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application clains the benefit of U S. Provisional Application No.

60/ 537,502 fil ed January 20, 2004, the entire disclosure of which is hereby
i ncor porated by reference. Background of the Invention Thi s
invention relates to a nethod of restoring catalytic activity to a spent
hydr opr ocessi ng catal yst, the resulting hydroprocessing catalyst and its
use i naavETEdD OF GESBRING (ATAGEISS. ACTIVITY loft BraraiT chakoprduEssatd onraiyabera WO
01/ 02092eNdi SEPRIFESCESSEN® CRASALY T HAEENREAORAY CATHSE Casldivi ve -Ayase diYDRO-

cat al y8RQCEFRENG egepEssat i on step is carried out by contacting the used

addi tive-based catal yst with oxygen at a tenperature of no nore than 500 C.
The resulting regenerated catal yst nore preferably has below 1 wt. % carbon
content before it is subjected to a rejuvenation step by being contacted
with an organic additive. The method of the publication is limted to

addi ti ve- based Thisabplshson daivhs thedepefiiiof Ull. PoyvisiowbApplicatiance$i0/pé7.80heed to

control the, concent [ of carbon on the.regensar within a
specific rziﬁ%jiglgfl%r%?@éw{]éheoeﬁ% ériscgos rgtoig r miﬁé%lg i&lyq#'c‘r% n%??%@}?%j%eaé\?gﬁat i on.

In fact, tHaskgolld ofdiic lavensiiggests that it is best for the carbon content
of the regenerated.catalysi to be as.|ow as possible.before it is undergoes
the rejuvenatio ﬁ’(sr‘%vﬁl?r@%ie{.atef’ﬁq gmehad p rﬁft%’?é)“c?g%%mr%flwg'i e IS%%]%: that its
catal yst r ejyiepratdsRi cshBR, the silties hidieprocgsing catagdhid Neustm 4 emai n on the
catal yst for an aging period prior to drying. Eur opean pat ent

appl i cat i oRYBGBICESIBHHPES 0 541 994 Al discl oses a process for

regenerating a hyehea8RRbAEkH6A hahdE WO ©QMRIIBERGos8s 5P For répefdrdtify VI
nmetal and a Goup VIII netal, and having coke deposited thereon, b
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that too sewgeneratdicatalystonore prefiratitlohes below hety &b Fareencopteailpéore Has por e
structure, surfa are Ve Si . I : i cation
docs not - prabrdaS B PR i U ich BBl i 38 of AR hive. TR Ul

r egener at echftatpblicttionist mitddeo additiveittayedafatatylsts, ndgbdpublitalongdpesdotit it only

presents conparative data f certain. physical operti two

cat al yst's. THosB'2° ﬁBf?ﬁqﬂﬁoqt??gﬁeg 81?‘38%55310@8%8%?% %Igtﬁi? ge v eé%‘?%%%ﬁl%sggof a spent
cat al yst usiifign & BRlcHicirige agedeso abdintatettebent fitdtrahitprehetvation o fuchdids r enoval
and a chelation treatnent. . . U S. Patent .. 06,239 6 i scl oses a
process foPuPhisstiey F‘W@estt%éatdt:’tg ibgst £3r thiyc bo@é’?ﬁ?ﬁ}t’s\lo?t}lﬁfe%e}ngf&%ﬁ@ﬁt%’ftﬁ%E%?ﬁ with
a chel ati ngo@Q?B&ssiblereif&e 6 @dedobaitthd Rfuvehfdh ARMineiE Thie ubirBtial des hee used
to inprove the activity of a spent catal yst, Exenpl ar%( data presented in an

exanpl e sholisclasathapitseatadystreivypRasion stepfedriies theergene pdiivede Hanatt @hEnd t hen
treated wt dl am . nmasacetic acid (EDTA) has better inproved
relative vocllaﬁ1 %ilrglpggét ’ﬁ%"??ﬁ@)@%n t he used catalyst that has only
been regener at eduropan paténs appdicatisntpublicatien EB P15Eh 9940 IisCloprs e PEQCESSHRY t he used
catalyst, QL4 0Guhe IRNREAGHncaERsY Bmpfind M\Rpp&E 8 b PPmBAhliheat ed

cat al yst.

Group VIII metal, and having coke deposited thereon, by controlling the oxidative burning
of the coke so as not to reduce the residual coke content to less than 0.5 weight percent and
to control it within the range of from 0.5 to 10.0 weight percent. This publication notes that
too severe oxidation conditions can negatively change the pore structure, surface area, and
active sites of the catalyst. The publication does not provide experimental data that
compares the activity of regenerated catalyst with the activity of the fresh catalyst, but it
only presents comparative data for certain physical properties of the two catalysts. Also,
nothing is disclosed concerning revitalization of a spent catalyst using chelating agents and

the relationship between carbon removal and a chelation treatment.



There is an ongoing need to find better nmethods for restoring the activity
of catalysts that have |lost activity due to their use, particularly, when

t he cat alwetoeso7esaspent hi gh activity hydrotreating cat acyats2008worsaesy of

t he I nvention Accordingly, in one inventive nmethod provided is a spent
hydr opr ocessi ng catal yst having a first carbon concentration exceedi ng
about 3 weight percent. The concentration of carbon on the spent

hydr opr ocessi ng catal yst is reduced to thereby provide a carbon reduced
spent catal yst having a second carbon concentration in the range of from
about 0.5 weight percent to about 2.5 weight percent. The reduction of the

concentration ofy aLBANGB,28D066BE BiscIDid b QRIcEETE SN the ity 8f £lone by
contacting under carbon burnln%bcondltlons t he spent hydroprocessi ng
1]

catal yst wicathlyst bymatasapipiephitiva Giptating pgent 8 poipd thabthe Hermearthads ~car bon
removed from &1&%%@92%0 iﬁ:éﬁ{v@ RiOLRwS J1Y sga{t kYISt BRn@tar} QatPpRYInGA i he car bon

reduced spent cataly ving the second carbon concentration. The carbon
reduced sperampashoivtbat 5 used ¢asalpsd fabhas beendhodiyrogpnerpted and dheadtiepigd #4fBnt t o
provide a rgvitali t : | Q iR AR actiyent i ve
met hod, cat@?’%ﬁ' ?%mé?@ﬁ%%%%%ﬁcéd g;]))grﬁ) hﬁ? gﬁi{ég@ﬁ?{g\fet ;Wﬁ dr oprc?cesacsi ‘ﬁ}g

cat al yst h&RVAythan theduekchtRxitanihs anlybaerengomgtatein Thire tapondintierlolegrspbn i s

restored t ximz regener at ed RVA. _Thi,sS i oviding a
spent hi gh?eé’glsiq%t % Oﬁsﬂer ‘635&8"’3&%1 ‘ﬁghecrg 4 Iﬂ?getd °ﬁ%§’%€§‘d?‘h%%l?%g§§de 9RVA and t he
concent r at iyefe®Eatalgposi t ed carbon. The spent high activity hydroprocessing
catalyst is derjved, fromthe use aqf igh,activity .hydroprocessing

catal yst under RYUF HFAPSLELLE H?fdé%ﬁﬂ‘il ?‘?tgﬁ’gle@?gs&/é‘?f Eeﬁ%gﬁg@Sﬁ tfvétyé?gposi t ed
thereon t o cghNes tHAEhARNGE Ritivay dedtodheidepQaiticelrlo arizanhe cihtyssipanperhi gh
activity hydroprocessing catal yst is heat treated by contacting it with an
oxygen-con%ﬁé&hrﬁch@tyda@rma‘&gcé ¥bn burning conditions to thereby provide a
heat treat ed sRentsdid BRe@fdh Vity hydroprocessing catal yst having a reduced
carbon concentration. The reduced carbon concentration is controlled by
control |'ing theAceardivalybimont inyertdisarethodipsovddeddsa srenplivgiarerecisie ALt t r eat ed
spent i oh aGhE Y ok LG b GtaliEiext BladehBbu AN pLhen TP dhasdadddaner at ed
RVA. I'n ‘accordance with yet another inventron, provided is a catalyst
havi ng r es tcerben omtteispért fiydrprocessipg tatalyrg isaredysedto thyrdpsoppodes edtbep cat al yst
havi ng depaosited thereon activat] . i rein a
portion of r?chiléecgsé’g%tﬁa%a{tsf lﬁagg &0 nstg(%aon r !g{tﬂ?%‘r?]oq’g%ﬁ%géﬁgnﬂ?gaﬁéee@ogg%oﬁg@gf rom by
t he heat t redghrpatemto dHoet P eweightyydreop Theedsitiog of deabyeniritipniohearperesence of

an oxygen-cont ai ni as to.qgive an optinm zed concentrat] car bon and,
t hereafter ,OWt%BeSPFWB’g‘-i%B%&Cests’rnga??télagtéf)g ebﬁfﬂ&%?urngél%’ ?eﬁgca%é}f g‘%@% has been
subj ect ed tcanditiciR@hedpeithytifopricesitg catilye vaift Afay sdmbdsingigkypesindr ed acti vity
and those cat al %(sts made b tFe afor%ﬁm%ntl oned HTZ& hods can %lsed An a
hydr opr oce$enEJing e ameunt §heat by trgrovsdrrane the SePrf RRlrPRIQessing Glgyst so as to

hydr opr oceshidk & taboiSiedi¥eli Bpeht LYY PEAiRORe ER6ftBEgn dondtafratiyndTigpr ocessi ng
condi tions. O her objects and advantages of the invent i'ora w |l becone

appar ent f reavbon Frstuges] sperticriglysias Brereatier disaled Fh 2 Ghelaling 2gpH&npe¥ e Pai ms. Bri ef
Descri pti on . Qfaibdi&aRiRM ngs FIG 1 is a plot of the relative

vol unetric activit a revitalized hydrotreating catalyst, which was
prepared by t heln sogerdancgevitheanathdr invientizbipetiod satalytis petivaly s aspeabhight al yst was
treated first.. . I Vi i f I . by a
chel ati on tafég%g%% Epoacgggjgfacﬁﬁg{sf%gﬂlgg r%%'g&}%%bdﬁ?ﬁtgc%r %ﬁggggﬁ\gﬁg dof t he
spent hydr atbeats mgoedtad yetimidet ecgendrated RVIAo Whis emptivasd] ingdwdsp providing a

spent high activity hydroprocessing catalyst having the reduced RVA and the concentration

of deposited carbon. The spent high activity hydroprocessing catalyst is derived from the
use of a high activity hydroprocessing catalyst under hydroprocessing conditions by which
carbon is deposited thereon to give the concentration of deposited carbon. The spent high
activity hydroprocessing catalyst is heat treated by contacting it with an oxygen-containing
gas under carbon burning conditions to thereby provide a heat treated spent high activity

hydroprocessing catalyst having a reduced carbon concentration. The reduced carbon



Det ai |l ed Description, of the Invention The invention relates to a nethod of
restoring catalytic activity to a hydroprocessing catal yst that has becone
spent duewbaoeswomse. The invention further rel ates to acmaishad/0dmee

maxi m zing the anmount of restored catalytic activity to the spent

hydr opr ocessi ng catal yst. Al so, the invention relates to a revitalized
hydr opr ocessi ng catal yst and ot her catal yst conpositions nade by the
treatment of a spent hydroprocessing catal yst using the inventive nethods
descri bed herein. Further, the invention relates to a hydroprocessing
process that utilizes the revitalized hydroprocessing catal ysts and ot her

spent cat al,ysts, gy ﬁsr&nﬁﬁ%%%gntﬁﬁl@ t4d érbdBukhg Yon@ftioh1& dsiy praviden.
The hydroproce55|ng catal yst "of the 1nvention can be any. suitable

hydr ogenat ithsrheatdteated spent high aetivilg) hrdayeating eaialyst RouprsPessieizyiy catal ysts

t hat corrprlrés %tggk@ conponent on a support material. The netal conponent
can incl udes B nmetal conponent or a Goup VIII netal conponent, or
both net al corrpblnaepméancb Wlﬂi&)’e‘rmeﬂlermwhf)mrpf@h@dh%w@ﬁy%@é@% weforedt al yst to
conprise both.a ou I | conponent.
The hydr opraﬁtb‘%tgg Rl Sﬁtgya”sﬁg X&%{;%g&gﬁ% Fﬁé’gﬁg‘a}%’ toglrtéds%égﬁ&ngas a
phosphor ou stemnmlgemtcentratlonﬂﬁ eartwm wieivinl al portiinadf theotepesiveting ephcqniyation of

hydr opr ocessi ng. cat al S ar.e th t al
conpounds tcﬁ‘%?f’lgls r?fm&vc?ﬁ%l?eﬁ%ﬁﬁgﬁy %e#‘ﬁaqttrﬁ%hng?ther c% R%r}n{{)JoLe gﬁ % Eitalg{attng‘layst
cConposi ti ORke peeh@VfYin Bi}fg‘éh-dﬁntﬁmfilg@ﬁ@t{bl’gﬁl&&l&&)phglzedlbaicyma.tloﬂ' h&catyooup VI |1 |
metal can be_ selected fromthe rouep ﬁo(ﬂ %i] gﬂtcl tﬁ@ keI cg:%toa

pal | adi um #Ad thareaften the h‘FSrlé@IaEV POTy {ECTedr Flyst Bas O PO ni kel
or cobalt @Hgaﬁﬂgqgetam%ef erably, the G oup VI II metal is cobalt. The
Goup VIII metal conponent contained.in the dro ro%jfeﬁqy Feg cat al yst
conposi ti on canTb%CEttﬂyftthéVDég@H%W@&Ptl‘f‘%aﬁﬁi8103? ‘%%‘t"tl}’f B §f a net al
conpound, ?&Qﬂ@rﬁm}té&ﬁe‘tﬁﬁ@ﬁ Be uldd i ERydreprbdel r8d¥8s ¢dagprisink @ontddti@ganount

of Group VITI netal in the hydroprocessing catalyst, conposition can be in
t he range ctheﬂevmtrzed)]u@mp@o@ssafl&ﬂﬁtab@tmghYdf?fé‘F@rfﬁedé‘lO@?@rﬂeél metal based on

t he total Loproces sing catal yst conposition. Preferably,
t he concen}t%a Itocgss?lgg'gnﬂ{ 1l nmetal in the hﬁdroprocesm ng catal yst

conposition is iOther bejectaangbachantageenf e Bivemsioghwill Peeamesppispgfomthe and, nost

preferably,. the concentrat. ge of fromO.5 weight %to 4
wei ght % fOﬁOWIﬁggggtﬁlﬁscgp ona o%‘er;c(;)l‘rrltlg{r%t of the hydroprocessing

cat al yst Cq;ﬁwﬁeﬁdr@ﬁomiﬁhébmﬁ oup VI B netal or net aI conpounds that, in
conmbi nation with_the ot nts e r

conposi ti on, ﬂéblllﬁaﬁrg\?fﬁlgr tﬁ’fidf’ 35@\},%’90%(%5 ary dq&ﬁ%)%% up VI B
nmetal can Qﬁta%@t QGitcAGvak ﬁofb?ihﬁeh@y@k&h@nﬁﬁlﬁetﬁdd Wherelfy a:dpemmydm;reatmgybdenum and
tungsten. The preferred Group VI B net al, eltg)er %g%wgt or, chrom um
and, nost peshst vedreaed frg WWWIOH thergazbo éﬂ?)eﬁ‘f)% {%%® conponent
contai ned | fehfigh M%%rag(ﬁ%hﬂﬂoﬁﬁé A EHinCQARAT AR GRSphe In t he
elemental formor in the formof a nmetal compound, such as, for exanple,

oxi des, sullfsiheeatingcatalyst afiek the caen BRMOUMSIBf Group VIB netal in the
hydr opr oce ﬁ{gﬂ%h :dpON can be in the range of fromabout 5 to
about 25 Sﬁét aiRsaphSh o a nrret al based on the total weight of the

hydr oproces si ngheatvahmre]@twﬁMmﬁﬂiGhOf psteringroatslyic agtidtyddAcent rati on of
G oup VIB taI in the I range
b d@qfocgﬁos%ng ¢ %}9‘3{ tlgg h 3¢ ﬁ/{e}%ﬁ me g;?e%i?‘&t?e ¥ % p ;ﬁb?dv%ht(?d?l fhikher Re1dtBe g

of from®6 nost pre t he concentration
is in the rangetiold formaminiziey tgmm%nt of @ﬂoméicghlbfh@/@ctwlty to the Fiigat support

mat eri al of the hydroproce cat al yst & t suitably
provi des a SUPBRESSIGC a‘taﬁ'éts%‘g fhe Wﬁ?%oéléﬁ {i %)na rg%%%ne pgéce% F@
hydr opr oc eScaﬂlﬁgariaaiﬂ@ér)t&hlyktrb@inpdmﬁtgls RO LS the a%ﬂtﬁmhm‘f)a spetit tipdroprioeasipg es  of

possi bl e suitabl e porous refractor

silica-titatffadyst ysipethmmyentiemethpds ﬁ?sﬁl)él?ﬁ%g‘eret”r t%é’ﬁtgﬁr ﬁ]telntvgﬁﬁl%négﬁ%ﬁ?%%
zirconi a-al Mdﬁ?oce%iﬂg‘ﬁ@ce&d thaifivesThd 4eVitdize SHyldtopPocassitigi caalysand other

al um no-silicate. The al um na can_be of ,variouys fornms, such as, alpha

al um na, be@ant&h@bisﬁqaav@&??ﬁfﬁreélcmﬁyﬁaaCtH’étV PHhEMYSPPRE eta al unina, theta
al um na, boehmi tg, hgﬁ oéés's‘ﬁtg atEl?&ro?ﬂfe invERGorla8 e bAehitBE Al ogehtichCt Or Y

oxi de i s anorphous t he avai |l abl e anor phous al ym nas, ganmm
al umi na i s oadyst pckeflimg cerientional hydroprocessmg catalysts that comprise a metal componen




The porous refractory oxide generally has an average pore dianeter in the
range of from about 50 Angstrons to about 200 Angstrons, preferably, from
70 Angst rworoesn78545 Angstrons, and, nost preferably, freor&8320sgsiseeons to
150 Angstrons. The total pore volune of the porous refractory oxide, as
measured by standard nmercury porisinetry nmethods, is in the range of from
about 0.2 cc/gramto about 2 cc/gam Preferably, the pore volune is in the
range of fromO0.3 cc/gramto 1.5 cc/gram and, nost preferably, fromO.4
cc/gramto 1 cc/gam The surface area of the porous refractory oxide, as
measured by the B.E. T. nethod, generally exceeds about 100 n2/gram and it

is typical ly,is gbﬂ%eﬁé}ﬂg. fh@fmefa'l eshsthenticad 192 Bhsupt VI He tiikoghbatent or One

inventive nmethod is specifically directed to the tre trreqnft(:;i of a high
T

activity hy@iron Yekserrgmpanent. o5 sotharsipheomprsnts datsPr/ered i)Rr Beder to restore
a portion | 1ol Yorh Do (PPOIERE doRiSbndn BhEblaipue Lo use
or to the g%ré@?ﬁ%%%g%%m&é%; onptﬁer%(_)n, (())r to both.o@h?s spent h?gh
activity hyiHoptadcespingt. The kiidperroasssingratadystcanalsgipalude aamempeterieh 8 i vi ty
(RVA) that s reduc wits RVA when in a fresh state, and it can have
a concent rgb?s horg scg)g“ﬁgg‘iir@ed car bon. As the termis used in this

speci fication, TheGaup ValnstarehporentfthotiydioprqcRyine crlelyst sompesitipreareat al yt i ¢

activity with res to.eith hydr o | furi i

hydr odeni tﬂl?j%ﬁéqﬁﬁh( T BF%LC e Sﬁgé{tlgtcgpégl%ﬁﬁqg{ttﬁg}sﬁhgfeen used

rel a]Ei Vv eht Qoﬁnb&leg@ba{hyTcht@lyﬁt&bhﬂpbiiﬁowf;uitab? mmh' famdﬁiptdWSw@twta%?t. Thbren in
its fresh, unused state. Thys, e RVA of the fresh,. unu ref.erence
catal yst i Sregp ik meekqaghe i@eﬁﬁﬁég@m@&r""@’ﬁgnwﬁﬁ ﬁg?lgléelf’cce?ﬁ glg%fad&ugh be
represent GQn%glaﬁlhﬂn.fP@éfE@Wy,”tﬂe Gesup I mdRMAs sitheRaitie] Gondhmaid, fost eval uat ed
catalyst)/ (Rate Constant for fresh reference catalyst) where for the case
of hydr odetferably.Abt Pewp (iBgjeadipgodtihe Rate Constants are cal cul ated
assumng an HDSTB@@%P%I%&Qrcoﬁf)o&nﬁoonﬁtﬂﬂdfirpﬂhe hﬁﬁoﬁa&@siﬁ% catalyst _
hydr odeni trogenation {H RVA, the Rate Constants are cal cul ated assum ng
an HDN r eacomperitinnger bofn the gemental formner injthgrome of ammetyl appmepish srbsifAy

cat al yst '%x&n@b‘,'o&ﬂf é,tsﬁl?iﬁéseaqudr?%gﬁl@pfﬁkca‘?&ﬁ. LW Bkl B he@PRAL SI NG @ porous
refractory oxid€ and’a nmetal hydrogenation conponent and is prepared by a
speci fi ¢ miytoprottssing patalystdempdsition cas bhringhe mogs ofi from aheat B4 lbeut §ewsightbl e

properties. Th igh actiwvity. hydr j : prepared by
first conbipﬁ’fcﬁxﬁ ereﬁ}%nﬁg Seﬁis/barse% cr)%/t%l golr?{}%%%% ﬁéﬂgﬁf%‘féﬁré{%ﬁ‘%é%énd at | east
one netal hyspegtsnaPictenatiyniporacntrationaf GaoupeY lbmetakintie hiydulpugessangvol ati | e
conpound to thereb r.ovide.a catalyst .precur.sor.. IThe vol atile conpound is
a compound Cﬁ?g'at ‘ioﬁ%f’ﬁ'éoq 1§ hRE F8° 8# %?lﬂfggc‘?ﬁﬁl% ty/g{o Spvr"%elhtr/g’oar 5 WG it is
general |y sedreabioohé cambithtioisdn heeips oS frbmn@. Ofeigitt’eto 4 @eighirfivc sol vent s,
such as aliphatic and aromatic hydrocafrﬁo}rlls, al cohol s kftones.. or gani c

li gands, and anybeSH¥PNIEBFalcAmPeRsnt offhehydigriecssnafpialyst COmPOSHRRAT ¢4

conpri se p%&lﬁ'%r&@fm&%’or%ﬂ@o@#@ﬂ@g thatTBt Rfdbalatiorawite tielotiy dlemgamnat i on
conponent, and a concentration of the volatile conpound. This catal yst

precursor iof thedwdrogipepssing safakysl camppsifon stifblymrppde IpEPPISessESAREFht e
sulfur, eltfer ORI, 1 GHIbE Wie@ed fors Hlefotup®B df ciRbmamgOnbi nation of
bot h, intol?ﬁgrcg:ﬁgta stgéaprecurs%r to thgrgggtl)lg provi g_e %1 snt}l fur treated
catal yst predybdeoum afthengtdnt he prefearedraup MIBpnaid dxeither pelbdasmdie sul f ur
treated catal yst pr si mul t aneous or subsequent
reducti on ocﬁmtﬁﬁlémgg(?ig%%f?%{e%g@flol?ﬁio eﬁsrgl?rgti | e compound that is in the
cat al yst precur She GranpgVBemé¢thleompgienaaintamedyn the dydropweagssing ctalystl yst .

The porous oxide.su rt terial. and nmetal. hydro i of the
cat al yst prroBRPEEm ‘%B e%ﬁ%?ﬁ@(ﬁrﬁﬁlﬁ% °%lﬁyﬁ%sf8{‘¥8 arlglg%i;%)@%gg\}i? qyn(gltrbﬁ’g%ﬂ or
conbi ni ng Sd;tsxhple,adxac}er,gmfmemgnmm. ahdars@mt b Gloupl V1B uetul h?lhdﬂods as

i mpregnatiaon, co-mulling, and cq-precipitation. is, preferre owever,
for the por@é@PFoéFﬁs%FGthSWW@Slg‘gbﬁBrbg “h’g? éalng%?fl}?%n F“i"f"%? 23 red i nt o
particles, pigh Pé’:%erﬁéieﬁiéﬂt@l $8ta] tisdd ¢h B0 RNt YR RedpRéRSsingRiachllsor  t he

nmet al hydrogenati on_conponents to be incorpoyated {,nt 0 the particles by

known i nci ploamesitien: Redeablyihetmamahonei oy VIB metal infhehydeaniecessig egnat i on

sol ution usc%f!ll}lspco‘ng))%ﬁg&?fs% fherdifpe TBESh CRIBRYNG DIwEEHTPRUREMdsDt O t he

porous refractory e support can be the source of the volatile conpound
and can i nairefdeblyathe pensentention isdb heaangref Epm Toveight “afadhstigkidound, or an
organi c solvent or a conbination thereof. It is preferred for the netal

i npregnation solution to be an aqueous solution of the netal conpound. The
met al conpounds suitable for use in forging the netal inpregnation solution
are those conpounds that are soluble in the particular solvent used to
formthe inpregnation solution and which are convertible to nmetal sulfide

oy N o . o N g,



The concentration of the metal conpounds in the netal inpregnation solution
is selected so as to provide the desired netal concentration in the final
cat al yst worzpeszi7os4en. Typically, the concentration of tireTrmst@s/oesopound in
the inpregnation solution is in the range of fromO0.01 to 100 nol es per
liter of solution. The catal yst precursor that is to be further
subjected to a sulfur treatnent step is to have a concentration of volatile
conpound of no less than 0.5 wei ght percent, based on the total weight of
the catal yst precursor, and, generally, the anpunt of volatile conpound in
the catal yst precursor should be in the range of fromO0.5 wei ght percent to
25 wei ght  per cefHe sufftet MiteHi of B hf@oserdskiag tailyn tan/isd ayiniaermbipound in the

catal yst precursor ;Is in the range of from?2 Weight gegﬁl‘ent to 25 wei ght
percent, ashdtablypsqvidss apumegdor the metel hdreggpation SFEPRENF PO M4 wei ght  per cent

to 10 wei gmdrﬂﬁlsc%@ﬁﬁg catalyst inchfink SoRub Rfrabtery dxdes WHxabiplek bepdssibRsuitdbee
cat al yst preecursor can, optionally, be dried in order toﬁiiiont,rol.the

concent r at penusorfeepmoxides melfotiier. magnesie, dligediigd ZEFWR AN ZEY™R t hin t he

af orement i gned ranges, :if . is no &S YRiBL hRehid0 sified-Aindahi A tenperature
condi tions’ ’qbtﬁtalpg%;ﬁﬁéhgéa#%a%oétl?&e%?’rre}lt st ep. Tﬁlluas,s1 t he cat al étsjt precur sor
i's not cal eluménb-gilidate The alumiwr qaobaf vrionh Brss, sudsassalPaAIBpa. @y f ur

conpound. | ci nati on_tempe -condi_t i 0l (A=) at or
xcoedi ng AU B HEGRCIah i B RS AR o B OBRSs B0 e
Thus, the antedkyFie pefened goouscainchey exiposeaormons slenper Amorgthepvailebls t han
400 C prior to the_ sulfuri zatilon.st.egligi Nl \e/rirééed, the tenperature conditions
are not su@HOPRAS AIFRINES, SRR AYTBAE BRFEPIFYER of vol atile conmpound in the

resul tant cat al YR pé@Gfrf@Ty bsids\gdnbiatly hixcantesiagepbre dlametet methe mnge efnges as

not ed above. Typically, the catalyst precurso an be dried in t

presence ofToH) O’attSOaA%ﬁS??rﬂigtotagﬂ‘H@?ﬁtA&E%rW’ I?rﬁ%mib&nglgmf%ro d{nﬁlggtrrt%r?sétr?tlt}? 0 400 G,
but, nore typifald ¥nd, f‘rﬂbﬂ;ﬁré}&aﬁy! Bord 80 Aggstroms to 13&ngsabmb.y She totabpere sor

havi ng a conCentration of volatile compound withjn the ranggmg%ydescri bed

above undergems of theproraus reffeelabrRside. ayBersHyd R stertau PErGIry g fur
compound | %ek%ﬁgfg?&rtﬁé Bflod StRnt NRUERD Bd/Yoin tHEBSD $OErabo PHdfaERR)hPPaYi de t he

hi gh activity hydrotreating catal yst. Any suitable nethod kno to those
skilled i nvolumeds in thewangreofioan0.B 6¢/gremde 1t s/ Ear-andSrosh PERLH ATom O sul fur
or a sulfur go V4 | S Atdudird YacYFERES, G@bkRdrcaak ahs Yt

i ncl udi ng, C?Fragg{%g%gfg%&'bgﬁ&%%%%%&gm in-si tu aéf%’dex- situ sul fg)tryi zation
and sul f i diEg Tnetthodeendhly exseedhaelasi H00oh /gramhanddt Wéypies!lls in the range ebt ment or
treatment with su r ui-treated or other simlar type term nol ogy
is meant t Of“b?bé’f'ljt {Ok} t%%%”"?g&ferﬁc/%rﬁ%lass sul furization methods and sul fiding
met hods and net edsvehtiie netinddisspetilfiealtyoiitertadita thatreftmirgtofia bighfacivityat i on and
sul fiding, whether such hods are performed |n-sit -8 i thin a
process r eé‘éf@I@PmE%ﬁ%’élﬁﬂ}?FgE -e%‘in?elfp(a’ilt.cgt.agy“g]?toéreﬁ]gl)l réﬁst%regp%%ﬁggé)gtsh\énrcé%wgr zone)
or by any Ge#aiytaitinedbéeh 1dstityBickity & t€¥seSir taltht demisition bf cagbdnabiseon, orto I n a
typical in-situ sulfiding pet ho(g, t he cat al yst lﬁ;ecuréotr IS Erlb ced in a
reactor vedstt Thiigpenybieh Ay by grropesHng GalYSt A2t aYP & TSR e NS %I ni ng a
sul fur co W&Qg‘ng’ (R Dags ede@¢Bd b\ its RV Whdn iRE BELH 4k, 2n0 & caphiveet ed
therewi th under 'such suitable tenperature conditions as to provide a

sul fided ca:pmepgmona}fd?msmﬁsqafhoﬁe high activity hydrotreating catalyst. The
sul fur compound ), Lhels4des ks RO RAG SRR 1IN qRIgGNiterssuCh as
hydrogen sul fidé, organic sulfur conpounds that are typically found in
pet r ol eum hy treaamiytio activwiz dgih respdctde bigher bydyedeswdiusigation(HBSPbunds such as

di met hyl sul.fi.de, .di nethyl disul f.i gl %h d6sq Hia I8 hdTEr Capt an,
but yl nerca&yg’f??élgﬁagegg? o(n |gg%?fealefg%%}ig%&la?%tlageﬁperaturgs at which the

sul fiding fdatalydicatthegnfite senatmcifedatalystwienedn gafreshl yuysedstate uFlysrthean be in
the range of_ fr 50 Ct0.400 C an [ .0l cal I 350 C
In the ex- SR‘Y% Ogﬂ;e g ﬁ‘ausﬁgtrﬁ%ﬁflb? %éaq%ség%y?gﬁmg!rnggu#%eofﬁ{,ﬁ%%%g ?ﬁ‘gg&)pri or
to its | oadiapgysi in®eldiReseRCHPIhe YelSehg folihda:ex- si tu sul fi ding method can

i nclude any nunber of suitable sulfidin t hods .i ncl udi.ng, for exanple,
the contacting of the catal %\{AT)?%%?ﬁ%%ﬁgaﬁclrﬁvaguaﬁﬂqﬁa&s% agent, such as
mentioned above, or with a hyR®gens sk driften Reaémb bitgsts | ui d, under

el evated tenperature conditions foll owed by an optional passivation step.
The preferred sulfurization step provides for the incorporation of sulfur
into the catal yst precursor by contacting the catal yst precursor with

el enental sul fur under conditions that cause the sulfur to be incorporated
into the pores of the catalyst precursog either by sublimtion or by
melting, or by a conbination of both. Suitable sulfurization nethods for
this sulfur incorporation are described in detail in U S Patent No.
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stri pping. In the preferred sulfurization nethod, the catalyst
precursor is first contacted with elenental sulfur at a tenperature such

t hat t he wol2bemo70s13i ncor porat ed thereon by sublimation aod/useosmbiseag.
Wil e the catal yst precursor can be contacted with sulfur in the nolten
state, it is preferred to first adm x the catal yst precursor with powdered
el emental sulfur and then heat the resultant m xture of sulfur and catal yst
precursor to above the tenperature at which sublinmation of the sulfur
occurs. Generally, the catalyst precursor is heated in the presence of
the powdered el enmental sulfur at a tenperature greater than about 80 C.

Pref erabl yy,dDirs tﬁé’éa@é’&f HyﬁWd@ﬁHﬁﬁiaﬁBn giB$) RWA| thbRa@onbiedls ardicalatlatad
tenperature rangin rom about 90 C to about 13% ‘%‘)8 e%fo fj@@)exanpl e,
up to the @@umtnggngmsﬁeafélpnetﬂewfrl Hend fg the casesotdy e‘P@"%Pae B for the
catal yst ppeogu }Eq{ate?%%xsﬁﬁﬂs abt caicgla% ZaQs%ﬁﬁ A PORGBRtoRbrdar dfarger at ur e

rangi ng from é out C to about C. Typically, the cat alsyst pr ecur sor
and powder ed suTHekrigh @tlpitsabseidonrweesuw atadisbisy Sdlff“rr‘tﬁaﬁfi)hy REOFeSEHE heated to

the desired t esgp grrn?%t' n%a {;oqgussrgifre{clto%/ 8)'?186 {lﬂcfg"amgtgl 1R)atSR8hAHOE cOibdneht 4n@ ibe

i ncor por at &4 1?' es o he” catal yst precursor. The time period for
heat i ng typnepﬂbdlyymﬁdafmama@tmdﬁhabmcabb&lfor@ts highetivityand Bt desmiour s or

| onger . sulf unts of
catal ytic ﬁ@pgﬂleiﬁgl’gg@ a&h\mty JdreRtogy mg §§9 %{Au%étdérj&tgﬁag?d #eedséo?%ng%@
converted R poltfs Seffabiogheoxideyipat xhytemeﬂenaatdeast orpfmegalhfydrogemsion i s det er mi ned
on the basis of the stoichiongtric anoul of suI vert all
of the net SPMPoReRA 2 mANR{TFA As 19 ipglifed o attlﬁ) ¥ CHEO8 ﬂdee&gw IJ;‘g((ilell‘%)‘('rg@'lEfei anpl e a
catal yst PLREHESOThE RN &nﬁ@uﬂ@is}é&dﬁpwﬁd\meﬂﬁtheefqunmmoxﬁdlemﬂab'st of sul fur

to convert each nol e of nolybdenum.to enum.di sul fide, w jmlar
det er m nat P@ﬁ%fsﬁe Pyt reggrer] tvi’rseE‘Etﬁ‘e frowég%néup cons1sting o Wiy (ﬁganil%sottl;venat at ed

catal yst preg %ha'u@ aﬁm&nﬁtﬂﬂl{y@ﬁkﬁgoﬂﬂ bibotidld, kétbhed, dabiid lipands, Smtbehlyan
el evat ed terrperat re and tine period that the ol efin reacts.and row des

the high acembingtjorifyeteefi Fhsoratahit pracuaIoy<hus, JaRFORRITSPOTpYsde SHEReTie

tenperature | r atided & hnd ARGRcchitRiond thg volatilew | | range
f rom about i@éﬁ%ﬁat%%az&%%iﬁgg%%% pr ef efr%glt; Iy fnrom about 200 C to about 325
C. Contact cbmpmmd\mhlb cajdmhrtcmortlhéﬂem eubirstedtter sUlBR FeYBSBISIPiRssure of the
olefin, wth hi [ @@r FRRInE LES EoiGiRatloB @8 béthNg
shorter ti AESTPO e?rgt er%?:eglh |§ryeag£§&h[l ranlée %f fom about 0.1 hour to
about 10 hawté $he catalyst ﬂ)réctlrsm tmthenebmrbwﬂ@a sulfve trotted ¢atalysh piseursorg dingl S‘dfuft he

| ted t t t. t b
ﬁi g\t/lgr eo| e%e t?nre?lt %f_r:p,eusg g)cpﬁg\()?%té aulﬁxa}rg tgc{ cat SEEI%CIII‘Q(KI cglh]ﬁtcﬁlhgth'en 0 be a

on nu ater than si .
pref erabl y sghaahédus bhabs@ueliteduction of tlierboﬂmtretmhmf ittreevof atidef cotripeund hids r ed

sul furizing nmethod, the catalyst precurso s, contacted simultaneously wth
both the elfHgseialysiRies ffopﬁltéef%‘tglﬁﬁﬁcttvﬁyb&ém 8%%?%% and the ol efinic

hydrocarbon. Acagg gb8s 8:8dd dabsortRited an@m@lakhyﬂ&@eﬁitloﬁ@wpﬁmdtsalféﬁent al

sul fur and ol efinic hydrocarbon sol vent f| rstmt; g*% d Aratio ﬁ)f oi |
to sul fur tyytah@t tgmurﬁoaﬁ@%@bm%ﬁﬁlmtsuﬁa g kg PLOWBIIEUE i t h
about 2:1 ;}9’[ bk oﬁérﬁg {Rat Blclufe subh $nefodt W hpidiyathd, bemuBRlglMdpHONDL €

hormgenous m e conponents, particul arI%/ if the olefini c
hydr ocar bo rpmcspmuon IL{ ig pictereed, lmtt@itf@nfor dherparous sirclomuIRids PRIt Batrda! to

l'i ght wei ght drocarb n BHRE dioseRsi ty of
the m xturef me’ldﬁlgtr %@gég c?}aq%;}(ﬁ%ﬁteg |evenht?)hl{e1?g%rre ei‘ﬂtt?sgglt1 f()?t'he m xt ure
of olefin &ﬁ\dalﬂiyﬂlfdgénaltlsn tdreponents|ecbetincompopateduntathe particles by knownpndpigitsor and
m xed therewi th.. The Xt ur f catal yst precursor, olefin and sulfur is

t hen heat ed”"t“@)esfﬂ’éprﬁ?g%l?rhmwgg‘%tl on tenperature of above about 150 C.
Preferably, the Thempelahptegnation soution@sedatn freogfordte themetd aemp®0d & t o about

350 C, and, nore preferabl from about 200 C to.abo pe heating
time is in @H@W‘&ﬁd’@"&e H"F%‘ﬁf‘?ffﬁ‘&?fy F BPO%%?E}%G g%‘ra gfthe 9°1atT2\ sul furi zed

catal yst preaios addRn fche, Q@nfeﬁﬁdd&@ﬁbdveesaitadowﬂdhco&ul dotrmoimyd, odrf i di ng
either in-situ or ex-situ or a conbination_t

aspect of tdganiqspbyent Y GeEbEEHOY herept t i Prefeéreg f?rgl&etrﬁﬂaltlﬁipfel%at’rogg{ﬁd&%lt i on of

the catal yttg%e%tt%ﬁébwsoﬂtuoﬂ P LB BSBSHh A He Mt ¥6aporinas buidble Goraiséiing h
activity hydrotreating catalyst, that has been | ost as a glﬁsﬁult of use

t her eof , suﬁbhmag theseet@tnmetegwmn@Qluemqrhélownopwéhﬁt6?3 selgplsdnteposi ti on
thereon. It is understood that, as used in this specification, the term
hydr opr ocessi ng catal yst is defined as being broad enough to include the

hi gh activity hydroprocessing catal yst @s described above in detail. Thus,
references herein to hydroprocessing catalyst also include or enconpass
hi gh activity hydroprocessing catal yst. It |s recognlzed that the |nvent|ve

o Y o o B Y




More specifically, the hydrocarbon feedstock can include such streans as
napht ha, which typically contains hydrocarbons boiling in the range of from
100 C (2MRoBpodwos60 C (320 F), kerosene, which typical PgTaspE0I00B26

hydr ocarbons boiling in the range of from 150 C (302 F) to 230 C (446 F),

i ght gas oil, which typically contains hydrocarbons boiling in the range
of from?230 C (446 F) to 350 oC (662 oF), and even heavy gas oils

cont ai ni ng hydrocarbons boiling in the range of from350 C (662 F) to 430 C
(806F) The hydrotreating conditions to which the hydroprocessing
catalyst is subjected are not critical and are selected as is required
taking 10t g, AaffiBivedicly b 8 ifffreidifiof dbgicalanfiuslicnGR daterfisiedst ock ( hat
is treated”and the anmobunts of sulfur and nitrogen contam nants contained in
t he hydr ocaehbsulfidearpon berkher teatent] | y, the hydrocarbon feedstock is
contacted with &g RYAARIAEESIRTnGANS) Kslsed Ih hOReRl ARAAEHAT sofi¥idh 0ogen
under hydrotrea IeRt condl t1 ohs such as a hydrotreating contacting

t enper at ur eargiacleda fdrexample HaropaMijé mefal ¢arbanatebdiroun ¥UI metabuirates, Grgilmbout 538

or of er anl y VLGS 50 et IR e ikt o PR b5l SRIRRE:.

total cont agiyi@opr edstheedS generally in the range of from about 500 psia

to about 6,000 psia, i ch include hydr ogen part| pn_the
range. of from agfﬁh‘!’ ‘G@hdnﬁgican?ﬁufébﬁﬁfm@?/@%‘bﬁggé‘% ?mg{aﬁ%}nc}’? ¢ gﬁl&gﬁgjlutg Ton rate
per vol une .gf inbmes, esraxbaplef @RES VOB ket otities, Gaouge/IBfmdtalanifidbs Group(OBSCFB t 0
about 10,000 SCFB, and a hydrotreating liquid. hourly s vel.ocity (LHSV)
in the rangebemyl cempeuRES (oW YIBjgcefateC m?"'ﬂié.s’ e‘ﬁ{’éenﬁallg:'ﬁ%‘&?\g% rﬁ%?ilrs ot reating
total cont aGhiifPard SRR by twd dr idrd BBGEE. For tHe@rofoRdl GrouAVIRmM21b00 psi a,
nost preferably, from500 psia to 2,000 psia, with a preferred hydrogen
partial preewpeuadspf melyhdesom, pelvhdaies apd p P]Efé"i"él}’bd&w&a%%’t‘se referred, from
1,000 psia to 1; (B ' aRIn¥etd1 imblRgnation §stutdn i r om 0. 2
hr-1 to 4 hr-1, ngg,ﬁﬁdnugpo%?@ktgay}(;'/O?np??g&r%q%: 2 to 3 r-gnl. The hydr ogen
addi tion r atlectedssopsed proatule yhe desitddanqtal seecenitation dnibe dinalsetalyst oPogHOR- SCFB,
and, nore preferabl fr 70 t ; D &he

hydr opr ocegrgplr‘fgﬁ}&gqe;qo%etngﬁr%%n ogt%% %?lf? T mg@%l \%gﬁﬁlplfegnmac}lro ntsgklligﬁor?ﬁe catal ytic
activity ofrard ohfromted 1yt t160 whokes perlittrvd sflnigwh state as reflected in the

relative volunetric activity (RVA), bei.ng | |3 14 A1
hydr opr ocessi ng&%ﬁfﬁﬁﬂﬁﬁﬁ’rqc&% rotﬁ%{il%tglf%(%é“ sﬁ%ﬁiso?evckgﬁ ?#&ﬁ%%%ﬁgﬁtlsegsl%ahan
0. 65, but egaNOEEnceRdoPsOEEaHe @aipdinttbsfaibiles shandfaltightgetcentnhased erhide poi nt

at which a catalyst .is copsjdered spent. us, the spent.. [lfe]e]s ssi ng
catal yst cdpfrlveidhtiohihs caﬁggg\mequésgg aﬁ‘ﬁ&ﬁmﬁéqg" ﬁﬁ&nﬁé)\‘/nétn&lvglsatslfé%é %ﬁ%ﬁjﬁ

The hydr oprgeesvk pRerddrahdsd b&ANhDREL BT FHRENS wWejphus@cduntbeds wghtot r eat ment
conditions as described above. It is ?e_neral I é’&fyonﬁ%?ﬂg@g t hat one .cause of

the | oss ofpersartal’ya prefered pencenfrafian NI oo i PreEdiBahdceous
material i !}L@eto??mﬂpz FeightJAfdeh 6 29 trelohpdhoedt, aRd, AeRESEREteL A idinyhd range &
result of its use and that the spent "hydroprocessing catal yst can have a
car bon contofitomybweight teycentioV 8 WBighepgert. per cent with the wei ght percent
bei ng based on f el t YAEBPERCEHDhAY, GRS

i ncl udi ng car bo%ﬁﬁ%’?hoel\ge%%ﬁ}p%%ﬁeﬁng& ggglg%t ed upon tﬁpzl%hy%'r opr ocessi ng
catal yst. Totddrcatdnyrol thheorcantzion obvriasii capipoundinsthe eatalys greswr@de Sith

catalyst is in the range of from i At ] dRgnsent,
and, nore t%}?)%f??ﬂe?{,;oqeﬁéangg% Scd%n%tgon ees’rlllg e .Etg@?‘%&f 1eau$gﬁ%@e%@r€%mﬂfg wei ght
percent to pfdr wethg hilfup @eseiht step. Thus, thelcdtaipa pteantsor ieactrakined pivrdoi nvent i ve

met hod for maxim zing the _restoration of ca tic activi spent
hydr opr ocesnerPRy20%:t ?rﬁ@Pf?‘gg‘FE}’Eaf“r]l@r ‘é‘ﬁ?ﬂ%ﬂ&%‘& Coner rat%%%&%ldi@ Sstep to
be such as £omBEOMingErafirdanbreabdearhza0NtB AL el afe whallydn thenmamen of fremspent
hydr opr ocessi r(l’& catal yst such that when it unde(;fg(g S a subseqbgc?ntthtreat ment
with a chel40i°Gdo 85t Thps. hecairlaHTerwTor Fr TP % GEPHRTFY %S than

revi tal i Zedypakahisl, MGG sHBSb Ak, B8 tahRehiiabakdifins aRaiot dichy i S
provi ded. I't has been found, unexpectedly, that to gain the. best
benefit fr ohatitheresuling epnpentiatiorofivalatilerremapindgn Rpdrtultan GrRYFPIHISGHIS mum

amount of - CofRoMldigted it dad SIFRds AhotdiGLSRE M pibiA! ARCAEEEPratsAl al yst

after the C%F%on reduction step provi de for est inprovenent in the
restoration of catalytic activity fromthe chelation treatnent, the spent
hydr opr ocessi ng catal yst should first have its carbon content reduced to a
| evel that is no |l ess than about 0.5 weight percent to thereby provide a
carbon-reduced catal yst, and, generally, the carbon concentration of the
car bon-reduced catal yst should be in the range of fromO0.5 wei ght percent
to 2.5 weight percent. To provide for a greater amount of restored
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conditions and in a controlled manner so as to combust or burn or oxidize
the carbon that is on the spent hydroprocessing catalyst and so as to
provi de twe 2e@vdosasr educed catal yst having a reduced carboruseasoerses ati on
that is | ess than the carbon concentrati on on the spent hydroprocessing
catal yst. It is a particularly inportant aspect of the inventive
process for the carbon concentration on the carbon-reduced catal yst to be
controlled to within the specific ranges as noted above so that when the
carbon-reduced catal yst is subsequently subjected to a treatnment with the
chel ating agent the restored catalytic activity is maxim zed. The
requi red canRQRRYRIHOtoSARSkfd NS dpdk ibRpeleRA/Id airayRdTxt RSbiamuA0 of
carbon on the spent hythoprocessing catal yst and the desired carbon
concent r at {Go hutgmoreizpiealyp ﬁmr38(§€ré‘ég50c§t- alyst. Generally, the spent

hydr opr ocessi ”grh%%t%iy)éﬁ}redu%so?ﬁml?gcé & ctltrhtior dFeoRX)gRAmERM Wittith g gas under
such conditions that "the tenperature of the spent hydroprocessjng catal yst
does not ewogess &GS ghovh urdesgries aml@rﬁe?&meletrsgaththaf‘%‘&FﬁB bur ni ng,

t enper ature bei ng. i.n t Rk oD A The
preferred ‘éoé?%)gﬂggﬁ?cﬁ%gat%%ﬁr#%qhggad&& eag&tt?lgg%g%?e&of from 326’@(: to 475

€
erature I's In .
C, and, noBydrgtreafing @ilyst. Anyouit88@mehodkua tethose skilledtip gheghcga ke used to

concentration of the oxygen-containin ot olibedasRy as to
provi de thEeatﬁg?icF@B’SE%?%’g r%’ﬁtgrsﬁﬂ gt %grrlf)lgl?g?rﬁu@%nggon %ai onsl.k '_I'hlzRy
0XYygen- Conhyirstdafng@salys ifehuirgt fobkyangile, botivihecknowarin-biéu atidieytséd wi t h ot her

gases, for instance, _inert gase ch nitroaen

concent r at FERTIgHI08:2H¢, é‘ﬁg?hﬁg g’ﬁﬁ“’ﬁ% 313? ﬁlﬁgﬁﬁﬁ?ﬁf’?ﬁ%g tégrrellirg ?s %ﬁ@} %%IPB%IE %f) urn can
be conduct ggukhthiith sRIGOSHRUS L tBAted 0N ethwhihiddr nyfeserplindegy it near perefer to

hydr opr ocessi ng catal yst and intqQ which js.introduced the en-cont ai ni ng
gas. The t prestosapanenass wHfurztian sefhegs adsuiiiding drethqds 4m gleﬁtﬁ‘S‘ilSQ‘féér/ti Cll%‘%l and is

such as t OﬂEch%ﬁ%{?ﬁﬁéh SRoRORLBMES ShCal s Whethensustgmbthedstesparfatmedr bon
concentration, and 1t is generally in the range of fromabout 0.1 hours to

48 hours, orsitu(i.e, within a provessaeactns fones BUECHU(hE-aPEnal (haDioRgsS TREw T

speci fical Ly, Jelbngg SARRARFATLSH! Skl obtdRiagRsisa treat ment with a
chel ati ng age o thereby provide a revitalized catal yst that has a
restored catal yi atypictliivisitysuliting method theecatolyst precusspr iy Ragefdn a€Phod i s
described in Je.in U S. Paten : [ hSounB §OsReEat ed
herei n by P’%sfsglﬁé%ggﬁn i al?telonp%’élg 'e}r‘Pe S%r?atﬁi?ér%%?iﬂ a?ﬂ%‘g?"‘?ﬁ% cg%on-reduced
cat al yst i sve&and aedlydpreeursavahd echtactidttherewitthwidar sualy suigblettempordte® | s

preferably dissolved in.a li '@ca [Jery i L@ assure
that the clHerQESgS E’dﬁﬂ‘flg‘? %s%e lfﬁttafé’Ftyarlldhglg%%eﬁg?he% i n{ gﬁrﬂg&gagbon- reduced
catal yst. ThuSsCOR @tful dgnposnd berindladel aayiabvayardrsutiatilogplfiding aadntdenchng whi ch
time the chel ating agent is | owed t enai n_.on. the car -reduced
catal yst t &ygpan gH norgﬁéﬂs‘@’é’f Q?W?‘%Ith?@reaté@ ?ﬂ}?’a If(f/%l £ Q?ﬂ%‘%n%\under goes a
heat treat BRAL:APA fob@Nardtthed Sfraflic KRG cOMmpOAKS kuehtab Gimetytsulfaieh, fol | owed by
sul fur treatnent to provide a cataiﬁ(st wth restsbglgy?d cat al ﬁlidc activity.

1

The chel at idimgethyldinglfide diragfhylaptoxide, funghy mergptagedutyimercpian, 7%y

treat ment %ﬁs‘ﬁﬁid%f T&@@alit ]ge?&tﬁfégat%{imﬁe bnSdikeasidsheseisconparesh that ar e
capabl e of Tormng’co

npl exes with the metal conpopents, such_aﬁ ?.rg) of the
G oup VI | cawtlpt preawrdorGen bpinh@rangs ofl from E¥nCAP ARY G-ring-Hecte Bpisahy: ced
catalyst. Lt . .b tdcul arly inportant to the inventive nethod that the
chel ant ha\?i)opégggotolb?es that provide for the restoration of catalytic
activity in thectebesin adfidiegmetibd| thestatalyst precusrr|issubigded weipt 1o il§ 19288e  bound
to any part.icul ar theor it 1S, nevertheles J Lhgsshe! ati ng
agent provilﬂ@éhefIB?Ct?rmSSS%Ie;[#’%P’é’f‘lfuosﬁly%ngcma‘%tg y‘falggllléggdté%\%%@ﬁ Y re-1(ji sper si ng
the active gBfdcsmaBstsahonating, forteRanslanbomntaethgedhoatadlsysrecursmvitidve becone

aggl onerated due to prior use, and exposur 0. high L .«1 ncl udi ng
exposur e t CUEMIEASTBUTIRR AYTEYIGP ?Q?ﬁg 5 “‘S ﬁg’yﬁﬂ?é‘%’osﬁ?%dggcgéﬁ}r?g{ R yst and

i ts derivatjgsidvaRmoMiietdturt Bendminb eitoed by etlotivhal pasdivation dep.i ved. The
anount of netal redispersion may be derrgnstrtgt ed and .obs rl’fﬁrdi I ough
8&? i 4%

el ectron m cr osddpeeiprrdralirizahn step providesar (e MCEPPIRHOT, ded to the

car bon- 1 edygad ek Al by okl B dhalyar bt of Gimblonclwl ssfer aidess sol ut i on

cont ai ni ng t1 ng agent whi ch conpl exes with tg@ aggl oner at ed net al

of the car honditieuufbatdaegthd pifur tobedncemrptediate theReres gl (e cafalySLPIFGUSHT § phase
that provides for nobility of the conpl exes and assists in the transport of
the nmetal throughout the carbon-reduced catalyst to thereby provide for the
re-di spersion of the netals. Any chel ant conpound that suitably

provi des for the benefit of restored catalytic activity as required by the
i nventive nethod described herein can be used in the chelating treatnent of

T N o - o, o o " S




Exanpl es of am nocarboxylic acids include ethyl enedi am ne [ [
(EDTA), hydroxyethyl enedi am netriacetic acid {HEDTA), tetraacetic acid
di et hyl enwbro@mizomipent aacetic acid (DTPA), and nitril ot cawstés/oasze (NTA)
Exanpl es of polyam nes include ethyl enedi am ne, diethylenetriam ne -
triethylenetetramne, and triamnotriethylan ne. Exanpl es of

am noal cohol s include triethanol am ne (TEA) and

Nhydr oxyet hyl et hyl enedi am ne The preferred chelatin

_ _ _ _ : _ g agent for use
in the inventive nmethod is an am nocarboxylic acid that can bg repr esent ed
by the follow ng fornul a: R5 1 R6 -NR3 R7- N

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 catalyst
precursor with elemental sulfur. The first and preferred method comprises contacting the
catalyst precursor with elemental sulfur at a temperature such that the elemental sulfur is
substantially incorporated in the pores of the catalyst precursor by sublimation and/or
melting and subsequently heating the thus sulfur-incorporated catalyst precursor in the
presence of a liquid olefinic hydrocarbon at a temperature greater than about 150 °C.

The second method comprises contacting the catalyst precursor with a mixture of
powdered elemental sulfur and a liquid olefinic hydrocarbon and heating the resultant
mixture of olefin, sulfur and catalyst precursor to a temperature above about 150 °C. In
this procedure, the heating rate is sufficiently slow such that the sulfur is incorporated into
the pores of the catalyst precursor by sublimation and/or melting prior to reaching the
temperature at which the olefin reacts to make the sulfur more resistant to removal by
stripping.

In the preferred sulfurization method, the catalyst precursor is first contacted with
elemental sulfur at a temperature such that the sulfur is incorporated thereon by
sublimation and/or melting. While the catalyst precursor can be contacted with sulfur in
the molten state, it is preferred to first admix the catalyst precursor with powdered
clemental sulfur and then heat the resultant mixture of sulfur and catalyst precursor to
above the temperatﬁre at which sublimation of the sﬁlfur occurs. |

Generally, the catalyst precursor is heated in the presence of the powdered
elemental sulfur at a temperature greater than about 80 °C. Preferably, this sulfur
impregnation step will be carried out at a temperature ranging from about 90 °C to about
130 °C or higher, for example, up to the boiling point of sulfur of about 445 °C. Itis
preferred for the catalyst precursor and sulfur to be heated together at a temperature
ranging from about 105 °C to about 125 °C. Typically, the catalyst precursor and
powdered sulfur is placed in a vibratory or rotary mixer and heated to the desired
temperature for sufficient time to allow the sulfur to be incorporated into the pores of the
catalyst precursor. The time period for heating typically will range from about 0.1 hour to

about 10 hours or longer.
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The amounts of sulfur used will depend upon the amounts of catalytic metal present
in the catalyst precursor 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 catalyst precursor to the sulfide form. For example a catalyst
precursor containing molybdenum would require two moles of sulfur to convert each mole
of molybdenum to molyvbdenum disulfide, with similar determinations being made for
other metals.

The sulfur-incorporated catalyst precursor is then contacted with a liquid olefin at
such an elevated temperature and time period that the olefin reacts and provides the high
activity hydrotreating catalyst. Typically, the contact temperature is greater than about 150
°C, and, more typically, it will range from about 150 °C to about 350 °C, preferably from
about 200 °C to about 325 °C. Contact times will depend on the temperature and vapor
pressure of the olefin, with higher temperatures and higher vapor pressures requiring
shorter times. In general, contact times will range from about 0.1 hour to about 10 hours.

Tt is important for the olefin to be liquid at the elevated temperature of contact. It is
preferred for the olefin to be a higher olefin, i.e., one having a carbon number greater than
six, preferably greater than eight.

In one embodiment of the preferred sulfurizing method, the catalyst precursor is
contacted simultaneously with both the elemental sulfur, preferably in powdered form, and
the olefinic hydrocarbon. According to this method, a mixture of powdered elemental
sulfur and olefinic hydrocarbon solvent is first produced. A ratio of oil to sulfur by weight
ranging from about 1:1 to about 4:1 is suitable, with about 2:1 being a preferred ratio. The
mixture may be heated to promote homogenous mixing of the components, particularly if
the olefinic hydrocarbon is not liquid at ambient conditions. Toluene or other lightweight
hydrocarbon solvents may be added to decrease the viscosity of the mixture. Also,
increased heat will achieve the same effect. The mixture of olefin and sulfur is then added
to a preweighted catalyst precursor and mixed therewith. The mixture of catalyst
precursor, olefin and sulfur is then heated to the olefin reaction temperature of above about
150 °C. Preferably, the temperature is in the range of from about 150 °C to about 350 °C,
and, more preferably, from about 200 °C to about 325 °C. The heating time is in the range
of from about 0.1 to about 10 hours.

A sulfurized catalyst precursor may also be further treated with sulfur by sulfiding

either in-situ or ex-situ or a combination thereof.
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_n Wierein R, R2, R3, R4 and R5 are each independently sel ected
fromal kyl, alkenyl, and allyl with up to 10 carbon atons and which nay be
subst i t utwod 2sd10aBe or nore groups sel ected from car bomrglrjusc@shorsys

ester, ether, amno, or am de; wherein R6 and R7 are each independently
selected froman al kyl ene group with up to 10 carbon atons; wherein n is
either 0 or 1; and wherein one or nore of the Rl, R2, R3, R4 and R5 has the
formula: 0 Il -R8- C OX Wherein, R8 is an al kylene having from1l to 4
carbon atons; and wherein the X is either hydrogen or another cation.
Preferred chel ating agents include ethyl enedi am netetraacetic acid (EDTA),

hydr oxyet hyl _enegis%mﬂbgﬁtraisﬁe%?&fitﬁe @6dntvé HEMANs th@Rds directed to the restoration
di et hyl enetri am nepentaacetic acid (DTPA). The npst preferred chel ating

agent i s DoPihe catalytic aqiiyits of & bsrapronessing coelvb intiulingNigh2i¥8y to contact the
car bon-r Edﬁgc%g%%ﬁégg@&st%ﬁtmﬁ Dien 6REL AL 8 FIENneRbS, SRS bRNmbavi ng a

concentr at I'hg agent; provided, such neans or method, provides
for the suhydibtrentingcanditomator carber deppgitienghereon it isfunderatoeddptaps yrgd Hjbist

wi thin the pores.of .t he r.bon- itabl e

net hods of ° eﬁﬁ%ﬁ?ﬂgﬂ}eﬁ%mglﬁ'gf)@ﬁc%%%g%g%ﬁﬁ% a%:%%ﬁ%%l ngé soﬁ%@ggnmtdo t he

car bon- r edigtde catlagly stivitphydroproasskingtiapfyishay describpd alydvadp dekeibdbiser r ed net hod
for contacting the carbon:reduced catal yst.w t.h i ng..agent or

chel ating SYFEREBATTY B y‘gﬂ@fo%eﬁ?l?%(@l?agys’lt er&S)? \évlrlllél? P%%%%%E%(L)g{gk Hg%f’%‘@ to those
ski |l ed i nuyd8prabdssing Gdtaly st ARe@enizaphaghainvanivbyneitnds ¢diserited heeimess wher eby
t he anount or vol unme of chelatin _soﬁl)]fg}i on .added to t.he g{frg Qe'tr%gli'rced
catal yst i $asigearly prplicghiptorthg rpceyipg gt 2Ry DytP iRty g s3It on i s
such t hat hhiqhéaﬁdkpkélﬁcﬁr%ﬂ&ﬁeé?f up to about the total pore volune of the

car bon-reduced catal yst to _be inpregnated wth the chel a(tgj g& sol ytion.
The chel ating s&hehydsppreesssingecatelsbeatibedseddn sy yaratg st ¥Ry drHEhgent and

a sol vent tféega}toamd@mﬂtam BYdrSeS rhQ plobsss dbiBifine! TypRaPlydidtarbehiel at i ng
|

agent. Poss e solvents 1 nclude water and al cohol's, such_as, nethanol and

et hanol ,  wiftdstacitsean inslndg pettedeupr-éarived eils, & levapple pospheiccdidllabng agent .
The amount ol ENLALIIGASE kst hEndRRIN At Red Bif, FALHARed GRLERT
e op e for the

cat al yst shoul'd" such as rovi desired restored catal ytic
activity asngetherhydestatben diancandadybjepe tivardtaeatment Mpgsdynicalls, theich as to

i ncorporate iinto, th rban-reduced. cat al t i he range
of 11 b ab oG BB RGTE (5 HET A Mo A0 e Rldifl 1 Fang
active net ahstillate Such &aGtpightrin distiithteGraumpackeBdintitatd withiths bydroeehtmedve, t hat
is in the carbon-reduc atalyst. |t .is nore preferred o the

car bon- r ed PEWE t‘?:‘é?f%ﬂ"?é‘ﬁg’é Oﬁlnsﬁﬁﬁrf 08*”8?\%?05?30%&&63}1 ng’\rh%l%ing%%ﬁﬁ't he range
of from 0. QlnkhRird} conipohes, @bomdHed teedaichban &génsckper nol e of

hydr ogenati on nmetal in_the carbon-redu gg cgt al i}ést. l\/bﬁt %r eferri;l t he
anount of chel aMQ*i@S%@WﬁuYaHﬁé’é[d"t%arP‘H’et% fo5k e e e ch Sramy 85 1Pl ¢ e
range of f r\ﬂﬁ%kp?fgéaﬁ}pcogta;nsmghﬁ&r&fns@Qﬂtﬁg e k8¢ oPREm MO0 & Qf2 PB)ds 0g®nat i on

net al . recogni zed that a significant aspect of the i E ention is
that, by cORBM W ketnserearhish bipiasBy eqntansdpydragpibers Rorlgg ip dhe 1apge OREERY r at i on
of remaini CAl A3 L BeN;; WRAd RhcRRiR Yy @&dcdBond thin a
specific crri %P i@éﬁﬁr gﬁ%ei,ﬁwcgﬁ%t ﬁgllgﬁ%lqgtg?’ng alg{lg%t t}f%at men s(t: ep,n_a
revital i zedotiadgah fstrangam! FemPROVE (e “Retoi3a@ o (p2gHBrand ey heaty g6 9ildr ed

catalytic actjyvity than.that .whi.ch i r oY 59 op| L,eBHat ogepyet hods
for treati g™ a4 tdr%ja/r(?%sg)ro(l)l\é\r{gs}g&ﬁégn At gﬁ?@?’q 02?1&, adjdtlroti (_)nar_l y,ﬁ?t has
been di scover ed Thhaydibtieaing esnditmns mavhigletht hediopmoedssing fatdpst isribiceint piged

steps of a contro]led carbon renoval om.a spent I cat al yst
f ol | owed by‘c’éc‘%tllfé‘{ i agyse, eﬁg’ﬁtas Freitie mgfn%g ﬁgcoP%tssngkgfagtgfs%grﬁ%otﬁéepgduced
catal yst, iflydicea1®68 &Rbidtedk thats tdaed ehethatimogntagesnilfut arelatitnegen carttapinems i ncl ude
an agi ng or soaking of the carbon-reduced catalyst for_.a.sufficiently |ong
time peri oconfamed iy Ge fy dracasam; ferglstogk- %%f‘erla]clﬁh 3‘163?%{%?{ o?mgeegﬁibc i'¥ (foélgaﬁfedbenef it
I'S recogni Z@ﬁh the hydroprocessing catalyst in the presence of hydrogen under hydrotreatment

conditions such as a hydrotreating contacting temperature generally in the range of from

about 150 °C (302 °F) to about 538 °C (1000 °F), preferably from 200 °C (392 °F) to 450 °C

(842 °F) and most preferably from 250 °C (482 °F) to 425 °C (797 °F).
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The carbon-reduced catal yst having incorporated therein the chel ati ng agent
is, thus, aged for an aging tinme period necessary to provide for the
enhancenmend 206s/07esisored catal ytic activity. It is theoripzeastéaiooms2e
sufficiently long aging period is required in order to allow for the
chelant to react with the netals of the carbon-reduced catal yst to thereby
formchelates and to allow the re-di spersion of the netals. In any event,
there is a mninumtine required for the aging period before a significant
increnental benefit is seen in the restored catalytic activity of the
carbon-reduced catalyst that is treated with the chelant. This m ni num
aging time can ﬁl%ﬁlﬁ%l%tf%ﬁl@ 1t ohIB R padstire 1sa%né‘hﬁllily3ﬂﬂ thdv@nggif Iﬁl@rri aEboﬁ‘o n duct ed

and the type an relative to the car

on-reduced ¢ ta
chel ant usEMW.psia to aba@é ﬁ@%pm whidkringlpdes B bydrepsrR Wésufz%“gl&@ 5ec°facr d
chel ating ggrp tt590 gﬁ% Fol a;lgf,@t@%'oo@lpg,ﬁl 4 hydgdplen RENES Itatefﬂepmlﬁrﬁ@oﬁm ng, it is

i nportant, %r ng tine iod to exceed_ about 10

hour s, buthydﬁclicﬂﬂﬂbnddtﬂdytpck in¢hergigeepf fiiomes pefrﬁ()@@@ﬁde P@%*@@%S% #8tfs, and,
nost prefe Ther agﬂﬂ,gstrrre at
whi ch no sf"(ajﬁ?t?eiag ]th‘tléjiéour%eﬂ% e%bagﬁg‘ase .’WE@@" gg&gg%%lﬁgtzr c activity is
achi eved. fHeThepstferred Agiroipatingrietal sontpetieg plcbsyreris imtbe eangfhgff-fr@é@) Pifurs. The

preferred maxjinum a referred,
t he maxi rruﬁ’nQaﬁq%urP@lat g‘ﬁ&%@%@&é%g@spfgg%%boéreg&a%%Epl% e ag ng E’tE.‘lr me peri od
for contachdifl phdisure af HEAB0@ fic Bd,MBtpaiayaid rmcrst pnafenaﬂlfmm hQOQmat@hel ating

agent that is incorporated w.t ore a d catal yst
to remain tﬁ%@e%«'hT@P%Vsear@fq@lrrrf{;%@g OEEI &L’gH Sgurs to
abO]th 1§|00 }e]?éﬂtb?y 4&&@0 hé Lrabhy1. f;glg gdﬂcauﬂﬁloh Qaté.ﬁﬁbﬁ:fh_@blym tharahge offsem f
preferably, from ours to ours i rature o

whi ch the &f $@FB§P%W%Gnéalﬁ’r%@egf’ﬁ%}ﬂ%éﬁ?ﬁb?@wtf’%gt&)gﬁgi des for the
aged catal yst widy,al Hy%ﬁfocecs@fﬁg cﬁtﬁl%t?t]ﬁ@é SdtABtO4ctititelonet tbisthe bathlytc

car bon-reduced cata) yst and can geneéral be in the range of from about

anbi ent t eagiitaplisuwsh catetystewéﬁrptné ﬁ?sbﬁ’ta%ﬁtﬂ@ﬁ?d@ thg r%tﬁﬁ’ﬁtvopod‘?‘e@c to about
50 Cor 60, PopsdtRiit @RlsOis dotirREedt I eat ment
that can iAc t&éR lﬂ&né‘%?@tggfgﬁ%%g%ﬁhém p§ ) S%l;gt |}ts |ss prefeerred t hat
the aged capeat whén uhavaelswbﬂenOéd, htxoe@apmicrmﬂmmssseeﬁ%ﬁerart@ﬁ%usuqﬂre dryi ng
of the aged cat.al r fsnddpe sol vent of the
chel ating gBtF’I?PP% 19915‘ thtéChaagce ?ys?{s c%n?ﬁ%&?/d\lratsrp Pﬁ EI{legscrﬂ{r%g %r? | east a portion,
pref er abl y hadr eerssmg)bzttalwtcaiextehea\cermlmmags tige Nt aod evdndesaged Ocdat al yst. I n
a preferred enbodi ment of the venti.on dried,
aged catal yst tob§ @F%%cefﬁ’ﬁgrc@%aﬁ'g a)ﬁ%dt?ﬁetSpentsog ug%ﬁ%égﬁ drét%%%ﬁeg chel ant

when it UNdeLBIRRS addssbtibedrabbveC R @Atrallyworsidered tiwit nnd cause dftherlogs of dent i cal ,
to the sulfur treatnments descr.i bed, abf e wth res}% ?het %?es?ruet%ae{cﬁ“ on or
manuf act ur €2taktiaagivik isQueite e fenastion St GERTFS0YS PP up hep

dryi ng of the, aapthceaiml dilyst ds alrSsudl@$its adela@d H@tth@@pbnehﬁﬁoﬂrbdetdnfg of the
chelant fromthe aged catal'yst as is ractr cal nor e than about

t hu
50 wei ght petelysivan rwetarreﬂ@nepamt g@%&lyaeoren’cwlﬁﬁt%‘éat ‘rﬁt fhe gk
carbon I edygadyiaha ’onl?l?estggl | PBghiRE eQbalt nybElatesdhy %ﬂ%rﬂﬁﬁclddﬂfgor por at ed
into the ca’r on- re uce cat al remain in the resulting dried, aged
catal yst. Rabbenmabither cpmeomlﬂnposmd mrtmhydrwmwae}m ﬁ@Plﬁf’r liyette aged
catal yst exceeds 75 we eatglﬁy, spEeht han 90
wei ght per 58% 1 Eente é’% enpﬁ};(ﬁ&@%qeﬁgggﬂalg%gstel to t e carbon- 1r%educed
catal yst rqeRkfitso asmteigetmcrelmgrand enuciygicellt, deystbonkenicritis inghegamgeddt ed to the
sul furization érea ¢ (r)& ss t han about 50 wei ght percent of the
chel ant or ifEhAMELR 5%66%6& fo B?IB% reduced catalyst in the chelation
treat ment ther eof ispetid féaehré eﬂme/mderftirve metHod fexgmjumrztrglﬂy@estdnahom@f t he

drying step. Preferably, |ess than 25 we ferably,
| ess than f@taMFQPHV“PIé? thegpent B?J}?I?:F%ceéﬂ’ég ?f%fyﬁt ﬂ%@tﬁgl %{? it efhgc?(g)}l P ﬁtégcar bon
reduced Catfﬁ'b%&% th Be &%H'ay rbvigda édﬁ&oﬁ’@ﬁﬂn@e@&aﬂlmﬁf cwbexmom theisgentlesi r ed.

The drying can be conducted by any suitable rret [

gvvr)cmto t.hose skilled
in the art .hydypprosessing catalysigugh thaievhegdipndsregrs At SeﬂB‘tnt PAER WA ot her
suitabl e 935, a@ﬁ%&ﬁﬂﬁn Aldok RUENANEe SRAERNR iR dtevitilisePassRthaeihd he aged
catal yst. nperature should not exceed 200 C, and, can

general |l y bbsuadrbét@edaat@jetlmctli’ttbmpml@dto 180 C. Preferably, t he drying
tenperature is less than 175 C and can range from 100 Cto 175 C. The
drying step is carefully controlled in order to avoid either evaporating or
converting the chelant or chel ates. 121N a preferred enbodi ment of the
invention, the dried, aged catal yst having remaining therein, as discussed
above cheI ant or cheI ate |s subj ect ed to a sulfur treat rrent |n order to

. . e b1 o rr



The revitalized catalyst of the invention wll have a restored catalytic
activity such that its RVAis greater than 0.80, but, nore particularly,

t he RVA olotbes/o7eust al i zed catal yst is greater than 0. 8pcTius200s/0prses er r ed
to maxim ze the anbunt of restored activity to a spent hydroproces sing
catal yst by the inventive nethod, and, thus, it is preferred for the RVA of
the revitalized catalyst to exceed 0.90 and, nost preferably, the RVA
exceeds 0. 95. The hydroprocessing catalysts treated in accordance

wi th the nethods described herein can be suitably used to hydrotreat

hydr ocar bon feedst ocks under hydrotreating conditions as fully described
her ei nabove. Tt has Baen foahd, antxp@ctEda it @s gan the pee bewefie romahs frdatisentat e t he

i nvention, but they. should not be construe s . bimti e of the

i nvent i on. Witikgshelating agent there is ag ppiimpm aE“’H‘gtsO?F ?rg%% hfiﬁsglg]lﬂgg%nrlazﬁ %?%‘emat hod
used to revidaljdédprapstidgaataBietaffaiilcrbberedadtonistep. Topravide forgrediest | y

avai | abl e hydroprocessing cat algcst t hat . ha be&omﬁ ) er%";g thrto h itts use in
t he hydr ot messeyrstent pftheyesiprafipmefrataliig aptyaly rom the %%%ﬁ’w atogpt, S5 SRe™

CENTI NEL Tm, [ N GBI R6 biotid frsthieE R AsRTOhIBE édicad i lewtiat shbai ned
from conn&%?%‘%&%eg%&s&of%t@hg catal yst. (%EI\_ITI NELTm D& 2118 is a . high
activity hiedsbpr swete b wishbpareps to thevehy ovides sRbavsiyse Y tet al
conponent s of b d QlondEBicSHPRAYt SikbuRibeAR il rhiffie
support an§°& ﬁa@%?@%%’w&!"?ﬁﬁmé Ca?tnal y§t s & echrlllol ogi es gﬁg Houst on,
Texas. The froarbbweigbteentitalisoneight persent. Baprpyide fr agreatsr apount of pestoggd 5ng H
respectivel y i resented in Tabl I N Rl Eca¥is- subj ect ed
to a car boﬁy@ﬁé%g% Vl%{)%‘i% ?t%?gC%g]iaﬁono%eeaﬁn ?éﬂéé\é;rrr% e Og%ﬂg t enper ataur e of less

t han 400C. rchneedudtabisthosidivdii ihe rngeef fom 8176 fwelighy peroent kol Weightipsreshider t o

conmbust only_a portion of. the carbon.on each s I . a

resi dual ad®fs ﬁfef?ﬁ‘blx’éﬂ%‘i?ﬁb°6‘rf°f"f‘?é‘{r?té°§1d? g™ %ea?af%)orng}at%]gl s%eté%%l { tgg%ﬁgl yst, or
car bon-r edyges: fataat.yst . The carbon concentration of each carbon-reduced
catal yst Sanples A, B, C, D, E, F,_ G and r tively iLs.presented in
Tabl e” 2 bel ow. If the cartgg,spesatraiongt the ca ?n'fiqu‘é%sdgﬁ?%ﬂs 80%1:5’1%1 g’tl} 5Ljn§13:et ed to a
chel ating ?&%ﬁ[ed LBalAROd rahfe RGEEAABE Rithite invichtive mstBe, catalytiSanipite D was
not subjected to a chel athgghe}gent treatment and Sanpl.e E was treated with

Y

a chel at i ngambgogstoigd to (hasp RjERPeRTNEIR @ SheRasT At A PRUTRE OF MGEHE on.

The chel ati | i ikl eTR@RLRisRdeEastaka RAA SiceaBTD €5
conpri sed é&%‘?\fgg%%@%g bfhgig%ﬁtg{a%TPA, 0.11 Fartbg}z \%/ei ght amemni um
hydr oxi de, aadgraferaplyysubstinyiaike pxseedsyie eaducepfeV 4 aF the SPeuée BN EQRIOESHRE vt

sanpl es were i npregn | Eni | b @B cH¥ofredt @A dath st

i nci pi ent \Xé?hgtgsﬁ’gsr’%%‘gegadwé{hgéﬁ%%‘g%ﬁggtﬂg%%dﬁﬁ| y Q%\éél me:E\ e\rf&}%ﬁt of the
avai | abl e peaii Be yrehtertkarod.6 3. Butcihishoost destede tbr thetradymize erergig it h the
chel ating sol ution.. Each | e.of the | eg, cat al yst
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cat al yst. The a ca st .sanpl es re.then drjed i i .

t enperat ure of é‘%lﬁ‘t“?a%gd“?.‘iﬁ%f\g‘oﬁ’ IBgl}e’l %agﬁggﬁgﬁ? regn eothef (g?rﬁ#hcl%{sléegr&éqoﬁlg was
conduct ed $HGH daathyBropRickinR @htiyeito Eferdbh @rovideAhchitbaatibhgedgesiyst /i ned on
the resulting dried catal yst and that a rralja,or ortion 0 he V\ﬁt er .E/as
renmoved fr ansfeied mefherl malpdgshspt treating the speat ydrapEpogssing Y RIYSHNCOPREN & bj ect ed

to a sul furigat] t @Rtk 4] Sz e bRgeAringek SR Ysbon bhdiike parts by
wei ght of e"l’lé?ratenn%?e%sul feiniRl 24 coiprie %fﬁgﬁd m xed with 100 parts by.wei ght
of dried cavadifiets.andlrea erngpliedamernsT Sors 0 eTRRNGHAT bEE o oKidirs dheathoa ik 1S5 h oyt
120 C and ngini ain PRI | BB idaheBkbdrchReRERISAL € the
sul fur int oonttﬁ%SpﬁgtﬁlglgIoﬁocg ﬁgﬁ Chﬁglspjndts{’ P ° ) y

having a reduced carbon concentration that is less than the carbon concentration on the

spent hydroprocessing catalyst.

It is a particularly important aspect of the inventive process for the carbon
concentration on the carbon-reduced catalyst to be controlled to within the specific ranges
as noted above so that when the carbon-reduced catalyst is subsequently subjected to a

treatment with the chelating agent the restored catalytic activity is maximized.
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dried catalyst. Fol l owi ng the sul fur incorporation, an al pha olefin
bl end containing al pha ol efins having from 14 to 30 carbon atonms was

i ncor por ayedoésnt7essthe pores of the sul fur incorporated, pdrivsdosabsbyst by
inci pient wetness. The anount of the al pha olefin added to the sul fur

I ncorporated, dried catalyst was sufficient to fill approximately 90 vol une
percent of the available pore volume. The thus prepared catalyst was then
subjected to a heat treatnent by heating the sanples in flowng air at a
tenperature of about 260 C for a period sufficient to provide a dried
revitalized catal yst. Each of the Sanples A, B, C, F, G and H (i.e
revitalized sampl&gnl; {eﬁ@arggnbﬂnag@@mmealwetdepéﬂdenuuwemelamumtfhod)
Sanpl e D that was not subjected . to a chel a treat nd Sanpl e
E that wascarbemerettie shenthysropreoesting rgtabyy e \R%g H’(S’P couenty ’r‘i’nz%glbr dance

wth the i e
the proge dga\r’ g&%%g{gcred\é@tﬁllygt é&fe@aliyofhe Eﬁén@hyﬁréﬁo&ejsﬁﬂgvdatayy% ilagaqéxaﬁﬁiglcg Wi th

descri bes ﬂte@xyﬁlnenoatammggaegtldeﬁguobrc@@@m}ﬁéhaaﬁﬁtﬁrﬁ@“ft‘éréﬁgfhﬁék@tused to test

the cataly acti wit t
Eampi o 1 Pefaliie i el BB apf e doh e e B B 2118

hi gh act i vitnidyy@mppreeissigig teansgeyffrom about 3pAEC fir theet 100 dbet he f eeds

used in the perf.or neof t he CtIVI t fo, Jakie 1. To
per f or m t h&™ 5Tt Fed\ YR PEBLg BT A3 In tﬂﬁerﬁ}? IOZ\@%?%atez sz?qjsglgrﬂp e was

_gl)_lhaced |tn @retfﬁsﬁl}é,rmmm%apenaf@d under hydrotreating reaction conditions.
e reaction conditions included reaction.te 5C,
total pressure OR€ W@e‘b%qnﬁentr&“?%%%her ROESE PR EEJS%%HBT?C&%O é)Cﬁour |°3 space
vel oci ty Wasovidelhe debiredBacioadaniedbératufe donditbnsl R0k txhita,lnlag] dasan
operating tinme of 500 hours. TABLE, eed Propertles ctivity

Test s FEEDrrfofdrsrdigean Ad’iEteé) %g{hef %ﬁses, 1pstancCey éneytsgases such 5

nitrogen, 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 desired carbon concentration, and it is generally in the range of
from about 0.1 hours to 48 hours, or more.

The carbon-reduced catalyst, having the specifically defined carbon concentration,
undergoes a treatment with a chelating agent to thereby provide a revitalized catalyst that
has a restored catalytic activity. One suitable chelation treatment method is described in
detail in U.S. Patent No. 6,291,394, which is incorporated herein by reference. In the
preferred treatment method, the carbon-reduced catalyst is contacted, or wetted, with a
chelating agent, which is preferably dissolved in a liquid carrier, in such a manner as to
assure that the chelating agent is adequately incorporated into the carbon-reduced catalyst.
This contacting is then followed by an aging period during which time the chelating agent
is allowed to remain on the carbon-reduced catalyst to provide an aged catalyst. This aged
catalyst then undergoes a heat treatment that can include drying or calcination, or both,

~ followed by sulfur treatment to provide a catalyst with restored catalytic activity.

The chelating agent, or chelant, suitable for use in the chelating treatment step of
the inventive method includes those compounds that are capable of forming complexes
with the metal components, such as any of the Group VIII metals and Group VIB metals,

contained in the carbon-reduced catalyst. It is particularly important to the inventive
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method that the chelant have properties that provide for the restoration of catalytic activity
in the carbon-reduced catalyst.

While not wanting to be bound to any particular theory, it is nevertheless believed
that the chelating agent provides for the restoration of catalytic activity by re-dispersing the
active metals contained in the carbon-reduced catalyst that have become agglomerated due
to prior use and exposure to high temperatures, including exposure to carbon burning
conditions of the hydroprocessing catalyst and its derivatives from which the carbon-
reduced catalyst is derived. The amount of metal redispersion may be demonstrated and
observed through electron microscopic photographs.

The chelating agent is added to the carbon-reduced catalyst in a liquid form
preferably by use of a solution containing the chelating agent which complexes with the
agglomerated metal of the carbon-reduced catalyst. The complexes are, thus, in a liquid
phase that provides for mobility of the complexes and assists in the transport of the metal
throughout the carbon-reduced catalyst to thereby provide for the re-dispersion of the
metals.

Any chelant compound that suitably provides for the benefit of restored 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.

Examples of aminocarboxylic acids include ethylenediaminetetraacetic acid
(EDTA), hydroxyethylenediaminetriacetic acid (HEDTA), diethylenetriaminepentaacetic
acid (DTPA), and nitrilotriacetic acid (NTA).

Examples of polyamines include ethylenediamine, diethylenetriamine,
triethylenetetramine, and triaminotriethylamine.

Examples of aminoalcohols include triethanolamine (TEA) and N-
hydroxyethylethylenediamine.

The preferred chelating agent for use in the inventive method is an aminocarboxylic

acid that can be represented by the following formula:
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Rg
R; Ri

N Re—N Ry—N
R2 n R4

Wherein Ry, Rz, Rs, R4 and R;s are each independently selected from alkyl, alkenyl,
and allyl with up to 10 carbon atoms and which may be substituted with one or more
groups selected from carbonyl, carboxyl, ester, ether, amino, or amide; wherein R6 and R7
are each independently selected from an alkylene group with up to 10 carbon atoms;
wherein 1 is either 0 or 1; and wherein one or more of the Ry, Ra, R, Ry and Rs has the

formula:
0]

—Rg—C—0X

Wherein, Rs 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
methods of applying the chelating agent or chelating solution to the carbon-reduced
catalyst can include dipping or spraying. A preferred method for contacting the carbon-
reduced catalyst with the chelating agent or chelating solution is by any suitable
impregnation method known to those skilled in the art, for instance, impregnation by
incipient wetness whereby the amount or volume of chelating solution added to the carbon-
reduced catalyst is such that the total volume of the added chelating solution is such that it
is in the range of up to about the total pore volume of the carbon-reduced catalyst to be
impregnated with the chelating solution.

The chelating solution can be a solution comprising the chelating agent and a

solvent that suitably provides for the dissolution of the chelating agent. Possible solvents
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90% 689 648 FBP 870 704 The results of the activity testing described
in this Exanple 2 are presented in Table 2, and Fig 1 presents a plot of
such resuwoo0sAg0an be seen fromthe presentation of tireTUs305081826
particularly as dramatically denonstrated by the graphical presentation of
Fig. 1, the restoration of catalytic activity to the spent hydroprocessing
catal yst after the chelation treatnment is maxi mzed when the carbon content
is controlled within a specific range prior to the chelation treatnent.

TABLE 2. Rel ative Volunetric Activity of Revitalized Catal
Car bon SAMPLE WI. % y yst vs. Percent

include water and alcohols, such as, methanol and ethanol, with water being the preferred
solvent for the chelating agent. The amount of chelating agent that is applied to the carbon-
reduced catalyst should be such as to provide for the desired restored catalytic activity as
described herein; and, generally, the amount is such as to incorporate into the carbon-
reduced catalyst chelating agent in the range of from about 0.005 moles chelant to about 1
mole chelant per mole of active metal, i.e., Group VIII and Group VIB metals described
above, that is in the carbon-reduced catalyst. It is more preferred to add to the carbon-
reduced catalyst an amount of chelatiﬁg agent that is in the fange of from 0.01 to 0.5 moles
of added chelating agent per mole of hydrogenation metal in the carbon%,redﬁced catalyst.
Most preferred, the amount of chelating agent added to the carbon-reduced catalyst is in
‘the range of from 0.05 to 0.1 moles of added chelant per mole of hydrogenation metal.

Tt is recognized that a significant aspect of the invention is that, by combining the
carbon removal step, which provides a concentration of remaining carbon on the carbon-
reduced catalyst controlled to within a specific critical range, with the chelating agent
treatment step, a revitalized catalyst can be provided having a higher level of restored
catalytic activity than that which is provided using alternative methods for treating a spent
hydroprocessing catalyst. And, additionally, it has been discovered that in order to realize
the benefit from the combined steps of a controlled carbon removal from a spent
hydroprocessing catalyst followed by a chelating agent treatment of the resulting carbon-
reduced catalyst, 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 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
required for the aging period before a significant incremental benefit is seen in the restored
catalytic activity of the carbon-reduced catalyst that is treated with the chelant. This
minimum aging time can depend upon the temperature at which the aging is conducted and
the type and amount, relative to the carbon-reduced catalyst, of chelant used.

Generally, for the preferred amino carboxylic acid chelating agents to obtain any

significant benefit from the aging, it is important, if not essential, for the aging time period
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to exceed about 10 hours, but, preferably, the aging time period should exceed 20 hours,
and, most preferably, 40 hours. There is also a2 maximum amount of aging time at which no
significant incremental increase in restored catalytic activity is achieved. The maximum
aging time is generally no more than 1200 hours. The preferred maximum aging time is
less than 1000 hours and, more preferred, the maximum aging time is less than 750 hours.
Thus, the aging time period for contacting the carbon-reduced catalyst or for allowing the
chelating agent that is incorporated within the pores of the carbon-reduced catalyst to
remain thereon or to soak is in the range of from about 10 hours to about 1200 hours,
preferably from 20 hours to 1000 hours, and, most preferably, from 40 hours to 750 hours.

The aging temperature of which the aging is conducted can be any temperature that
provides for the aged caialyst with at least some redispersion of the metals of the carbon-
reduced catalyst and can generally be in the range of from about ambient temperature, for
example, from about 10 °C to about 37 °C, to about 50 °C or 60 °C.

The aged catalyst is then subjected to a heat treatment that can include drying or
calcination, or both. But, it is preferred that the aged catalyst not be subjected to
calcinations conditions. 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 catalyst to include therein
an amount or a concentration of chelant when it undergoes a sulfur treatment, which is
similar, if not identical, to the sulfur treatments described above with respect to the
preparation or manufacture of a high activity hydroprocessing catalyst.

In the drying of the aged catalyst it is desirable to remove as little of the chelant
from the aged catalyst as is practical and, thus, more than about 50 weight percent of the
chelant that is incorporated into the carbon-reduced catalyst, based on the total weight of
chelant incorporated into the carbon-reduced catalyst, will remain in the resulting dried,
aged catalyst. Preferably, the amount of chelant remaining on the dried, aged catalyst
exceeds 75 weight percent, and, most preferably, more than 90 weight percent of the
chelant originally added to the carbon-reduced catalyst remains in the carbon-reduced
catalyst when it is subjected to the sulfurization treatment. Thus, less than about 50 weight
percent of the chelant originally added to the carbon-reduced catalyst in the chelation
treatment thereof should be removed from the aged catalyst during the drying step.
Preferably, less than 25 weight percent and, most preferably, less than 10 weight percent,
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of the chelant incorporated into the carbon reduced catalyst is removed from the aged
catalyst when it is desired.

The drying can be conducted by any suitable method known to those skilled in the
art. Typically, to dry the aged catalyst, hot air or any other suitable gas, such as nitrogen
and carbon dioxide, is passed over the aged catalyst. The drying temperature should not
exceed 200 °C, and, can generally be in the range of from 90 °C to 180 °C. Preferably, the
drying temperature is less than 175 °C and can range from 100 °C to 175 °C. The drying
step is carefully controlled in order to avoid either evaporating or converting the chelant or
chelates.

In a preferred embodiment of the invention, the dried, aged catalyst haﬁng
remaining therein, as discussed above, chelant or chelate is subjected to a sulfur treatment
in order to re-sulfide the hydrogenation metal components that are in the oxide form. The
sulfur treatment of the dried, aged catalyst is the same sulfur treatment methods as are
described above with respect to the sulfur treatment of the catalyst precursor in the
preparation or manufacture of the high activity hydroprocessing catalyst.

The revitalized catalyst of the invention will have a restored catalytic activity such
that its RVA is greater than 0.80, but, more particularly, the RVA of the revitalized catalyst
is greater than 0.85. It is preferred to maximize the amount of restored activity to a spent
hydroprocessing catalyst by the inventive method, and, thus, it is preferred for the RVA of
the revitalized catalyst to exceed 0.90 and, most preferably, the RVA exceeds 0.95.

The hydroprocessing catalysts treated in accordance with the methods described
herein can be suitably used to hydrotreat hydrocarbon feedstocks under hydrotreating
conditions as fully described hereinabove.

The following Examples are presented to illustrate the invention, but they should
not be construed as limiting the scope of the invention.

EXAMPLE 1

This Example 1 describes the laboratory method used to revitalize and restore
catalytic activity to a commercially available hydroprocessing catalyst that had become
spent through its use in the hydrotreatment of distillate feedstock.

Samples of spent CENTINEL™ DC-2118 high activity hydroprocessing catalyst
were obtained from commercial users of the catalyst. CENTINEL™ DC-2118 is a high
activity hydroprocessing catalyst that contains hydrogenation metal components of cobalt

and molybdenum that are supported on an alumina support and is marketed by Criterion
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Catalysts & Technologies of Houston, Texas. The carbon concentration of each Sample A,
B, C, D, E, F, G, and H respectively is presented in Table 2 below.

Each sample was subjected to a carbon burn by passing air over the sample at a
temperature of less than 400°C. The burning conditions were carefully controlled in order
to combust only a portion of the carbon on each sample so as to leave a residual amount of
carbon on the resulting heat treated spent catalyst, or carbon-reduced catalyst. The carbon
concentration of each carbon-reduced catalyst Samples A, B,C, D, E, F, G, and H
respectively is pfesented in Table 2 below.

Samples A, B, C, F, G, and H were each subjected to a chelating agent treatment in
accordance with the invention. Sample D Was not subjected to a chelating agent treatment
and Sample E was treated with a chelating agent but was not aged in accordance with the
invention.

The chelating solution used to treat the carbon-reduced catalyst samples comprised
of one (1) part by weight DTPA, 0.11 part by weight ammonium hydroxide, and 10 parts
by weight water. The carbon-reduced catalyst samples were impregnated with the chelating
solution by a standard incipient wetness procedure by which approximately 98 volume
percent of the available pore volume of the carbon-reduced catalyst was filled with the
chelating solution. Each sample of the impregnated, carbon-reduced catalyst was then well
mixed and allowed to age for an aging time period of two weeks at room temperature ina
sealed container to provide an aged catalyst.

The aged catalyst samples were then dried in air at a temperature of about 150 °C
for a period of about 2 hours. This drying was conducted such that a major 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.

The dried catalyst was then subjected to a sulfurization step. To sulfurize the dried
catalyst, 13.5 parts by weight of elemental sulfur was added to and mixed with 100 parts by
weight of dried 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 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 catalyst by incipient wetness. The amount of the alpha olefin added to

the sulfur incorporated, dried catalyst was sufficient to fill approximately 90 volume
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EXAMPLE 3 THAT WHICH IS CLAIMED I'S: 1. A nethod of restoring catalytic
activity to a spent hydroprocessing catal yst, said nethod conprises:

provi di ngveanes/gpaat hydr opr ocessi ng catal yst havi ng a Pcrais2aanbmne
concentration exceedi ng about 3 wei ght percent; reducing the concentration
of carbon on said spent hydroprocessing catalyst to thereby provide a
carbon-reduced catal yst having a second carbon concentration in the range
of fromabout 0.5 weight percent to about 2.5 weight percent by contacting
under carbon burning conditions said spent hydroprocessing catalyst with an
oxygen-containing gas conprising oxygen and controlling the anmount of
carbon re }/C%gt ‘ij?ﬁd?@{?ﬁlurﬁé/ dig BHu@ pRpEic atEibialag Siensabjased o apr ovi de
sai d carb n-re uce cata st having said second car bon ﬁ&t%‘a"%’l on; and
treating dSehidreatmdndby h@ﬁl}g@@ seraples W@W&W%aéﬁ’éﬂ’e&wrﬁﬁ Clifél ? h&r eby

prowdearevt Z Shied RvitdhizBEtAGktas recited in claim 1, wherein
said treath H&a ‘?ﬁm&q?rglgl&gee)sé 1gonwactzl g Sg.sl d carbon-reduced catal yst with

a sol uti on conpatlsofthe Sanplechdd .4l Fng, fi.eameyitglized|symples €gieddn o
ncor por at d ch t f
| P q%&%g!glgfa %11’%1 ﬁeb%ﬁ%ﬁv‘,g%@ﬁlaﬁ ﬁg;}lg Dccﬁ&t% nhEHfeeda A MeMsihg aging for

an aging t rreduce havi ng i'ncorporated therein
sai d sol utag@ﬁttreta@netnheﬁﬁsymme E\thaﬂs/aaueaagb&llﬂtad@llq?@g agivePeivres 88§ a8°4Hl ng ti me

is sufficient to pr, resto C L Oxsiind
car bon-red’&&‘éféar%fﬁt“ﬁﬁvé : d‘(as?lt‘?*?{eﬁ% %{agltﬁé @q{lbés{dt&%ég remove a portion
of said sojyesatreldeunivs ai Hxaagel.cat al yst to ther eby provide a dried, aged

catalyst and to thus provide said W@#éed cat al yst. 3. A nethod
as recited in claim2, wherein sai g step further conprises: sulfur

treating said dfﬂlﬁﬁxan%}ﬂé?@' d&Bhisds Ykﬁ:tlaﬁo@atbﬂyuesuﬁg pnobetmresza]ddher feedstogks used
catal yst. 4. A nethod as recited in n}g wh‘g % anllgl chel ati ng
agent is swltest ﬂ@(fa?ﬂFY@Frﬁ?Wétygf%ﬁeVé%Wﬁt?W@t SS’F“ AiSsS ﬁdﬁ?j $h e lcids,
pol yam nes, ;a0 DOAL AN Sactif) SEfesh BRSITROEY 2 by l2e nehigh Aetbrity
hydroprocessing catalyst.

The properties of the feeds used in the performance of the activity tests are
presented in Table 1. To perform the activity tests, 50 cc of the relevant catalyst sample
was placed in a test reactor operated under hydrotreating reaction conditions. The reaction
conditions included a reaction temperature of about 355°C, total pressure of 600 psia, a
feed rate such that the liquid hourly space velocity was 1 hr 1, hydrogen-to-oil ratio of
1200 SCF/bbl, and an operating time of 500 hours.

TABLE 1. Feed Properties Used in Activity Tests

FEED PROPERTIES FEED A FEED B
Sulfur, wt % 1.83 1.65
Nitrogen, ppm 291 243
Aromatics, wt% 12.7 32.8
Density @15.6 °C, g/cc 0.8534 0.8531
Bromine Number ‘ 15.7 4.1
TBP (by GC)

IBP (°F) 263 320
10 % 395 457
50 % 561 559
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5. Anethod as recited in claim4, wherein said solvent of said solution is
wat er . 6. A nethod as recited in claimb5, wherein said chelating

agent is welees@oss5r om the group consisting of ethyl enedicamise@spbrsaacet i c
acid (EDTA), hydroxyethyl enedi am netriacetic acid (HEDTA), and

di et hyl enetri am nepentaacetic acid (DIPA). 7. A nmethod as recited in claim
6, wherein said aging time exceeds about 10 hours. 8. A method as recited
inclaim7, wherein said first carbon concentration is in the range of from
S weight percent to 25 weight percent and said second carbon concentration
is in the range of fromO0.75 weight percent to 1.75 weight percent. 9. A

met hod. as Oe%i ted in crarm 8] wherei nggwor e t han |about 506f&rcent of| said
chel ating agent incorporatedlinto said carbon-rgducedcatglyst—+ema ns in
said drieldfBRiged catal yst. 870 704

The results of the activity testing described in this Example 2 are presented in Table
2, and Fig 1 presents a plot of such results. As can be seen from the presentation of the
results, particularly as dramatically demonstrated by the graphical presentation of Fig. 1,
the restoration of catalytic activity to the spent hydroprocessing catalyst after the chelation
treatment is maximized when the carbon content is controlled within a specific range prior

to the chelation treatment.

TABLE 2. Relative Volumetric Activity of Revitalized Catalyst vs. Percent Carbon

SAMPLE WT. % RVA FEED

CARBON USED
AFTER BURN

FRESH N/A 1.00 Aand B

CATALSYT

A 0.14 0.94 A

B 1.2 1.00 B

C 1.29 0.97 A

D 1.29 0.77 A

E 1.29 0.78 A

F 1.9 0.97 B

G 2.02 0.96 B

H 3.03 0.86 A

EXAMPLE 3
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10. A nethod as recited in claim9, wherein said cheltating agent is

di et hyl enetriam nepentaacetic acid (DITPA); wherein said aging tine exceeds
20 hour s;wohessaizosssai d first carbon concentration is inpchaseasgeise from 6
wei ght percent to 20 weight percent; wherein nore than 75 wei ght percent of
said chelating agent incorporated into said carbon-reduced catalyst is in
said dried, aged catalyst. 11. A nmethod as recited in claim1, wherein said
treating step conprises: contacting said carbon-reduced spent catalyst with
a solution conprising said chelating agent and a solvent so as to

i ncorporate said chelating agent in said carbon-reduced spent catalyst;
agi ng for azaghnH inge csardesardon-reduced catal yst, having incorporated
therein said solution, to thereby provide an aged catal yst wherein said
aging tinme is sufficient to provide for restored catalytic activity to said

carbon-redyced cat al ygkino@Bfresbingd @tSaichorato @ @pank igirofirocessmpaatal
wst,porti on
of said sorvent therefromand to provide sa?g regltallzed cat al yst. p12 A

met hod as sadinetdd remprisaim 11, further conprising the step of: sul fur
treating SaIogldﬁ%esgldcsgérgIh%’@réyrﬁ@ééhﬂ@ce&ﬁﬁ@?ﬁ%n?@ﬁﬁt &8bdnl ncedtratioml d sol vent

t her ef rom 'S tal1zed catal
ys A nethod as recited in
claim12, mhemhmydxmiﬁwaﬁ@uanﬁmg agent is selected

reducing the concentration of carbon on said spent hydroprocessing catalyst to thereby
provide a carbon-reduced catalyst having a second carbon concentration in the range of
from about 0.5 weight percent to about 2.5 weight percent by contacting under carbon
burning conditions said spent hydroprocessing catalyst with an oxygen-containing gas
comprising oxygen and controlling the amount of carbon removed from said spent
hydroprocessing catalyst so as to provide said carbon-reduced catalyst having said second
carbon concentration; and

treating said carbon-reduced catalyst with a chelating agent to thereby provide a revitalized
catalyst.

2. A method as recited in claim 1, wherein said treating step comprises:

contacting said carbon-reduced catalyst with a solution comprising said chelating agent and
a solvent so as to incorporate said chelating agent in said carbon-reduced catalyst;

aging for an aging time said carbon-reduced catalyst, having incorporated therein said
solution, to thereby provide an aged catalyst wherein said aging time is sufficient to
provide for restored catalytic activity to said carbon-reduced catalyst; and

drying said aged catalyst to remove a portion of said solvent from said aged catalyst to
thereby provide a dried, aged catalyst and to thus provide said revitalized catalyst.

3. A method as recited in claim 2, wherein said treating step further comprises:
sulfur treating said dried, aged catalyst to thus provide said revitalized catalyst.

4, A method as recited in claim 3, wherein said chelating agent is selected
from the group consisting of aminocarboxylic acids, polyamines, aminoalcohols, oximes,
and polyethyleneimines.

5. A method as recited in claim 4, wherein said solvent of said solution is
water.

6. A method as recited in claim 5, wherein said chelating agent is selected

from the group consisting of ethylenediaminetetraacetic acid (EDTA),
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fromthe group consisting of ami nocarboxylic acids, polyam nes,

am noal cohol s, oxines, and polyethyleneimnes. 14. A nethod as recited in
cl ai me 13yowbevwosazsai d sol vent of said solution is wat @CT/US2005/001826 15. A
met hod as recited in claim 14, wherein said chelating agent is selected
fromthe group consisting of ethylenedi am netetraacetic acid (EDTA)

hydr oxyet hyl enedi am netri acetic acid (HEDTA), and 1

di et hyl enetri am nepentaacefic acid (DTPA). 16. A method as recited in
claim 15, wherein said aging tinme exceeds about 10 hours. 17. A
method as recited in claim14, wherein said first carbon concentration is

inthe ra RhRaRned . ; o .
'ig%r e IRAEERELPRIC@EDTA), 271 diethghietiraminguehtasnetc sadd second
carbon conce é}&at?on Is in the range of&)from 0.%5 wei ght percent to 1.75

wei ght per@hA). 18. A nethod as recited in claim17, wherein said

cheltating agent is (i ebylEBathiRhRERSHeARCRI Aikcink (i¥RARbourher ei n sai d
aging tinme exceeds é\O ﬁtgurs; wher ei n]l said first ﬁggfgg:)n conceﬁtrati onisin
t he range lofurd.rom 6 wei ght percent to 20 wei ght percent; and wherein said

second carbon Gonceny £akheik ki L § ANARiSkd ilRahonebafshuarnaent 10 1.5

wei ght percent.™ ' as recited in claim18, wherein |ess
t han aboutthéeangebgﬁbmﬁe;vargmperoéntgazﬁdwagﬁlpatcblﬁgmég%ﬁﬁecmi*ﬂ:‘@ﬂﬁ?@r ated into said

ca_rbon-r_educed spent .catal yst.is r > i st duri
ol d dr yi niprepntion s if RS2 he hEp OO bLOM RS 95 BURM RRLAL Vo U O,

activity hydropy ocessindfiod as mbigstin biain BgvizreietheratarRpautEivpezeent ¢fseidcar bon
T CR T T Ty
gggggm gge;e‘aﬁgg?gbﬁat al yst under hydroprocessing conditions whereby carbon is
car bon; 10. C)A glle}i/h%d g? rlegitgdl 11r1?: ain(q: 8{ vlal?err]eiﬁ gaqg %]etltgt?ﬁé a%gnt%‘ deposi t ed
diethylenetriaminepentaacetic acid (DTPA); wherein said aging time exceeds 20 hours;
wherein said first carbon concentration is in the range of from 6 weight percent to 20
weight percent; wherein more than 75 weight percent of said chelating agent incorporated
into said carbon-reduced catalyst is in said dried, aged catalyst.
11. A method as recited in claim 1, wherein said treating step comprises:
contacting said carbon-reduced spent catalyst with a solution comprising said chelating
agent and a solvent so as to incorporate said chelating agent in said carbén—reduced spent
catalyst;
aging for an aging time said carbon-reduced catalyst, having incorporated therein said
solution, to thereby provide an aged catalyst wherein said aging time is sufficient to
provide for restored catalytic activity to said carbon-reduced catalyst; and
drying said aged catalyst to remove a portion of said solvent therefrom and to provide said
revitalized catalyst.
12. A method as recited in claim 11, further comprising the step of: sulfur
treating said aged catalyst having removed said portion of said solvent therefrom to yield
said revitalized catalyst.
13. A method as recited in claim 12, wherein said chelating agent is selected
from the group consisting of aminocarboxylic acids, polyamines, aminoalcohols, oximes,
and polyethyleneimines.

14. A method as recited in claime 13, wherein said solvent of said solution 18

water.
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heat treating said spent high activity hydroprocessing catal yst by
contacting said spent high activity hydroprocessing catal yst with an
oxygen- conpanes/orgsigas under carbon burni ng conditions tecrhseesypopeevi de a
heat treated spent high activity hydroproces sing catal yst having a second
carbon concentration; and controlling said second carbon concentration by
controlling said carbon burning conditions so as to provide said heat
treated spent high activity hydroprocessing catal yst having a maxi m zed
regener at ed RVA 21. A nmethod as recited in claim20, wherein said

hi gh activity hydroprocessing catal yst conprises a porous carrier and a
catal ytical |y agdives fifnh as MABIIGH Blafl 4 WHeHn @it dhelatiye Ryt i pelasatsi ng
catal yst is made by conbining said porous carrie %sai d catalytically
active net &bmithe ﬂommélrstl@d)f&ﬁiﬂeée‘ilﬁ&nﬁfégaaée‘?i‘&%{(iEﬁ ompound; forming an
uncal ci ned i QL0 Ml lad ble@yRastigfinepdntdabeicragidge of
fromO0.5 ﬁ?%ﬂgﬁgm\%@%ﬁéggﬁuggﬁgl@?Efgrrrésa)’ti ng sz}i’i d cat aII)J/st precursor to
provi de sa(ldThApgh activity hydrotreating catal yst. 22. A method as
recited in claim 21, fURLRGL LM LRINGS, WitRifehd AdnsSihdetteals schsgabed spent
hi gh activity hydroprocessing catalyst to a chelating treatnent to thereby
provi de a hemstal i zed catal yst having a revitalized RVA 23. A net hod
as recited in claim22 erein said.r . | £5% ; and
wher ei n said re\ﬁt al‘ig?iff}l\gg%ref%e alflcﬁénégg’l{gl%ggﬁymhﬁtéA A&tﬁﬁg%&gg recited
in clai m23; meheizebhfreaisdveidhebatdnt g 25 eaitmatcegenp sdid essondeshaict i ng sai d

heat treated spent high activi oprpocessi i th-a solution
conpri si ng 09%66“%19@F%f’iﬂ??da%gﬁéﬁ&%ﬁ’nh%géwglgﬁt\})gﬁf ntggl'ggt“{%?ﬁ? eg%\érnt[t)'or ate said
chel ating agent 1§n saiphifvaat rdcii@bin@thig 18w hdtig baid chidlteiingegaytds opr ocessi ng
catal yst; and aging for an aging ti sai d .heat treated s high activity
hydr opr oc e skstidenstitaainppentaagefiy ag Wc%g‘?"p‘?aﬁbeé‘?“éﬁal ﬁ%?%ﬁ © &4 Srs&tglhl?fl 1|%bn, to
ther eby prQuicie, ath AYeItalkahdatatéhsd Rithe SadebfE@NGwightpercensaR2Di ci ent to
provide for restored catalytic activity to said carhon- reducggr ca¢ alyst to
t her eby pr ovdight pera¢nd; and whegin spidpeeqnd gpipen concentration s in e FREFQHIQE Y ecited in
claim 24, m@ﬁerqi gi'cérﬁitodl ghel I%eg&n];_reat ment further conprises drying said
aged cat al ysc[gl}g renove a Egﬁ ion of said solvent therefromto provide said
revitalized catabyst A method as 2@itedinmdaimd®, whereiadgss than pbput PARIEEEDCISENT t her
conprising the.s . of . sul fur i o idged enoved

t her ef r om s% isﬁdﬁﬁﬁﬁlngﬁg%@ mscgli% ltageglé}{l/ﬂgﬁfﬂd? %Jgg%?ergg%ﬁdt% génsikée{?lgﬁgﬁé gﬂr evitalized
catal yst. from sai@dgedBataBitindngsid dyingesttpi n cl ai m 26, wherein said chel ating
agent is select ﬁﬁ frgfr%ttg% gr ou :)q.nconsi sting of am nocarboxylic acids,

pol yam nes, ani rfdal coHBTe% BARELE and pol yet hyl enei ni nes.

providing a spent high activity hydroprocessing catalyst having a reduced RVA and a first

carbon concentration of deposited carbon, wherein said spent high activity hydroprocessing
catalyst is derived from the use of a high activity hydroprocessing catalyst under
hydroprocessing conditions whereby carbon is deposited thereon to give said first carbon
concentration of deposited carbon;

heat treating said spent high activity hydroprocessing catalyst by contacting said spent high
activity hydroprocessing catalyst with an oxygen-containing gas under carbon burning
conditions to thereby provide a heat treated spent high activity hydroprocessing catalyst
having a second carbon concentration; and

controlling said second carbon concentration by controlling said carbon burning conditions
so as to provide said heat treated spent high activity hydroprocessing catalyst having a

maximized regenerated RVA.

71. A method as recited in claim 20, wherein said high activity hydroprocessing
catalyst comprises a porous carrier and a catalytically active metal, wherein said high

activity hydroprocessing catalyst is made by combining said porous carrier and said
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28. A nethod as recited in claim27, wherein said solvent of said solution
is water. 29. A nmethod as recited in claim28, wherein said chelating
agent i s wel2easi@ds4Br om t he group consi sting of ethyl enedicaniscasabvrsaacet i c
acid (EDTA), hydroxyethyl enedi am netriacetic acid (HEDTA), and

di et hyl enetri am nepent aacetic acid (DTPA). 30. A nethod as recited
in claim?29, wherein said aging tine exceeds about 10 hours. 31. A
method as recited in claim30, wherein said first carbon concentration is
in the range of from5 weight percent to 25 wei ght percent and said second
carbon concentration is in the range of fromO0.75 weight percent to 1.75
wei ght per catatytically active3@etalAn metanoet sass todo¢ltdech Volatidd erinmo8dd; forengam sai d

chel tating agent js.diethylenetriam nepentaacetic. aci  owhergin said
20 g ti me Betanel sl RGP ETV R B RS B HE BB B A B RS 1P
t he range o#t.%mmhstlfiwaieghiig spidrcathist frecu2dor veeprovide a8t ldgindctivith ydbineasiag d

second carbon concentration is in the range of from1l weight percent to 1.5
wei ght per ¢8RSt wherein said reduced RVA is less than 0.5, and wherein said

revitalized RVA2pS al rh@@sitasQecdBd in claim 2138uthés SoRipfisidg:as recited in claim
20, further conprising: treating said heat treated spent hicgnh activity
hydr opr oces¥bisgfingspidigadiregipd ppegt kg pclivitn By deREptestes i Potaling | ati zed

catal yst. treatmenBtd-thAetyEirbage @dvﬁﬁ%&i Ea1y h&ViRd MeIali MRV N sai d treating

step conprises: contacting sai eat treated spent high activit

hydr opr ocessi ng 28at afysethed asiecited g1 daimg? Wb?fﬁ’ﬁisélﬁﬁﬁiuée%%gﬁaﬁ1eﬁggt¥§gent and a
sol vent so @gs Eﬁd%ﬁ&ﬁﬂgﬁﬁ%ﬁﬂ%hi\%%laﬁé fgsagent into said heat treated
spent high actrvity hydroprocessing catalyst; and aging for an aging tine
sai d heat treat@d. spémethadgs reited in dlaimAdwbgreivseid shelgfingdreatnyent | havi ng

i ncor por at ec%n} plggsei n said chelating agent, to thereby provide an aged
cat al yst whereri*sai d aging tine is sufficient to provide for restored

catal yti c awhiavtirtgysaidhestaiedted apdnohigh ectivite iy drepratepsing catalyst wiBs. solutimet hod as
recited in clai.m 34. wh rein esggli d, t I Va'%l' ng (;[iego f urattetgeiﬁ gQnor iase :indr yi ng
sai d aged cREfLe ngl%vg] ¢ 85X WEH4 S gr? of° ggl d BT et oM Sard aged
cat al yst t caldieatefaytep spent High acttlity dgldropoedsiagtailysiand

aging for an aging time said heat treated spent high activity hydroprocessing catalyst,

having incorporated therein said solution, to thereby provide an aged catalyst wherein said

aging time is sufficient to provide for restored catalytic activity to said carbon-reduced

catalyst to thereby provide said revitalized catalyst.

25. A method as recited in claim 24, wherein said chelating treatment further
comprises drying said aged catalyst to remove a portion of said solvent therefrom to
provide said revitalized catalyst.

26. A method as recited in claim 25, further comprising the step of:
sulfurtreating said aged catalyst having removed therefrom said portion of said solvent
therefrom to yield said revitalized catalyst.

27. A method as recited in claim 26, wherein said chelating agent is selected
from the group consisting of aminocarboxylic acids, polyamines, aminoalcohols, oximes,
and polyethyleneimines.

28. A method as recited in claim 27, wherein said solvent of said solution is
water.

29. A method as recited in claim 28, wherein said chelating agent is selected
from the group consisting of ethylenediaminetetraacetic acid (EDTA),
hydroxyethylenediaminetriacetic acid (HEDTA), and diethylenetriaminepentaacetic acid
(DTPA).

26



36. A nethod as recited in claim35, further conprising: sulfur treating
sai d aged catal yst having renoved said portion of said solvent therefromto
yi el d saiwonressd7edsszed cat al yst. 37. A nethod as r ecrisdoosnosbai m 36,
wherein said chelating agent is selected fromthe group consisting of

am nocar boxyl i ¢ acids, polyam nes, am noal cohols, oxines, and

pol yet hyl epei m nes. 38. A nethod as recited in claim37, wherein
said solvent of said solution is water. 39. A nethod as recited in
claim 38, wherein said chelating agent is selected fromthe group

consi sting of ethyl enedi am netetraacetic acid (EDTA),

hydr oxyet hyl eneg ani NelefioaGetdcRedibicRih PEN Y ein #Adlaging time exceeds about 10

di et hyl enetri am nepent aacetic acid (DTPA). 40. A nethod as recited in
claim 39, Wwhwsein said aging time exceeds about 10 hours. 41. A
method as reci ted iny Glal Mg QhoidRIeiR 363k ESd ifPEA0Hh aRAEREdHALT ON i S
in the range of fromb5 welght percent to 25 wei ght percent and said second
carbon condetht raige offréms 5iweight ercent e oveightpaicont 28d ¢id sa5PnheH Wt to 1. 75
wei ght percent.. . . . 42, Yol 1016k lerein said
chel t at i ng “¥Y&RFHeR lsallnglf r?’le%egogﬁ&%gomﬁi‘g% ntptgg:g%tltt?é'ég‘i}e?h?%e%%ég)ﬂ; wher ei n sai d
aging time exceslls 28 nfethodss resfied wichin dil dwlidreis said ehdfatingagaeieht ration is in

the range of from 6 weight perce 2 ' 0L, &lofrssai d
second car ﬁ%ﬁt}"yied‘ﬁ ﬁ’f’}eg%qwgtfcsacquné)tlﬁg)ﬁglhe\é\%ﬁ g%%& ?@ génﬁlilg\%\écieg t€2r Opgr cent to 1.5
wei ght per ggRtein andfivhar®ntos@itationdiinekt dhik df srones weightrer@ngio 20 43. A
nmet hod of optimally revitalizin ent hydropr.ocessin . having a
spent hydr dYeF@éP‘i’rﬁ‘@‘t3c"§?e566‘i’lSad%??fgﬁlﬂa"raa{‘)}ﬁﬁﬂ?ce e rlrselpﬁ%edr i n(%?%ogleis/%ﬁggt
treating saiflesRENs wiigh PREAROSEIAN shdicahod Ry isden thant0l ) gndahateis paidt
hydr oprocessi ng catal yst with an oxygen-containing gas under carbon burning
condi tions f?‘étalﬁér%\b@“mtéﬁ?ﬁtd)eﬁa heat treated spent hydroprocessing catal yst
having a reducedscar RopmNGeRitald Minbel Aymaabsipagant hydrotreating carbon
concentration; controlling said reduced carbon concent ra{tslicagcgl @é controlling
sai d car boretingreitcheaidrratedispans high agtivity §ydreprorereing sHafystey cRUPHHI
concentrati [ S a provides for a catal yst having a restored
RVA exceeditﬁgma 8%{}&6{aﬁ%ﬂ§?€a§?{'subj ecting said heat treated spent
hydr opr ocessi ng 3éat ahysdthadnsacaitad inedldimgd 3t whereipspie treafing stepiremgasser |
subj ecting saj d. heat, .treat S j SAlad Vst JNBNkipg said
reduced carBBRCESTASHFH S eﬁggs e?)l?glglll g*%@%@?ﬁg%%%t meht to % her eby provide
sai d revit abptising atkdlyting agent and a éblvenﬂsormttmmdorasfate_e?@idtcédaﬁmg agealitpir 4.3,
vvth_e(l;/oel : Salsgid%’l%gtr}t}'eagggrl;e%g ﬁl%ﬁ%étﬂ/gty%gérggr%c%soqu ga@él{’&;tgnﬁn EXCEEdS abOUt 3.5
aging for an aging time said heat treated spent high activity hydroprocessing catalyst,

having incorporated therein said chelating agent, to thereby provide an aged catalyst
wherein said aging time is sufficient to provide for restored catalytic activity to said

carbon-reduced catalyst.

35. A method as recited in claim 34, wherein said treating step further
comprises:
drying said aged catalyst to remove a portion of said solvent from said aged catalyst to

thereby provide a dried, aged catalyst.
36. A method as recited in claim 35, further comprising:

sulfur treating said aged catalyst having removed said portion of said solvent therefrom to

yield said revitalized catalyst.

37. A method as recited in claim 36, wherein said chelating agent is
selected from the group consisting of aminocarboxylic acids, polyamines, aminoalcohols,

oximes, and polyethyleneimines.
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WD 2005/ 070543PCT/ US2005/ 001826 45. A method as recited in claim 44,
wherein said reduced carbon concentration is in the range of fromO0.5 w. %
to 2.5 WW® 2005/0705446. A method as recited in claim45, woensewssaisds RVA of
said revitalized catal yst exceeds 0. 85. 47. A catal yst having a
restored activity made by the nmethods of clainms 1-46 48. A
conposition, conprising: a catalyst having a restored activity conprising a
spent hydroprocessing catal yst having deposited thereon a deactivating
concentration of carbon, wherein a portion of said deactivating
concentration of carbon is renmoved therefromby the heat treatnment of said
spent hydroprocessi ngnediodlay sdcitédlintcliém BT ostende said sdvenoxfgeisobtint & ni ng gas
to give an optim zed concentration of carbon and, thereafter, the thus-heat
treated sp@’tThydroprocessing catal yst has been subjected to a chel ating
treat ment. 39.49. A Meitdra9 tdefed inRGhirR 3R CMSSein SAMPHelAInE @gent Brtlactd Nng a

hydr ocar bon feedstock under hydrotreatnent condifions wth the catalyst
made by t héroartje gioup 6PnsisHag ﬁ%qthi%@dlemwegﬁ%?eﬂﬁM%@DTA’

hydroxyethylenediaminetriacetic acid (HEDTA), and diethylenetriaminepentaacetic acid

(DTPA).

40. A method as recited in claim 39, wherein said aging time exceeds about 10
hours.

41. A method as recited in claim 40, wherein said first carbon concentration is

in the range of from 5 weight percent to 25 weight percent and said second carbon
concentration is in the range of from 0.75 weight percent to 1.75 weight percent.

42. A method as recited in claim 41, wherein said cheltating agent is
diethylenetriaminepentaacetic acid (DTPA); wherein said aging time exceeds 20 hours;
wherein said first carbon concentration is in the range of from 6 weight percent to 20
weight percent; wherein said second carbon concentration is in the range of from 1 weight
percent to 1.5 weight percent; and wherein said reduced RV A is less than 0.5.

43. A method of optimally revitalizing a spent hydroprocessing catalyst having
a spent hydrotreating carbon concentration, said method comprises:
heat treating said spent hydroprocessing catalyst by contacting said spent hydroprocessing
catalyst with an oxygen-containing gas under carbon burning conditions to thereby provide
a heat treated spent hydroprocessing catalyst having a reduced carbon concentration below
said spent hydrotreating carbon concentration; ‘
controlling said reduced carbon concentration by controlling said carbon burning
conditions so as to provide said reduced carbon concentration in the range that provides for
a catalyét having a restored RVA exceeding about 0.85 after subjecting said heat treated
spent hydroprocessing catalyst to a chelating treatment; and,
thereafter, subjecting said heat treated spent hydroprocessing catalyst having said reduced
carbon concentration to said chelating treatment to thereby provide said revitalized
catalyst.

44. A method as recited in claim 43, wherein said spent hydrotreating carbon

concentration exceeds about 3.5 wt.%.
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45, A method as recited in claim 44, wherein said reduced carbon concentration
is in the range of from 0.5 wt.% to 2.5 wt.%.

46. A method as recited in claim 45, wherein said RVA of said revitalized
catalyst exceeds 0.85.

47. A catalyst having a restored activity made by the methods of claims 1-46

48. A composition, comprising:
a catalyst having a restored activity comprising a spent hydroprocessing catalyst having
deposited thereon a deactivating concentration of carbon, wherein a portion of said
deactivating concentration of carbon is removed therefrom by the heat treatment of said
spent hydroprocessing catalyst in the presence of an oxygen-containing gas to give an
optimized concentration of carbon and, thereafter, the thus-heat treated spent
hydroprocessing catalyst has been subjected to a chelating treatment.

49. A hydrotreating process, comprising:
contacting a hydrocarbon feedstock under hydrotreatment conditions with the catalyst
made by the any one of the methods of claims 1-46.
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