AVETHOD OF RESTORING CATALYTI C ACTI VI TY TO A SPENT HYDROPROCESS! NG
CATALYST, A SPENT HYDROPROCES SI NG CATALYST HAVI NG RESTORED CATALYTI C

ACTIVITY, AND A HYDROPROCESSI NG PROCESS This application clains the
benefit of U S. Provisional Application No. 60/537,502 filed January 20,
2004. Background of the Invention This invention relates to a nethod

of restoring catalytic activity to a spent hydroprocessing catal yst, the

resul ting hydroprocessing catalyst and its use in a hydroprocessing
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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 ¢f the two catalysts, Also

nothing is disclosed concerning revitalization of a spent catalyst using chelating agents and

the relaﬁénslﬁp between carbon removal aod 2 chelation treatrient.




Eur opean patent application publication EP 1 043 069 Al discloses a process
for preparing sulfided hydrotreating catalyst in which the hydrotreating
cafalyst is subjected to a sulfiding step. The hydrotreating catal yst
conprises a carripr conprising at |east 50 % al um na, a hydrogenation netal
ant an organi ¢ conpound. U S Patent No 6,218,333 discloses a process
for prepanng a catalyst in which process the volatile content of an

i npregnated support is reduced in the presence of_ a sul fur-containing
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‘With heat j o2 ' ' . s I
W th anot nor PEaE SR ekl R 40 Ss Aol bl B R Mol b sty of sl BBRRE Ty
hf r opr ocessi ergupwaitiabs/lsy whiting thg catalvechoogdsiBvitwith nathelattrpngent ighhd OB sef

deposited c 0 Bt L ES e ig.p;q, Xi,m.zed regenerated RVA,. This nethod
i ncl udes prov ﬁb‘ﬁ%m‘g"‘p{é"ﬂ“"’ﬁ?gﬂ. acti \Clllrg?% roprocessi ng catal yst having

the reduced RVA. Hamdpephpatentrapplistation publicafiorcE b 943 06D AhdReI0ses Bpeoceiget hi gh
activity hyd rocess] lyst is..der.ived, fram.t yse of a_hi:gh
activity hyé@ﬁ%@%&ﬁﬁﬁgﬂ@@i‘ﬁg ﬁ%ﬁlg?et Y Bﬁlf‘egév Hngesalyst IsHYeed whi ch
carbon is defocsitfiiing digy Thehydoteiating thslystebmerites alcdibr mtRpSi 186 50af bon.
The -spent hi@h _actzi‘vi h dr(}%%ﬁtcessi ng cat a{lgﬁSt Is heat treated by
contacting i ¥ WFh 9%?9% a&f‘ﬁ?ﬂé’ﬁ’ﬁ@ B car bon burning conditions
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catal yst havi n%g“a m n*cag‘d ca bor} concentration. The reduced carbon
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as to provi delfitheothdnihg compimd. spent high activity hydrotreating catal yst

havi ng the maxim_zed regenerated RVA. _1n accordance with yet another
i nvention, provi (ﬁﬁr‘?%"’gww bgter methgrlsigr restoring the activity of

catalysts that have lost activity due to their use, particularly, when the catalyst is « spent
high activity hydrotreating catalyst.
Summary of the Invention

Accordingly, in one fnventive method provided is a spent hydroprocessing catalyst
having a first carbon concentration exceeding about 3 weight percent. The concentration of
carbon on the spent hydroprocessing catalyst is reduced to thereby provide a carbon
reduced spent catalyst having a second carbon conceniration iﬁ the range of from about 0.5
weight pb:rcsnt to about 2.5 weight percent. The reduction of the concentration of carbon
on the spent hydropracessing catalyst is done by contacting under carbon burning
conditions the spent hydroprocessing catalyst with a ges COMIpSIE oXygen and
conunlhng the amount of carbon removed from the spent hydroprocessing catalyst so as to
provide the catbon reduced spent catalyst having the second cdrbon concentration, The



activity and conprising a spent hydroproces sing catal yst having deposited
t hereon a deactivating concentration of carbon, wherein a portion of the
deactivating concentration of carbon is renoved therefrom by the heat
treatment of the spent hydroprocessing catalyst in the presence of an
oxygen-contai ning gas to give an optim zed concentration of carbon and,
thereafter, the thus-heat treated spent hydrotreating catal yst has been

subjected to a chelating treatnent,. The .cat al yst havi.ng restored
activity and ms@d@mwsf%%fbﬁym#ﬁ@r%é%m %%a%‘r‘&{*ﬂgﬁ’éﬂ%% be used
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hydr oprocessi'ng catal yst with a hydrocarbon feedstock under_hydroprocessing
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activity 10 Gcagyon is deposited therson to give the concentration of deposited carbon, The spent high
activity hydroprocessing catalyst is heat treated by contacting 1t with an oxygen-containing
gas under carbon burning conditions to thereby provide a heat treated speut high activity .

hydroprocessing catalyst having a ryduced carbon concentratiort, The reduced carbon
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hydr opr ocessi ng catal yst that has becone spent due to its use. The
invention further relates to a nethod for maxi m zing the anount of restored
catalytic activity to the spent hydroprocessing catal yst. Al so, the
invention relates to a revitalized hydroprocessing catal yst and ot her

catal yst conpositions made by the treatnent 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 catal ysts having
restored catalytic activity of the invention. The hydroprocessing catalyst
of the invegincaratomiskenteolied by comhillingttheicadmarbamingconditianssoas fnpPYds ng

conventi onal hydroprocessi. atalysts t.ha i {alegconponent on
o Suppor { e SH e T e TR A e 2 R oS
conponent Ofeoanddt@RVXY| | | nmetal conmponent, or both metal conponents. It is
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ﬁet al conponent I@ﬁég‘iﬁd@g‘b HHLVES al“g’i]i’@i ‘&Ye%8ﬁﬂj5%vé%t%@ar%%§%§ g%"g%?tg (%%g :O ng
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The G oup Vai fetal conponent of the hydro r.oc&zsqneg caéﬁgli)%/st QFNOSi tion
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VI netal iag&gfbeﬁ%ﬁ T et hefﬁggagd%heprﬁ@?%&enet gfa@gnpgnent contained in the
hydr opr oces shélghgateatnyedt. conposition can be in the elemental formor in the
formof a nmetal conpoynd, such as,. for. exagnl | {ides and the
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, 1H co

conpounds tha inatron wth the other elenents of the
; Be$ on, suitably provide a hydroprocessing

hydr opr oc es sBitief Deadriitips
catal yst. The & qi MG R\ knGoRiREycREhAR Aiviy of iimIBEObIEnRISt i ng Of
chrom um nol ybdenum an ungﬁsﬁggnthjrhéﬁgref g{ogl%%ghgggm\éé ée%.nés eiht her
mol ybdenum ogataty, evhichnwaspaiepa wianvege The
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on the total puglihbeLfintda@fiBednepitiogessi ng catal yst conposition.
Preferably, e concentration of Goup '\VD3 netal, .n_th r opr ocessi ng
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10 2 method for maximizing the amount of restored catalytic activity to the spent
hydroprocessing catalyst. Also, the invention relates to a revitalized hydroprocessing
catalyst and other catalyst compositions made by the treatment of a spent hydroprocessing
catalyst using the inventive methods described herein. Further, the invention relates to a
hydroprocessing process that utilizes the revitalized hydroprocessing catalysts and other
spent catalysts having restored catalytic activity of the invention.

The hydroprocessing catalyst of the invention can be any suitable hydrogenation

catalyst including conventional hydroprocessing catalysts that comprise a metal component



The support material of the hydroprocessing catal yst can be any materi al
that suitably provides a support for the netal hydrogenation conponents of
t he hydroprocessi ng catal yst including porous refractory oxi des. Exanples
of possible suitable porous refractory oxides include silica, nmagnesia,
silica-titania, zirconia, silica-zirconia, titania-alumna,
zirconia-alumna, silica-titania, alumna, silica-alumna, and

al um no-silicate. The alum na can be of various fornms, such as, al pha

al um na, beta alum na, ganma alum na, delta alum na, eta alum na, theta

al um na, boehmte, or m xtures thereof. The greferred orous refractory
oxi de i s anpk »Egysrialatmahahe Arnheprjoecnivani inglyiea GrIPPHEUBCR] CORPARES! OTgama
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referably, from 80 Angstrons, to 150 Angstrons. Th I of
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Preferably, "t
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deposition of carbo her r..lo th. This spent high activity

hydr opr oces§Ferf5‘g@¥ttﬁ? §§QHP§§[#‘H§%‘&S %Oblrg% ative volunetric activity (RVA) that
i s reduced bel owrhé GrddyA Al compofienesintatetie fheddroprocessing wafolysta
concentration of deposited caybon. the t | | |S
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rel ative t o hyfeprgpsingtcre. Y&W?lgo%?mth'?é“ 28 SEEPP 2RO R TR0, nin
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preferably, the concentration is in the range of from 0.5 weight % to 4 weight %.

The Group VIB metal component of the hydroprocessing catalyst composition are

those Group VIB metal or metal compounds that, in combination with the other elements
of the hydroprocessing catalyst composition, suitably provide a hydroprocessing catalyst.
"The Group VIB metal can be selected from the group consisting of chromium,
molybdenum and tungsten. The preferred Group VIB metal is either molybdenum or
chromium and, most preferred, it is molybdenum.

The Group VIB metal component contained in the hydroprocessing catalyst
composition can be in the elemental form or in the form of a metal compound, such as, for
example, oxides, sulfides and the like. The amount of Group VIB metal in the
hydroprocessing catalyst composition can be in the range of from about 5 to about 25
weight percent elemental metal based on the total weight of the hydroprocessing catalyst
composition. Preferably, the concentration of Group VIB metal in the hydroprocessing
catalyst composition is in the range of from 6 weight % to0 22 weight %, and, most

preferably, the concentration is in the range of from 7 weight % to 20 weight %.



where for the case of hydrodesul furization (BDS) RVA the Rate Constants
are cal cul ated assum ng an BIDS reaction order of 1.3, and for the case of
hydr odeni t rogenati on (BDN) RVA, the Rate Constants are cal cul ated assuni ng
an HDN reaction order of 1.0. The high activity hydroprocessing
catalyst is a sulfur-treated hydroprocessing catal yst conprising a porous
refractory oxide and a netal hydrogenati on conponent and is prepared by a
specific method that provides for its high activity and other desirable
properties. The high activity hydroprocessing catal yst can be prepared by
first conbining the porous refractory oxide support material and at |east
one net al hydroqﬁggﬁﬂpgﬂmpmmhydﬂopaodmmatﬂﬁtmhe@wmteg@éhﬁ vol atile
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a conpound sa¥&dy pievidese PP LT &he 1BY CEMAHPY SR eClrsor, and it is

general |y sn?ﬁg,g,}&gssiﬂ&%mﬁnaﬁgﬁg pERSleEhithy oRfdend@xemplensimaiide soiablent s,
a

such as ali I'C and arcdmatic drocarbons,_ , al cohol s, ket. nes.. Iqurlgani (o
fi gands, armbramyeftatdiry nxidésgncledecsilices magnegiaciicarifanie. FREs Bd¢2RUE can
conprise potrous .refr %}n@éy 0% Qllica Tk hléminadsii®@tabminydndgenati on
conponent, 'a’?Ptac anglen ra?lfpcé)’hlqgapﬁ%{ﬁg’ v_olaati | e conpoynd. _Thi s.cat al yst
precursor iguhheniliatej dbt eldmim can bepf warions Oanmepl %t%&%ﬁ%&?ﬁor ate

sul fur, either. el enental sul il L i £ HEROHHina Voekn®s Gbmbalon of
both, into q“@m@agagr%aﬁma}ngt%eﬁég@ o’?’lﬁg}e%’provi de a sul fur_ treated

cat al yst pr@esdbs OThe pléferralorous réfraetryrexide stmomhossplumingr Amerthe pertlable  ur
treated catal yst precursor can .include tfg;%ﬁ?lilrégﬂ t aneous or subsequent

IFatiTe”

reducti on ofm@RECHSGHERHTS ATBHABFIRHRR0Y conpound that is in the
catal yst precur spfe fRo@ir¥Ractdip otligfenanily hid an dvyw gopore drmgigr indtherapeg of

The porous oxi de support materi al tal hydr i of the
cat al yst pr omrabout g?r@&%%ﬁ Wé’ﬁo‘ﬂtgsﬁ gng%fmé‘;u?%%ﬁ%gg 2“?{% @%ﬁ%ﬁ%gf or
conbi ni ng S%Qsﬁ%

2L InoSIQRREABI! Sord B0 ABastrdniab 16EAsgtiimee Thotwt! pere
i npregnat i on, Coﬁ{ﬁﬂ%ﬁng, and cg- precipitati refer.r

n. 1t is however,
for the por solsmeef trqouny rdwces Sl 8T PeIY e@?’?ﬁﬁan‘%%é Plle}r%gp Iﬁ’gsﬁgﬁed into
ﬁg[ ; : clhsgr osu h dﬁa,sis £xhd et §8ronPitdubo 206/ gR82baG Q! colgesma Pesforablidihé poret he

onh conpofents to be incorporated into th rticl by
known i nci phremhle\deimhs&n'gmqn?wmaﬁicdﬁfﬁ%loﬁdg@/ gram, and Stﬁ?ée&%fgﬁ?”r%orn%g%ati on
sol ution used to jncorpora fr&ttorG QRO A seatunddbit the
por ous refr&ﬁlﬁ@r’“@t"g&x'c a’&u?ﬁ%é‘ﬁ%ﬁ%@éﬂgﬁ source, (_)r? the volatile ?orrpound
and can i nclygg;, memobEphéraeekcatiswbout el oY /grast, 2pthit &) WRiRY R ORIHREIET or an
organi c solvent or a congilg%%o/ther eof. It is preferred for the netal
i mpr egnat i orftosbRRANE K0P PEY W&tfd6us sol ution of the netal compound. The
metal conpounds gHctikhevd @ethode spevificaliyrilimepterite thedreatmanhpfadB#idd B sol ut i on

are those conmpounds that are soluble in,th r i by §ithe i88id O
form the i miwdepmeceesinedbtdns ‘&?°%ﬁ8°%?aﬂ%ysér%‘e°‘§%ﬁ%’/§r%ﬁﬁ B e de

upon further, tt; § been lost BicAUP dM oluserei talthecdeppoitond cathan thegpniss tused in

the metal inpregnation solution can include, .for ex . : Il et al
car bonat es, @tloThis\tpent hightagiivigy RYAERP ?Ssﬁg&?ﬁlﬁﬁﬁn%&ngg*e?ash u %@%ﬁg@ﬂ: G oup

VIl netal thi Reo{bklow BLIaY A GticHl @5a Bexl stiteg bt @ sandfavaay two or
nore ther eofgch%‘fyﬁ?\}@gﬂ&%t% ??et an conpounds that may be used in the netal
i mpr egnat i onconcdnfibtiomofidepositad bl f or exanpl e, G oup VD3 netal oxides,
Goup VII3 metal sulfides 1o B2 525BR MYdlathe RERHRER, actBiot RVAPredaet at e
conmpounds, el ene ﬁhea%ﬁ%u%%?@?%ﬁ%nl sol uetli on and m x%ur es of any two
or more t hergahe camytid deeivity wiieraspett Gresibgr hydpdpmitirizationsdh Y& of ol ybdenum
nol ybdat es and phosphonul man b t has bEBS u&ARGeRe@tHeon of the
met al conpou?ﬁ@éoqeﬁlt‘foﬁ%“aﬁg%/ ae%’ﬁ%ﬁfg%ag%tl%at]h%sn isusel ected so as to
provide the desikeshuonry of the eneaspesific taalystwhehdn itd fresh, wases st Tofddsi ti on.

Typically, the concentration, of, the al. co ad. § } i
sglout i onyi s RWA ofche Hergeugped F%?FF%‘?GG%%%{ lfgﬁg%d@gl ipgp!i %’}?‘{%?Pg?gg%%d&ﬁ]on.

The catal yst ?&%&Qéreb&@éntécﬁoﬁtﬂehﬂo&iﬂgtfbﬁﬂiulaubj ected to a sul fur
treatment step s to have a concentration o{ vol titgd?ca{%ﬁ;mpund of no |ess
than 0.5 wei ght percent, baseBVéri thade torsin Wé%aﬁ?a 0 e’cat al yst
precursor, and, generally, the(ﬁa@é}&ista&ifdt@eﬁiiefeeem@mdw}i in the catal yst
precursor should be in the range of fromO0.5 wei ght percent to 25 wei ght
percent. The preferred concentration of volatile conpound in the catalyst
precursor is in the range of from2 weight percent to 25 wei ght percent,

and, nost preferred, it is in the range of from4 weight percent to 10
wei ght percent. 5




VWhile prior to its sulfur treatnent the catal yst precursor can, optionally,
be dried in order to control the concentration of volatile conpound in the
catal yst precursor to within the aforenentioned ranges, it is not to be
subj ected to calcination tenperature conditions prior to the sul fur
treatnment step. Thus, the catal yst precursor is not calcined prior to
i ncorporation therein of sulfur or a sulfur conpound. Calcination
tenperature conditions are those tenperatures at or exceeding 400 C, and
they are usually in the range of from400 Cto 600 C. Thus, the catalyst
precursor can be exposed to a tenperature of |less than 400 C priqr to the
sul furi zat i wiers foe fitie daseofibgémdesniferizatiop @RI NRGA cha BrieiConsians we fypelalsdn t hat
the resulting concentration of. volati MRQUNE 1y BrolifiBerd Raioh at al yst
precur sor i 8SWHIRRAAR ef%%é’il%‘af olg%gﬁﬁogtl 0?1 ran e§ as ng%tﬁed ?g%))\l;g.
Typi cal ly, Wﬁf AR ety SdnsRAR Gt @ Rulated amsuhingim BoNireectibmodeiafddee of air at a
drying tenperature in the range from anbient to.400 ra.typically,
from30 Cto ZSW.MQaCﬁV%@dg%W%Wg% ’rssa&}ﬂfWat\rﬁa%ghg&tggrr?g%nt Fat i on of
volatile CO%HP@&QS%A\%&J&%& Sdi6usaRafr xidesetd el jdeogenatiod sompaentenddd f ur
treatment step by ich sulfur or a sulfur ﬁorﬁ‘poun [ %%CQJS—%EJ ted into
the cat al yspreparetiy & specific meteaddhaf prvisies g it RighiRCEH P (FRSHT ot r eat i ng
catal yst. Any sui - ﬁthh &g}m LQink BASSstTHh b pRpired bhfrsecombimng be used
to treat th%l%e%%gﬁt'ég%ﬁlﬁﬁg%ur o? tﬁ s.uFfﬁ?@or a sult;]tﬂ [of0) und to yield
the hi gh acthieyiotops sfrciory eadd swgpartmatesaltang pdpastippryee Yd‘é’%%f"é, both the
known in-situ and ex-situ sul furi | Qiaidcciiduhdto ety frevige a ddiglysise
‘herei n of s&W@@PﬂBaﬁ%&%ﬁlsﬁgg%t]%éa ément orc‘%ﬂ_eat ment with sul fur or
sul f ur - t r eapRGuEsr. Théreslatile oorhpnmd jspecompomdrsbdithe formatign o iy PRIt to and
to enconpass sul furization nethods .an LH L BB oW BgdaiB bdl1adSs, t hat
i ncl ude thep@ﬁ%?ﬁaéﬁ‘f%ﬁ %?erggﬁ?%g%fi%o%tgggog %z}%%f s%l fi d_? n,gl‘,é whet her such
met hods  ar e JpayJanipReic bAd sbmutid hiydeocarbang, hlophals, fetooess srerwia EBYIS, 260 8% or
ex-situ (i.e., external to a process reagctor zone). ARNciG9HRigaat i on of
in-situ or esxmbingfon thergelndh callyshBggurser s A g"‘”?%“ﬁ?@%ﬁ? n-s f&(g sul fiding
met hod, the S‘gﬁtoig gﬁaqrﬁgmdggnaﬁbﬁgﬁﬂpdmn@aﬁdsammm’em@ﬂm‘mhtd@efi nes a
reaction zone. I'ui d stream cont ai ni ng .a syl fur cou_rg)”U"Ld LS passed over
i et e

the cat al ystoppewd: Shis catplgsiosreereet & dhep FEVERFT 'R AR ic abl e

i

temperat ure.condi t. | d@fiR of &l kflfiel ecmp@ind] grsit qomébindtion ¢flboth, t he

hi gh acti vi &“Wé’%‘%tg‘%‘éﬁ%‘%éﬁ%ﬁlg‘tﬂ. f?he S Ifuri3 onpou d can iﬂfels‘dﬂﬁr any

known and suntbalxd etadyst piedirsey tathe YP&Y@?%{%\W &h g’ﬁﬁrfc&és,or‘orgam c

sul fur corrpougﬁﬁe&&%%é a;ﬁo%%gfdga:{glsmf{,%gdic&a@ﬁﬂréﬂuedéﬁbﬁ)ﬁdﬂmamon f eeds,
rc

and ot her ort& i npounds such as di nethyl sul fjde, .

di met hyl di s urigmeowtiorettsydusu dubtion offhereensynFASiFR 85 P{?faglﬁt"wﬁ‘@)rn%l&té?n, and
carbon di sul fide. ical t er at We - qedirehtise Sifst.di ng fluid stream
i s contact edﬂwet%m;{%gpr@&ﬁfrgfrl%%wg}eégc%?agg{rq%gyn be ?ﬁgt_heirange of from 150 C
to 400 C, and, norg posivseride yuppbrt amiaiaDand mefal 3y drogenation compqrepthaf 8% - st u
sul fiding nmethod, the catal yst precursof .i ' b®%or LOmbihmelseadi ng
into the re&@i%&‘“l?@ﬁ‘é’é‘?’.areﬁ%“ gﬁﬁgﬁspg aghﬂdlagllei%ﬁ%{dlnet ogﬂhl():anori n_clludgsany
nunber of sui ARk Boripbrbh afcaRBhdedsuENmE0ds g imprenasioanstoullinpnand ettt act i ng

of the catal yst” precursor with_a sulfj ding agen ch: ' bove,
or with a hymrp@iggvfﬁogtﬂt is m@%%@ﬁ?"ﬁ‘ieﬁéo’f'*“ﬁg?f? W%‘%?t&&%b%t%‘é@%?e‘hﬁ%é}%gﬁr e

conditions fgll ?&‘5%&%’ inf haPiRlidsOfRh a PAGMIIMAY, PR afdl eiher agglomeTites, grddbetheed

sul furization step provides for the_ incorporat,i ogﬁofgé_@alfur i nt onr?téplq i

catal yst pr emembiydrdgenetintcampprapistpbe é’&?’&’PV&% ipfodpq PERFeS G OB SRERTE

sul fur under_condi.t i %nsa&og%eﬂ%quse the sulfur to be incorporated into the
por es of thewﬁiﬁFsﬁllng gIﬁrecursor “either by sublimation OE b me%ti ng, or by
a combi nation of DieMnetSLintpaignaticusofution rsedite ncppeREdEe 15k P‘ﬁ%&"u’é‘ P¥ ur

i ncorporatior. are.described in.d i 1:d t e oPhd 68aBé 2.

There are tm@%‘&?‘%g REQE® ?g?&égrogqeﬁgﬁﬁguﬁtcaﬁﬁgﬁ{séuslc’%ri zation of the
catal yst pregsHseund whd barthelndn bdertiohbdiabovdveatdr o eloROBPEYIdeBF Fet hod
conprises contacting the catal yst precursor s LenRaLE biiid

t enper at ur e 9EAHCERANEtORA P ‘?ﬂ”afﬁerg I tﬁsrprf’fséﬁéﬁgogt ant?gﬁngﬁ%\%dg?ggr talt,t ed in
the pores of (JheaCRhaduyShlufbesithe @Etabyontiolhd. Tt nwtel aonipomdseiebla gorasen
subsequently heating the thus sul fqlir:i ncotrhgorat ed catAl Yt o RERGHBRON in the
presence of ~ &rimingthe mefad impreEnaHRy sRHIANGEH IR RMPSHerat ure greater than
about 150 C.




The second net hod conprises contacting the catal yst precursor with a

m xture of powdered el enental sulfur and a liquid ol efinic hydrocarbon and
heating the resultant m xture of olefin, sulfur and catal yst precursor to a
t enperature above about 150 C. In this procedure, the heating rate is sr
fficieutly slow such that the sulfur is incorporated into the pores of the
catal yst precursor by sublimation and/or nelting prior to reaching the
tenperature at which the olefin reacts to make the sul fur nore resistant to
removal by stripping. Inthe preferred sul furization nethod, the

catal yst precursor is first contacted with el ementat sulfur at a

t enper at ur epastitilbr bbladnt b t6 Bbrinthe inspreguetoroluiion dnd whichare ogyvestiiti fonmt i on

and/ or mel ting, jle tgﬁ@F%%%%ﬁs precursor can be contacted with sul fur
in the nol tBf2 ‘%}WPT N ed to first admix the catal yst precursor
Wi th powdered el@RBRHVENL nful tompands hhamyieatsed inghe mste] npregnaioatsQiE0Df

sul fur and catal yst" precursor to ove, the.te r at I i mation

of the sul fenn lerdedss for example, &aug Xﬁf??ta{ ‘f‘?gboé'ﬁiiegr&%g\lp E@%ﬁﬂ%@% (ﬁée{%![ ed in

the presenc RRdelag Ve aiFe iadoyBats, Groupt VIl hemjaides endomipkasst er t han

about 80 C.QB?{e“fe{a?gﬁa ’ tr?iﬁgi sul fur irer?egnati on step will be carried out

at a terrperedta;lnwéwoan@?mhﬂﬁ‘éfm about 90C to about 130C or higher, for

exanple, up to t@&@%lﬁ%@g@g&@% ftthbpbe @kd 808 metd buyegnbtion shytivef er r ed
u

for the catal yst précursor and s ur to be heated tog[ath

_ a’Lj a
t enper at ur ecaminglidey fdr ekample ABroup VIR Hets] pxidepGraur B res Wﬁdﬁ% rorP Ve

catal yst precursor and powder |fur Céhdifal TPV RENIs@i rotary
m 'xer and hg%}#%‘&’?F?{nE%R%ﬁ%?‘%Pe éeaﬁ%{eércgh%?@d?br sufficient time to allow

the sul fur temdsh dindesikRessat gy fwoton nonethereed Fop thetprefored Groys VB et sor .
mete period for heatjn i cal | i Lk b b9 udeanQur to about
10 hours or SPBPRJEMS D%mgly{’a/e%mf‘h@o}g( %Stagdgg&gﬁé‘?@ﬁ%% Wi Iu_l depend upon the
amounts of cat al Yhé SondBitakion bEHE fetal conigoendsdit deysetalimpragnalion seliEe” eeds to

be converted to the sulfide. Typically the anmount .of Hgfhsiion.

det or mi ned ricetibsona? BOBKe (RIS B 16’83?‘3?1\%%“05‘&%6}1%@?&&%3% 0r Tequired to
convert all -ch}iﬁtﬂﬁoﬂéen&aﬁémmahmbpbﬁmﬁmmmm&m S@hlbf)ﬂltﬁen f6érm For
exanple a ca 1yst precursor containin %ﬁq&)denum woul d require two nol es
of sul fur t gangedéem Gk 1@6@@@%&‘%&8 ‘to nol ybdenum di sul fide, with

simlar determnay} ohsyBeiadrdPaR if &/ beFhilleh sifécudo a ifursshinent stepciokpor at ed

catal yst precursor iI's n contacted with a liguid_olefjn a%,éﬁuch ag .

el evat ed t efpes atoncentatidn of valatierorarpupd af nq s gD Fepaabpereent, Raped oo
the high activjty hydeotreatl 3 )itkedrhotnt bildindoarpound in

t enper aturetP@hﬁ%/lE%togﬁhet%%?sa o%#ggf"sgﬁ%%engrndf nore typicall éﬁ it.will range
from about %Bdcdilys priomsdr Bl Ge irpthe faagapf forh OB FFOH6 € Veitbout 325
C. Contact times will depend on t SmB Y ARAK st iur 8 ipthet he
ol efin, witPHcH ﬁdpe P@f%%ﬁg% e%?@ﬁﬁﬁﬁg‘ﬁé?&ygpor “or esgglryetgrre_qui ri ng
shorter ti MBgngel oF fRBNEHBIght SaGtnato2Stwaigs pawcért, andrmest radpreg i e MGur t o
about 10 hours. Lt ois irrpcbrta tt for tthe olefin to be liquid at the

el evated t erqfdrom fhiveiedt Pest Het) WP PE et erred for the olefin to be a

hi gher ol efin, i .\fpile SRR OAY s Ge@riae datiysepregrestcen, opHenlly,be dried in

preferably greater than eight. |n one enbodi nent. of t s
sul furi zi ng erdertto dontrohgecapesniraionpf yply (9Pmpgungldﬂ (3 c?ysgllgrr%éuul? ogﬁoggij]:g?y with

cte

both the el egen f ef R8P Ye kibjaite taldinhisrnemaerdiuterendiiefsm ¢
hydr ocar bon.rﬂg%%)g‘lfmd%ﬁgﬁéa({a? is’s m131t hod, aJm' xture of . O\Adgr.ed el epent al

sul fur and opridri thelsylrdtatnismhstem (T thei catafist RECEIGHRREFICRARITE of oil to
sul fur by wej ght ranging.f Lotk abouhicthafiond Smperiatnaddodditivhd h
about 2:1 beﬁnﬁ%fpgm ?%#hg%}ue@%rmﬁ%fés erjcr?l&??ure macyabe hglg%led to Ioﬁom)te
honpbgenous mipsitge Rinpelaturecatpomareding 48 °C, ensl they gre ppually & G nge gl from
hydrocarbon is pot ljgqui.d at.anbi.e: I L 58 1dGNEmSratdle @€ less than

| i ght wei ght ﬁ%ﬁb@éphgq ﬂ%ﬁ@%?@ﬁ%@re%%ggﬂﬁgggﬁgmdecr ease?{r?]e Vi segsbsi ty of
the nixture. 4 TPpridreheani@etizatiat stog; ptovidet, thy tempemiue perdgiona e noteh nj xt ur e
of olefin and sulfur Jis then added to.a pr i Vst stk atESer and
ni xed t her evxﬂlahﬂ‘eWEIWQ?Q?F%ﬁ%’Pn(?gF‘gF?}gPg%g‘\}g%&?%%??esg@i n g%%& sulfur is
then heated wﬁbﬁﬁﬁe 8lsebd Porcameiibe Pngeme abkt abeveoTymitrdlyethe byelyst PEGuIEOT
Preferably, the tenperature is in the range of from about 150 C to about

350 C, and, nore preferably, fromabout 200 C to about 325 C. The heating
time is in the range of fromabout 0.1 to about 10 hours. :
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A sul furized catal yst precursor nmay also be further treated with sul fur by
sulfiding either in-situ or ex-situ or a conbination thereof. A
significant aspect of the inventive nethod is that it is directed to the
restoration of the catalytic activity of a hydroproces sing catalyst,
including a high activity hydrotreating catalyst, that has been |lost as a
result of use thereof, such as use under hydrotreating conditions, or
carbon deposition thereon. It is understood that, as used in this
specification, the term hydroprocessirtg catalyst is defined as bei ng broad
enough to include the high activity hydroprocessing catal yst as q;@ﬁrled

above in dehLgbé drichiihthe ﬁr&%@d’e&ﬁ@ﬁ&t hénymigrerperyrd i he cas SOMGUERIRTA} al so

i ncl ude or .enconpass hi cti droprocessing catalyst. It is

recogni zed "Ehiits @P@%ﬁgﬁtﬁ% ﬁe‘%ﬁ’o@ QESCI‘I bed herein are particularly
applicable to thee E&t&?ﬂ%ﬁécﬂﬁoﬂﬁa@g@moﬁﬁuwmwfhylrdtlbtcmvolﬂ@ vodimibyst due to
their unique and specific propertie ﬁ&Sc; tal yst can
be used in mmmﬁmcab%@pﬁemﬁaoe%a%wﬁ%ﬁﬁ@ & égrgulggl tabl e
hydr ot r eat ment 09{&39&5 5 ﬁﬂoCtﬂécataTyspp&ahsdawﬂmay pmdbemdsglwklsxtsc an

i ncl ude petTotPeun

eri I's, for ‘exanple, no d| stl
vacuum di sthydictteating uataéwke‘dlmhﬁfthl@ mefhedsknowxte g}‘i’é‘? Q@T%@ H;Este
deasphal t ed oi I Borhdtdkd Meh6M@;mw 0
hydr ot r eat %W%?@gwl CAal y, Fﬂﬁﬂﬁ%?‘fﬁr bolbr}ﬁ%eggfsi?ock that is treated
with the hygjiapfeasascitayt mhxdingsfor pxample both Srederaieify $4EWch as a
straight run distjlla a s b guifuy deaheeat nent
bei ng to refWEZIREY S‘Fﬁéﬁg fth eﬂlﬁq{tsiﬁéﬁ%lhgk%gﬁﬁtpouﬁ ds or nltroge(gn from
ni t r 0gen- coptAkBktRameRIRCHRHr-wsatddot htherf sofaityrs ARS8 PAFERILT (k.

Mre specifically, the h dr.ocar bo fee Ghy HRihDECHRatShdl@RNE as
napht ha, whimghoEPeIRRREY Sp @E?ﬂt’ﬁ}‘ﬁ? Hgill‘nﬁq&% d|gl ng in thearange of from

100 C (212 R\ B{ﬁ]bmo:?of(b%ﬁpsufﬁmzdtﬁﬁ eﬁemﬁdlm mﬂnhthmyq@pleaﬂeﬂyd%eﬁi)%lf%@
hydr ocar bons bo in the range of from 150.C rﬁal';c?) F&c@g@.@ea@toﬂ% F),
| i ght gas oui-$1twﬂnﬁchthlyﬂl%%ﬂeP%Fe%?ﬁzﬁ?ﬂQr%ﬂ o(éar‘ ons ing in the range

f f 230 _C ardtewemn ﬂhedw |
8ont ;?m ng ﬁ?/l%fﬁ é@'% gléﬁ?lﬁglflﬁﬁfaﬁg&%?ﬁ e .of frg aa?%i?&glgeag%rto 430 C

( 806F) Thelﬂwtypmalrle—attﬁﬁ'é disgaethogdriae %alwpﬁeﬁu’is roprocessi ng
catal yst is S“bﬂotﬁcttdeﬁn &%n Goiel AGREd ﬁ%ﬁln@bﬁaﬁﬁﬂga&hﬁdr C@mPDEﬂdr iegasseded
t aki ng i nt o YE¥&oUH

t such actors as the ty ?‘%lﬁb% g&lgestock t hat
is treated %Etétth&leatﬂpnpmnsrsmfandtsvbma?'te@ihﬁemthP ﬁ° H € ont ai ned in

t he hydrocarbon .feedst ock. t Rgq, ty,grﬁgm aptifigagdiotredtings
cont act ed V\ncf)hglf’ ISFPS e@?‘?\dgéa}éagtfsa in theghg{)ese of hydrogen

under hydr Otcaﬁ%ﬂﬁﬂé sulfn dbrpams csmmhlué%ataf PW?W@P‘? gatplgu é‘%‘?’:’lt AN

C (1000 F) . Yyaener mige Praie S0 Cop g B0 Bt

0C (842 % vg nost

D" o oA 45 Eﬂ“eﬂ@g%um‘fi@?ﬁm il Lo g 47
(500 pal e) tdimg %M&Su@eme ]? %06%?%}?5‘ %\é}ﬁpﬁﬁ’? eir agfebg]a hyd?ogen
rz)gr t6 ia g| kgr e((gﬂgﬁ%é nrg;Pl;bg {eﬁgﬁﬁgﬁés afmmhate?nﬁmzrmwmmeegom ]chgv;ﬂbt %boull;

a a hydrogen addi ar bon
f eedst ock i mauamgsmwgeowanfheonﬂv&bm&e g‘“r#%ﬁné%( Wsﬁﬁ‘gwg&yg‘b %&?’%‘81
na: |/ n8 (10h£O%Q§§U§% nd a bydrotreating liquid hourI y space velocity
(LIBV) int of "fromabout 0.2 hfl to 5 het @dgﬁaef.errtr%gl .
hydr ot r eat i ng totmlmmqmmlﬁdgag}m@b@iﬂf@ cpelySTPTPREOF 15y PHYT SRS 08978 pa
(500 psia) to 1 , 237 kPa Iceh @lchiak Yny hurtver 3fztitati®a ( 500
psia) to 13, rf’@b R FEC1P5 Vo 25“9 a mwgl)ﬁﬁl prgrqrcgd h drom(%yé artial tgressure

of from 5516gkRaEn BRhopsinaluding, fbBeREaPl P COREGTE G &he CHEEY *5P&f erred,

from 6895 kPa iff8k-cotiaRi rﬂﬁ\ﬁls
preferably i ﬁl%ﬁég F%‘i‘gé“%%asft?%oﬁédf BVé %Fm‘éillh(ﬁg%n%gnd crc;t)st dgr ef erabl y,
fromO0.2 to Zudik elevatddemippdtngesndiibds fd]lowed‘m@q)@opﬁﬂé’ﬁﬁﬁﬂ‘&ﬂf"}s Ph the range

of from 107 nB8/nB (600 SCEFB) .to 142 on SNGfuRfsh
preferably, from Tb@fﬁ@Fﬁ‘és‘PWa@Bﬁ%pt%O%g@fﬁgg 2U800 ScFB) . The
spent hydr Oprﬁﬁgﬁé&mﬁ% afﬁgcnﬁgﬂle@aiﬁ@‘stqirmsor udh alﬁmeywl%ﬂiﬁ#u Bn t he
catal ytic activ of such catal ysts vvhen | t ésr}ﬁ%eaéaﬁl%g%{e&fréo‘?m ed
in the rel at DMMSMFEF'JS%&&@PE%*PW “h& t han erally, the

hydr opr ocessi ng catal yst is considered spent when the RVA is |l ess than

0. 65, but econom c and proceas considerations usually determ ne the point
at which a catalyst is considered spent. %hus, the spent hydroprocessing
catal yst can even have an RVA |l ess than 03 and even | ess than 04. The
hydr opr ocessi ng catal yst can becone spent by use tinder hydroneat nment



percent to 25 wei ght percent, and, nore typically, the carbon content is in
the range of from 6 wei ght percent to 20 wei ght percent “An i nportant
feature of the inventive nmethod for maxinaizing the restoration of
catalytic activity to the spent hydrcprocessing catalyst is for the carbon
reduction of the first step to be such as to provide a controlled
concentration of carbon on the spent hydroprocessing catal yst such that

%hen it undergoes a bsequent t t i1 fa A QMo

accor dance vviecﬁll'}elitﬁ’es“ﬁﬁ%‘@ qyi;y%a!tﬁ%ﬁ&ﬁn%aeéﬁn{ll a?i?{eigﬁéﬁ'a%t?ghaw %%hotn he
desired rest op8dodabAibidiFnadsédniritoriase deperibhedde detail in U.S. Raterhdo. Hdedh3Tound,
unexpectedly, that to gain the bﬁ‘fsit benefit from @% t tpent wth, th
chel ating agent t Hideee 516 TR EFREFR ?ﬁ?a‘ﬁ%ﬁ‘ﬁﬁa@ﬂéﬁ SP@“@B&F#%CMY on
the spent hy | BRnfeAtafkitfdr, PhS Bfst hiPpRETRA e Corhmises tofac

provi de for %eaggéiﬁilﬁnpggoveneﬁgﬁ%n t he Sr estlc))r ation of cgﬁ?i C actﬁ%ty

from the chel theicatalyst precrmsor with Blsmeptah sulifircat 8 FHRE IR HpC ﬁ%ﬁle@ﬁ%} d
first have its.garbon cop t t j t han about
0.5 wel gnt pePtBnes Fo-ERBRLpyoBPEHEaEm Ry BolcE bEtncaBlyk raBisbER? L
general |y, thaliaidtion aadfor arltint andrsubiequenthycaaatiog theliue sdfuzatedryeratedhoul d
be in the range of from 0.5 wei ght . ot . J .
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chel ation tre?tegﬁmhantalggmcambvm concentration on the carbon-reduced

catal yst should i

be in the range of fromO0.75 i ght .percent to 2,weight
percent, and, pref'E‘FeeﬂﬁP‘?HdIﬁﬁ@dﬁ%ﬁsstfﬁﬁf?@ﬁ%ég?%%ﬁtErqcﬁrs?"h‘@ﬂ?%ﬁ?&@‘“&g’?]‘ rom
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activity can Re. restore ( ] ' . : an
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than 0.65. Bubtippingi S nost desirable for the maxim zed regenerated RVA to
be as high as is hi evahl e, thus, .it n [ r _than i
greater than O. 75%"’3}6 H’t??eimflﬁ'%‘f R m?ﬁ‘gd’gﬁ%%ﬁ?‘% mﬁ%ﬁ) e %s?ﬁ“{%?ag%c?“ﬁ e
maxi m zed r egeRgEAtEMYA 4 tsmPerfure such thinthe suifitrdbineorpetited thekeonyi n t he art
can be used to _reduce the car.bo ncentratjon on the spent dr opr.ocessi ng
catal'yst to t AEBRPOBFARIFHOAENe aNbo Pl EaE SR e S AR o
met hod i ncl udgf disigdn stats &lis prefdoae tefstidnliy décaptadesstngr edhgloy@trely
contacting it Wﬁ%&aﬂn xm-conh injﬁgﬂ?ﬂas corPt)rS@irﬁsti ngﬁ%ﬁ%en under
suitabl e car b8 gql,%: i hghEe DL &) PIEYTSAETO,
combust or bupbhvethOpinpbmird fevael blimbiiad of the anfok bezugspent hydr opr ocessi ng
catal yst and so as _to provide the car bon-reggr%g cat al yst, havi reduced

car bon concentratiS"Iﬁnﬁrﬁ%}fsﬂ}@s"a rPﬂﬁ?Prti’ﬁléea PE"(? ﬁm&myﬁgre& t he
spent hydr 0PI Rttt bl #iperature redibr thin S0BRE0 I Wrdidrly, TBORMAAT aspect

of the inventive process for the carbon concentration ‘on t'he carbon-reduced
catal yst to bimpegiatiohlsied wilb bewadtiedoutaba tompeiahing ranging donnahont? W whbves so

“that when the on-reduged catal yst .i ubsequent | v .subj ect.ed .t o .a
troatment wi t 50 HQOEHEe: o raiinb i e balg Rt Bl S dees it § 1
mexi m zed. prefemed for the catalyst precarsor and sulfur to be heated together at a temperature
ranging ﬁj‘om about 105 °C to about 125 °C. Typically, the cathlyst precursor and

powdered sulfur is placed in a vibratory or xotary mixer and heated to the desired
temperature for sufficient time to aflow the sulfir to be incorperated into the pores of the
catalyst ;;Tecursor. The time periocl for heating typically will range from about 0.1 hour to
about 10 hours or langer.



The required carbon burning conditions can be dependent upon the anount of
carbon an the spent hydroprocessing catal yst and the desired carbon
concentration on the carbon-reduced catal yst Generally, the spent

hydr opr ocessing Catal yst is contacted with the oxygen-contai ni ng gas under
such conditions that the tenperature of the spent hydroprocessing catal yst
does not exceed 500 Cwth a suitabic heat treatnent, or carbon burning,
tenperature being in the range of from about 300C to about 500 C. The
preferred carbon Nutting tenperattre is in the range of from 320C to 475 C,
and, nost preferably, from350 Cto 425 C The o,{z;é/ .coqacl?né[c tion o
fI he oxygen- cofhamnounty of sulfigasedeilldsnendgpra fheggioyuls %ﬁ esired
car bon bur ni t er at i ] ORIF R0 Mypicdliythe gasunt sf
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sul fur treat ment Itisimpowuitder the dafmfoeiondat e sl aied PSS i e actLa\/l ty.
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catalyst. It is &?ﬂqemogﬁeggﬁnﬂgﬁ?%nf to the@i nvent | ve rrea%o t hat .t he

chel ant havgoibaaPsiinmebisht with both des dlepentz) sulfisspreferblydn PR IwE] g ind
activity in the car -reduced cat al , id ¢ nietn wAged elefaentillound to
1 fiab ytogarioc AiaGRbE ) leradlibd & nifhuepbaged o

any parti culthgolp ver ieved that the chel ati, agent
provi des f orfaenk @RIy iRVarbén satent iptfitss pastupbed. tA1a) of all iy WHEF B Wystthe

active netals contained in the carhon- uc | Ramendenpme
aggl omer at edaltgi@ﬁf@n}ﬁb‘i"ﬁrmlfgég% L éﬁg’éwﬁga ‘%%lﬁ%ﬁl tg atfare$, cibn(_:l udi ng

exposure to Iﬁﬁfe&??ﬁ&a Y& RLRA tﬁﬁﬂﬂidté Isogehious meixing of the cospershisgpagtimlarlydt  and
its derivatives fromwhich the car bon-é]rﬁgduced at al-yst Lﬁr&ﬁé}jﬁtéﬁgvei-ﬁ?e
amount of mehablefisidihygropasbass rehliagid 4l amBiTet RGP TS &) Ve Fough

el ectron nicr so%%{%imﬁ elslorNele]d ded RRle6ageabd vigrosigeat the mixaidedlsoo t he

car bon-redu catalyst 1n a liquid form reterablﬁ fblﬁ ucge f%es%ldgéd on
cont ai ni ng tiheremed hedt wily achigyn the,same lsfees nh be mduss;of Rlefif an ﬂ’éﬁaﬁl t'ed” net al
of the carbon-reduc at al Ak EThe! hittfure ofcagulyst qui d phase
that provide® %%?W?}@%?{?ﬁ%gy%ﬁgef‘ﬁg&ggﬁp eggisﬁivrﬁd assists in th(f);%tﬂ%%gb?&grt of

the netal thgesgheuileitedcalfinonthentiexteidtoden dpfsteattion fHBElye )

re-dispers O{ISOO‘IC. thgfeg%{ ?‘lch% ‘temperature is in the range of from about 150 °C to about 350 °C,

and, more preferably, from about 200 °C to ahout 325 °C. The heating time is in the range

r the

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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Any chel ant conpound that suitably provides for the benefit of restored
catalytic activity as required by the inventive method described herein can
be used in the chelating treatnment of the carbon-reduced catal yst. Anmong
these chel ant conpounds are those chel ating agents that contain ai | east
one nitrogen atomthat can serve as the electron donor atomfor formng the
conpl exes with the nmetals of the carbon-reduced catalyst. Exanpl es of
possi bl e nitrogen atom containing chel ating agents include those conpounds
that can be classified as am nocarboxylic acids, polyam nes, an noal cohols,
oxi mes, and pol yet hyl enei m nes. Exanples of an1nocarboxyllc aci ds incl ude

et hyl enedi am nete 6 bepeatQif the (ERH
acid (BEDTA), di etlﬁﬁﬁ $pe o (EREA)e, méthott e tths divaed taie Fmstoratigiet i ¢

nitrilotri adks iy ccPc %%’gé ¢ afﬂgt‘ésgaggtﬁgf ﬁﬂl ggh%l ugﬂ%

r 1 notr | DR eahdlaiyee ﬁ?ﬁﬁ?ﬁétn??’rmhwﬁﬁmm“fém”:hes“Sa”dd“

(0] cono
(TEA) and l\hydmimbv@mnﬁmoms ﬁwéfwékﬂeaﬁ*ﬁ‘??@ ;}flé ﬁ?fif?te{%"ed tf%“ :%“P%%%g ht £ or
use in the ﬁg% F‘t‘érmlsidfo roa&sﬁgbmgaﬁb@mbd &s Rgrbrodianongino be

represente e follow ng Tornul a:
mclude the high activity hydroprocessing catalyst as described above in detail. Thus,

references herein to hydroprocessing catalyst also include or encompass high activity
hydroprocessing catalyst. It is recognized that the inventive methods described herein are
particularly applicable to the processing of high activity hydrotreating catalyst due to their
unique and specific properties.

The hydroprocessing catalyst can be used in the hydrotreatment of a hydrocarbon
feedstock under suitable hydrotreatment process conditions. Typical hydrocarbon
feedstocks can include petroleum-derived oils, for example, atmospheric distillates,
vacuum distillates, cracked distillates, raffinates, hydrotreated oils, deasphalted oils, and
any other hydrocarbon that can be subject to hydrotreatment. More typically, the
hydrocarbon feedstock that is treated with the hydroprocessing catalyst is a petroleum
distillate such as a straight run distillate or a cracked distillate with the hydrotreatment
being to remove sulfur from sulfur-containing compounds or nitrogen from nitrogen-
containing compounds, or both, from the hydrocarbon feedstock.

More specifically, the hydrocarbon feedstock can include such sireams as naphtha,
which typically contains hydrocarbons boiling in the range of from 100 °C (212 °F) to 160
°C (320 °F), kerosene, which typically contains hydrocarbons boiling in the range of from
150 °C (302 °F) to 230 °C (446 °F), light 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
containing hydrocarbons boiling in the range of from 350 °C (662 °F) to 430 °C (806°F)

The hydrotreating conditions to which the hydroprocessing catalyst is subjected are-
not critical and are selected as is required taking into account such factors as the type of
hydrocarbon feedstock that is treated and the amounts of sulfur and nitrogen contaminants
contained in the hydrocarbon feedstock. Generally, the hydrocarbon feedstock is contacted
with the hydroprocessing catalyst in the presence of hydrogen under hydrotreatment
conditions such as a hydroireating 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 hydrotreating total contacting pressure is generally in the renge of from about
3447 KPa (500 psia) to about 41,369 kPa (6,000 psia), which indludes a hydrogen partial
presaure in the range of from about 3447 kPa (500 psia) to abour 20,685 kPa (3,000 psia), &
hydrogen addition rate per volume of hydrocarbon feedstock in tha range of from about 89

n*m? (500 SCFB) to about 1781 m'fm’ (10,000 SCFB), and a hydrotreating liquid hourly
space velocity (LHSV) in the range of from about 0.2 trlto 5 hir't . The preferred
hydrotreating total contacting pressuxe is in the range of from 3447 kPa (500 psia) to
17,237 kPa (2,500 psin), most prefecably, from 3447 kPa (500 psxa) to 13,790 kPa (2,000
psiz), with a prefetred hydrogen pariial pressure of from 5516 Ii,Pa (800 psia) to 13,790 kPa
(2,000 psia), and most preferred, ficm 6893 kPa (1,000 psia) to-12,411 XPa (1,800 psia).
The LHSV is preferably in the rangs of from 0.2 hr-1 to 4 hr-1, and, most preferably, from
0.2 to 3 hr-1. The hydrogen addition rate is preferably in the range of from 107 m *ar® (600
SCFB) to 1425 m’/m’ (8,000 SCFB), and, more preferably, from 125 m*/m’ (700 SCFB) to
1069 m*/m’ (6,000 SCFB). >

The spent hydroprocessing catalyst has a catalytic activity lower than the catalytic
activity of such catalysts when in fke fresh state as reflected in the relative volumetdie
activity (‘RVA) being less than 1. Generaily, the hydmprocessmg catalyst is considered
spent when the RV A is less than 0.5, but economic and process considerations vsually
determine the point at which a catalyst is considered spent. 'Ihﬁs; the spent
hydroprocessing catalyst can even liave an RVA less than 0.5 dnd even less than 0.4,

The hydroprocessing catalyst can become spent by use j.tnde:r hydroireatment
conditions as described above. It is generally'considared that mj:e cause of the loss of
catalytic activity is due to the depouition of catbonaceous material into the pore structure of
the hydroprocessing catalyst as a result of its use and that the spent hydroprocessing
catalyst cant have a carbon confent genef:aﬂy above 3 welght percent with the weight
percent b:;ing based on the total weight of the spent hydroprocéssing catalyst including
carbon and other components deposited upon the hydropmcess‘;ing catalyst. Typically, the
carbon cofntant of the spent hydroprocesing catalyst is in the range of from 5 weight
percent to 25 weight percent, and, more typically, the carbon comtent is in the range of -
from 6 wéight percent to 20 weight percent. '

A-p impoxtant featmre of the taventive method for maxijﬁizing the restoration of
catakytic activity to the spent hydroprocessing catalyst is for the carbon reduction of the
first step to be such as to provide a controlled concentration of carbon on the apent

iz



/1 Wierein Rli 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
substituted with one or nore groups selected from carbonyl, carboxyl,

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 11 43R5k i i RehRMhsAGréa@ent ith@ 4 car bon

hﬁaﬁ r%ﬁh%’(\@h@ﬂ?ét Buchit kBt uRidrddR § it i

atons; and where is” either hydrogen or another! cation.

Preferred chekhaliting ageps in sscondanca gethahewavensiva pgfhod arrevifalizdaatalystavipetbpra) |
hydr oxyet hyl enedi anj I L0, ac: A), and
di et hyl enetri r&‘?ﬁ%@%ﬁﬁé@@%&%@%‘%ﬁ#ﬁ)@ The nost preferred chel ating

agent is DTPA Any suitable nmeans or nethod can be used to contact the
car bon-reduced catalyst wth the chelating agent or solution having a
concentration of chelating agent; provided, such neans or nethod provides
for the suitable incorporation or inpregnation of the chel ati ng agent

wi thin the pores of the carbon-reduced catal yst. Exanples of suitable

met hods of applying the chelating agent or chelating solution to the

car bon-reduced catal yst can include dipping or spraying. A preferred nethod
for contacting the carbon-reduced catalyst with the chel ati ng agent or
chelating solution is by any suitable inpregnation nmethod known to those
skilled in the art, for instance, inpregnation by incipient wetness whereby
t he anbunt or volune of chelating solution added to the carbon-reduced
:catal yst is such that the total volune of the added chelating solution is
such that it is in the range of up to about the total pore volune of the
carbon-reduced catal yst to be inpregnated with the chel ati ng sol uti on.
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The chel ating solution can be a solution conprising the chel ati ng agent and
a solvent that suitably provides for the dissolution of the chelating
agent. Possible solvents include water and al cohols, such as, nethanol and
ethanol, with water being the preferred solvent for the chel atdng agent.
The amount of chelating agent that is applied to the carbon-reduced

catal yst should be such as to provide for the desired restored catalytic
activity as described herein; and, generally, the amobunt is such as to
incorporate into the carbon-reduced catal yst chelaling agent in the range
of from about 0.005 noles chelant to about 1 npl-e chel ant per | e of
active netal, i Iithas b@ndomdyinexpenteiliaiodp Wm?@ﬁséb?eghé‘?f?iﬂ% a%g e, that
is in the carbon-reduce - - SnathAt@Hod1 @redthéh drthé he

car bon- r edd& 83}362’1 §tag%1?1%t§?réolén D%mcle?g;?{tﬁ_g%gent that js.in the range
of from 0. Gpedt@y@oprobeskiag carilysiifterihe bebert toftstisn aifp- Toaroviés for B best

hydr ogenation netal .in the carbagn-reduced. I he t t he
amount of dREIYETAY %B&ﬁ?ﬁﬁ%‘@u‘%@@"gﬁ% a%%}tg%%%rﬂe{%ﬁhggé@%gf %IFH%? i_;gﬁtinn t he
range of frigEdr@Bssiiy dialystadbes it havdiecbatioe cantent petucedsioe lovel iydF Byenat i on

net al . It 'is recognized that si.gni fi.cant iLgvention is
that, by cdatsithansyor E’%‘%@?“i"'@m%‘e tpé%v,l& ?a(%%%%?%?géaéél ’cég[r%’cent ration

of remai ni n;rgspgﬁnf% O dnhenGatrhifir Jresiiaadneaduatd/stalysostonl Hedn tegange ©fii n a
specific crrtical’ range, wth the chel ating agen treat ment. St enu.fd
revitalizedﬁma@aﬂwg'ght@awelﬁéoBrSOYﬁl&@Be’ﬁ%IIHﬂbpr ﬁ? &grfiaéa\gg?i%% restored
catalytic actiyity takt BalhiliGirdafindh, O desbnohngiraticnenib daeniet hods
for treati n‘éa a’ spent “hydr oprocessi ng cat al ry:{st. JAnd, additi Oﬁﬁt' I }éc’ it has
bteen di fscovrbdec%édtchatygﬁshmddheiniﬂlgrﬂmﬁapi;ii@ﬂp éw&%Pjﬁ‘FI PRE R ﬁ%;rjgtedl t
steps of a contr aron r it A f e e Gt 10d. alys
fol | owed byaléﬂe’f‘l”gqrﬂﬁ’ﬁ% cé:tigbeor]]atcOﬁérggﬁaé r%lr%% elof the resulti nigghgg?bon-reduced
catal yst, i{weightgesanti al for the chelating agent treatment step to include
an aging or soaking of the carhon-r [ ta1dsP1s conteolfell ngthinkd y | ong
time period. If ¥ es‘:ﬂfqoﬁﬁmb“@?{‘%%niogﬁ%%%%ﬁ%ggﬁgér%%gh{s no.si gr?i,fi cant benefit
i S recogni zggired concdit@tiGarhgrintechndade with fieymteninmeiiod, sRBIBBFANEY t her ei n
the chel ating agent is, thus ed for. an _agi | LR BRGBRsary to
provi de for c@m@@ﬁﬁ@ﬁ&%ﬁwﬁfﬂ%‘ﬁ?ﬁ%ﬁﬁ%& a'n&%ﬁéétggtop%%{;}. "It is theorized
that a suffigibAlitlyob@Bfipe RGvReTscbtkincd. Thiyuiaxiizidrepmdrtedf/ ARFEHSt or t he

chelant to react wth the netals of the car A C 40 thereby
f or m chel at esd,ameferblysqubgertialE sxeeeds é‘?‘ﬁ‘ﬁ%‘ﬁﬁg‘r’* 0? ﬁ%eé Sﬁg[ltglf S. @i{ ]I%Eéié;%agme%/ent :
there is a il ME AN e filized figerkeiiR YA tt dedboretugedsiathist i cant
i ncrenment al G%Xgﬁh |’?seeﬁyi n the restored . catal yt.ic activi t.he

car bon- r educenbe gieaten/tben §.h%t Bitsitis megt dePpble ﬁor{atﬁ m%’ﬂﬂ’%ﬁf?geﬁla%d %{,% l?m m
aging tine agﬁg,egﬁggg agﬁ%b?41alug,q{rmrb@tgwa%r an 'OI7i 408 evdiegregemnthan 75 dnduct ed

and the typ © nmount, reldative to the carbon-reduced 5 | ) %té” of

chel ant uSednost instanéseythe prattical fpmer timis forthy mapimized F3e98CRY Wi "acid

chel ating agents to o in_an Lonif i tolreduc@Melch®on gondehtratibn | S

i nportant, if no%?gwﬁlgﬁﬁoglg?&?%e&%g%b?ﬁﬁ? pe? iod 1o gxceﬁld T‘;\bout 10
hours, but, gy gratiyroptdtessig) catplyst wehqrelry povidhba cerbekedaerdrg2HguPY? and,
nost preferably, 40 hours, .There is al.so | 1v&by 3gktgink ithe  at
whi ch no si @P%F@%WF@#EI“ eﬁfﬁ?%ggglgssgg}t%@ggrsggg% %I Fi c act%vi ty is
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the maxi mum cegiitigns 3nddn p gontrodled pREper 5888 RGPS PhYdT “t he aging t1me peri od
for contacti 5 Sah16A bRl 365ds t@protids el dabahmeuchicatdhest at | ng
agent that i%%%%?p%{dgﬁg%&mt in %ﬁe por s@ﬁ% he carbon- ru%%‘éﬁggth%at al yst
to remain thlmvérgramduct:@cab@kcqnﬁeﬂmﬁ%@a"rlé%é% PR R B ours to
about 1200 hour I I m 20 hours to 1000 hours, and, nost
preferably, IPFB%I%%’PE%%SQ&[%Q%E hour s. . The agi ng t rrperbature of

whi ch the agi ng il$iscqndicotaey impertaneampast of BgpefeatiVRRECESS ‘E"f%%\% d8s for the
aged catalyst with .at |gast e, I ed i Rl € WRhinltEe PEcifibeinges

car bon-reduc‘é‘H“’E%tEaHP?/g?%ﬁﬁﬁrbélgn@dggﬁﬁaa yﬁjlbl%%ion (Ehe range of@,’from about
anbi ent  t enpey i Bovd @ theveeien e cattroprredisedicataiyst & SRy s8heed P8 apout

50 C or 60 C The. aged catal yst | ' Sidizhgat treat ment
that can incF@ﬁi’é‘%ﬁ‘VBﬁBe 875?36’5‘58??% egﬁor%@@%a&ft%&)dcgﬁ{tfﬂiﬁ is preferred that
t he aged catal yst not be subjected to calcinations conditions. The drying

of the aged catalyst is to renove at |east a portion of the solvent of the
chelating solution fromthe aged catal ystiahile | eaving at | east a portion,
preferably a major portion of the chelating agent on the aged catalyst. In
a preferred enbodi ment of the invention, it is inportant for the dried,




of the chelant incorporated into the carbon reduced catal yst is renoved
fromthe aged catalyst when it is desired. The drying can be conducted by
any suitable nmethod known to those skilled in the art. Typically, to dry

t he aged catal yst, hot air or any other suitable gas, such as nitrogen and
carbon di oxide, is passed over the aged catal yst. The drying tenperature
shoul d not exceed 200 C, and, can generally be in the range of from90 Cto

180 C. Preferably, the drying temperatute is l.ess than 175,C and can range
from 100 DC to 175here i q@%’c‘%ﬁ‘"ﬁ%@"gﬁf’@ﬂﬁ f@m@sﬂtupgﬁhg |°Hmo°?der to
avoi d either &gﬁﬁ%@é %gn&@dﬁ@méesfsﬁaigﬁﬂtﬂy?@arﬁw ASfredyatohebicasationRnahe

preferred enbodi nent of thée 1nvention, the dried, aged catalyst h

remai ning t hevadianzedisedpetalystcGancaalipibe sperthulmpresesspdiahet 1560W4H %:/’i g to a
sul fur treat Wﬁggﬁﬁaﬁaﬂ%ﬁﬁﬁ%ﬁﬁﬁ“ b ISndifihs iy e 1R ofBle@pert OMTPONEN S

that are int e sulfur treatnent of the dried, aged
catal yst is thelroaaessing dataiyst desnoeereedsioh SQ withs miteblefosst weainentatreaboni t h

respect to the sul fur treatnent. af the tal ] '
pr egar ation o Wmﬁﬁm‘@%&fﬂ&’ﬂ@‘*ﬁ%‘@? OS%P?AV%{’? t}t%dgg%%%égdbsﬁgmgat al yst.
The revital i zggfsall sirved budhing kenpenmeais intherabde dfdom 320°Eq6 aTHW, ead, akast | C

activity such that _its A.lS er than 0.80, but,:nore particularly,
t he RVA of thﬁ#&h‘%%&&“@&gﬁﬁ is greater than 0,85. It is preferred

to maximze the ampyidrydn doRcintaseh Gtahd dyi¥n-tehtaniap 8ik cah be eaONEESSistY
catal yst by the inventive nethod, ,and, thus, it, |§Sp%geferred far, the RVA of

the revital i zegvidathedpsiredicgrggt PERENEFGRLTANEE copdisip § SHSETFOHIRRE BEANS

‘exceeds 0. 95. yroferably iR QHHH0DE ARRBE WIH 0Bt Blas sy ihstM0t, Shkrt ghsaGaed ance
with the net h%ds described herein can be suitably used to hydrotreat

hydr ocar bon f Bidasts in@naadhe conpentsirn af oxyger Bl Prsrtcopamgs goe. dbeeatboied
her ei nabove. d %ﬁe@&%ﬁ' 8mBhBioR BSOS Isd1dded HRthale t he

i nventi-on, butﬂ-&?ﬁégbsﬁ)ou not b_g c%ln_st [(,u_ezd as |i msgll ng theh:gj_scope of the
i nventi on. hydroprocessing catalyst and into which is introduced the oxygen-contaiming gas. The time

periad for conducting the carbon bum is not exitical and is sach as to provide a carbon-
redirced catalyst, having the desirec. carbon concentration, and it is generally in the range of
from about 0.1 hours to 48 bours, ot more. g

The carbon-reduced catalyss, 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 1.5, Patent No, 6,291,394. In the prefarred treaimentimethod, the carbon-reduced
catalyst is contacted, or wetted, with a chelafing agent, which is preferably dissolvedina
liguid cartier, in such & manoer as 1o assure that the chelating élgent 1s adequately
incorporated into the carbon-reduced catalyst. This contacting is then followed by ap aging
period during which time the chelaing agent is allowed to remiain on the carbon-reduced
catalyst te provide an aged catalyst. This aged catalyst then qn%lergoes a heat treatrent that
can include drying or calcination, cr both, followad by sulfur treatment to provide a
catalyst with restored catalytic activity.

The chelating agent, or ¢heant, suitable for use in the q‘helating treatment step of
the inventive method includes thoss compounds that are capéﬁfle of forming complexes
with the metal components, such ais any of the Group VIII Itéﬁfhls and Group VIB metals,
contained in the cathon-reduced catalyst. Tt is particularly impévtant to the inventive
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EXAMPLE 1 This Exanple 1 describes the |aboratory nethod used to
revitalize and restore catalytic activity to a comercially avail able

hydr opr ocessi ng catal yst that had becone spent through its use in the
hydrotreatment of distillate feedstock. Sanpl es of spent CENTI NELTm
DC- 2118 high activity hydroprocessing catal yst were obtained from
commercial users of the catal yst CENTMELTm DC-2118 is a high activity

hydr opr ocessi ng catal yst that contains hydrogenati on netal conponents of
cobalt and nol ybdenum that are supported on an al um na support and is
marketed by Criterion Catalysts & Technol ogi es of Houston, Texas, The
carbon ConGghé@inkGhe SHclatlelve proppities that Bovi®; fobtheEgstration of satalyHr péYHict i vel y
is presented in Table, 2 gﬁﬁgyL Each sanpl e was subjected to a carbon
burn by padsifraghonredresd (4RYanpl e at a tenperature of |ess than 400C. The

burni ng condi t i offiRS Xasfieah Bk byur@ad hiiopdrtehldr theorygliis nayvertistiseibalievsdl y a

portion of the carbon on each sanple so as ta | eave residu : of

carbon on tthet thechslaing ggeﬁéﬂp"lfiﬁ%f&f w8 r%gﬁg?ﬂond)gf;g?e@g? a,lc%(‘)ﬂ1 2 éa%b‘%%'ﬁe?sg%géed

catal yst. Ti‘a@v&@%ﬁ&%ﬁﬂgﬁﬁ b ko8 RinRachaKarhe havetduandagpiinaintsd dBanp| es
, F, an

A B, C D, respectively is presented in Tﬁbl e 2 bel ow
Sanpl es A,  1B,pridy use, anGexpusere kb bigh tempseiresy, BICBEmgFPSULE 1 FEPH PR B gent

treatnment in i;ﬂcor d%p%g%&ﬁéﬁﬁts%%%@ﬁﬁ%ﬁ&&deﬁ%fﬂleﬁﬁ&nw&ﬁcmﬁé caabdy-ected to a

chel ating & i 8 e E was treated with a chel ating agent
but was not reaged cafalyaids derien CBhewintonnt dfendtal veditppision mep de dFRPIEATE 289 uti on

used to treat the carbon-reduced ¢ npl es conprised of one (1) part

by wei ght DAYSEY tqguggngi%c&%%?sggﬁ&gﬁgé{?ﬂﬁ] hydr oxi de, and, 10 parts by

wei ght wat er. Thensakhhs sgdtie eddedas thke ysibos-sedptaisatabistiniaigpidfpm® ed with t he

chel ating solution by a standard incipjen t MRk Ch

appr oxi mat epypfaghly By Hﬁ?é)fﬁéslé‘g?ﬂ c%'Fa“i.‘lPrg 3\9{571%@92%(%&& gﬁgk@?ﬁlﬁg

carbon-red uﬁ%oﬁ@ﬁaﬁli Visskal YRS Eirbbetbduiddleatalyst. Thetatrilenys sigl thus, éma ligiéh sanpl e
e

of the inpr ated, carbon-reduced catal yst s then ] al | oned
to age for phasadhangrovidasiopaopdidy offth Wﬂé@ﬁ%‘ﬁ?%’%g mm?%%gﬁtéﬁggﬁﬁ%la

seal ed cont %Q&éhoﬁﬁh@ EANiOR @R d RABKstGa iidkdh§ tprovide 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 il_lclude 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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The aged catal yst sanples were then dried in air at a tenperature of about
150 C for a period of about 2 hours. This drying was conducted such that a
maj or portion of the DTPA chel ating agent renmined on the resulting dried
catal yst and that a major portion of the water was renoved fromthe aged
catal yst. The dried catal yst was then subjected to a sulfurization step. To
sulfurize the dried catalyst, 13.5 parts by weight of elenental sulfur was
added to and m xed with 100 parts by weight of dried catalyst. The m xture
was then brought to a tenperature of about 120 C and maintained for a
period of time sufficient to incorporate the sulfur into the pores of the
dried catalyst. Follow ng fhe sul fur inBorporation,_an al pha olefin blend
cont ai ni ng al pha ol efi ns hain ng fron114lto 30 car bofi® at ons was i ncor por at ed

into the pores of the sulfur i ALBd-|-dRi-edNXat al yst by incipient
wet ness. The anount of the_al)pha dlefin ad Ed to the sul fur incorporated,
dried catal yst was suffici 8t to fill approxi mately 90 vol ume percent of

the avail abl e pore volune. The thus prepared catal yst was then subjected to

a heat treatnment by heating the sanples in flowng air .at a erat ure of

about 260 C forVﬂmmﬁnﬂmdhsﬂiﬁh@néﬁum@QN%mwﬁwﬁ@hﬁmﬂ$$@Hﬂ§EW4@%ﬁﬂggﬁw at al yst

Each of the les A By G F o (e Be subsBMtcHaiinZRE oS ABR es tr eat ed
g3t i T sahed yah o ey B pus

i n accor darf® Ive e mpl e D that was not Sﬁ%ect ed
to a chel atdrfighsagentd frimabiben, cattorylSest) @he, arhiae, onamide; Whiren R

chel ating agent _but was not_a in_agcor 1 £ i LON, was
tested for %%?%Pﬂq%enéﬁ?‘&ﬂe{eﬁggﬁm%a&#ﬂ' il g g'pov?\lﬁSB tvﬁdfhtlﬁ)gg Ig?gé:rg?j&ﬁgrtglhges aibe in
Exanpl e 2. XANPLE: dther 0 or fElahs wheeiine o2moesdithdiRs R, Foe, ReandRathey et est i ng
procedure and the feedstocks used to test the catalytic activity of the re
vitali 7ed clarmadlgist sanpl es described in Exanple 1 relative to the catalytic

activity of fresh CENTLNELTm DC-2118 higlp activity hydroprocassing
catal yst.

—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 fo 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

16



The properties of the feeds used in the I Vi
_ performance of the activit
are presented in Table 1. To performthe activity tests, 50 cc of v tests

the!rel evant catal yst sanple was placed in a test re
hydoatreating reactien conditions. The reaction cond?f?ggsopﬁgﬁhggdugder
reaction tenperature of about 355C, total pressure of 4137 klia (600 psia)
a feed rate such that the liquid hourly space velocity was 1 hr 1 P ,
gzgrﬁgen-to-m | ratio 01214 n8/nB8 (1200 SCEl bbl), and an operati nig time of
290 ours. TABLE 1. Feed Properties used in Activity Tests FEED PROPERTI ES
A FEED B Sul fur, wt % 1.83 1.65 Nitrogen, ppm 291 243 Aromatic, wt %
12.7 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 o about 1
mole chelant per mole of active metal, i.e., Group VTII 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 chelatmg agent that is in the range of from 0.01 to 0.5 moles
of added chelating agent per mole of hydrogenation metal in the carbon—reduced catalyst.
Most preferred, the amount of chelating agent added fo the carbon-reduced catalyst is in
the range of from 0.05 fo 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 conirolled 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
penod 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 thata 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 anty 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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10 exceed about 10 hours, but, preferably, the aging time period should exceed 20 hours,
and, most preferably, 40 hours, There is also a 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 o 1000 hours, and, most preferably,‘ﬁom 40 hours to 750 hours.

The aging temperature of which the aging is conducted can be any temperature that
provides for the aged catalyst 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 fo 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 shouid 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 suifur 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 testored 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 desctibes 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 2 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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%ANEEEatIVGOVblunEtrIC Activity of Revitalized Catal yst vs. Percegtlcgfgtﬁ
WI. % CARBON AFTER BURN RVA FEED USED FRESH CATALSYT

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 ata
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 piesented in Table 2 below.

Samples A, B, C, F, G, and H were each subjected 10 a chelating agent treatment in
accordance with the invention. Sample D va.ras 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 catalyét 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 in a
sealed container to provide an aged cafalyst.

The aged catalyst samples were then dried inairata 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 clemental 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 info 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 catalystby 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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percent of the available pore volune. The thus prepared catalyst was then subjected to 2
heat treatment by beating the samples T flowing air at a teropetature of about 260°C fora
period sufficient io provide a dried tevitalized catalyst.

Fach of the Samples A, B, C, ¥, G, and H (i.e., revitalized samples treated in
acoordance with ihe inventive methid), Sample D that was not Eubjected to a chelaimg
agent treatment, and Sample E that ‘was treated with a chelating agent but was not aged in
accordanc:a with the invention, was tested for catalytic activity in accordance with the
procedurerdescribe in Example 2.

| EXAMELE 2

This Bxample 2 describes the lahoratory testing procedure and the feedstocks used
to test the catalytic activity of the revitalized catalyst samples described in Example 1
relative to the catalytic activity of fresh CENTINEL™ DC-2118 high activity
hydroprosessing catalyst,

The properties of the feeds used in the performeance of the activity tests are
presented in Table 1. To perform the activity tests, 50 co of thejrelevant catalyst sample
was placed in a test reactor operated under hydrotreating reaction conditions. The reaction
conditions included a reaction femyerature of about 355°C, totz%l pressure of 4137 kPa (600
psia), a feed rate such that the Liquird hourly space velocity was 1 hr 1, bydrogen-to-oil
ratio of 214 m’/ma° (1200 SCF/bbl), and an operating time of 560 houss.

TABLE 1. Feed Properties Jsed in Activity Tests

FEED PROPERTIES — T FEED A T TEEDE
Sulfur, wt % 1.85 163
Nitrogen, ppm 251 : 243
Aromatics, Wit 127 : 32.8
Density @I15.6 °C, g/ce 0.8534 ‘ 0.8531
Bromiue i‘ifumber 15.7 7 4.1
TBP (by GC) '

BF CP) ° 263 ' 320
10% ~353 ! 357
0% 561 559
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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,
{he restoration of catalytic activity to the spent hydroprocessing catalyst after the chelation
ireatment is maximized when the carbon content is controlled within a specific range prior

to the chelation treatment.

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

SAMPLE WT. % RVA FEED
CARBON USED
AFTER BURN
FRESH NA 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
¥ 1.9 0.97 B
G 2.02 0.96 B
H 3.03 0.86 A
EXAMPLE 3

22



B G2.020.96 BH3.030.86 A EXAWLE 3 CLAI M

CLAIMS

I. A method of restoring catalytic activity to a spent high activity
hydroprocessing catalyst, said method comprises:
providing said spent high activity hydroprocessing catalyst having a first carbon
concentration exceeding about 3 weight percent, wherein said spent high activity
hydroprocessing catalyst is a high activity hydroprocessing catalyst that has become
spent by use in the hydrotreatment of a hydrocarbon feedstock under hydrotreatment
conditions, and 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 catalytically active metal in
a manner so as to include a volatile compound; forming an uncalcined catalyst
precursor having a volatile content in the range of from 0.5 wt. % to 25 wt. %;
and sulfur treating said uncalcined catalyst precursor to provide said high activity
hydrotreating catalyst;
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 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.

23



1. A nethod of restoring catalytic activity to a spent high activity

hydr opr ocessi ng catal yst, said nethod conprises: providing said spent high
activity hydroprocessing catalyst having a first carbon concentration
exceedi ng about 3 wei ght percent, wherein said spent high activity

hydr opr ocessi Hga GRLROY & rebiFedBinhil @ BGHhatbih Katdteta0Rs 0@P FoiRG coaipakatst t hat
has beconme spent by use in the hydrotreatnent of a hydrocarbon feedstock

under hysitfr treatingsaid driedd pgddorainlysh frithik erovide ssid 1gvitalighd setelysh ¢ y

hydr opr ocessi ng catal yst conprises a porous carrier and a catalytically
active metal, wherein said high activity hydroprocessing catal yst is nade
by conbi ni ansRbd apQERWE i& A Hiines, Whdleinadat cladlaingt dgeal Isysebetddveomahal in a
manner so as to include a volatile conpound; form ng an uncal ci ned catalyst
pr ecur sogronaviongsting, of aminasaperylenaciin RAERiARy SHROFGBRISH OFIYES, gt o 25
w. % an fur. treating said uncal cined catal yst precursor to provide
sai d hiQWQX%E%Sﬁ%HH%§drOtreating catal yst; reducing the concentration of
carbon on said spent hydroprocessing catal yst to thereby provide a

car bon-reduced catal yst having a, second carbpn concgntéation i-n the range
of from 0.5 weidgymictyxhasgpeiteddn shind. whereiesaghiolrar eEsd BRIVEIhE RS Tng under
carbon burning conditions said spent hydroprocessing catalyst with an
oxygen-cont ai ni ng gas conpri sing oxygen and controlling the anmount of

car bon renoved. Amwthshiskesipehin daior pprieces shidghclating gaant sosckestaddrpnovi de
sai d carhon-reduced catal yst having_.sai d,second carbon cancen lon; and
treating8§aidg%%PbongF§Hﬂ§%d dggalg@?ﬁﬁf@ﬁm§“@%§?§?$ng 49€nt éggi%%reby
provi de gy fE¥idiRibr@tnfatiBhYed. acid (HEDZA)A ARt fegyRSeti@eiip@ntaicegitai m 1,
wherein said treating step conprises: contacting said carbon-reduced

cat al yst asi (RTRA3.0l uti on conprising said chel ating agent and a sol vent so
as to incorporate said chelating agent in said carbon-reduced catal yst;
aging for an aging tine said carbon-reduced catal yst, having incorporated
therein said $OMULEMDA ak Qediftarighyaify OVivEGeNsadd)8ging aingd ysdeedihstioait N0sai d
aging tinme is sufficient to provide for restored catalytic activity to said
car bon-rbeirsed catal yst; and drying said aged catal yst to remove a portion
of said solvent fromsaid aged catal yst to thereby provide a dried, aged
catalyst and to thus provide said revitalized catal yst. 3. A net hod
as recited i ngchanahdd anwheited in slaind 7f whateimsgpid fieg chaboh kencentmpon ses: sul f ur
treating said dried, gged_catalyst tof}hus provi de sgid.revit 'i%ﬁﬁ

cat al yst theqrange il e 2 aveighti pRIEent do A amraht RefshbeRd SAIdSERBT L4105 agent

i s sel ectodehirABril e GRS b 79 drdbnt PRIRRAGBNDBYLikR feddie, pol yami nes,
am noal cohol' s, oxi nes, and pol yet hyl enei m nes. 5. met hod as recited
in claim4, wherein said solvent of said solution is water.

6. A
met hod as recited i | ai m.5, .wher ei aid chelatin t 1s selected from
t hegr oupconsi St PrigERat Ay FEHEH B fet PR it Es Lo (Rpay. poresht OF sid
hydr oxy ethyhgegiarinetfdracstiite @l darbblEIdked andlyst remains in said dried,
di et hyl enetri am nepentaacetic acid (DTPA). 7. A nmethod as recited in

cl ai m 6, agdsesagdlystsai d agi ng tinme exceeds about 10 hours.

10. A method as recited in claim 9, wherein said chelating 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 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
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8. A nmethod as recited in claim7, wherein said first carbon concentration
isin the range of from5 weight percent to 25 wei ght percent and said
second carbon concentration is in the range of fromO0.75 wei ght percent to
1.75 wei ght percent. 9. A nmethod as recited in claim8, wherein nore
t han abo r&gfgn ' [ j ot hd

car bon-rg lﬂl?:e @c;edata ygggragﬁt%ﬁ%s nlgttseaéi&g1 gﬁrquzlie%ng g%eggnggatﬁgﬁ:%og SR 10.
met hod aspanecatblgst;in claim9, wherein said chelating agent is

di et hyl enet ri.am nepent.aacetjc acid (DIPA); wherein.said ' time exceeds
20" hour <SS akdverneBap i sl SuBibinbeat vttt and ISt Mt 8840 From 6
wei ght pefnaemt, th Ah&Bhyeidide RER&RAINEatal YRSKIRISInMAIEadin@ BimkdisWaFeéntRer cent  of
said chel ating agent T ncorporated into said carbon-reduced catalyst is in
sai d dri eohvidegferrastared gagalytic activity 1d said\carboioiluged easdisteand n claim 1,
wherein gai.d treati t conprises.. cont act i id.carbon-r d spent
cat al yst EWHI‘%S%E%?CE%@H&@SW X ?180]%;13?&)?3 1e|S§F‘%ﬁgﬁle§5fé’r‘ﬁ grz@n@ grgglo vent so
as to i ngnapssinligesaidyshel ating agent in said carbon-reduced spent

catal yst; aging for an aging time said carbon-reduced catal yst, having

i ncorporated therein said solution, to thereby provide an aged catal yst
wherein said i Rg. Ll IS L Cler 0 j d t C ytic
activity to sg?'dﬂc{anret)h(r)gﬁ-érse{fﬁ}éée%l%gﬁgf“ygt’;f'agtﬁééj %@%“%Qfed&%g’& ?:Lg al yst to
renove atpstiig said @bed aitdlysioharémy rdniesed fsabimamidn tod spidosdlamt skdreffroravtot al i zed
catal yst. .. 12. A nethod as recited in claim211l, further conprising the
step of : vield saigd rqvitalizgadirgtabsf-d aged catal yst having renoved said portion of
said solvent therefromto yield said revitalized catal yst. 13. A

met hod as recited in claim12, wherein said chelating agent is selected
fromthe group3cAnuetbi mg redited i dedar b xyhdreinaeiddshel pimgyapmnissselected

am noal cqhol s, oxi mes, and polyet.hyl enei mi nes 14. A neth as

eci b ed BTL s (B RSB OF At nSEr G of Lo RPTHEH ofim G HASLR

15. A methRtksagnd SitldiBfleddimfleal m 14, wherein said chelating agent is
selected fromthe group consisting of ethyl enedi am netetraacetic acid
(EDTA), hydroxyet hyl enedi am netriacetic acid (HEDTA), and

diethyl enetri 3%} ﬁeﬁg{ﬂéggﬁéiertﬁcizjﬁatd%%ch%i&SZ?A&herBiguﬁai(ﬁ%glﬁerﬁ‘ oFstaﬂlo 901 Fort %Ci ted in

claim 15, whe eds a ours
water.

15. A method as recited in claim 14, wherein said chelating agent is selected
from the group consisting of ethylenediaminetetraacetic acid (EDTA),
hydroxyethylenediaminetriacetic acid (HEDTA), and diethylenetnaminepentaacetic

acid (DTPA).

16. A method as recited in claim 15, wherein said aging time exceeds about 10

hours.

17. A method as recited in claim 14, 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.

18. A method as recited in claim 17, wherein said chelating 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
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17. A nmethod as recited in claim 14, 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 from0.75 wei ght
percent to 1.75 wei ght percent. 18. A method as recited in claim17
wherei n gajdht pheb@al hitDwRGRM salBscdbfl SitbNE3cbARHANE M AB ¢/lde G Fond1 ( DTPA) ;
wherein said aging tine exceeds 20 hours; wherein said first carbon

concent r aeighhperseitio § heweighigeresht.f rom 6 wei ght percent to 20 wei ght
percent; and wherein said second carbon concentration is in the range of
from1l weight percent to 1.5 wei ght percent. 19. A nmethod as recited
in claiml8, whexehdihd®sSrebit@Ninadapt 15 Wheedif Mdss emedatt s weahflpab&ltat i ng
agent incorporated into said carbon-reduced spent catalyst is renoved from
sai d ageéf #%d shsjatinghgenhigoempenteh ytngpid easpon-reduced spppt catalpgitihganoved

conpri si RY;.. Rt EVi di hi gh. activity hydroprocessing catal yst having
a reduce E\?%ld;ér%gé: %}ﬁg?gﬁrg%gdn&s%n csgér?t' rati on of deposited carbon, wherein
said spent high activity hydroprocessing catalyst is derived fromthe use
of a high activity hydroprocessi ng catal yst under hydroprocessing
condi ti ons whéPehyetiady §pmpasiagposi ted thereon to give said first carbon
concentrat| I o snroGlind I | } tivity
hydroproggégﬁﬁggggggﬁ§§¥8%9&%2§@§g¥|nglggfgggggﬁ?ﬁﬁ%gﬁa§§§?5$?ggn@g

hydr opr ofiess séanigprc abadopshtion tdf depositgdy earboon twdicndim gsagh spenideigh castivetm  bur ni ng

conditiopns.to thereb rovi de a at treated.spent high activity .
hydr opr o @%rgpwge%a]tga%}@ystwaﬂ%ﬁaeg B PP B T ﬁ&%\ﬁ&yr@fqtr P"%/?ﬁ'&g

cont r ol | [Agy5irlcs fARRFoEAkRATCAERERN hakb) Raldiin GOBLGhAJ MoreBAidlghar bON

burning conditions so as to provide said second carbon concentration that

i s in theaid fingyeahon cpurenGatone] deposifpdroadhon; t o 2. 5 wei ght percent; and

subj ecti aid heat treated spen igh activit dr opr ocessi. cat al yst
Co . chelcit gtes 880 seff B R R Ly Hse At ity RS PREER R ef o) ng a
revital i ppf RvAity\WRk@irBessgihg it aatd ‘zﬂ_1tdky?&ﬂé&ﬂﬁiﬁﬁgsgdsn@l&atoamﬁ_ﬁt _
conprises a porous carrier and a catalytically active netal, wherein said
hi gh act Puiming sppditiops sridssbygroades eat tieatedgarmt bighasHuitnhydjoRaressivsr ous
carrier andSakdiGal Abxld cablycAkingiiPkfl [n @ manner o as to include a
vol atil e coﬁbound% orm ng an uncalcined catal yst precursor having a

vol ati | ecoondlend shid sé@ndacgBordfcohcentratiod tm cofrdlling Saitt cailpn amenisugl f ur

treating sajd catal yst precursor to provide said high activity
hydr ot r e&#HHEERSSP 4P J& provide said segand %T?%k%e%%au%g?a?é%niﬂi‘? @PgF f O wher ei n

said redB%ﬁ?'E%%&éékﬁ?ﬁsknﬂﬂn Bont: wherein said revitalized RVA is at
N 22. A et od96 A

| east 0. 8. as recited in claim2l, wherein said
chel at i ngulijectaigreeist hanb trpated epent high activity hydroprocessing catalyst to a chelating

treatment to thereby provide a revitalized catalyst having a revitalized RV A;

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 catalytically active metal in a manner so as
to include a volatile compound: forming an uncalcined catalyst precursor having a
volatile content in the range of from 0.5 wt. % to 25 wt. %; and sulfur treating said

catalyst precursor to provide said high activity hydrotreating catalyst.

21. A method as recited in claim 20, wherein said reduced RV A is less than

0.65, and wherein said revitalized RV A is at least 0.8.

22. A method as recited in claim 21, wherein said chelating treatment
comprises:
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contacting said heat treated spent high activity hydroprocessing catal yst
with a solution conprising said chelating agent and a solvent so as to

i ncorporate said chelating agent in said heat treated spent high activity
hydr opr ocessi ng catal yst; and aging for an aging tine said heat treated
spent hi gbntaérg\Waldyhday HEQBd 95286 ﬁjgﬂgtcﬁﬁha dyh&&prola@.gingg:atag@@wnﬁraasbﬁdmhher ein
said solution, to thereby provide an age at al yst wherein said aging tine
i s suffi ep@prising sgd shelaang agent @g@ éﬁ@kye@famasyw@cmm&ﬁ seig qhglaging @gent
carbon-red t i i.talized catalyst.

23. A negh%%gggﬁﬁg%?ge%ﬁ&B*%Qgﬁg?%gﬁﬁ ?%?%%§%W§%gﬁéﬁating t reat ment
further egpribses aginyitinge sad de@getaaipahtylsigh taetmqamytﬁo;&oa@efm?gwatanst said
solvent therefromto provide said revitalized cataly 24. A et hod
as recit8avipg ue,qoa?qwtgé thereiptsaisy sob@ingy t%th%ebb%mgfl% Bl @ﬁed siplyshrWhereiat i ng
sai d aged, S f | vent

t her ef rog1 ?gatgﬁ%ﬁltg ggﬁgﬂﬁé@?@;‘bﬁ%& g%t a{t&@d élmqiy&o&%g/ﬂg 8 Saﬁﬁ&% (312 recited
i n cl ai m@cedbrealgitno darebygrelide kaid ra@mhted atdpdtected fromthe group

consi sting of am nocarboxylic acids, polyam nes, am noal cohols, oxines, and
pol yet hyl enei m nes. 26. A nethod as recited in claim25, wherein said
sol vent of sahg g b@1s rScit@tif claim 2% wiefein Aa LA N3 Strdafifibd: §lrthd} Cl ai m
26, wherein said c ating agent is sel'ected fromthe group consisting of
et hyl enedbmpﬁmt(hyimgasaelt agedawitayst EOTenovehy eovionesthyaic seldimirtherefromaoet i ¢

acid (HEDTA | en i am nepent aacetic acid (DTPA). 28. A
net hod agror\éq:qs(a evﬁ He AR E‘f{ wherein said aging time exceeds about 10
hours. 29. A nethod as recited in claim28, wherein said first carbon

concentration is in the range of from5 we rtﬂgqht percent to 25 wei ght percent
and sai d secoRd- dapisgiwdcontasited an ickrimi 23.j fy ﬁ‘ec‘i’rahlg?éng)ﬁhﬁf Blem @: PEfwgei ght

percent Ereatlln /3 d&%}%? a.Pzﬁ{]s%ehaérhntg remcaz %%’0 said n%l}‘orﬁo Sof seacd tsglc\jre' n claim

29, whereiln 1ene nepentaacetlc ac id

(DTPA) ; Wéfﬁbﬂit@?ﬂelﬁs&ﬂflﬂ@tﬁlhdéﬂc@b&%ﬁds 20 hours; wherein said first carbon
concentration is 1n the range of from6 wei ght percent to 20 wei ght
percent; wherein said second carbon concentration is in the range of from1l

wei ght per cenbt g dofioel abl el HAhGRSLn Al B asiicatl.RAdSess than

0.5; and wherein sard revi ta I'ze at [east A net hod
conpri si igmm the group consisting of aminocarboxylic acids, polyamines, ammoalcohols

oximes, and polyethyleneimines.

26. A method as recited in claim 25, wherein said solvent of said solution is

water.

27. A method as recited in claim 26, wherein said chelating agent is selected
from the group consisting of ethylenediaminetetraacetic acid (EDTA),
hydroxyethylenediaminetriacetic acid (HEDTA), and diethylenetriaminepentaacetic
acid (DTPA).

28. A method as recited in claim 27, wherein said aging time exceeds about 10

hours.

29. A method as recited in claim 28, 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.
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provi ding a spent high activity hydroprocessing catal yst having a reduced
RVA and a first carbon concentration of deposited carbon, wherein said
spent high activity hydroprocessing catalyst is derived fromthe use of a
hi gh activity hydroprocessing catal yst under hydroprocessing conditions
wher eby carboRpi 9 dapast£d thenean dfAmIdinve wikhénf bdidt ciepftiRgNag@pcignt rati on
of deposited carbon; heat treating said spent high activity hydroprocessing
cat al yst disthytortréctinepgnsacdicsiseh{D TR 4h whetdiv saig apipg tiopr exseedsi Hghayat; al yst

with an o en-c i ni,n as under .carban bur ni ndi tion er eby
provi de ﬁ’)ﬁ‘%%&% Satlngéﬁecﬁr@g‘e%flc‘?#@ﬁmé&? v ﬁa?%?&wo%‘%ggggﬁghégpe g?nglce()’/tszp havi ng
a secondygaihP PRreRN GaR A tdaRNsecandl ca®BA IBhédnhgtisiidins #eoRfge 3l o 1
concentration by controlling said carbon burning conditions so as to

provi de waight perserictodad Height oaent mdicraim seidaedyced RY A helesaigs bf: dom 0. 5

wei ght percent to 2.5.vwei .percent,.cand treating said heat treated spent
hi gh act iw\]ﬂe{e)l/“ %%Feggglé%%slg?%dggtﬁ%t9.58,[5.\M.th a chelating agent to provide a
revitalized catal yst. 32. A nethod as recited in claim31l, wherein
said treating step conprises; contacting said heat treated spent high

activity hydr éprdeestkedrprydisiisyst with a sol uti on conprising a chel ating
agent an . i . I .af | ty7 A sai d
R LT T S e A e S o B
agi ng ti fiestsedrborheahcdntrade bfs penisitél ghrteas iwhicrgin hsaitt epedcbighi agiveat al yst
havi ng i ncorporated therein said, chelating agent, to.there rovi de an
aged cat BYSROPTORREIG Fﬁt%lé{ftdlsafgﬁnﬂﬁd R ﬂilesug‘ijf’gFlgP%}i‘uathYitypiE%qb}%BIg’C?SSWgr est ored
catal yti Ea@@%ﬁ YideY nl @0k sGR RRB R WHeLG *hAlo% S8 deposited theddn té\giRE hod as
recited in alm 32] ereinsaid treating step further conprises: drying

sai d ageeaidafimt ystbohocaneamivadioa pbKdepwitedicagming heal treatingf saidh spanid highed

catal yst to .thereb ravi de ried ed .catal yst. . . 4. A net hod as
recited iaﬁlv&y;\?yﬁlfr%%(? FHre ﬁ%t?ﬁ’étg??b‘r“%“é?"?fg.g S@ﬁISP?W%fgheaﬁlivﬁﬁhg%f)amgasesalgcat al yst
havi ng r egmmed wi@l gh BQ{/édn%nﬂﬁniﬁ%' Shs Spld¥e pirbbhuafih®Rohditivhetdl tigady
revitalized catal yst. 35. met hod as recited in claim34, wherein
sai d chelpeavideyachyehtreited spenschigl arfivity hidrograsessingopaialysti aying a second

am nocar bo%éhi g c%%{rgt%dn' %géyam nes, am noal cohol s, oxinmes, and

pol yet hyIC% ' nes” ’ 36. A nethod as recited in claim35, wherein said
sol vent @bntsalliflg Salditsbewndi Sarbor efoncentration 3oy cAntieilihg dsais caghoint bukning cl ai m
36, wherein said chelating agent is selected fromthe group consisting of
et hyl enedpedififes rasda pevide i sepmbighon sRAGFYIAHORHDA! S e FTE OF (18t 1 o

aci d (HEQTAY e itk e td Y S GRGLHRAAERRNT aacet i ¢ acid (DTPA).
treating said heat treated spent high activity hydroprocessing catalyst with a chelating

agent to provide a revitalized catalyst.

32. A method as recited in claim 31, wherein said treating step comprises:
contacting said heat treated spent high activity hydroprocessing catalyst with a solution
comprising a chelating agent and a solvent so as to incorporate said chelating agent into
said heat treated spent high activity hydroprocessing catalyst; and
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.

33. A method as recited in claim 32, wherein said treating step further
comprises;
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38. A nethod as recited in claim37, wherein said aging tinme exceeds about
10 hours. 39. Anethod as recited in claim38, 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
wei ght pdrdentaid agdd ddalvatitgidmeper cpmtion of said sdl¥entAroretshidchged catelystted i n
claim 39, erein said chel ati n% agent is diethylenetriam nepentaacetic

aci d (DTBKy® W@Y@Fﬁ@ﬁg’cﬂg& CHaY8E me exceeds 20 hours: wherein said first
carbon concentration is in the range of from6 weight percent to 20 wei ght
percent; wherein said second carbon concentration is in the range of from1l
wei ght per cenB4t & niethodies rigtitedpe chent3]3, fmthenbengisingai d reduced RVA is | ess
t han 0. 5. . 41.. A nethad of optimally revitalizin ) t

hydr opr oSWLE FrtBR A Fard FrigyHIGXmEseRE Y W EPoLe of il sPEH RIREER: rati on,
sai d nmet hpdicROART fSRFlizeNRAMalys €at i ng sai d spent hydroprocessing catalyst by
contacting said spent hydroprocessing catal yst with an oxygen-cont ai ni ng
gas under carbon burning conditions to thereby provide a heat treated spent
hydr opr ocessi at al yst. _hayj a,r.educed, carbon, concentration bel ow said
spent hydr ot rggtﬁn eg‘éabagﬁe%{oeﬁggn%l?lg} ig%n‘?’hecrglﬁtsrabq ?li]erilagmgaef 8 t??eecttf%car bon
concent 1 &ok h Yor6@N tdoRdiktindg of adnbin6drb@ilieUad1dd) Opsi9adinks, OnGin®alcdbolk,0

provi de said reduced carbon concentration in the range of from0.5 wei ght
percent o©¥imescaygepthyerd@itesand that provi des for a catal yst having a
restored RVA exceedi ng about 0.85 after subjecting said heat treated spent
hydr opr ocessi ng catalyst to a chelating treatnent; and, thereafter,

subj ecti ng sai3d. henithod eatredtelp@antiailiy df opheess sHid golvadtadfysuid bauiimgisai d
reduced carbon concentration to said chelating treatnent to thereby provide

sai d revi™i zed catal yst. 42. A nmethod as recited in claim41,
wherein said spent hydrotreating carbon concentration exceeds about 3.5 wt.
% 43. A nethod as recited in claim42, wherein said RVA of said

revitalized céfalysikthedceeadsited. i85laim 36, whdeinssaphthdlgtite dgpnt mgsedectasist or ed
activity .made the nethods,.of any o | ai,frs .1-20, 21-42 or 45,
A corrposiﬁiopbn,tg%orr%rf’flgi nPISURG  of ste[W%{ﬂeﬂlﬁmén?é?taS%gd &6 V@P’Téan'pri si ng
a spent Riy@hxa&hichéMaiHeiRRERC @SRl NHEPALRY Yald Ravhyléhctepdinbipthathes eon a
deactivating concentration of carbon, wherein a portion of said

deact i vaeridgDddddent rati on of carbon is renoved therefrom by the heat
treatnent of said spent high activity hydroprocessing catalyst in the
presence of an oxygen-containing gas to give a controlled concentration of
carbon in the38ang8edbd b egtited b tlain? 33, wheght sapbagisptinenatctdigrababt ¥y, t he
t hus- heat treated spent hydroprocessing catal yst has been subjected to a
chel at i n§otBeat nent .

39. A method as recited in claim 38, 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.

40. A method as recited in claim 39, wherein said chelating 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.
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46. A hydrotreating process, conprising: contacting a hydrocarbon
f eedst ock under hydrotreatnent conditions with the catal yst made by the
nmet hods of any of clains 1-20, 21-42 or 43.

41. 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 of from 0.5
weight percent to 2.5 weight percent and that provides for a catalyst 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.

42. A method as recited in claim 41, wherein said spent hydrotreating carbon

concentration exceeds about 3.5 wt. %.

43. A method as recited in claim 42, wherein said RVA of said revitalized

catalyst exceeds 0.85.

44, A catalyst having a restored activity made by the methods of any of claims

1-20, 21-42 or 43.

45. A composition, comprising:
a catalyst having a restored activity comprising a spent high activity 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 high activity hydroprocessing catalyst in the presence of an
oxygen-containing gas to give a controlled concentration of carbon in the range of from
0.5 to 2.5 weight percent and thereafter, the thus-heat treated spent hydroprocessing

catalyst has been subjected to a chelating treatment.

46. A hydrotreating process, comprising:
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contacting a hydrocarbon feedstock under hydrotreatment conditions with the catalyst

made by the methods of any of claims 1-20, 21-42 or 43.
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