ed catlal ytic agtivity requi red by
the inventive t hod descri bed—h&rei n caf*%e used in
the chelating treatnent of the carbon-reduced
~catal yst. Anong these chel ant conpounds are those
cheVaéeidR gReNR S Ryat Reaid @ich isdepbdeatly oclectad fromgdkyl, alkenyl,
atom t hat can serve as the el ectron donor Cﬂ}é{%g]()for

and pBylvite up e 1@ abPe Rossind vk Hemar bg sebsgfute ne or more

I - . NO i
o GRSURI P Ao ERELy SATAR, BpO5 L P
are exhndapdsddiilytseleated fmne kiaslkiyfehe gromp vatt mpalbaxtydn atoms;

aci ds, pol yam nes m noal cohol s, .oxi . an
whegdn pds ﬁ{})]FeérQe‘?rnlﬁ 7ad .""%ﬁ%ﬁh‘bi’%%ord?"fﬁrﬂf TR Bax ?»&% and Rgdas the
fornnflg! ude et hyl enedi am net etraacetic acid (EDTA),

ydr oxyet hyl enedi ami netri acetic acid (HEDTA),

di et hyl enetri am nepent aaceti ® acid (DTPA), and

nitrilotriacetic acid (NTA). | anpl es of pol yam nes

i ncl ude et hyl enedi am ne,_gdjet eretri am ne,

triethylenetetramne, and triam notrietliylam ne.

Exanpl es of am noal cohol s i nclude triethanol am ne ( TEA)

andNhydr oxyet hyl et hyl enedi am ne. _ .
Wherein, Ks is an alkylene having from 1 to 4 carbon atoms; and wherein the X is

either hydrogen or another cation.

Preferred chelating agents include ethylenediaminetetraacetic acid (EDTA),
hydroxyethylenediaminetriacetic acid (HEDTA), and diethylenetriaminepentaacetic acid
(DTPA). The most preferred chelating agent is DTPA.

Any suitable means or method can be used to contact the carbon-reduced catalyst
with the chelating agent or solution having a concentration of chelating agent; provided,
such means or method provides for the suitable incorporation or impregnation of the

chelating agent within the pores of the carbon-reduced catalyst. Examples of suitable

10
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The preferred chel ating agent for use in the inventive
nmet hod i s an am nocarboxylic acid that can be

wo emseseat ed by the follow ng formula: Wier ei nPEUUSIRBS/001825
R3, R4 and R5 are each independently selected from
al kyl, alkenyl, and allyl with up to 10 carbon atons

n ich.may b bstitute t h aone. or r [ QURPS
meBie AR PBthecde RRE pudnt o gt 8o o Rl B0
catfyst 2bh dRludehBpiihg oRprayifg RA meRred etetididepesiissiink Yhe carbon-

sel ected froman al kylene group with up to 10 carbon
redygedpatalyeh st the phqlafing agent or@héfatmg sl Ao &Y @y seikable r

gt Mo P e e R AL S OR Bl dregh
incipienb ortrtowhereBn thewnesek br VélamX of shetatidpesolitipraddehtoche carbon-
another cation. Preferred chel ating agents in

red@quﬁa@M 1S5%ch él%aéttheatg@éy9]é1n1§(9f&he( q:gg\fh lating so(fllltl%(ljlels such that it

. . r . . r . . ! :I_
e e Tt T
impregfatadrenh tdieadhatating selggod. i s DTPA. Any suitabl e nmeans

or t hod can be used. to contact the cgrbon-r.educe
e B dictfhofifionche s sn ag EnEPORng B B AT hg%e

ol AR AR bkidhlPPro9ides RGBS HREIAGENSS thPEIRNAtHRheedUPHssiB@Rvents
or method provides for the suitable incorporation or

inciudp meatgrand elrobélst sueh ehehethined and ethenoki with watch eipg tlesspreferred

of ,t.he, car bon-reduc cataly anpl es..of - .
sotip et RTRO SR T Ao st BN ek Lis amplis o the carbon-
red66HA atdl i sBAI18 bk Sichi R th PRoveds 19 e REWEERRstoRIdadaygjticCatfivity as

i ncl ude di ppi ng or_spraying. A preferred method for
desebrddiareingand gcrcrlbo treedinewy ivaich py t ingprppraeyato the carbon-

hel atin . [ ' t | \
o Q000 ARPOAR QS RHELHRE RABHE 00 BB bprigy oo
moletheRiht perfradleiofatidveatetal, i), yo@i VOD afy Growpi PiBemktals described
wet ness wherehy the anmount or volume of chel ati ngﬁ 5
LCHI‘ on-

aboys) thet i i HedelPngettred catebehlbigures Pederaid e pdd Lo tg
redhQat ca&#ﬁt%ﬂ%ﬂlouﬁf%%laﬂhgﬁg&t A 60n SRStk Eﬁfr&ﬂldﬁl' 8.5 moles
[ t1sint ange of up to abou

im

o

S such’ t hat | e t the
of ddded chelatires agentiper méle blibydrapdmtion adhiad &dtheabdlopstdiced beatalyst.

MOSORGIESH 89850 O R ALE HRTP il S CTrgherd ciglys s in
5 . I A 0 oy .

i ncltdde beet dscoammtddhatah ot der tasteahzeatbe bemestfit fmool thaedmbined steps
of reehgc%{]o%l of tl\{\é ct:ar}bg\r? ct:oenrcertl)t%iltlrg) otf rt]l% ﬁ)regtf ceatce{b?sq followed by a chelating agent
treatment of the resulting carbon-reduced catalyst, along with the other steps and features
of the inventive method, it is essential for the chelating agent treatment step to include an
aging or soaking of the carbon-reduced catalyst for a sufficiently long time period. If this
time period is not long enough, no significant benefit in improved catalytic activity is
recognized.

The carbon-reduced catalyst having incorporated therein the chelating agent is,
thus, aged for an aging time period necessary to provide for the enhancement of restored
catalytic activity. It is theorized that a sufficiently long aging period is required in order to
allow for the chelant to react with the metals of the carbon-reduced catalyst to thereby form

chelates and to allow the re-dispersion of the metals. In any event, there is a minimum time

11
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solvent for the chel ating agent. The anount of
chel ating agent that is applied to the carbonreduced

wa@ adoaloyst2 shoul d be such as to provide for thepdEssI088001825
restored catalytic activity as described herein; and,
generally, the anmount is such as to incorporate into

t.h arbonreduced.cat al yst .chel atin nt n the.
realil 6P I R R S BB el aRP BRls o i therestorea
catalftlctacEiRBY aPtheRRfboie@uddll catilysy thatBisabseqiiertily, trdatedupith the

VIIl and Group VIB netals described abgve, that is in

chelapeandasublyrized diissainiaug saing tipe cpr derspd upprethertpraperptyre at
. ta-th
o BRI SRR et Bl AR o

catdlysh, dfehelanioiseddded chel ati ng agent per nole of hydro

genation netal in the carbon-reduced, catal yst. Mst .
pr épeerally; faribe pradurd aping ﬁ_%qbawlffga%@}?ﬁa%@éamﬁ & phjain any
sigrfCP Pl HORE I Hel s el HP HeARER the b Sl dbout 10
houksy tnip gerfatblyntheetzalg tithe pérasl dheehl aicsaiod(emuls, tahdtmost preferably,
order_to .realize the benefit .fromsthe Cg’n%r ned séegrﬁ
1 B t

40 hurs: JhEES 810 SAPHEUELIBYTRL 08 AE8R P 3t Sy ng Hem
increfielay flcrdagd 1egdrddcathl Rt A ith ﬁ:ﬁ%&d.m%ﬁﬁ%ﬁ%ﬂg time is
the resulting carbon-reduced catal yst, along with the
genotahg no gnerp shanf lear s poffenrérbmpxipam pging tisetis tbss than 600
IS sential- for.the chel ati.ng.agent trea t st t .
hous it M g1 R U et P B E et BRIl s e aine
timé pérad A/t chfthctthgsie tirbbeRéduted Oatdlytt dF¥ordlovasl thefchtiatifig agent
time period is not |ong enough, no significant benefit
thatip incapmosated withimthp roeesaé thagargonriedpesd sgial bty remaén thereon or to
soff FLAYHE iRV SEBQBRIRLY B n¥ L] ARE LRGBS il 20 houss o
600Uy dndanes pediyrably, foavdditouroto 4d0choarsiancenent  of
restored catalytic activity. It is theorized that a
suf Fhecagipg feynpesivea "Ry Be peae iscondhtlied exn boany; tgupeipgire that
| - i . )
pro B R o A A el R P o R P g o I Garbon
redtadabtabyst afvbcancgatiesigrbsiin theabngehe fneeh abeut thafreazryng temperature

vent, therte.is a mnipumtinerequired for.the in
of R b ne eanginep HOAR ot IS SHRARe B e chafit teatment
step@RParlily hRBohG R Btk CafpRtatirk C TSI, e QfbdRduced catalyst is

carbon-reduced catalyst "that is subsequently treated
placeidiwitltihe cohiefren thag defiizaglaf agniazeaent Zhilswheminrtherngigz g the carbon-

ol SR DR SIDEL AL LM pe mic

with hel dh@laGRs0RRdt RE UEREiof tidt Msthe réliltmBehirttire B&ifg placed within the
Generally, for the preferred am no_carboxylic acid

conggtiesr ot thRy mgebe mixes withiaithe eopjaingrg iViiletha conaings may be subject

_ ST ! i nn 1 _
o EBLPES B Ry b ST A LR A Bapc
temp@talge tomditipey, i Tithssthe tdrapeextased wilchibe hgingatg, ocoms ican be in the

preferably, .
range of from about 0 °C to about 100 °C, and more typically, from 5 °C to 90 °C.

Preferably, the aging temperature is in the range of from 10 °C to 60 °C.

The aged catalyst is then subjected to a drying step. The drying of the aged catalyst
is to remove at least a portion of the solvent of the chelating solution from the aged catalyst
while leaving at least a portion, preferably a major portion of the chelating agent on the

aged catalyst. In a preferred embodiment of the invention, it is important for the dried, aged
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40 hours. There is also a maxi nrum anmount of aging tine
at which no significant increnental increase in
wo easoresd2 cat al ytic activity is achieved. The PERUS2005/001825
aging tinme is generally no nore than 900 hours. The
preferred maxinumaging tine is | ess than 600 hours
nd, | referred, the maxi num.a ti is.less
catafyship WA BIFFEn FATOuT, fich %O@PﬁaraéﬁOﬂ@? Blsliqviep it tidergoes a
sulfﬁ@@éﬁ(ﬁ&lﬁ% debgieahRRny.r educed catal yst or for allow ng
he chel ating agent that is incorporated within the
porles‘.hmdrytﬂgeofdhe; bgad atadyst étds desitab o r@moveemlitﬂue ofiae ehelant
i.n_the range.of fro rs . to
frord i bR SRkt i et O i BB bty Rt e of e
chelBRUSS is dfginallD ShcoPp bR Mab Yhe daliisdh- &@umlﬂaﬁalis@ b‘é@&l on the total
hours. The aging tenperature at which the_ aging
weighjred ghelaef Qrmnadg' inpgrporetadante the earbparredyiced patelysts mll feRRin in
A t
e 90 5P YA oGRS BFOERRIAA Aok O i i

age®Cathlyst dxeeddITgevabh pedcend biﬁdtmbhépréfbﬁblly A®ré ﬂ'ﬁn 00 a\teuglﬁ
of the rel evant .chel at.i ng agent or solution of
q~|

pereeRbp e fhelagemsinalypddad (o Be cpdparediged FealyHarmais dpthe
carty wagden 05&1}%?%% S S\Qﬁéétém tfl@ Sxteldfn?% nt. DS GRS bided aged

e car bon- reduce catalyst Is p In a
cata(m;m had meoncthiadtictedfichelng anchﬂesaltlnam"r& wemgh‘epantmlt girefetchlly less

agi ng. of the carponredu C occ .
thary P BEPBEOPHoaih v Ay ALy Bor ] L SEEHH) Bérefy dihe chelant
ori e?fﬁfdad\ﬁ’éd B thBeamBREMIce Eat‘éiﬁ@ﬂ 1@%&8%?1‘%11&’6&@1@1 WhdnQhe h&ed

e'resulting mxture being placed wthi he
cataecym isadriedr Itas undwestoodishabwhen sedetring hirem tOhtbe dmimi |on ehelating

agelagh'[ltrlé fem e%eﬁgﬁcm 31? rg:ﬁ;;at% 3{sz' L'ItS\Js ﬁéﬁs&ﬁesyec%@%‘g@g & lsznces are to the

cheﬁtﬁpble&{ela@ih o ALERTAAGY inG HANREkbHRxCR R itk bAGiRal fHhbSor a
t he tenperature at which the aging step occurs can be

Commnatmqf@n‘éefoﬁflsfrom about 0 Cto about 100 C, and

ical I
i T i ah e Sy el mathet SRR bypd 8o n he
art. @Gpichhe, tadedheaipall yatalyss hb‘hﬁﬂoﬁai@ cﬁl@ér%dltitﬁe gasyl sydhrag nitrogen

step he rying of the aged catalj%/ is to renove_at
and| ced@m Boxee:tif ﬁaﬁseq'l O‘t’ﬁﬁéh% tiedentalst. Thedlryng F%R%ture should not

excgé)ci iJStd @n aB& U, e ﬁ?ﬁ@l Xxﬁtgo\rf’?#oln?ml) e@ IPk&'@ISdBIy, the

rtion, pre era amajo on of t eche atin
dryﬁ@&ahpémtutrdﬂﬂ legetarc a’fﬁa‘l’@/&td uin ranger fedrer106 AC ¢ori @51 T Crélrite drylng

of th t tant for the d .
stepsi§ é;a{egltlllgfn%lfggrohlgg i”h%lidl‘?%j% qI:VH e tl}aqp %1‘{?1’%?6'&&1%1‘ B(ir;l’llVggtlng a substantial

porONGEME AR %efa%s%ehtamteannme Adpglesgnes a sul fur

treatnment as described below Li the drying of the o
agedn esdentigiseatite ofsthcl asnentasm reethod iscopthe aged Fatalybteeigfer in its

. the chel ant fro t he age ]%‘[‘cat t
aricgheré B oo &4 ot ot Betudtod o bf eliified e
tem%@?altlﬁ@ tordiBbnd, Sud dsPaltdhdtdon tdiadrRaradodditiont. O HeRefore, the

car bon-r educed catal yst, based on the total

maximum exposure temperature to which the aged catalyst or dried aged catalyst is to be
subjected prior to sulfur treatment is less than a calcination temperature of 400 °C, and,
preferably, the maximum exposure temperature is less than 300 °C. In a more preferred
embodiment, the aged catalyst is exposed only to drying conditions prior to sulfur

treatment and, thus, the maximum exposure temperature is a drying temperature that is less

than 250 °C, and, most preferably, the maximum exposure temperature less than 200 °C.
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wei ght of chelant originally incorporated into the
carbon-reduced catalyst, will remain in the resulting
walreosa7osaged catal yst. Preferably, the anmount BET/US2005/001825
chel ant remai ning on the dried, aged catal yst exceeds
75 wei ght percent, and, nost preferably, nore than 90
i ght cen f . th hel ant . oridinally. added.to t
car D PEh AR R A5 PeT R bR byl fant o

chelx®d Blsubjlectel @ha klilfirSredtthgr@ah efllet @ fehwlidd the hydrogataieninetal
Thus, the dried aged catal yst, has a concentration of

comppapath that arrin theedide ferm. Jiiewsied Reedyetalisihavipe ercenesabpjon of
cho S AR B Sy B P LR A7

sulfael dealsiulfurtcompoandan-arcechibiedioo af abthsis incorp@amdénto the dried, aged
t her ef r om when .t he age alyst is

cataly ried. It is .
catalygiét SeHdy Hravde M%ﬂrﬁgﬁ@tﬁfw g‘“lﬁép@%ﬂe m%mémewa tg ffose skilled
in t0€ arf BE] B¢ 42 39 HRr thddBthe 'e?ﬁ%%%ﬁ%ﬁtawsf)@eiiglﬁ RIRHL activity

catalyst, 1t 1s considere the re reto
hydrdtecating catatsybimchidal ga forry amgbean bothithdlerowminasifuemhesfsita

amplex ar in.its gqriginal form or a conbination of
Smi%‘ﬁ?ﬁ“?“oﬂ‘ﬁss}ﬂ%’éga’re&oﬁg can be conducted by any

SUl T icAPinba6h JeIRAg tRe HRQS Qg&kédidfd id Plabdiin@bactor vessel
htl{pl cally, to dry the aged catal yst, hot air or any
tha

ahiaes & piaction eonm e, fleidskrean cantainpgehsudiid coapand is passed over

the gaiéi(ﬁ)%gaggil ﬁi}télygﬁ%qzilecgmga\éferd éc%(x%rgxé/%ﬁ %gggr%&all glﬁéa’blegtgﬁlpgrra ire'? onditions

as to PRBA@d 4 Yulbiled Bathlyst, fndd) GRusOtheflréPined Qat@yst. The @R1fidGompound can
~ Preferably, the drying tenperature is less than 175 0C
inclade apnkngvehged wm@hfewgﬁ@ug fgentsz suchas, hysoggnysuiifles prggnic sulfur
. ; _ . . ' hor _

conuBBE AR50 BLLE LG5y AL oL LT i
sulfiulh ebrapburels sadtessdiastiod sildidsatimethyldisl Ade dimethalsyl$dxideAn

. essential feature of the inventive nmethod is for the X
dimefyemerseripg sty lsrerenpion, gnd F%fgi?il? fispliide ot wien! topprEsies 8t which

the %{I?lgiﬁlﬂ{ éi‘l’ntgdtsﬂeﬁﬂ b Wntdh&PH TR Me drﬂeﬁtagé@ getg?tly%ﬁ:' PiPsd Bdnd finge of

erature conditions, suc ¢l nation
fromeiFpECab 40 °Cpmll, ticoe typichligy £6mr200 °Che 360XC UM

exposure tenperature to I gh the cat al yst. or .
ar | B G gy mroudbh e agel Pl St Slareps

loa&ihg MORIY rehstol PSell culfALE TRakk QM LEIFRAIALH fcle any
400 0C, and, preferably, the maxi mum exposure

nuntlenod seitaplesuldingssethdrdsrindodingTor pxanaplahe contedtimgrod the dried,

nbodi ment, the.. d catal yst i d |y, t
oo ARG Banh P HEE rorb A o aonr oL P QLo M rebrlfide-
contdIBinBEMi AU @ X RIS Serh FERRIESEIHAIRIINS féllEWad Biban optional passivation
tenperature that is less than 250 0C, and, nost

stefpr ef erabl y, the maxi mum exposure tenperature | ess than

20 C ri - - | ; Al -

R R TR T
drieal) bgeicdadlydt O yaoatakfiny tHerdemt nayet chtalyst with elemnehed suilfifriveiger

the hydrogenation netal . ) .
conditions that cause the sulfur to be incorporated into the pores of the dried, aged catalyst
either by sublimation or by melting, or by a combination of both. Suitable sulfurization
methods for this sulfur incorporation are described in detail in U.S. Patent No. 5,468,372,
which is incorporated herein by reference.

There are two general methods for carrying out the sulfurization of the dried, aged

catalyst with elemental sulfur. The first and preferred method comprises contacting the
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conmponents that are in the oxide form The dried aged

catal yst having a concentration of chelant conpound
woRtlsionsshe range as descri bed above under goesrar/sstonsno1s2s

step by which sulfur or a sulfur conpound, or a

conbi nati on of both is incorporated into the dried,

ari o oREeg Gt F O RO 0 EHOS NGk FIPaey E bRl sufor i
subsﬁ&[ﬁa‘ﬂ? i fafedSH kﬁélﬁorésf &fthe HHEd, Aigb&Batalgaas; wdlidlad6d and/or
yield the hi h activity Ydrotreatln cat al syt
meltmg: amzﬁ;ubgeqwe@tly Rl the ﬂb’@t’sh fahimcipevated driash, agﬁcéq@éalyst in the
f fidi th
pre b TN R A B BB oo

pl apRGebShPmb @8 BRnpYi8sSRhntachfs tHéerieﬂe§geﬁ chRfft Wah a mixture of
zone. A fluid stream contai ni ng a sul fur conpound is

powdsssledernedal sulfar dmd etiquidpdefidahydrpearbemendlanating thegesultant
ch su le te eratu ondi

iy pERIER, AT an T iFs i EdeiSr SRt A G e TS0 C. 1

this &)%ééeeﬁl%dﬂﬁqieah %Pate E%ﬁ&&tﬂéﬁtwslm QROLIAG 168 BuIAGS HfdBrpdRi¥ed into
known and suitable sul fiding agents, such as, hydrogen

the pores pfithe doiedarged cstalystiby e@mfamgmﬂhw@m@ pygite s¢acking the

rermpglite aMBE i SehakirdS iR bt SRR maRp Bl laggmovat by
stri 1ﬁ@t hyl di sul fi de, dinethyl sul foxi de,

i met hyl mer capt an, butylnercagton and car bon
di soithe ﬁ@fequpﬁ%@nzmm@th@@wt & deed, aEed eatalpie is first pentarged with

e B AR 0 A gy
subﬂlﬁatlélﬂ dnd/ﬁiDﬂheltingp iWhild the dfied,mg2a Gat@@st @nde@obfactel mlﬂdmlfur in

ex-situ sulfiding pethod, the dried, aged catalyst

the mpltep gte pris arelesed lodupigdaninghs dch perd qa@éxss JhiReered
elerﬁént rﬁﬁ’tﬂf gﬁcfj&lgn Ihene fefsﬁlgilﬁn nﬁyiufrigf dgsﬁ ut & 9%1 Gyst to

er o SU|ta e su g net |ng,
aboeaﬂnpbmmemmneabwhahmuh@mmmmimmhdmﬂﬁdocag&d cat al yst

eibaRIIG 1 iR SO 11 PR o eotrs GF &4 powaBred
elerh@rﬂplesru?ﬁlyﬁteafé g)%fattq;%g?egt&lth uPX an PRIAAPRI this sulfur

passi vati on st preferre furlzatlo step

imppEgnatiche step Wlllﬂ)b%atrﬁﬁ(ﬂupair aatetr@ﬁramﬁresaﬂgimg frbmtabotlfm) °C to about
dri ed, aged cat al %;t by contacting the drie

130¢%t et higherwfor lexampleewp t the bpﬂmg p@mj @if S@lﬁmf tab@ﬂél%é Ket Itis
e .sulfur

prefEfg i AR P atrea sRaPFINRIR et R Riipshere

rangMBk tHoRgabdit 105 °@ 16 apditnasticen 'I%ldéﬂ%’ rthe &ﬁed &@b&camyst and
sulfurization methods for this sul |ncorporat|on

povateeecdag isypldcddrindetibriatory nr 1918y Imatslemd hqetedso figglegivel
tempera%ure ot su?fc TaGR 1rgé & alp e sult%Xr to Eeelrrlceorr]f):o%ated into the pores of the
dried, aged catalyst. The time period for heating typically will range from about 0.1 hour
to about 10 hours or longer.

The amounts of sulfur used will depend upon the amounts of catalytic metal present
in the dried, aged catalyst that needs to be converted to the sulfide. Typically the amount
of sulfur used is determined on the basis of the stoichiometric amount of sulfur required to
convert all of the metal in the dried, aged catalyst to the sulfide form. For example a dried,

aged catalyst containing molybdenum would require two moles of sulfur to convert each
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There are two general nethods for carrying out the
sul furization of the dried, aged catalyst with
web@senisat sul fur. The first and preferred netPoODUS2005/001825
conprises contacting thedried, aged catalyst with
el enental sulfur at a tenperature such that the

el enent sul fur .i.s, substanti al | or por at.e t.he
molg gf FETH g thttostPociRat Sidd yuth sighhat BirRlifight béiRE made
for &th&Y Metagel ti ng and subsequently heati ng the thus

sul fur-incorporated dried, aged catalyst in the

pr Sdherfelfupimearnorejed dried, egphratalygids Srearcepiactgs wath a liquid olefin at

such %?El%(fﬁ%(’ij {e?np%'i‘a?cﬁlte Jndttﬂr?{]%)%%%hat]tgg oggn rgg:? O;ﬁﬁg)?g\ﬁdes the

I'i’'ses contac age

revitdlizBd aatHl‘tht W}@l@ﬂlypm%%tﬁé’t tenpemAtrals geétéﬂxhaxaai%ualso °C, and,
l'iquid olefinic hydrocarbon and heating the resultant

mormtmlmlb’ gfwidl refigenfromuabbuly 1 SAPE tdrabeutt, 3 W€l prederablysrom gbout 200

enpgr.at above about 150, C. .In this procedure,
SHe01 g Cotectien et ¢ theilepea ’%qﬁla‘{aPPrh]gessme of

the 31‘&’ U\thhﬁ%/ %E)r&% Qahdﬂh 115%&)?9]{)%51.1955 e bErif hl?(qter times. In

age catal I mat | nan tin p
generahchntagt tithes wﬂhmagafrumbaut @vhihohr tohaboot Hf hours. eact s t 0
r nor. e re

CoF isihgranhfof e alsTt Brhetanid o Be FENRES feomeratiy of epact. It i

pref%b@ ¢or tRISK RS BL ¥ HigHeS ofeﬁhsi e.COMBOIR0L Mrbdh RInss8 otdter than
sulfur at a tenperature such that the sulfur is

six, mmfolrabbfm@tdrﬁlhep@hh by subl i mation and/or nelting.

Whil e the.dried c can be a .
S G i of B ufatBt ¥l B bR SHiES apd Potatyst is
confdt¥dsithiigandon g witOfth thateddny&italWulftr, pesrelablgdn pbeaged #rm, and
sul fur and then heat the resultant m xture of sulfur

the ahénmh}@aocadwd Acsordipg o this aefbod ametyre wpepwiered clgmental
sulfg‘m.r?dqolg e;ﬁ%dc oﬁfsofvla gltrsft gﬁocﬁﬁgtﬁ A rat%gfe&lajco 11%1{1{}3‘72'\)\/61 ght

) age cata yst e presence o

rangingdenesboat enetbtaabum:l iwuuableawtth APt Ubeing s padfared ratio. The
t han about 80 C. Preferably, this, sulfur inpregnation

mixgyrg gay; he hegied g proraefe &afnog@noals pExerofihs compongts Pty if
the Qf%‘ﬁHL I%Qnaah%nqg Ayt h&ug? 9t %@%ﬂﬂ(?lﬁﬁ ons.f ?BIu%)f@(gcgﬂtfl‘?etr lflégtwelght

e "bo ol nt out 445
hydmoeﬂmnrwb/ehtsrmam‘me aﬂdeécﬂo dagexbe tlxt wkbgosity afitheswilkfure. Atso

incrggsgg%%%tgvglé]}ﬁ% {eetvg %)éle ef%pﬁpp rqat?ltlj)gtg r @?4#1312&nd Eﬂ‘ en added
to a QR ?ﬁtted Ardapewd %ﬁﬁ@sﬁéﬂdftﬁfxeﬂsfhé%@ﬁﬁdTh@m%(tMﬂebff Aied Yaged
or ro m xer  and heated to the desired tenperature

cataflysit, edefirt amﬂ snifur {5 ten heated todhe pledingaddtion tttm:pdwure of above about
iy ragted. into the pores of th dr| o
15068¢ b rbpiae fhereliienin o renseatings eyt L3 G tagtyout 350 °C
dal' A8 lfefe%ﬂl ot 20PUC ?F% @ ’f}%‘i{ St tiln@ MR th
an ’Ilglegﬁ%ount 895)? sup?ur usedﬁ)%b epend U 1 lﬁ)%é © Tange
of feomp elbdng Ol tocabbat @ heursret al  pr esent
The sulfurized dried aged catalyst may also be further treated with sulfur by
sulfiding it either in-situ or ex-situ or a combination thereof.
The spent catalysts treated in accordance with the inventive methods described
herein will have restored catalytic activity. Particularly, the treated spent catalysts will
have catalytic activity greater than the catalytic activity of the spent catalyst prior to

treatment thereof. The catalytic activity of the restored catalyst can be such that its RVA is
greater than 0.8 , but, more particularly, the RV A of the restored catalyst can be greater
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in the dried, aged catal yst that needs to be converted

to the sulfide. Typically the anmount of sulfur used is
waedosnnisaed on the basis of the stoichi onetri CPEVDEINNS/001825

of sulfur required to convert all of the nmetal in the

dri ed, aged catalyst to the sulfide form For exanple

than Bgf 1 w18 b R R oot SO RORIYC SRR Bgpent
hydn?x}deegeﬁgwaﬁwstwtM@ﬁ%ﬂm@Im%mbﬁl AR, thidk tlhlsqir@fehad for the RVA of

term nations bei ng nade for other metals. The
the resgbfadrcataiysh ﬁcp@w@@@@ 9onndemosugr@f¢ra’9éx ahg/BV A exceers§.95.
i.d.ol f n_at -
¢ ermyRylhmtbcsfl FHEHE e Raftor il pER O FYBbH dessribea
hereifl 14 Be $nvcReve ﬁétdréﬂ s glgste _bdbey Sitablkyiped 8 hytirotrdi hydrocarbon
contact tenperature is _greater than about 150 C, and,
feedﬁ’mfﬂé upgei w&qtvatmg cwdlﬂlorrsaaﬁééﬂx dessripgrbfreinshoye-t o
o SR R Ry ¥ B R ORI o R SRoula
not be&mﬁrstrpécbﬁlunﬁmgfthé bepeloftheninvarition. hi gher tenperatures
and hi gher vapor pressures requiring shorter tines hi
general, contact times will range fromabout 0.1 hour
to about 10 hours. It ispkipgpi@At for the olefin to
be liquid at the elevated tenperature of contact. It
i s ThisEgameld 1fdescrities tind ‘érie'verialmraﬂoey methiodhesedad edvitalize and

st o B B R NS R Bb Bl gt ac
becohf¥ s;fé"n@ fiRbi@itsSwein ihZh Rl o hEk et ofdneileici feslistcaped

catal yst is contacted simultaneously with both the
el SmmiaA wad dhizinepbe ﬂ@rlamm;ag of Cfp"bml &psthe epant ha@rapmﬁéssmg

LY RBFEAR TR R Peb ool b scizrion
Ther® Wﬁ@ﬁ@ﬁi@&ﬁle&ﬁké@{éﬂaﬁo‘h tf‘da[rﬁént PE eslu@etion ﬁh(b’r&b isolf@izatibh of the
to sulfur by weig rangi ng from about 1 to about

regenemtquspgm h)@@mocwsmg ca - SpmpleyBiwig Obt%m@f'@fw@ng carbon
from e S ent Méﬂr&eﬁglﬁg cd n }B? f(ﬂ%%ﬁ %[}ﬂ h]gfaﬁﬂg ke gf Qfﬁﬂg &nd

partic

ca1c1h§/1dg pﬁalr ﬂooanswlﬁnmxiod ﬂreuﬂmémaSarapimCéwhs Gb‘taﬁhledi by barning carbon from
Tol uene or other |ight

|ght h car bon sol ve
the spEnbAYaPTosSIEErcetb et oo o%&tegat% oA eR RE nE Brior o a
[ l;
S RSO S AL L
cata];yselmbgllmtthdsmmr&dtlomged catal yst and m xed therewth.

Th t f d d cat al d | f
o A RePifsh B Rt FHUOBGr g CLLTT S BB JF & Cppiercia
user%@l{@ cARRME ArGyErog? B@écsﬁihg*éh’rﬁl st QftdiRaRBE ﬁg geﬁa%oh Petal

he rangé of from about 1 to about 350 C, and
commmentp péhiskel{yprokintelaBouwt. 300anG molyhdewm GpBroganatgiyd4.5 wt.

%)a%cg 8&1%%6{*%r£g8mioper t(abp%r(r)}?lﬁ%%l}? 5 thr %r)nﬂfaa? gr%t sugpgitetdoon an alumina
support. The fresh hydroprocessing catalyst is marketed by Criterion Catalysts &
Technologies of Houston, Texas.

The spent hydroprocessing catalyst described above was subjected to a carbon burn
by passing air over the sample of spent hydroprocessing catalyst at a maximum
temperature of 450 °C. The carbon concentration of the spent catalyst before the carbon

burn exceeded 10 weight percent of the total weight of the spent catalyst and, after the
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The sul furized dried aged catal yst may al so be further

treated with sulfur by sulfiding it either in-situ or
W@z2008i0t0s4Dr a conbi nation thereof. The spent CcRPCBUFBNS001825

treated in accordance with the inventive nethods

descri bed her ei n wll have restored catal ytic
carb%%hun;hgvee cd a(t)%l cg(; l’cl;le at¥ I\;\&/f?s[e ai/bto{glf CZ g?gvesi\’éiﬁ gterct%?a]tté?h%%gsenerated
catalyt dlay thed 136d tonbive simpllas As Bediid € &8 @dsysbedtdlew. t o

treatment thereof. The catalytic activity of the

r eSXAMELFCAL g yst can be such that its RVAis greater

t ha

e e o s e S
sulfprigdtionrtesdirhent veifiont Zeirtérencdinbaiciteladfon teatnosne dr edtinatidny

g R e hgeory 60 Fatelion & at s s ORIamSRal pitur was
add&ﬁﬁ)t Qlaedixeataty o %&tsw&g@ Q£ Yo EratdMSal Rk, efﬁ%rrﬁ&lt&fe was then

e RVA exceeds 0. dropr ocessi ng catal ysts
brough’em etbrmperaumxrfcbbnu‘elm Yhartdheainteinedder apemded didune sufficient to

th t d t | yst b
incadBprpiag SUSEIT g B PR EF SIS ABRT bon’  eodat ock
un %llok’&b{ﬁié HelsafhH Hﬂoﬁa@ﬁﬁio‘iﬂ a0gpRSokih bYend@SataligLalpha olefins

herei n above. The follow ng Exanples are presented to
having] fogyn rl4tte 30 lsarbionwéames was ingetporatesintthiba ipdrasof theesulfur
e c%ﬁ&%gﬁléree%el?%atleh ré]xttg%g ; ?p%éngrh rgefgs E’Jﬂ‘g altrﬂcyugl bt@e alpha olefin

adde@bNhakeIfyr ifedhoeised) ﬁ@@néx@teﬂ%ﬁﬂalya’c WaesEiGieh BNl &proximately
catalytic activity to a comercially avail abl e

90 wpjerne perserisafithgyavaalahlopore volumenhle hasprapatdeoatalyshivas dign
sleg135 Lo S A0 PR s AL GBAEEEBLAK o
abotlf%(Bc’;QEfaﬁ alpetiod puficess toyproekle athﬁnﬁlé Reusdribdr dotiviny testing of
)i also be referred to as regeneration) followed by
Exagifl¢ 8r i zati on. There was no intermediate chel ation
treSaANﬁiﬂ r calcination prior to sulfurization of the

géﬁ‘é?ﬁ‘t_d spent hydroprocessing catal yst. Sanple B
vvasTco)pltegam:eSim@e Buem kigpat af thermeganeratedhata peescribed above was

subl %ﬁﬂgﬁé%ﬁel%é#Q&ﬁ%%ﬁg%ﬁ ?ll gl%sogptll%}usteg I%cg rgtt thegregenerated
catatiit EMhp RRhPRistd 8@&1{59(25 pareBYRlefs h@Dfm\ QL Bhresy wlght

burning carbon fro e spent hydro OCGSSI ng cat al yst
amrpohiuoediroyide, anddiOgtaits @ytwaﬁttm Eheiregetyiralg pmnpip w9
a sul furizati r eat nterme
impgegtite o e shopbe SriERahpy £ Pt HaPRnl L EhFRR e by
whith ﬁpﬁx‘ékfrﬁﬁtél&%' @am: F&@Bﬂﬁ' of 118 avial18b18 BB volume of the regenerated
ydr opr ocessi cat al yst was obtained froma

cataémm’@s dillgl withethe @helﬂh@g gadutigny dhe impregngted,gpeepekatasi gatplyst was
thert Qﬁo%é/dstto anQ %laé eg?né H&letb\ég[)&) genRt évgéks%?@clm temperature in a sealed

container to provide an aged catalyst.

The aged catalyst sample was then dried in air at a temperature of about 150 °C for
a period of about 2 hours. Following the drying step, the dried aged catalyst was then
subjected to calcination conditions whereby air at a temperature of about 425 °C was
passed over the dried aged catalyst for a period of two hours.

The resulting dried and calcined aged catalyst was then subjected to a sulfurization

treatment whereby 13.5 parts by weight of elemental sulfur was added to and mixed with
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conmponents of nickel (approximately 2.6 wt. 9% and
nmol ybdenum (approximately 14.5 w. % and a phosphorous
w@r@soress2 (approximately 3 w. % that are suppoOT/USHO®NIS2S
an al um na support. The fresh hydroprocessing catal yst
is marketed by Criterion Catal ysts & Technol ogi es of
ston, . Texas. I ent .. ropr. Si : |.yst
100 JRUEHY B G5 i 19 SEkRAd-R0E 4808 ERL AR Yt b

to a PABSrA@radT ateve120 e asbimpintaindd P e periby of e ceffskntig
catal yst at a maxi numtenperature of 450 0C. The

incogpgrpisithe sHEERRt4b? Beres ! threlriggand celaingd geed Béalvte the
can ggw}g@ @ﬁ%ﬁﬁlﬁﬁﬂﬁ%é?aﬁ}éﬁ} &P&al 1%?51%?%1&& camn%% ha olefins

wei g e spent al yst ter thecar
havilgrfrom fl heo 86 chdon atwntewiy iatomporamisintithe pofds dB theesiikint
perce

. t,.This regenerated catal yst .was then ysed to
mcométega%ff@@%a?%nmeéCa@fyaégxefl}cwé%m BesisRe- TS&RBIOENGO! the
alphA1ctid Al 19thd dioruF REBHREALE U ald ShalJaseilaricb Ry

was subjected to a sulfurization Treatnent w thout an
apprioimatab (avadumh pewcenoof the evetilablstpoos valainei ‘Hlag hosrprepared catalyst

| furiz he regenerated cat.alyst, 13.5 parts b
was SR AU TediPaisnt RFECOgT (i RICE AT TR REENEAA ¢ h
tempPARuPA6E oY 28€ PO RSr ferfod BRI GH: ESpoHRINS SamJIBB used in the
m xture was then brought to a tenperature of about 120

actinOty tenldngred Bxampled- for a period of tine sufficient to
in the sulfur into the pores of the dried
cag#@g;ﬁéol | owi ng the sul fur incorporation, an al pha
ol efd prephreBinpd Caimiligiodbpihe rédedtiatesl daaNyshdedcribed dbbve was
to 30 carbon atons was incorporated into the ?ores

f
subjepfed do:p chelating Beateent dhe chelarasolution usad i eat Iwegen%rated

el bl ant _ Al :
cata i kA P8 o HEHEEF O onbLE) BIFPUP ol DR AC oIS e
ammiGgusiLiyidrextiée tant A Ofpiatth ba pyed gist mratdr eThye 1@Genepdtedreannsde oant

. of the avail abl e pore vol unme. The thuys-prepared

impegnated syithydhe chrlatng stipéet bya sgndarg HIPIPNOHATHER Prasgdure by

v OB O RTEh S bt by ATREL S b
cataBatrplae filed sith the chéiatimpidlutidny The shpregnaséd, Exgenplated2atalyst was

bor S B 8 S0 s AL o B e et
con@iﬂ%?{#vn&gﬂa%@g@m st. The chel ating sol ution used to

treat e req%gnerate catal yst sanpl e conprised of one_
( 1) Theeagedisgtalyst spmplOvRAha. drieddapir aby tamenegaitrcaahsbentdd) "C for

a pe%gg’ﬁébgﬁg‘dﬁé@f‘rﬁgg . Sg VQXS <\:/cv>%id9c bq YWRhShat aangj or portion of the
DTPA chelating agent remained on the resulting dried catalyst and that a major portion of
the water was removed from the aged catalyst.

This dried aged catalyst was then subjected to a sulfurization treatment, without
undergoing a prior calcination treatment, whereby 13.5 parts by weight of elemental sulfur
was added to and mixed with 100 parts by weight of the dried aged catalyst. The mixture
was then brought to a temperature of about 120 °C and maintained for a period of time
sufficient to incorporate the sulfur into the pores of the dried aged catalyst.

Following the sulfur incorporation, an alpha olefin blend containing alpha olefins
having from 14 to 30 carbon atoms was incorporated into the pores of the sulfur

incorporated, dried aged catalyst by incipient wetness. The amount of the alpha olefin
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I npregnated with the chelating solution by a standard
i nci pi ent wet ness procedure by which approxi mately 98

wo oboseosper cent of the avail abl e pore vol unme oPCT/D82005/001825
regenerated catalyst was filled with the chelating
solution. The inpregnated, regenerated catal yst was

addi b8 s B Peis, it iR el B RihER ] afnfimately 90
volilth®Pédent T Iaopdilasle pbysstolurhBETIRUBHs frapakd Sita heethwms

then dried in air at a tenperature of about 150 OC for
subjgcigd to adedfiraabaent by hssiinsthe samplonitmowing adf afiarigmperayre of

{ dy . i . .. .
abol e C B s G SRERISHE e iABPigh R At R i e getiviy tytine of
Exagfpdeie. 425 0C was passed over the dried aged catal yst

for a period of two hours. The resulting dried and

cal ci ned aged catal yst was then subjected to a

sul furization treatnent naPyEL3. 5 parts by wei ght

of elenental sulfur was added to and m xed w t h100

parTiis Bxampleghdesofibdsithre thboetbranekting lpeocedule agé the feedstocks used

cat al yst. The m xtuyre s then brought tao a )
to tqst el oAy Hgﬁ}e C_f%% eargplgs Heaehbse tndardple & reative o the
catalid REvAD of fﬂﬁrc%ﬂfhpﬁiéap%sﬁﬁg tagQ&porate the sul fur

I'mto the pores of dried and cal ci ned aged
catBheympperfios dhthe fiepds meedsinl theiperforomnpoofihe ectivigriests pla

| ef.i. d t ai ni | ph | ef.i [ f 14
presggh Iab o ToaBHorRRe riu B ems SRe PAlLE ey R frample
wastg18cedUh B YEst kEHeRIrRPERAIRnddF hRBFoREing Rb42tiBE BoAR6hs. The reaction

catal yst by incipient wetness. The anount of the al pha

conditiohi mchnied @ reectiondempérpire pHalwupdeAie dotalpressyreaefedout 1650

. catal yst was _sufficie to fill oxI mat Q-

psid, e e R AR e FhEioteRy S vBBPLPYET B Y . bvarogen-to-

oil falivSf Bb&RA76d SCH/IH1yAid aespetdtidg thubdbbedidothra heat
treatnment by heating the sanples in flowng air at a
tenperature of about 260 OC for a period sufficient to
provide the Sanple B used in the activity testing of
Exanple 2. SAMPLE C To prepare Sanple C, an aliquot of
the regenerated catal yst descri bed above was subj ected
to a chelating treatnent. The chel ati ng sol uti on used
to treat the regenerated catal yst sanple conprised of
one (1) part by weight DTPA, 0.11 part by weight
amoni um hydr oxi de, and 10 parts by wei ght water. The
regenerated sanple was inpregnated with the chel ati ng
sol ution by a standard incipient wetness procedure by
whi ch approxi mately 98 vol une percent of the avail abl e
pore vol une of the regenerated catalyst was filled
with the chelating solution. The inpregnated,
regenerated catal yst was
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then allowed to age for an aging tine period of two

weeks at roomtenperature in a sealed container to
w@rasiods4an aged catal yst. The aged catal yst sSPOPUS2005601825

then dried in air at a tenperature of about 150 OC for

a period of about 2 hours. This drying was conducted

e nod on  nd MGG TR prtee iy SRTR PR 0

maj or portion of the water was renoved fromthe aged
catalyst __This dried aged catalyst was then subjected

to a SLJIFE@D ]Z]&OPERTﬂESat ment , VVI thout Eﬁﬁﬂer goi ng a

prior C l.Io r—treatment;—whet cuy 3 parts uy
wei ght §PHE Atal sul fur wgds added o nd mxed wth

100 parf th\trdyenBp@iht of the drlied aged 1ggpal yst. The

m xture was then brought to tenperature of about 120

0C and mvmammw%f or a perl od of ti ms31321ffi ci ent to
I ncor potate Ato—the—pot €S t-he—dr+ed
aged cal .?g (%ﬁyﬁb t he |sul fur Qg%Pporatlon an
al pha ohefp (g d contail ni nd al pha oI ef 1 ns havi ng
froml4 to 8carbon at ons s incorporated into the
pores ofBPK&)sul fur |ncorporated drleEThged cat al yst
by i nci thess—The—armount—of—theal |J||a

ol efi naggg& to the sul fur indgorporated, 1drl ed aged
cat al ystowas sufficient to TilT approxsgmtely 90

vol une percent of the available pore volune. The thus
prepar ¢@0&at al yst was then subj ected t@la heat

t r eat nept—by—heating—the—sanmptes i..lea
t enper a e of about 260 OC flor a peri sufficient to
provide the Sanple Cused in the activity testing of

Exanpl e 2. EXAMPLE 2 This Exanple 2 describes the
| aboratory testing procedure and the feedstocks used t

o B el T e i d SaitetaFy i s L2 BBt in e

2. activity of the fresh hydroprocessing catalyst. The
properties of the feeds used in the perfornmance of the
activity tests are presented in Table 1. To perform

Sanpre s TRHELY Y o Ry o By EPpER' s Treea by

hydrotreati ng reacti on veneissNemsds The reactl on
conditions included a reaction tenperature of about
360 OC, total pressure of about 1650 psia, a feed rate

ur

such—that—the 7 quid hourty space vetoci ty was @yt
1.5 hr 1, hydrpgen-tooil ratio of about 3700 SC?/ béI(HDN)

FRBSH (T apesati hg ti ne of about 400 hr. TABLE 1. [Feed 1’.00
Properties Used in A{"fl\llf\l Tests The results of the

SAMRLE/At y testlnﬁﬁﬁﬁsQbeed inthis Exanple 2 are 082

SAMIBTEERI e T TR ﬂegen/Chelatlon/Calcmatlon 1.00

SAMPLE C Regen/Chelation/No Calcination 1.09

The results presented in Table 2 show that, in the method for the restoration of
catalytic activity to a spent hydroprocessing catalyst, further enhancements in the restored
catalytic activity can be achieved by the use of a chelating treatment of the spent
hydroprocessing catalyst that has been regenerated by the removal of carbon therefrom by

burning, i.e. regeneration. Further shown by the data is that the spent hydroprocessing
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2. TABLE 2. Relative Volunetric Activity of Spent
Cat al yst Sanples Treated by Various Methods The
wo easlot@s4pr esented in Tabl e 2 show that, in thecTvesivosi0182s
for the restoration of catalytic activity to a spent
hydr oprocessi ng catal yst, further enhancenents in the
estored . cat al vt i Ct i\ [
carelyFPURLRE P gkl el b AR B s nbGpiERa o
calcliatish ysidifibrat priviso bte sulfiregeoe had ehlighyr restoredeamiyalc aofivity than
carbon therefrom by burnin%, i.e. reg neratLon. . .
suctrypagrierais g chslatidretrertecdicqtalvetiihat e @t%gﬁ’@ﬁ? een caleined prior to
i8R HRGRE Ho¥Sthat thBLeHER 81528 gﬁatcag1;§nqdb
sul r%%@gdﬁﬁﬁgﬁﬁgqgggﬁgtinS‘ggé%g bﬁt otlguﬁﬁecgedt .a i
the @gbmwdratidn afithe spetit hiydropraeessorg datalydt shag id theatédzaith o whelsting agent
hi gher restored catalytic activity .than s a .
foll gy aRaPdienhef e sristresan 8 RY Adepgding that of
fresPthgry)d se been calcined prior to sulfurization. In
es?act,yﬂthe data show that the revitalized _ .
hy Reaprrebleseiriatjons maddiBeationsiendgdaptasionsglthe imentien egn be made

..L.he spent dr.oprocessi catalyst that. i.s treate -
witt i BT of B ARG O E Ao R SRR ot gt ot domgeting
from ¢he BbFE SBMEE Mwen€idhCi Nati on has an RVA exceeding that

of fresh catal yst. Reasonabl e vari ations,
nodi fi cations and adaptations of the invention can be
made within the scope of the described disclosure and
t he appended cl ains without departing fromthe scope
of the invention. THAT VHHCH IS CLAIMED IS: 1. A

nmet hod, conprising: Contacting with a solution a spent
catal yst having a reduced catalytic activity relative
to a catalyst inits fresh state prior to use thereof
to thereby becone said spent catal yst, wherein said
sol ution conprises a chelating agent and a sol vent,
and wherein said contacting is done for a tinme period
sufficient to provide for a restored catal ytic
activity thereby resulting in an aged catal yst having
i ncorporated therein said chelating agent and said
sol vent; Exposing said aged catalyst to conditions
including a drying tenperature so as to renove from
said aged catal yst a portion of said solvent wthout
renmoving a significant portion of said chelating agent
fromsaid aged catal yst thereby resulting in a dried
aged catalyst; and Sul fur treating said dried aged
catalyst to yield a restored catal yst.
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2. Anmethod as recited in claim1l, wherein said spent
catal yst is a spent hydroprocessing catal yst
weoempnressng a nmetal conponent and a support nEPET/US2005/001825
3. Anethod as recited in claim2, wherein said
chel ating agent of said solution is a chelant that
contains at | east one nitrogen atomthat is capabl e of
j on donor atomfor formng a
TH%‘&LM%{;E%T&@#S(M sai d spent hydroprocessing
catalyst. 4. A nmethod as recited in claim3, wherein

said chel ating agent_ is selected fromthe group of
conpound$ reethed.OMESBIE: ani nocar boxyl i ¢ aci ds,

pol ' ' . i : : ..

o B9 R1% iy RALIPR ety sy
relative i@ h Bataligt mant fashistige piiorgaiude gpasol tcthbrby dtcomd $aid spent

said solution is,such as to jncorporate into said L
catalyetnihergineta b solaipnepsuiseH cl%%atalgcwéma%nwo Ygeheng pyherein said
con&%ﬁngq@@cﬁie%r f e ng9§\1ﬂ?3ie?1§t ﬁ%’vﬁl_te'f&ga REBRAd oggaﬁytﬁoc{cﬁvity

of active netal to 1 nole of chelating agent per hole
therzby aedulltires inehalged Gatalistrievingdnaspormtddttbeteinrsanl chielatibg agent and

.&hﬁfgrein said time period for the contacting of said
sat

¥eicatal yst with said sol ution exceeds about 10

houpg,dshey GRY aRddQ4ta0k<h e SlddicRd %ﬂ:lt‘?(ﬁﬁ?h ¥8fing tmplrature so as to
nmet hod as recited in claim6, the contacting of said

rensyverftone said laged catply$t aguirdorsof said snivens witbadturemewlingta significant

oo BB BB ot id AR TR GRS e e

Catﬂ?g[pgﬁ@t ure of said solution.8. A nethod as recited in
claim 7, wherein the conditions to which said aged

cat &rlfen trgating spid sEigd peedeatalysti yicdd p fastored eadalyvig of

sai ri e al i . i e

¢ onpieh Aol B taL Rolth . WA Surt oA LIRS R S5
hydrepipeésdingrcatal st cdmpriingd nasalreeaipoaéehtiand alsappor@mnaterial.

wherei n sai d maxj num exposure tenperature i s saj

1 . d, .
dr yPn ethpsbastieqited intedaimi 4 Wheeein sHd sholaiéngpgent @ sajd solution is a
ohfk B0 PR Gl I D Tt MO B aE Dy YinE o B ectron
domurdtsaifer formgmigfa coantlexpwith iaanctalf of saiddspedidlydtoprayessyemtatalyst.

df i d .catalyst is.l .th 50 [
por Benmghod horeeiiul B h Juiiein U8 CBOR AR oo from the
gro?\tﬁ RLomBb@ déonsiditng 4F AMhHQE A 1iE %Qiidﬁ,%(lj}i'a%iﬁésghlﬂln%glcohols,

wherein said significant portion of said chelating
oxiagsnandrpdysiledefigmmesai d aged catal yst is | ess than 25

:Aﬁlt h ééﬁ%ﬁécggs}ﬁeglgeé{ 121%],@21?16 ) %&ﬂe?gn ?I%ec%tnta{cﬁﬁg OPA gp%glt catalyst with
said solution is such as to incorporate into said spent catalyst an amount of said chelating
agent in the range of from 0.005 moles chelating agent per mole of active metal to 1 mole
of chelating agent per mole of active metal.

6. A method as recited in claim 5, wherein said time period for the contacting of
said spent catalyst with said solution exceeds about 10 hours thereby providing said aged
catalyst.

7. A method as recited in claim 6, the contacting of said spent catalyst with said

solution is conducted at an aging temperature in the range of about the freezing

temperature of said solution to about the boiling temperature of said solution.
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12. A nethod of restoring catalytic activity to a spent
hydrotreating catal yst, said nmethod conpri ses:
w@easiodisay sai d spent hydrotreating catal yst he@T/ng2085/001825
first carbon concentration; reducing the concentration
of carbon on said spent hydrotreating catalyst to
prayi,de rhon-r. C Vi F 0 .
Carbone s ane el SRR Phrabe ROt SHiANHI agad
catalyt Bk p6 uaqRiv ta thesnlfuekgaikignd ssididded agdibertdl g ioedaldes a
catalyst to a solutiogn conprising. a chelating agent
MAGRYIHEPEFWE epFRtussthabis iess thanes GlGRBndempsraitht t o
Pr oy ide  fid a8 rEGRh 3% SliG &L hdkinsafthh¥ihd E:ga%%&kéﬁemperature is
resulting In an aged catal yst having incorpdrate
saidt drgingi temparathre thek Atlessghag2itt°Cand sai d sol vent;

expaosi.n ai.d aged _ catal yst 1o conditiqns |ncluding a
o it g Betbiisiaried oo ael PovbErraidisthieed fralEdRda
conEiAli¥s bf &l Shd1h@il Aend M daRPdi MEBEantpbRRM oS rs@i%ﬁbﬁﬁn%‘agent

significant portion of said chelating agent from sai
remayetifromtsald/agedichiatysbis lessshdn Jhyyeight peremnit efithggdlating agent
. catalyst: and Su] fur treating said dried aged catal yst
IHCCIIBO’?IF%II foasa}'dg?t%{%agalxsét alyst. 13. A nethod as recited

in gl Al Methdd avbeiel i slain! 10, Wlﬁreiﬁ%ﬁiﬁ%l‘%@i@@ﬁﬁﬁérﬁ@h lb®Baid
exceed 3 weight percent, with the weight percent bein

chelating dzon rehevadofirern saidi aghd caplystds tpss fen S waiglseesnt elghe

talyst.14. A method_as.reci in claim13, wherein

encffihg b3 it B B SHASRPREAER  © Feas T han 3 vei gnt
per ce M methotl bf idktorn GltdlytRedctieny tdheipuat badedemingtdatlyst, said
total weight of said carbon-reduced catal yst. 15. A

methad RYPPASSSt ecited in claim 14, wherein said chelating

a . ; c . . -
T E N e
t heredhigng thercod osrratiah oficdrbon dwsaid sgend hpdroprbaingvwdatdhysh to provide

nmetal of said spent hydroprocessing catal yst, 16. A .
a cofntsguaed Sy ROAVING ASeRATH CPEPOR,ARBF TG it et ihinhpid firs

carlﬁﬂﬁbﬁlcérﬁra%i%he‘?t ed fromthe group of conpounds
consi sting of am nocarboxylic acids, polyani nes,

ani expakiog kaikds:arboxinduced aatl ysbloyetohy carvempirisiang. a chglatiag agent
met hod as recited in claim16, wherein.th ' of ..
andgEgel i i gfguscne Do SREiRR A PEAIAE bR et RS FLASEetivity

the®By tQultHGGh RRABEE A& BN SPGBl Bb6i8daidthelayift agddmt and
anount of said chelafing agent i1 n the range of from

saidsadomtnol es chel ati ng agent

exposing said aged catalyst to conditions including a drying temperature so as to
remove from said aged catalyst a portion of said solvent without removing a significant
portion of said chelating agent from said aged catalyst thereby resulting in a dried aged
catalyst; and

Sulfur treating said dried aged catalyst to yield a restored catalyst.

13. A method as recited in claim 12, wherein said first carbon concentration
exceed 3 weight percent, with the weight percent being based on the total weight of said

spent hydrotreating catalyst.
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per nole of active netal to 1 nole of chelating agent

per nole of active netal. 18. A nethod as recited in
wa@b@snridsd, wherein said aging tinme period for PRPOS2008001825

sai d carbon-reduced catal yst with said sol ution

exceeds about 10 hours thereby providing said agent

catgl yst, 19. nmet.hqd .recit d in claim
exds) noh Etind i TECIAGR St d e tEeabe e firadg pneentration
is 1e§§t!h‘df1 BQpeibt et GHifrkha tveftht PocBSt HeRIFRAES S e itdtal WEight of
range of anbient tenperature to 60C. 20. A nmethod as

Saldroeﬂqme@duwd&a@ﬂm 19 wherein the condl tion to which

sai ed.C X i Qr. sulfur S

o2, BORESR LI ke by BEPPR STBL o Al e 5 Bon s
a cheRAP@EAEIH Aind Etélbaslt 6né RIS géh@bmahsidk c4paBlel dTRerving as the electron

tenperature. 21. A nmethod as recited in claim20,

dongy-aseai far SumingeerRiex ahiosnetel elsasbipsnifveromoesssipg catalyst.
dr y1'6'1% hERBE EQ%C% €4 M@%nﬂ s E?rﬁe?ev\# Qﬁ@ cgégt%éda% is Aelectecé from

met hod as reci In c erein sai rie
the gduploy sémpasds consistanptafatrinvatfoxghe acidd) @bh@m@psaq;mbalcohols

and said S@%{‘Ilfl cant portion of said chelating agent
OXIPgHBYE HOWPGMBEIY Syed catal yst is | ess than 50 wei ght

pergent &31 llftgié‘s'}‘é&?etdhﬂglaﬁﬂeﬂét whBeQ! (RO LA Rehgl dftsﬁ?ld%%ﬂﬁ{)n-
carpon-re

cat al yst . net hod as recited in
redwkd mmzzzt wwhemdlsnlu@an ik sich s fd ineerporte intcosridéarketi-teduced

L\

per HRGOSPRKIFE Bfktd1M6 @ nGib 6f SRR ag@ﬁ%@ﬂlo@@éﬁ{cﬁ% methl. A
met hod, conprising: providing a spent hydrotreatin

cat@l ystAfmnthcbtbas reeitadan nlamg lgawberein saihasinsima ppm fan

expfyng RSB oRr DR U0 WAREPA aOBHTbABR Bpuf T ot hhercoy
pr0¢laﬁ@rs@ma’gehn@tﬁyghel ating agent into sal d
car bon-reduced catal yst by exposing said

cartfon- rdautler aaeaitsisn ctagmd Ss Blerperng ofisrd arbry-wdpepd
catag%el athtsra]tgl s%glﬁﬂ) ?gl’&ﬁm?ealay & 5%183 ng}:% 1f1 %?el&]]afléé]gf ambient

-1 ncor ora carbon-r

temp&iafife td mpcperl od sufficient to provide for a restored
catalytic activity to said carbon-reduced catalyst to

th e?&a by pmestherbasiscisegiein cleimal%y wheregy fap ﬁgn@apmt%\g@ah said aged
catag Sﬁ: eae%t C%rfl ﬁ{’/ éltll?lg‘ t%gﬁ;?? Ea‘”il(tl gd § %%t#)@ %HR%? AL a?mmm
eprﬁﬁ@‘t/érﬁ]garﬁuﬁd el i Il&@ﬂianﬂ@ahbﬁnoﬁ)ferﬁ}mrﬁmeh el ati ng

21. A method as recited in claim 20, wherein said maximum exposure
temperature is said drying temperature that is less than 250°C.

22. A method as recited in claim 21, wherein said dried aged catalyst has a
concentration of said chelating agent and said significant portion of said chelating agent
removed from said aged catalyst is less than 50 weight percent of the chelating agent
incorporated into said carbon-reduced catalyst.

23. A method as recited in claim 22, wherein said significant portion of said
chelating agent removed from said aged catalyst is less than 25 weight percent of the

chelating agent incorporated into said carbon-reduced catalyst.
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agent from said aged catal yst thereby resulting in a
dried aged catalyst; and Sulfur treating said dried
waged/oostal yst to yield a restored catal yst. 2BCT/BS2005/001825

method as recited in claim24, wherein said chelating

agent of said solution is a chelant that contains at

| east ,one. nitrogen. atomthat is capable of serving as

th aeﬁé'g?tpg °8H%6’Fm§tom for forning a conplex with a

Metyabvi@fng S entSiyartreabifs é&@ﬁlgﬁ&ﬁﬁh&i@oﬁt&hﬂﬁg’&rbo@ﬁ- 4. A

method as recited in claim?25, wherein said chelating

agepmoying aalositancef shidaerhandiein eig spent dydipbigpidrs catalyst to thereby

G .St f ' arboxylic acids, polyam nes,
prové‘?é]%g%ﬁ)glgﬁ% §,e(?g1£fﬁ§és, and pol yet hyl enei mi nes. 27. A

metihedp@atifigs chelslirigngehttinto 261 catbwi-eidocddataysd bptexpdsing said

sai d_chel ati ng agent incorporated intq said
carb@arrs@mfl@a@%gw@a&omtwtcon@rﬁswgtswé shglatae agert ppde Goluen:

ol s EE RGP AR FOZALnR bR eRlonhieeh IR, Kfrdn jging tme
peridd seffieizat tosproeide fad restorddaiatal Rie, actibigy ® saidedrboragadneed catalyst

ti erji.,od for, exposi ng said carbon-reducd catal yst
to"W‘Fﬁ’_&_ﬁY@e%ﬁﬁ?q?ﬁﬁwiceeds about 10 hours thereby
PL Q%#igg @Qig;a%b@ ﬁﬁgﬁr& £ aladins Femp?e?atm/é SOk E@f&nﬁﬁrerfgcﬁh t88 aged

'm 28,” the éxposing of said carbon-reduced '
catatyst alpysionwifishidsalvantswithmit emédng asigoidicent portiemobsgichehelating

{ { in t f. anbi ent , t {

o 59 Rehitnbt naBRete il e i TR & e o
dr YSuhr HRAREY Al RS %g@d‘@ﬁﬂa@’@t ajield agesoreatatalyst. i S
exposed Xrl or to sulfur treating said dried aged )
cat?dh ystA methadrsgecitedan clm2éxpbeginsaidahstatiag agenttof said

sl £ Sp A SRR SEEL b ETREER S hsn PR Sineo

the ElIRGET @diof @tonS foi @biehiflg Y ico@ipleR MAEH Aindtad of §ad spemit heddprocessing
than 25Q0C. 32. A nethod as recited in claim 31,

catajffér ei n sai d dried aged catal yst has a concentration
of said &I}xe*n%tﬂo'a%s 2452l i1POGinS 35 q?rl?érgﬁ '&ih&ﬁ%ﬁﬂﬁ Eéénﬂé selected
of 'Said chelating agent renoved fromsald age
from dieagrpsp of sorhgamds basishidg wé ightocpadobxgitt acads, pblgamines,
chel ating agent |j miorﬁ}c,)r ated into said carbon-reduced
amipggleehnly, Oxmres, andRAlyIYIgeeInidest ed in clai m 32, wherein

saigh si gRinh s d;@élfetdi iRR1a%h 282l HeretehabindGn@aRAMd chelating agent

remobved from said aged catalyst 1s | ess than 25 wei ght
incqrpomtdtinwfsatdwarbon-reduced catalyst is in the range of from 0.005 moles
chelating agent per mole of active metal to 1 mole of chelating agent per mole of active
metal.

28. A method as recited in claim 27, wherein said aging time period for
exposing said carbon-reducd catalyst with said solution exceeds about 10 hours thereby
providing said aged catalyst.

29. A method as recited in claim 28, the exposing of said carbon-reduced

catalyst with said solution is conducted at an aging temperature in the range of ambient

temperature to 60°C.
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chel ati ng agent incorporated into said carbon-reduced

catal yst. A catal yst made by the nethods of clains
wa283/07842 A hydrotreating process, conpri SingPCT/US2005/001825

Contacting a hydrocarbon feedstock under

hydrotreatment conditions with a catal yst nade by any

of _t.he t hads, of cl ai. 1-33. . 35.. Arevitalize .

ey stk EBSR Er e I ADE Lo WaseiR el B iR apres to which
saidh@¥d BatallyBiGie eRSIsad pHott BQUHINrénting kattlideied apbibefalpstsilades a

solution conprises a chelating agent and a sol vent;
maxjRemxepsire tanmergiake hatiinlpssihen e caliiraligs tempeeaiitgg

I ncQr porat ed therei. i.d: i on: r

R R
tempaafutOid said diging taoperante tharit dspdant2561@i n wi t hout

renmgvi ng therefrom.a siggificant portjon. of s

che¥at i myMeeashasarrdted i Fladr 8 & Whgrinsaddirisy aﬁﬁf@ Lgtalqymws a
con&e‘iﬁgﬁﬁgﬁegf sa%rga{ezﬁﬁgg:aﬁg dt*h%ﬁ &hY sBFfitddepSiBba of SMil Eﬁél%tﬁxf‘ggagent

catal yst. , conprising: ntacting w
remswddufrororsaid appé natalystnis &dslittan \ve vixagle peyetnoplitbe elsdatngg agent
cat aj havi n atalytic activity relative

. st a reducged
mcot%"réteéé‘?tﬁlsfﬂgtc nyIg ucfeﬁégﬁfyﬁ' ate to use thereof to

t heyzeby DR 23LdtedRE Blaim BOMWRLEInthitesi BAfiant portion of said
hydr opr ocessi ng catal yst, wherein said solution

cheleting agemit senaoeid dtaam said) agegesatal ysids lassstbiw ehweight dergbrgogithe
id contacting ks done for a fi ri,od sufficient
chefngpastt gromsragd S PAT cuBbufed T Vi Ty ¢ her cby
resul ti ng chtalyshma@ssh e hadthsds ofalimg1i3scor por at ed
therein said chelating agent and said sol vent;

Expdsi ngh badliotiggia rragess\wemprisingondi ti ons i ncl uding a

drykn I r ; ' .
OB oD S5 R AAR LShABE ino
catabys@ fatie Baahper theanetiddssdicthirabel3dt i ng agent from said
aged catalyst thereby resulting in a dried aged
cat3 ystA ratlized qatalyst cemppHtion PMPHFNEd aged cat al yst

2 SR A5RahE LB PIEL el TRy i sopion
conipaisedh thyadatingrapesismidngobaht layd whesdi the mesulton; sperntpraiadyss, having
inc%gr\lélg;glig%g@ga%gs%@g{loér ggs[%eglggét og arl? gglgg timeneriad and then dried to
OSSN BRI IR Bt el et o
sigrtificamt pwitive of asill chelniulizgedt aal thergsfterfallowied by thecolr treatment
ther%g{ t%(%ﬂereby provide said revitalized catalyst.

36. A method, comprising:

Contacting with a solution a spent non-additive base hydroprocessing catalyst
having a reduced catalytic activity relative to a catalyst in its fresh state to use thereof to
thereby become said spent, non-additive base hydroprocessing catalyst, wherein said
solution comprises a chelating agent and a solvent, and wherein said contacting is done for
a time period sufficient to provide for a restored catalytic activity thereby resulting in an
aged catalyst having incorporated therein said chelating agent and said solvent;

Exposing said aged catalyst to conditions including a drying temperature so as to

remove from said aged catalyst a portion of said solvent without removing a significant
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concentration that is less than said first carbon
concentration; Exposing said carbon-reduced catal yst

WO 0008/033421t | on conpri sing a chel ati ng agent anBCBUS2005/001825
solvent for an aging tinme period sufficient to provide
for a restored catalytic activity thereby resulting in

por R AP R A BH PR AOLA ST FERC: BpbyFo e i oecd
cataf@t;ahyti c to conditions including a drying tenperature

so as to renove fromsaid aged catal yst a portion of
saiSiloreating said ditedtaged paseliysigo aiedd gmestaredpatalysl t i on of

22t 1oL 4 ARl AR 07 SRR oS e
hydiopediebsife ahlgstdiaieahethiodRbmpaibat yst to yield a restored

¢ atParl)\yiaitﬁg said spent non-additive based hydroprocessing catalyst having a first
carbon concentration;

Reducing the concentration of carbon on said spent non-additive based
hydroprocessing catalyst to provide carbon-reduced catalyst having a second carbon
concentration that is less than said first carbon concentration;

Exposing said carbon-reduced catalyst to a solution comprising a chelating agent
and a solvent for an aging time period sufficient to provide for a restored catalytic activity
thereby resulting in an aged catalyst having incorporated therein said chelating agent and
said solvent;

Exposing said aged catalytic to conditions including a drying temperature so as to
remove from said aged catalyst a portion of said solvent without removing a significant
portion of said chelating agent from said aged catalyst thereby resulting in a dried aged

catalyst; and

Sulfur treating said dried agent catalyst to yield a restored catalyst.
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