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A METHOD OF RESTORI NG CATALYTIC ACTIVITY TO A SPENT
HYDROTREATI NG CATALYST, THE RESULTI NG RESTORED
CATALYST, AND A METHOD OF HYDROPROCESSI NG 5 Thi s
application clains the benefit of U S. Provisional
Application No. 60/537,499 filed January 20, 2004,
the entire disclosure of which is hereby incorporated
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Internatlonal publxcatlon number WO 96/41848 (Sumitomo) discloses a process

wherein a used regenerated hydrotreating catalyst is contacted with an additive comprising
at least 2 hydroxyl groups and 2-10 carbon atoms, and dried under such conditions that at
least 50% of the additive remains in the catalyst. The activated catalyst is presulphided
before hydrotreating.

European patent application EP 1 043 069 (Akzo) discloses a process for preparing
a sulphided hydrotreating catalyst in which a hydrotreating catalyst is subjected to a
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Eur opean patent application EP 1 043 069 (Akzo)

di scl oses a process for preparing a sul phided
hydrotreating catal yst in which a hydrotreating
catalyst is subjected to a 1 ARACKInGY Cl-IFFT

sul phidation step, wherein the hydrotreating catal yst
conprises a carrier conprising at |east 50 wt % of

sulph.ﬁ!ag{\ﬁ §iep \fﬁb?e:ﬁ&hfh}r&btreﬂiﬂy datalysy cgmplmasa carier comprising at least
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agent, aging the so-wetted
catalﬁwfdrxﬁétﬁodwﬂdmo\ang thet m:vamfeataly@w by wetiggthroatalyst with a

so-dried  substrate,. the so-dried
chelafipg agemt.Aging (B s retisdrsbtmaiying anfi fetrAlel o%@g}‘:‘ﬁ 5%
mﬁmﬁ%?pent catal yst, having a reduced catalytic act|V|ty

é‘ative to a catalyst inits fresh state prior to use

Summmcﬁ'aﬁelmentid_mr eby provide the spent catalyst, with a

¢ .
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redud%ﬁ %&taﬁ%cfa@ﬁvﬂy I-élﬁtiw toch cHaljmtm ity fiiesh stete prianto npe thepspf to

resulting in an a st. haV|n Jnco Q
therebyr prasiide thi epent igat %%1 &Ph% 8°TR S‘Q&‘V@‘ﬁ@% #%g"“até‘é‘ a

catal i QUfA it e grovadedfor aaestored
S°“’¢Hﬁﬁ@ﬁyﬁ§ht3@?:@%p‘%%§8 ?ga. PCTI US2005/ 00182 31
catal?'!lid/adlﬁutyemelﬁyatasubmgon as ageﬂ cataﬂwvféiarvmnpﬁ@oa?é erein the

chetaipgetiisatdhessny oty R AR il EOM o RN ilhding o

aged catalyst thereby resulting in a dried aged

catal yst. The dried aged catalyst is then sul fur
treated to yield a restored catal yst. 5 Another
enbodi nent of the invention relates to a nethod of
restoring catalytic activity to a spent hydrotreating
catal yst that has a first carbon concentration. In
this nethod, the concentration of carbon on the spent
hydrotreating catalyst is reduced to provide a

car bon-reduced catal yst having a second carbon
concentration that is less than the first carbon
concentration. The carbon-reduced catal yst i s exposed
to a solution
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10 conprising a chelating agent and a solvent, for an
aging tine period sufficient to provide for a

W0 easoresd2 cat al ytic activity thereby resulti ngPCWUamosmmszs
aged catal yst having incorporated therein the
chel ating agent and the solvent. The aged catal yst is
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a carfrom-=dhaeedi aatu,lydh ahk chelemnwdt i dmcoaporatgd o ttluamrbcm—reddced
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In accordance with another invention, provided is a catalyst composition
comprising a spent catalyst, having incorporated therein a solution; wherein the solution
comprises a chelating agent and a solvent; and wherein the resulting spent catalyst, having
incorporated therein the solution, has been aged for an aging time period and then dried to

remove a portion of the solvent contained therein without removing therefrom a significant
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Det ai | ed Description of the Invention The invention
relates to a nethod for restoring catalytic activity

wo eoos/oisanl yst, 10 preferably a hydroprocessi BGT/US2005/001825
catal yst, which has becone spent due to its use. Al so,
the invention relates to a hydroprocessing catal yst

poﬂi‘a%?o;‘f@%“?}@ajﬁ%%ﬁ{fn@ﬁﬁ@%%‘a e forencbs P8 syl At thereot to
vmg@ﬁep@gtﬂggssi ng catal yst wusing the inventive
met hods descri bed herein. Further, the invention

r elTheaestorsd gatalyptianshiboiesstalysts pedles theaferemgntipyegddesatment

e 454 6 53004 e b e ot i

a hyﬂ%bﬁfﬂdn&éed%ﬁi&kbﬁd&fbydﬁdyré@bdlﬁg bmﬂiiﬁ)@&n ation catalyst

i ncl udi ng conventi onal rgf\/droproces& ng catal ysts éhat

corffhemsablestnindadvanigeid e mpentionsilncomapBIPR) foriRe

I ;oup VI E net al
f°“‘5%."gélﬁ@% agﬁﬁgu@oup%#@rrﬁ?g conmponent, or both
Detsitiddbesenpimmefithe Inventiors preferred for the 20

2%?131%%""633'@%8&%?%35? R R N A (T
prefSig O L?é?%vlﬁélf‘ha%'b%@oﬁle %béiﬂ‘ QuatPRPERL Allso, the
as a phos oro

suc conponent. The Group VIII neta
inventinp celatas tood hydrepfn)ychsmg m@b&t;mnigothat catalgst comppaitipag laying

restieS CBRAETOR ARSI BEormsly oohBRmLRTopRoot g caalyst

usi @ﬁ%%ﬁn\%‘}ﬁ%%é 8QBribRUet AR Burthes) thélBrvention relates to a
droprocessing catalyst. The Group VIIl metal can be

hydwtrmcsmg Prosesstthas ugilizenthe tastoirest hydgoprocessingaiatal ysipef the
mveﬁ)&ol adium and platinum Preferably, the Goup VIII
is either nickel or cobalt. The Goup VIII netal

co mﬂﬁﬂ@ﬂ&oﬁ@é&sﬂhg estalyst dfffies 1ﬂyéitmrcmﬁeﬁ$hyguﬁaﬂﬂahy&b genation
conposition can_be in the elenmental formor jn
cataiyst tchiding eppventionshhyriipRrocessipg catalystsgpat opnsiss ﬁﬁllféal component

oo T Sl S 1GACEN VI S Bompcn o
a Groap I metlat dflﬁnpcﬁllege oﬁfxl)th mnala:bmpbnéhtﬂ. Iaiscplnefeﬁ'edxﬁnrgh?

percent, el enental neta e total weight o
hydfqpéomﬁmamt@é@ste CRARPPEISE 20 roulah@gém thsomRSRERtAd Y Group
Vﬂtﬁstragﬁ‘?*%@%é?%%yvﬁp%%%%% Tk et s
phos;ﬂioain;ss:bm;mnmtmtlon is in the range of fromO.3

% t ht % refer
e eroip g e cprmineit g oo Bt Yy bO¥Gppsition ar

thosﬁ: GRS M Retd NG r@t@l&n}ﬂo&dﬁhgﬂ I QHSIASNEN ®ith theother

ydroprocessing catal yst COITEOSItI on are those Gou
conMOBenteoﬁihe@atam mmp@ﬁpmum bereviden hydraprecessiog ¢ t. The

{3‘ %Iﬁt hgtal Pe qefected from the group consisting of nickel, cobalt, palladium

and platinum. Preferably, the Group VIII metal is either nickel or cobalt.

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

composition. Preferably, the concentration of Group VIII metal in the hydroprocessing
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5 of the hydroprocessing catal yst conposition,

sui tably provide a hydroprocessing catalyst. The
w@msp7dgkB netal can be sel ected from the groupCT/US2005/001825

consi sting of chrom um nolybdenum and tungsten. The

preferred Goup VIE netal is either nol ybdenum or

cost g saoaPon s i B rBb e R pitant B 158 WREHRYand Mo
prefemif&iy,qae ess&ﬁﬁﬂﬂomﬁﬁmange%mm 0 Whight %A 4beeijtit %he

el enmental formor in the Tormof a netal conpound, .
suThe Gsourf YiB mekad wpinponest pfithe hydrproasesing paialysicopipesition are

N e

of the h&@ro@ﬁ%é&sﬁ?@catdl@ét%hinﬁﬁﬁﬁéﬁ Euitsh 19 Pedvidd a Bpdraprobessing catulyst.
the total weight of the hyd’roprocessmg cat al yst

The Goonpo¥ B rnﬁnl cazvt: be ?lmq/ﬁomﬁbe EtoHB SARFISHNENT HIOTEFBLp
B . |
mon Yy sl o s ABEA LT3} Y0 3Rt BB mopdemy o

chroiting lahd Yot peeferred; it is proljirieatuny, the concentration is
in_the ran%e of from7 weight, %to qu ig?ht % Thgl
supBeGrowY &3 matal spmparet sentained ab i c&pSpg catalyst

comp$sitidlY czﬁ‘ilarfeelﬁ' clbmBital Rotth 2R heRERY b 8 $nefal SHRBOId, 58¢h as, for

e netal hydrogenati on conponents of the

exanfipielraxpdess i fidesgind dhaliyes The amounli ofGoop 608 methkiadhor y

hydrprop i A dBEPPHEP e 28 et GhEomTEbot S to about 25

wei%ﬁk #ér‘é@ﬁttékflﬁéﬂtﬁ’m&iﬂfﬁ“a%ﬂ n theithtaPRekhi 6OME ﬁydxo?i&céﬁh% catalyst

Itania-alumna, zirconia-alumna, silica-titania, i
compositiom Preferably; theatonpéntzation ofl Greupu¥ih metal [in thethydropeecessing

alum na can.be of variqQus forns. . s . h

catal§p henbpstpaism e et f Hom Al 4 o el most

pref@hilyaibiéBoficenirh e & iathidaige oPREAM Weighto¥ (GT2R s gt %.
thefeof. The preferred porous refractory oxide iIs

andhp epperamateriakof t optegessing; catabyst cambe sy pMstial that

. um _na anmm, al um i 1. or ous
suitBL P B o SR B R Sy S EnabE bbb Gt
hydidpaiedstig ¢atalidiéndladige podous fefmtor oxides Exangddsrod possilidle suitable

about 200 Angxg?gt_rorrs, preferably, from 70 An%gtr s to .
poroyy sefragiyy oriies Inchyle silipgsmagiestae filipa-itanga, giFree, silica-zircoma,
tita.nﬁ @?attﬁﬁgﬁmﬁﬁaé %ﬁ'gorﬁg-gﬁﬁﬁlﬂ E%ilic-gt{ﬁaﬁig,tﬁ I Silicy SluttiRa, @hd

e porous réfractory oxide, as neasure y standard
alunine-gilicytep Aihiealureing yarBBe afvdrmads fors, suchtascalplanajumofa, beta

f.rom about. 0.2 ¢c/gramto about, 2 cc am_ Preferably,.
alumipg, g3pyna alygy hdh R gla oA Ta g R g ixures
therdd?, ¥he r%?é‘iéﬂ&ﬁﬁ&roﬁé"ﬂi:ﬁa%ﬁ oRE6{LhApNous’ l@kif: Among the available

cc/gramto 1 cc/gram The surface area of the porous
amorphons eluonipasy gamdma ahisnime aswogdrelprrede 4 B.E. T. net hod,

| | ds ab 10 / it :
0y PE DorpsFREY ouG Eonraty For Lo pteeoion Highiies it tpggoee of
from Rkt 301 AnERRoME ¥LdHohY 200MBHEREbnis) preferablgy frogh T0eARgsyonts to 175

activity to a spent catalyst is
Angstroms, and, most preferably, from 80 Angstroms to 150 Angstroms. The total pore

-

volume of the porous refractory oxide, as measured by standard mercury porisimetry
methods, is in the range of from about 0.2 cc/gram to about 2 cc/gram. Preferably, the pore
volume is in the range of from 0.3 cc/gram to 1.5 cc/gram, and, most preferably, from 0.4

cc/gram to 1 cc/gram. The surface area of the porous refractory oxide, as measured by the
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particularly applicable to the treatnent of
non-addi ti ve based hydroprocessing catal ysts 5 that
have becone spent as a result of use. A non-additive
based hydroprocessing catalyst is an hydroprocessing
catal yst that has not had incorporated therein an
organic additive prior to its use in the

B.ETHHARL %gﬁérﬁw gxcebdfabun 06 ai’feaml eebis iokykically in therrangs of
a presulTturizati on, treatment performed before the use
from abonit0 ty dbapdG0es’égradr- cat al yst. Thus, the

oHheprentine netoE Sir P B GREGAE abfiyibnio syt dalft i
parﬁé%ﬁ{‘a]{;ﬁﬁaﬁl_@ o hadrdaRBaitRnanadditiverbased bydroprgaessing catalysts
addi’t 've

dhat e b e oresulg of BES. gy BRIV BFSPE I RRER oping gatalyst i
an hy%%p%?%g&%@%ﬁ%?ﬁﬁs%&iﬁ& %ofﬁérﬁ%g%e_rgﬁsanrﬁgmha ddditive prior

an organic additive, what is oo
to itsTBE M thiehydhsproceséing bea higdrtabon feedstockoe paontd ppregulfurization
0

e st et e
base@%g%rggfo%‘é?sﬁf%@%lﬁﬁtigk I‘x?&roﬁiﬁ&@s{in@é@tﬂzsﬂ; @s deseribed above, but

uen st mul taneously Wt t he

which ha® hothiat ihmrpofat%drtheﬂwjrdmmnmciaddl%ﬂ%i:f &?Wﬁdﬁs Rf ths
conponents into the ot.her aents of the

hYWWHF%P&F@%@MQIEE?%ﬁOQEWm%’EC g@&{!for exanpl e, the )
SURAQLtt TRGRT thal the hiveprockitngicnalasidias mothisbinedrporated therein
hydropr ocessi ng catal yst, when in resh st at§i Bl;)if&re

an otgenicsddisive, whatpis srant i thatein; the mag, © hRIERAEHC

hydr&ﬁ%%ﬁq%@%%a&aﬁ%@%ﬁ&%&@c QlaRivERdsSlfled BHRM, hby notee incdPporated

it otherwmse is the ) )
into ediyARs6E86InBGathistbiisdr prioT tte T subrequeni tlof simultapsensly with
h ;

Wwhi ch conprises a netal copponent on DO i th
the ingarperatipn °§MY§'9&9H§%%WF{‘I’E EOTROREHY Oﬁf/%#g pr otése%lg? tr]11§ omer

\J

com &E&W&ttpg gg%&gfocﬁ@n§9ﬂ§}bﬁﬁ s for akhniplef the suppat material.

onponen support material, and it can ,
Thusthe nmbddifive hased BadEopprasHBRE Fatabh, SRR o FFeh Siifior to use or

properti.es .and_apounts £
AR5 B2 AR Sl SRR R, oo
org ﬂi‘g}% Eﬂ%it%&ﬁidﬁ}iﬂ ﬂﬁn’gjﬁmed:&;gmﬁ@aaﬂm as é¢sgnhgd in detail
escri bed above. It is understood that, as s .
abovehwhich peuiprisessa metal COMBORE: AR RIPBRT 81?%%’5?@‘%& ‘%ﬁ%% ditive
based 1 :dg?dﬁé%eggﬁlg rﬁ:@ﬁg}gk P BREEHRNE eSeAti AL 4 Wetab as@gonent and a

essrng alysts. Exanples of  additive-based
suppRt ilapesial and 6t chaseptidratly) include aipromptec@npaRgnttheygpes,

6,635,596 B 1. The term organi jL i '
propeias dsgessantiel Bal pPYyE: DipoR ik hiEnd TotiaRE chtponents
J&g@% GRE eslalysiSre Badessribbibabove.
Ofﬂ%%, HE}B?a%g%E‘?f&r?g?{ncg?e thgygr,ggni C adﬂi ive . talvst
r eflesnaderswod Heat,qis psedsin dlis spesification. the tgam &&OP@PESSI”?, caaly
., .exanpl.e,. organic c : S Y Bxamples of
et T T gttt D
addfffblohscdReafal A9 drbespribel dsillsn U8 Patmybloi 6635698k tom
conprising at |east one coval en onded ni t.r .
crgmicouidaie, i e i FLASPECBEFLE P DEVoARAFES MEFof e term has n
the referenced U.S. Patent No. 6,635,596 B1. Furthermore, the organic additive referved to

herein is defined as including, for example, organic compounds comprising at least two oxygen
atoms and 2-10 carbon atoms and the compounds built up from these compounds, and organic

compounds comprising at least one covalently bonded nitrogen atom and at least one carbonyl

5
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noi ety. Thus, in the manufacture of the non-additive
based hydroprocessing catal yst, neither organic
compounds conprising at |east two oxygen atons and
2-10 carbon atonms and the conpounds built up from
t hese conpounds nor organi ¢ conpounds conpri sing at
| east one covalently bonded nitrogen atom and at
moiche Thiis, fithe eRmbfiore oithehyn-additieebhsedhykireprocessing catalyst, neither
hydr opr ocessi ng .catal yst can be used ia t he

organiy e9TEPQUIES AERPITRE 3 leistiRQiysem atomsand Eoldicathogoms and the
' : nent i ti i
com e pB HORPAEE Ao BRBImd i Sl ARt Al compHisEat Joast one
covalhilg borfded nitvopen hiem atdrab igakteoriecarbionylithbistyds psedvacuum
disti|lates, crackeq distjl!lates,, raf tes
hy'éﬂa%{l)’ QPOGeHINELa! %%§%§Pflé‘?ﬁe 1 t}lgﬁyt;rrﬁrgeawt af ﬁgydrocarbon
10M¢! b
e S8 SR rpaR e A il byt
feedstoddamtcan invlode petoldmuidervasails forexempld, pinospbenc distillates,
etr.ol.eum distyl.l sy trali ght .ru .
vl o8 s e PO il sl i,
any SHEN IR/t GALEBH that daBibRGubfect RIEdeotedatrhert. Mor@typically, the

sul fudr-containi ng conpounds or nitrogen fromnjtrogen-

hydreesben fredgodkihpbia tregtedayitnthethydrepspsesHBS K@t Hr leum
distifgaggg.g 0%k snl\é?néhl‘i ﬁ%?ﬁlgﬁﬁﬁt%%k b¥rackB§ dEYiﬁa&%gh"u?ﬂig hydpotreatment

ocK Ca € such streans as na
beingvu ﬁkndv? rsifﬂfa:f ﬁ-gmamlé’mgnimaﬂmmg mn%dcl)mds obgitﬂglgln:? fiiom titkogen-
range of from t o ,
°°nt$é€’_f”8_s°@m§’_,°“ﬂﬁﬁ= Ch 8?%#&‘51 ‘%‘9 EQW%JBHQ fﬁéﬁ&’&éar bons
boptdrg )gpécfﬁégaﬁ , e Rg8roRhrboh G dsideft can iteddsuch 8tré@fls &s naphtha,
i

(446 F), gas oil, which typically contains
whichytypiodly tomtains bydrbearhonsbailing iuihgeange dfifrom 260 "€ (LA F) to 160

o 350 C (66 d 3 ' .
C CRYeFRKirgr g abisshy RAF AR AR sl in g range of fom
150 S5B02 °FP&2230 °C (14636), TighB Ra9il, v2HlcH hpiduligroontaira hytdyocarbons
Lconditions to which the hydropr ogesgl ng@cgrtgﬁl st 1S i1

boilingib} thererBecalciom 330 L H46 ) A0 SF 405 DotV heavy gas oils

con 1 Bfb gl o REERHRE P 97 0 S0
anThe hgdrofreating conditivas o whighethe hyditoprocessing catelyst iaishkigeted are

ro b R B SHB-2h ] ftors s th e o

hydrh¥AbRPfRaRS8k Mt RateatedSindithe hinuits OF Silfie M ritydgedg@mtaminants
under hydrotreatnent 25 conditions such as a

contaiget b‘tth]? a?rdwgaxbgmf@ﬂslsm& Gengsalinithe bydesmben fepdstack frecontacted
w55 el P 8 P s
R A bty e of o
about G260 T th RoTWS28 Skgaoen T el tiom 490 R3] Spgo 4s0°C
(8422?)1% &BsﬁH@f&ab‘i%F%ﬁPzW gﬁs‘zﬁ@? 1P#PIC g'm' ogh i ncl udes

ogert parti pressur 30 the range” of from
ab@h¢ hthéiredtig t¢talaOniasting pressusdis geneddl]pid4hkragg of How about 3447

ia), . a hydroge dditjon . rate.per .vol u of . .
kP (3P0 pHELPDR Ao AEals DhO Priaf idhdbdrs Al hasn pasia! pyessure in
the rﬁr@g%f frafr dbout 3’?@ , 356{7 Bada)Uo dbdf KB4ITRR 008 Ppsia) a hydrogen

rotreating liquid hourl'y space vel oci tﬁf
addition rate per volume of hydrocarbon feedstock in the range of from about 89 L/L (500
SCFB) to about 1781 L/I. (10,000 SCFB), and a hydrotreating liquid hourly space velocity

(LHSV) in the range of from about 0.2 hr” to 5 hr”'. The preferred hydrotreating total

6
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(LHSV) in the range of fromabout 0.2 hf' to 5 hf'.
The preferred hydrotreating total 6 nnM-NDFD SHEET
contacting pressure is in the range of from 3447 kPa
(500 psia) to 17,237 kPa (2,500 psia), nost
preferably, from 3447 kPa (500 psia) to 13,790 kPa
(2,000 psia), with a preferred hydrogen parti al

contARfifg plesstrels if themarigs bf filoRn34470Pa(§0@ psie)to 13,239 &P« £4500 psia),

most@%fé’;%&yﬁéb%%wﬂn@i’fswﬁ ii’?@(ﬁ%’%@@?m G ;"";Feied
ARt 3 48 S OGB4 0 000 s

rogen
prefoned) from 6895 KPa (15000 meia el A1 § P2 (1,500 peigh The Lﬁsﬁqsmfembly in

thoasieg O£ R 2 b} 5 s, 4 e Gy, Bt 49483 it PisTygosen

admtﬁﬁFr@e 13@% ¥ irl 1RE g 6P RERCFITLAJ 6688 EFRB o 125 IVE(R,000

use under hydrotreatnment conditions as

SCFH)eand,lﬂwd paifmbly from 1235 3éh €700 SCFBL0-068 L4 (6000 SEFR).

se of he | 0ss. o 0

¢ nUPgaydne Pudropro-Bing aifRh ot befors speth iy feltifiet o
hydr&trédtinen @nditidnld Qs Bystribpd abewes g g&ﬂérally sbnsidered thasohd cause of
of its use and that the spent hy oproceSS| ng cat |u¥othepore

the lessroficataltic activisy is dusrip dpe depogition)

strucfEp 57 Ho HickobrobifinlBuliler BY é%%%‘&%‘?é@%?%@‘%% e sppe

hydl’blﬁl@b%@gﬂwiami’ﬂ @an havk :Dd:drbon cmtpntrmnhalldleaﬁ)om tsﬁmgmmgrcent with
t r ce C i ca e _carbg

e P e B S bR P

mclur Bén htPoher cdﬁ?ﬁ&x@hts%bﬁﬁfgd dpRndke Hﬁ!rﬁﬁn‘oc&%mgeﬁtalyst

nore typically, the carbon content is in th
Typmaiing ¢he crrbon mntmtwéuﬂgempepbhx@ﬁprqcmna catalygtis up&ecr@hse of from 5

dd
weighpGfcish 33 1 Seli k. 3l HBeLBRANYAOSERLAZbARR: i Fhe range

ofﬁ-Uﬁ'GJﬁeight peﬁeﬁtltuaowdi@{/ﬁ)ardehat is reduced beI ow t he

RVA of _an 20 hydroprocessin cat al ys fres
st # addifippto baying 3 Bighearhon cong ﬁ’&\ﬁ @YFFPé’fgiF@ﬂPg

catal?Xtdcra%@lr a9& ﬁ?élgﬂge FALRUR actiVhty (EX@[)QBE’HQ ?étﬁlbé@béi@%qhb! RVA of an

consi dered spent when is less than
hydiOpfotesshig catalgstrin its cﬁ'ealn staterprivgde ils wss thie ﬂmebo'rmowdmtheyspent

determne t t,at_which th roce
hydrBgRoRFEE GaLal e ke PoHBbTay et At Rt BB P B Spepg avhen the
RV!Q ANeRahaP 055, BHE @céﬂb‘?ma‘z(ﬁd ipfodeds SorisitRratidnd u&[ﬂlyeieﬁhnme the
less than 0.4. 25 As used in this specification, the

point atrwhich ghehydreproatssingcatialysi it snent. Fhedyoprocessing catalyst, thus,
can %@h%re%gggleﬁf %l‘lecR‘é U6 Yk % 5 afl& %ﬁ&ffesg Rafiotfrer

uri za I on ydrodeni trogenation
( HAN)used irpthsapetification tis gesm "td:iauvﬁaﬂumm actiwity” (RVA) refers to

relative to the catal tlcat|V|t pof .th cific
the catalyiis,aqfivity witlsrespess Ip Cithed stfhrzetion (HBRLSRya of

' AivekBeh
R AP i s
catalytic activity of the specific catalyst in its fresh, unused state. Thus, the RVA of the

fresh reference catalyst is by definition 1. The RVA of the evaluated catalyst can be

represented by the following formula:

RVA = (Rate Constant for evaluated catalyst)/
(Rate Constant for fresh reference catalyst)

7
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30 represented by the following formula: RVA = (Rate
Constant for evaluated catalyst)/ (Rate Constant for

WO 1005/0705€f er ence catal yst) 7 ARAPni nrf SHFET REX/US2005/001825
2005/ 070542 PCT/ US2005/ 001825 wherein, for the case

of hydrodesul furization (HDS) RVA, the Rate Constants
ar.e

cal cul ated assum.n n i f :

whefsi, fpt fhe(oed IR a e e Riin D) RO RER el tn®
calchRfdRE AR RAHTHDS Seition oAl ok 23¢dndifos die cage afh HDN

reaction order of 1.0. 5 One feature of  t eq)‘dvnventlvac;:1

hydredenitregénntion {(EDNR ¥ Aathediate Congants pie @l

.he e hydr opr ocessi ng catal yst can include a
re“%lg?ﬂﬁ%??gﬁﬂ?cﬂ on step that provides for a reduced

ConEgRfehfatd OMNtheinvatibemetivdtfoeths pestératigrdo Datadyticadtivity to the

catal yst. Any suitable _nmethod, know in the_}aqréépca b§
spenfdydropeoessing eatakyst ceamineinde & RRBAR Feduriing Siep @K@ﬁ? ora

[ | t T NRny suitabl

redyb GBRRE AN BB o s YEGPNCOR B LRI oy suitable

methodknibe in theatt dandmtusedta teduciba tathon comentation opthe spent

I b [ it h - [
LT T T M B e L e
metfiG ciddeﬁ flest Qredfing {HR HONHAtopRECRLAY Bitalgut B dodtdctifg it with an

carbon that is on the spent hydroprocessing catalyst,

oxygen-coriteinirtyyzasy cornptisingiexxgenbanler suitableck uyaing copgitions so as
o ARG b b e A OBccsig oot

thel‘éQ{r‘ BRI detht @ArbeR-rbdif:ed Ratalyst. The tdibopredrss cuglyst has a reduced
catal yst. The required carbon burning conditions can

carlipm apaperitidion thasdnleshihan tha garbosy congentiabian 6 thespeahent

hydr opr.ocessj.ng catal yst, and, generally, the spent
hydﬁ%’d?% F‘BES%*‘QY&S catal yst is contacted with the

OX YIRS e QiRéREATb A bR alditiony cin sodeiendan spomtite atwamt of

tenperature of the spent hﬁydrop oCess] n%hcat a{m does .
carbpyt orethe épent bodraprogessing caalysta gich sonrTAlYhg TRSLE hefpprogessing

catfipl S0CmAd P hESRRERHAGirbfy B4k deded o CORTAOM it 188"
temipefahire of tiengpentliydreprosessing chelystdare nof exceeh SR with@ suitable
475 C, and, “eferably, f 350 C ¢ 5 G o
heab 54/t Oh R OR BEFRS SrabTR e DR e R Fane o fgaibob o0 °C to
abo%%@@%.r ?ié%g&fa%@&ﬂ& btﬁﬁﬁi\é't&ﬁpérﬁﬁ:&ﬁ% fRthaf@d $foffom 320 °C to

ur ni ng erature conditions. 0T e oxygen-cont ai ni ng
47504 and, maS ppefefabiyg fitom 350 C hdZ2h'Gan be diluted with

ot h ases, for instapge, inert gas
ni t%@&{-}{gtﬁp&oeg pn Pﬁﬁle&’}ﬁg?ﬁ?‘}fgﬂ‘g@ %? Sgo}i @«?g%or%ltli'o}]led so as to
probiiR R YSRd CaHoRIbMMIAg Esperditie doalfioRs. The oxygen-containing gas is

preferably air, which can be diluted with other gases, for instance, inert gases such as

HDN

=i

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

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

than the carbon concentration of the spent hydroprocessing catalyst. Generally, the carbon



10

15

20

25

30

bum can be conducted within a conbustion zone wherein

is placed the spent hydroprocessing catalyst and into
wOoRosH70582 | nt r oduced t he oxygen-cont ai ni ng gasPCT82005/001825

time period for conducting the carbon burn is not

critical and is such as to provide a carbon 30 reduced

catal.yst, . having the reduce arhon concentratio n
congeptr oty o ibf Enagtoheliasd SpiifGts 185 R paehlperdia: S i
weigh® of thetaHich-re@icdidafal ysthRdCpreRPAbI§ ARE 8ath bR EoiRnRAtidn I8 less than
carbon-reduced catal yst as already noted is I ess than

2.5 weightperban. Mostmwaferaity,dhe earbartheonsprirationyod trashaseidnepsd
at al,yst net al | t.he carbon 8 WD 2005/070542
Cata%ééﬁfs@éfé%%]%a'fé@épg%ﬁ%ent rati on of the carbon-reduced
C atiyle Ygtentive hesifod MatheSindRUEY st fdrarehtifg theRpetitlydtoprocessing

wei ght of the carbon-reduced catal yst, and,
catalysk fad,anpferablne spepiiiromseecsring setabt that is asearbomredugeds

' I b :

catalfSh 9l PG sotE rnB bR akar bEOhAAT ilable for g fn the
chelbthegntreatimehodiep peihe diventibe msthod ivelndds\thoserbipduhds thiteare capable

ingludes a step for treating the sgent hgéj%\gg{goce ' ?19
of frming %mpieaw_ﬂbﬁl&lémgmp eRisefch By Y% SHR etals

- . Sit : o

and 8250 VIS ridtil, cobtndfin Bfed il fllcod et o is phrichidly
impentart ad the ihventiveendthod that the kbélattihage propattive that prespdofor the

t he i nyentive nethod jncludes .those conpounds that are
restqratiof PECARIY G AT (e BRRSR R Pt ot o

CONPRACAbSwaritiizto B8 bdUNA R anlyPartidui Bhodky, it FRkddrtheldds believed
and Goup VIB nmetals, contained in the carbon-reduced

that ¢het chielating agenti proyides for thexestyrationpf catalytic petivityeby re-dispersing the

actiye GRS 8 1of Baper B G capilyst(5ht ol BEBHIe fypllRhued due
to pfé&eus(é%hﬁ%ﬂpéﬁﬁlél LR drapeyStires M1 Bing @ikpivubd ionGirich Yiening

ound to any particular theory, it I's nevertheless
condjtipnseafhie hyiicpproceesingeatalystiagd tg dativaives frgaswhish thegarbon-

roddp B3 LRI Beftpd Bl abhoi Sfibletd ki Perdi s g RS dBh Bt anc
obseaédihy@ight dledirdnauRrixecpiophaggiaph®r at ed due to prior

use_and exposure to_high tenperatyres, includi ln(%u

ox RS DElHBE ageHanadisip s colRaPRICsHsaiafyst fich idhid form
pre(UALOR (G PAufoll AR I b BfE A I el Res with he
agglanmeuated ofetaief dhe caebali-wdesesicatalyshyT Heesotphoes treathesd, iandiquid
o B S S B S B S AR T e
throg%]%cﬁiﬂ'lﬁ caPorrddufét chtf1Q& iRty f&%h&&etliqi@;ﬁerﬁon of the

ution containing thée chelating agent whic
metalenpl exes with the agglonerated netal of the

o SR aIE bHE by N SRR R {n Bt
actiFiS BN Ry fise PHW RIAV&H Ve mibthdiicbérfitanRidin 04n bdescdeh e chelating
treatment of the carbon-reduced catalyst. Among these chelant compounds are those
chelating agents that contain at least one nitrogen atom that can serve as the electron donor
atom for forming the complexes with the metals of the carbon-reduced catalyst.

Examples of possible nitrogen atom containing chelating agents include those
compounds that can be classified as aminocarboxylic acids, polyamines, aminoalcohols,

oximes, and polyethyleneimines.
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t hroughout the carbon-reduced catal yst to thereby

provide for the re-dispersion of the 25 netals. Any
weiek/ensixconpound that suitably provides for tPeT/US2005/001825

benefit of restored catalytic activity as required by

the inventive nethod described herein can be used in

the chel] ati.ng. treatnent .of. the carbons.redu -
caExTBleS OF RO CERBST HifE oS RS R R gt id
b A (BT IERS Hictig it :
(ED%{qgllrﬁt haig’ ecgn tseélrve asﬁéﬁgadglﬂect rIj on aglnor %ﬂghgt o?n%%gﬁaacem
acid (DTRA)gnidhstridamptaticesidgNTPAY he netal s of the

R aleS B B iRy il PR R, RSB Fpine
iriethy )@ feotrat QAP UnA S arh idtrictRylalhec| assified as

am nocar boxyli c aci ds, polyam nes, am noal cohal s,

oxEngnples pf apinoplachgls dpalnds tristhanglapino (T mnd 34

P /001 Exanpl es of am nocarboxylic acids
hydrp%ﬂﬁﬁét%gfeﬁyg& i"am net etraacetic acid (EDTA),
hy theppeféried cvbaingrigastfor aedhitlie ineéitivehiiiiéd is an aminocarboxylic
__diethylenetrianm_nepentaacetic acid (DTPA), and
acid ghat e711 be rapsesented by theifollqways fopellen| es of pol yani nes
i ncl ude et hyl enedi am ne, diethylenetriamne, 5
triethylenetetram ne, and triam notri et hyl am ne.
Exanpl es of ani'{noal cohol s ingd ude triet hakgol am ne
(TEA) and N- hydxoxyet hyl et hy! ehedi ami ne«3rhe
preferred chel ati ng REom H-n—thé inventive
met hod is an amipgocarbpxylic afid thatNcan be
repr esent ed bthZhe f ol Fowi ng fet%ul a: 10k R RI R3
N R6-N R7-N R2 n Ra Wierein R, R2, R3, R4 and R5 are
- each independently selected from al kyl, al kenyl, and

al kyherdintiy, VD, Rﬁ R} @n€ R ARy eath fidepaitiéntih selBets@ rolealkyl, alkenyl,

substituted with one or nore 15 groups selected from
and eliyl vdthup tocH} ¢rohen atomstaad whichhmpy be petséituted withioge or more

wher e d_R7 i t _
srouly AR B, AP et SR R e kg8 R6 and R7
are eable fifiePeritichfly eéletted fidnpin dikylanel grohp vetinupteel (cartmr atoms;

the R, R2, R3, R4 and R5 has the _ faornul a;
wherein n is either 0 or 1; and wherein one or more of the R{ngﬁlg, R4 and Rs has the
formula:
I
—Rp—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

10
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01l -Rs-C-OX 20 Werein, R8 is an al kyl ene havi ng

from1l to 4 carbon atons; and wherein the X is either
wonymsoyss2 or anot her cation. Preferred chel ati ROT/@§2085/601825

i ncl ude et hyl enedi am netetraacetic acid (EDTA),

hydr oxyet hyl enedi am netri acetic acid (13EDTA), and

i et hyl tri,am t t d 5 (DLP. h
metfo SR AnGhan LiF LABRIE RG2S At ohiRn XY Sethopikfiueed
catdlfi2 8an flchiRIdHing Bﬁsﬂﬁy]ﬂg ed prefepred nitffiod fofcontacting the carbon-
car bon-reduced catal'yst "with the chel ati ng agent or

red@@‘—li watatyst wathi the ckelatingagent ertdhelating s@n@mmbafganag@mble

L

mclﬁhﬁt dietnRes ﬁﬁeﬂébf Vel dbhduint BEveleiRDf Ohelhiigs @Mtimmdﬂew tecthe carbon-
es of suitable 10 WD 2005/ 070542

rochyaes elobisbis SO B th Fotah el ofABmAdeH shelRGnE S00s i s guch that it
is 1%@{%']’%11)% t‘é%eﬂoaaﬁabﬁﬁgé Pcléﬁfl aio?@v&‘ﬁmtetb?ﬂfeaéap&'ﬁ &&Qééﬁ%gml yst to be

pl ng of spraying preferred
mpm@ﬁmdmmemngn@luhhﬁ carbon- reduced catal yst
vvlthtechelalngag chel ati,n oluytjan is by
any SOi‘W;S?Pé@% Be nsnluseneapindaMa elefide adentind o
solveit Jrﬂa? EhitaB1 V&?{%\rﬁfeg for' disE@ﬁM@ﬁ tht BRISEREAN PQéélﬁe solvents

I ncl pI ent ness ere Yy t he amount or volume of
inclofievater agd alvobolsosuch delgvethandl land ethatval pwith swter dding the preferred

sobfept forlc pelasiis isht The arfonharneiafin FEeof fnat ReBREE e carbon-
redﬁkfédtc(ﬂta@ﬁ@ dhod18 8 b&tals tB %E&n&'@fd:”ﬂ}% dbirédRstored catalytlc activity as

car bon-Teduced catal yst 'to be inpregnated with t
descmhﬂddtemg and genasally, Theearodusit ag sush as to mmnpnra@wtm@e aarbon-

sol,ut r|S| chel at.i
rea 5 oy ECTRGNS i i e TR0y RO P2 Brerefpurp about 1
molef&elaheﬂ)atmﬂg ofgetile mEaE $eh I RoSP VI AAE GroupcV IR Metsdd dscribed
and al cohol s, such as, nethanol and et hanol, with

aboypithat ip&n g carhengedycsr catalyst dt isapare pmfeler@Héﬂ%fheﬁ@rbon-

a8 BB ot IS ALARASEN B LEATAILOR 05 o

of qdded tlsdatiny agehepetesdle of hymgmwdn et lity theccafhbtm-mdmopdaatalyst.

WU LI SN .
:
e A3, 0081 1S 5008 AL P RSB

met lhas been disdaversd thatlih osded tdrealize the Bemadit fitom tlhss;om*bh@d steps
of rﬁxgq OBP&%? clzaéﬁoxi Qpntgglgra:ﬁ? o?{"nh%sga%ﬁge ysétltfc?ﬁcx»ved bya che?atmg agent
treatment of the resulting carbon-reduced catalyst, along with the other steps and features
of the inventive method, it is essential for the chelating agent treatment step to include an
aging or soaking of the carbon-reduced catalyst for a sufficiently long time period. If this
time period is not long enough, no significant benefit in improved catalytic activity is
recognized.

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

chelates and to allow the re-dispetsion of the metals. In any event, there is a minimum time
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reduced catal yst an anount of chelating agent that is
in the range of from0.01 to 0.5 noles of added

we bmkatisey agent per nole of hydrogenati on net pCTiUS2005001825
carbon-reduced catal yst. 20 Most preferred, the anount
of chelating agent added to the carbon-reduced

oS B B G 7
cataBRR Ml BY Sk edioRatednded h@byst iHat {s8abiegRertRardeekith the

from the” conbi ned steps of reduction of the carbon
chelooirmdrautatizah This mimypesping ima g derfeat upoe thegymperature at

.chel ating agent , {r nt of t [
whi s bl S oted TR o gtfed, RIMltsP s capogpipducea
catalifl ofepélntamsedS of the inventive method, it is
essential for the chelating agent treatment step to

i ndpangeallyn forshe n@fmed_sa@@np Rgberylinicid ehelBme agane sy obtain any
sis B8 Hor o B Pl T2 ol ot 10

houts) bt prefarablyr thealgifg thmepériod shypuldsexceelZbigurs, dind, thest preferably,
car bon-reduced catal yst havi ng .i ncor por t,ehd therein

40 howes. Theteds plag 2agerimuptamouns of Rgag time whesh ng sigefept

incr%x'fngﬁtapﬁﬁfegge st rc)étaﬁyqiou‘{cﬁ.\ﬁtt ts 40{%@5&‘. THehARREAP ing time is

restored catalytic activity. I's theorized that
generaHy hb intore thany? I0dwgrsa Gha grefenrédomhakisnune gging éithe in less thean 600
to allow for the chel.ant to react with t t al.s_of .
houfs o OB e s TR et it o (b P A0 BEHE: Tt aging
tim@P&iddOrofbofttin3ans 8aBbsr&iustdPatlystidd ForBicHin 7%tlierbh§HMng agent
event, there is a mnimumtinme 11 W 2005/ 070542

that PCiRco$Re0ed vithBrde powaywif Heccarbsm-reducedgiatadysp ta feguyin thereon or to
bef. i gpificant i t.al fit i '
soal g ooyt | CRGET Tyt 3 Ehis oS bl ag pouss o
6000RduA, Xi5d, nhdd@praférabyDEEAURITiduYs forAmtiRarM t h the
chel ant and sul furized, This mninmmaging tine

depeirpsinpieprestue b sihinh theaging ingnndacted eanls iy tgmperature that
profBHE b Lol 15, 10 R RS0 el s o

reddced chiaByspare] @il g2t eraltiybe e thelraxgd offrat kbowt tied frédzings temperature
agents toQ obtain any significant benefit f r&rcn i}g&e )
of theyiefgyant qhefaling agentrdrspluting of ehrdating aggniysed mylyeichglating treatment
p o _ )
srf AR DSl o g I GHEAA il AR ot
plaged efithim b lcyntainéd thao defines Tlventinrserd zene wherein the agiagwod the carbon-

of ,aqi tinme at.which no Si i ficant 10 j ncr.enent al .
redogd gt psureof i SRR heithe cubryredposd calplfstatisipe mixed
with B cﬁ@l’éhmi‘ﬁh%&'tiﬂg sbiufBn bior ﬁ%@f@hitﬂlg@ﬂxﬂﬂé BeihE @Ihc&@ﬂrithin the

hours. The preferred maxi mumaging time is |ess than

conGi@r oh they snaynis; mivredewighia fler osthingrh Vhiedhegentaicnmay ibgsubject

is less than, 400 hour Thus he_aaqi ti er | .
to riper T AR O RGN ) BTG Rp Ry apbfft fpBepheric
tempérafité BehditiéhsC MRHu8] the Genfgesttire dt RitlicH the apig@ spPrrted can be in the
Wi thin the pores of the carbon-reduced catal yst to
rangecofefrom abartdoiC tir ahiogt 100 °C, and more typically, from 5 °C to 90 °C.

Preferably, the aging temperature is in the range of from 10 °C to 60 °C.
The aged catalyst is then subjected to a drying step. The drying of the aged catalyst

is to remove at least a portion of the solvent of the chelating solution from the aged catalyst
while leaving at least a portion, preferably a major portion of the chelating agent on the

aged catalyst. In a preferred embodiment of the invention, it is important for the dried, aged
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15 soak is in the range of from about 10 hours to

about 900 hours, preferably from20 hours to 600
wozuesmrosend, nost preferably, from 40 hours topPgDWS2005/001825

hours. The aging tenperature at which the aging is

conducted can be any tenperature that provides for

the aged catalyst with at Iea ome .r |sprS|
catalyRetoaelafs thsreit Fa ABIBLAT.A GBITRIEIOR &f ﬁ% ifhfreocs o

sulﬁ&%ﬁﬁéﬂt%s*&@sd ?IBEL Jwinge of from about the freezing
0 e

nperature ‘rel evant chel ating agent or
s oIImJ theadrying afrhhé agedrugtadyst ittis desimablerto removshasi little afjthe chelant

from i Fepa PRt s PEAARFS abd Bu A0 kbbb eyt rpent of the

chelRhidh&ds %Eﬁh@ ncoAtriled Bito tPlarbli-todaSedoatadyiitHa86EM the total
zone wher he agl ng of the carbon- reduced cat al yst |

we1gb:t ofickelantioriginallydecarpottediinte the harbereineed eatalystywill remain in

o 5 e e o Bheh erotbahily Rt e F kool Fefilg B e e

aged/\bétilbrﬁ exbeedd TSoasiki pepdent fantlaystprofeitdly imopel thM:tlQbIWexght
the container. Wile the container my _be subject

percentpfhe chalant osiginably: added to thy sabanirgduced catalygiremajps in in the
carbgﬁf% dtcgtaﬁ!%ﬁ'bvﬁgﬁ %th sn?négaécpgetﬁé Sul %‘EM 5 “Elg.ls the dried aged

i ons erature a agi ng
cataBisERasacenkenteaionad chelaht) aud rlassgmmﬁ 0 Wweight pdvoartt, fefreably less

thany SV EiEAbP SRt P pre b br e et 1 Wefeht ey gfing phelant
ong{rf P‘ ? dfedtol e @Qr On-rofucti Gatd E@ﬂs‘f@%@%@&eﬂeﬁoﬁh@ﬂm the aged

ed to a rylng st ep. rylngo t he aged
catat;at sl drietd. It |1$umdrrsteotb&mt when eefering hersin toothe ohelm@r chelating

ent of t el ati,n tion f.
ege ghatig wemovsten Ra AR gaoh s Son SRR e 3 Ereapsagry to the
chel%ntr% o‘%laﬁﬁ% bt cfthet A& AR IALIcBApRSSIHin @8 ofifihal R&ador a
cat al yst n—a preferred enbodi nent of the I nvention,

combinationiofipotht farms.f or the dried, aged 12 WD 2005/ 070542

P US2005/ 001825 t ot I
P 0 23 a ALy By e EAFFFLINAR sited in o
art. @‘]ypﬁh!ﬂlf b dic?’ ﬁl@tagsdﬂ tatabyst] B6Cdit Beghyrah@wuithle ghs sﬂh’kyasrrﬂn-ogen
the ‘aged cat al yst |t is desirable to renpve

and cpaton diaide, hsapa,sn aver thy ageehoatadyshdleie Waﬂ%wa%‘rq ghould not
exc%ﬁg:la#{? °&? ﬁgfl gtﬁ A u?%%gg Efthb Q%ea& tm 86 °tVed 956 °® g’yr%{bgﬂy, the

I's of nal i ncorporate

?@erﬁpérbl@fe Tsaedsahsh C728 A0 sl canhﬂﬁ@iﬁ‘mn 100ECttotl A5 *@eThpdrying

chel ant originally incorpagrated intp

t he . .
stepda casllycouielicd it endgsto avgid githeg REAPATAHIRE of RanYerting 4 Fypytantial
unt  of
por@(?wd ?ﬂh?@r e%gﬁﬁltc%é%géﬁ c?ﬁ{aﬁ% lﬂglé/a gt g ‘al yst_exceeds
75 mbgsbﬁnaie‘eammof theithvemtixet methed &rﬁ:b Ilys agnd; petabfht',z pitlgay in its
ercent of .t ant ori ed. t,0 f he
driog 3t i B SIASARRTT O ST et 1a b SuBIEStEd o ek
temgér[a RO ORGSR s ! £ AREna0Ss @eﬂmﬁerht%reséﬂi‘idﬁ?&ne dTkeRefbRe the

fur treatnment. Thus, the dried a catal yst has a
maxiowoeeposttiedempératie kawhich Ahciagedss ISh andrml agsd gatelyst is to be

subfec{e %rllztoir 1 SuTfug ¢ eagnéﬁt is TeSs than a calcination temperature of 400 °C, and,

preferably, the maximum exposure temperature is less than 300 °C. In a more preferred

embodiment, the aged catalyst is exposed only to drying conditions prior to sulfur
treatment and, thus, the maximum exposure temperature is a drying temperature that is less

than 250 °C, and, most preferably, the maximum exposure temperature less than 200 °C.
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than 25 wei ght percent, and nost preferably |ess than

10 wei ght percent, of the chelant originally added to

the carbon-reduced catalyst is renoved therefrom when

the aged catalyst is dried. It is understood that

when referring herein to the chelant or chelating 15

agent that is renoved fromthe aged catalyst, it is

c oriBliediriedgagddatatzlist haethg lrelnammgﬂlerenm asldéscussed|ahove, ehelant or

chefilgs ghigtnd T oyifie et 8 pufeh 2 FormIGRE B Srogepetion metal

ol Haki 0. pp I o kg S P g o
chehnécmgmmndanﬁug $hq rahge asaulescnbechahovonmderggas a swifir sgqsby which

sulfi e {0 RO R aF p PROHHBOR &) PRYP FLRFPRTRE AL i dricd, aged

tal3t tStheRD p&mdé:a réxfsted 64l mﬁiyaduhﬁmlemtﬁod Hﬁo#&ﬁi&gmose skilled
of fromggCto 200 T. Preferably, the dr ©

in theeawb@amehqnwd te syl dreatthe dxmd tgedmataém to ¥i¢ tlmrb@gh aghiyity
il Sl Higndlng R iR, bouofl Ehdlh b SEEbAS i

suifammioarahdah}ﬁdmgmbmgf the chel ant or chel ates
contained .i.n the ed cat essglrétl al

f edRGrigpigyl insgau;s g (e &%an aaed %at?ldﬁf if placgd, iy reactor vessel
that ‘ﬂ@ﬁﬁ@’aslteacﬁtﬁ Nile. AMill Streddh bEA & sﬁﬁgcgot}fﬂog(ht& gs ﬁ&g%d over

prior to sulfur treatnent, not to e subjec
the dmcnb eg@d catdysiomdicontanted therewithsinded sich avitahle temperature condmons

T S
m"“*“’-‘ @‘3’ m &l el shifiding b@?entﬁ wiiLeAs, BdrBEEPSultie, organic sulfur

sul fur treatnment is | ess than cal ci nati on

compaywristhat are typicallydoumnd wtrownphﬁd@pabpy feadpcandspthen arganic
s Rl SR ERY SybE blADiRiods el My

dimethj/ymdreapdany batyimervaptonpmal garban disnlftls! Typicalttempémmnes at which

e 8 i i B BGRB8 i g o

fronpmmab!mo ot AR BRI ARH: 20bOEREs3puLe | eSS han

C. The dried, aged Catal yst havi ng remaining
t h én &enax-am il ding seathad thedrieh egthatdbfst 16 Felffided pngr to its

ed to a sulfur tr tores f.i de

toadfiinfiS 8 Serfor vebith el ol Bhe ot it & jidipge By
numbt eFsuitablansulfiing e bda datuding,aby éiadip?wl th@ cantacting of the dried,

concentration of chelant conpqound within the range as

3 %@&@ tiydgh weiﬁémgrﬂﬂ@flwé@er&l%@ﬂ@hwwémw hyfiregerssulfide-
r )
conf onbepbtiy EOROMAR oo SRR il Bsstvron
stept her eby provide a restored catal yst. Any swtabl e
e.art can be_u

d k to. t.h kil |
o 108 prefered suffupingna 16 Proides B jReTRGagPRpGSIRE into the
dried] £3datdl g:hér cdi‘ﬂ‘&’tﬁ%rtﬁélﬁh@@ EdalaB fstiviith Uiphéhtall Alfur under

e_>garrp| e, known in situ and ex-situ
condiyiprsthiag aausorthaﬁdlfmﬂwbemnngm&thé diato the pores of the dried, aged

catalyst either by sublimation or by melting, or by a combination of both. Suitable

sulfurization methods for this sulfur incorporation are described in detail in U.S. Patent
No. 5,468,372,

There are two general methods for carrying out the sulfurization of the dried, aged
catalyst with elemental sulfur. The first and preferred method comprises contacting the

14
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10 In a typical in-situ sulfiding, the dried, aged
catalyst is placed in a reactor vessel that defines a

WO esoTose2 zone. A fluid stream containing a subPtwus2005/001825
compound i s passed over the dried, aged catal yst and
contacted therewi th under such suitable tenperature

e@ondl t 'ﬁﬁr&%&ﬁ%gf@@f@g a sul fi d dp%ﬁtbc%%rp%sﬁ%%w sulfur is

subdté]ﬁiaﬂ?fi‘n ork AR tﬁéﬁ%ﬁybittﬁb Hﬁe&LH aeatagfsﬁgeaﬂaﬁmaﬁuﬁ Bnd/or

dro en sulfide, organic sulfur 15 conpounds t hat
mel@n&mc{wbsequeyﬂy beeting the faisrsul favinchiporaseddiieh agesbentalyst in the

Pfes&’&ﬁequl&gl O RN Ty Bie b S TR B DS Broalst g about 130 °C.
di S@%}%édlﬁf heikba '&om?ﬁtsyé d&:&f'&:ﬁﬁ% ﬁﬁidr%&? C%eﬁrc?%g‘yst with a mixture of

Typi cal tenperature
powdadeﬂlebhm@tﬂl sulfir and e liquidolefome hydredarhon hnd heatidg ithecresultant

eg@:lg at | t CSE?B‘iélggﬁithe rfgtﬂ,e o1i)gfrog Se%boctglcﬁO"C In
this flﬁe&%‘esﬂhl’: 316%!1!! g tatd ﬁ%ufﬁﬁéhﬁ% sléW Suc t'l‘.lﬁijthﬁ 298¢ i€ RlcBipbedted into

s sulfided prior toits ading into the reactor
the pgesed the driegy @dlcatauesuby Fuhdinaatiomi and/og el fimjg ptgorda meaching the

ernp Rt h B R preets ke g Sl mipro et G emgval by

Smp@g%d catal yst with a suI fiding agent as mentioned
above, or with a hydrogen sulfide- containing fluid

undaiheprefeared sulfuripationetboddhel iriebaged eatalysids fitsy cotacted with

nal . nassivation 5 he ref
clenfila St BTGPl RY sudirpat AR spikpie MeBBiSS heresn by
sublithtiosl aridAdraméliag, %&dme dged, agall dhiBist &y te@wdheiedvgth sulfur in
the dried, aged catal yst wiith el enental sul fur under

the rgglien statend is Preferees to dirptradmiy the driedpagssl qafalyst pothaozglered

clon i o A9 5o L b o GARELITS1 A b
aboveothb tertperhimipd st Bhick whiblimatiat dfahe uﬂﬁh@d&nﬁ or this

b S S et
elerrfe%al %ﬁffﬁryét 'lg:ﬁﬁgﬁramg lg?é['ﬁltér Jg?@&ob.ﬁ’_ﬁo 9‘;1 E’Fb‘?elg.ﬁ areffns

catalyst wt rst an

impREaiesd @eb Will Be duciedput SostefPBiabiert ritiidBohAbodMINIUHS about
SHEET WD 2005/ 070542 PCTI US2005/ 001825 ~ dri ed, g ed
130 8Gtaxhigher.ior bxasnplazun i the boiling peint of swfisef abouted4s J€n It is

prefpa 10 Mo SHET SR arRiy At syfus RRbEHRRY Siles at o pegpmezgture

gﬁyg SRl dbFBi l@ﬁ"@WAISHut 19%bEi NgpRAdy IHO a8 8B aatalyst and
ating the thus sul fur-incorporated dried, “aged

powdented [syKr is rpladed in p vilgetocieoafotaxy niined anddieateil g the desued

hydr ocar bo rat er. than oyt ,150
temn &% ol Brs oA the SuRn 34 bE fndoibtetRd Bfp isporss of the
drie@3@ed eathBlsy STha\tdne pRribdl qu{esuﬁg typically will range from about 0.1 hour

to about 10 hours or longer.

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

aged catalyst containing molybdenum would require two moles of sulfur to convert each
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powdered el emental sulfur and a liquid olefinic

hydr ocar bon and heating the resultant m xture of
wobkesiomos4sul fur and dried, aged catal yst to a PCT/US2005/001825

t enper ature above about 150 C. In this procedure, the

heating rate is suffi CI ently sl ow such that the sul fur

U T R A

for stBachmefals. t he 10 tenperature at which the olefin reacts
to make the sulfur nore resistant to renoval

st r¥hsrulfyr-incerparated ﬁéiﬁé,ragsdl catglystisithen ¢Q§lﬁ1ﬂ°i?ﬁé1ﬂ}t‘%éla liﬂhiéi olefin at
s Sy s 3 AL PRSIl g

rewta‘-hzbd‘ eSRAL, AR HRGdnAK teﬁ%@idﬁ&%ﬁé afePthaf Bbout 150 °C and,
mel ting. Wi I}gﬁt he’ dri ed, cat al ygl? can be

more dypicaiiy it wilt fangefrburabiont 130 ‘tChBJ ahmlut 360 8¢ qureferably frgm about 200
o d, oflrst adm he aged catal yst wt
c Bihet i?gﬁ ﬂ%tﬁ? kst L epemd on B o RSNt 850 YagF ispure of
the Biﬁﬁhi enrper ur e at &ﬂ QE& %@ﬂ%&’g’ﬁ&%ﬂ?%&@& g?%reﬁ& times. In
gencmah wostaciGemes will yange firendabcst! 0. 1dwed ta shoalt Y8 hours. heat ed
rese e of .t d t.al sul fur at .
t orth BraoranioE Hene b b S GtiA au e cTeVBRu AropBgryte offfouthor. Tris
preféﬁle& br tﬁ@ole'ﬁﬁ&@%@%tﬂl r S, Y& bndBaviRg & b8Bo® HhmBér eatertha.n
rature rangin rom about 90 C to about 130
snc,lpr%bly groaterthameight. up to the boiling point of sul fur
bout r ef e Jor i
O RGeS s RS EAhRIhS, Bl Aty

conia@fm%hﬂﬁllﬂdlﬁouﬂ?ﬁﬂtﬂ%tﬁ ueelahenthl sufr, Gréferabbointpoditferdd form, and
épl cally, the dried, aged catalyst and powdered
the elgfinierhy oq&rlwedAm@r@ng o thig wethod, a maxtyrs ofpogidered plemental

a5 SR LTRGBS, BT B o i

ranging Geonofbdulné: 1 wrabedt 4: agsdufahleammboiﬂmal beimg aperefierrdd ratio. The

f or 5 3I;el h%teg%g hnggrlgéaéb\gﬁggp{lgug%gmgt;&?mg 88#1pcgtmnfsupamculaﬂy if
a
T

hydowavtent setients mhyebes aldidadde dediymedhb hqscmsmy o tieumixtug0 Adso,
he .basi s. qf .t he

| f d |
incrgis R 2o B i ety The SygBeR SLdlem At mut i then added
to afﬁréwéi fel Qe8] ed'cﬁtalﬁ?aﬂi ®ebd Beeditatiak )‘Iﬁktui'@of d€ed, aged

e form” For exanple a dried, aged catalyst

cataéxﬁutcdaﬁ;m Al srdfuy theiduen ﬂnﬁm tQZIthp@éﬂﬁIT rsactiqn tepergtuge of above about

1503 A5ty B Eestpor it iF CipPRRI T BB WP SGamahput 350 °C
and,gfnai'g frefa al:rlﬁ" ﬁﬁ}ﬁ%ﬂhn{ 0 ¢S4 @Sgﬁﬁé&?ﬁngggge is iPthe range

er met e su ur | ncor por at ed
of fiomh abgigt0, I ® dboenlChotracted with a liquid olefin at
The sulfurized dried aged catalyst may also be further treated with sulfur by

sulfiding it either in-situ or ex-situ or a combination thereof.

The spent catalysts treated in accordance with the inventive methods described
herein will have restored catalytic activity. Particularly, the treated spent catalysts will
have catalytic activity greater than the catalytic activity of the spent catalyst prior to
treatment thereof, The catalytic activity of the restored catalyst can be such that its RVA is
greater than 0.8 , but, more particularly, the RVA of the restored catalyst can be greater
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such an el evated tenperature and tinme period that the
ol efin reacts and provides the 5 revitalized catal yst.
wipepiswabisy, the contact tenperature i s greater HOTAUB2005/001825
about 150 C, - and, nore typically, it wll range from
about 150 C to about 350 C preferabl y from about 200
hout 325 C. Cqontact tines he
thmge%%efé’? reGetEr o R g SIAORRA! TRt BIGERTI (D P S
drbh8dtesih Haﬁgéftw 2 1&%&‘11.1% afkehod/ ARt AI§peféired for the RVA of

re uirin times. In general, contact tines
the msﬂoredr catalgstito excezd OL.A axm Indrso prefareb]a(bﬂmtR\Z[A enereds 0.950

ortant. for fjnto
ol Stbonshirine el Sigtod B aoSamince Vi fhp Fothot dgporibea
herehhﬁi@ﬂﬁflh%rﬁl% Béstcred caABstsUaf bk Buitdbt fusedCtB RybdtieRthydrocarbon
carbon nunber greater than six, pre erably great er

feedstnglq uadgthydrotreating C@h@i@dnmﬂﬁfd%weé ghaye.

corhttdpBaP S T Ges trd r b vo BB B ElnkBligua ot tey stould

not lfeud:ém&ue@a@ﬁmit&ig ﬂielsaoﬁwﬁnﬁ ffehtiorn and 15 the
ol ef i ni ¢ hydrocarbon. According to this nethod, a

m xture of powdered el enental sulfur and olefinic
hydrocar bon solvent is fig fpduced. A ratio of oil
to sulfur by weight ranging fromabout 1:1 to about

4: THisEsatoplet describdsithatioed laBofhtdrg inrghadspsed fr reeitialize and

restqﬁi%k'a%&%?@ﬁfﬂmx ﬁ%rcgm%@aﬁ% %t@%r%ﬁ%%ﬁg gtplyst that had
beco\e g&én%ftﬁrﬂhﬁ'n f Gge%aﬁpﬁfdrbﬁemeni bfctktel1-ad feeamba@t

condi tions uene or other Iightwel ght 20

hy daogde Bowasaitaiand by tiss/bireingadedrboo foae ﬂt@apenthydrwrocessmg

catais 155 gochg butprBg pl e TeseRaT it s SREoREy I o fy slfurzation.

Ther® Wrhdho inferf@MmtaelsRston ReAmPAIR M 8En Pfibee sudififlation of the
catalc%/st and m xed therewith. The m xture of dried,

regeneyated spenthydroprootssingreataiystsSantple B was ohspinpd by burning carbon

from P Bef I Rcesp R shT raloeR ) 4 At e 8 hery B in and
calciab@glbridotd sl furiaiior trédtthetd. Sabphnd Waﬁbbﬁmwﬂfyeﬁﬁmhg carbon from

from about 200 C to about 325 C.. The heating ti.nme
the spgni hydrppgogessing cafalpihfalioed by a chelatingineatonen r?@érdwnwgor toa

e L 95l T oy B o
catalgst pnmutocthe sulfigiviatioat i on t hereof. The spent catal ysts

ek Shae o R oA DOl §oha commeria
user %fthé’ bﬁt)(}ystp afﬂe' lﬁ}dhﬁfrbé’essﬁq@%afa[ﬁ%@ﬁalﬁ&fﬂfae h%@f‘c%'eﬂﬁio% metal

have catal’yti'c actiVit reater t
companerity of mCKdt(apprbymnﬁtehyl% wpé?ﬁ) amchinalypdenym (aypmmmately 14.5 wt.

e S ppaorainBeia epmsaratialy ot Py atal logbr) e ppplomina
suppbP@MTHR fssh %?ampme@slﬂg\&ata@ud 8 Eﬂa‘fketé&‘%@%rﬁﬁl Chslysts &
restored catal yst can be greater 16 2005/ 070542

Tectmotpgise 0bHpusig Epxas.
The spent hydroprocessing catalyst described above was subjected to a carbon burn

by passing air over the sample of spent hydroprocessing catalyst at a maximum
temperature of 450 °C. The carbon concentration of the spent catalyst before the carbon
burn exceeded 10 weight percent of the total weight of the spent catalyst and, after the
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than 0.85. It is preferred to maxim ze the anmount of
restored activity to the spent hydroprocessing
woaowsioyess2by t he i nventive nethod, and, thus, PCTIES2005/001825
preferred for the RVA of the restored catalyst to

exceed 0.9 and, nost preferably, the RVA exceeds 0.95.

The h gprecessing, cat al yst t N accor
carti e RBRE Son GBS S BSon 00 1Rl bt heef Tl e Bngratea
catdl st ik eibroded ty Biake Samphs A B 4fbC s dsibe@bbwdl ot r eat

hydr ocarbon feedstock under hydrotreating conditions

cribed herein above. The foll ow ng

as

ot AF AEGuoT ¥ BB byl JRLERULSHOVE a8 Yot o o
sulfatiegtiontiedthent witloit iao inteAtedixtAbiblatich tiéutmeitoreplcmalion.

S} b S A Sapc i
addﬁ&e)l %&l’ﬂﬂéﬂhﬁy 260 ?%ﬁﬁ%&?&ﬂ%@éﬁﬁ% gﬁﬁl%ty $he féhre was then

ecome spent S us
brotght to & teraperemte of abeiug § 20 PG md heintainatfor aperipd of measfficient to

. _Obtained by th ur ni n arpon.fromthe spent
mc‘?’r?ﬂ’i%ap&ﬁé 'W&%@@W&fﬁ?&??‘ﬁ@?"éﬁsﬁbon burn nmay al so
be FRIRFLS thd QIRS RG], bR Blphh 8ldAVKEhddontaining alpha olefins
sul furization. There was no internedi ate chel atron

havingsfaemddtto 30 cordioni atems wias ciorporated sud thepores ¢fdhe iflfurhe

. regenerated spent ORI Qcessi C | yst. Sapple B
inodrQREY Rebleraleg ot R PR e Rl R R otefim
addby €& =TSttt d rySnefa0dd vkt Bas Juffedindtd filY approximately

treatnment, drying and calcining prior to a
90 valwng preognt erfgv peailablapore sahlmt?e%ze {hns-peenageeajalpst was then

i . S :

subfee D3 et e e By Ritblos I BORAL A 304 Riboerature of
abopt 261 °Q fora pesiotlfsufficiait it provideaheBampleTh asal inake aivity testing of

i nternedi ate cal cinati on of the chel ant treated
Exagpleilyst prior to the sul furization. A Sanple of the

SpegAnMPL processi ng catal yst was obtained froma
con’Ffté'r"t‘i—gB

user of the catal yst. The hydroprocessing
cat B pspacd@anaple ) ah hbqintdf dpergtreatedredtallystigscribed above was

subj‘%%;r@gg gn %a?‘{i% gpgﬁe{%gﬂf{}ﬂ%@gg%@ﬁog /61%43% 'areg@ the Pedgenerated
catdPAP SRAPTQUSTpR1sOABE Blie (13 PRA DY lYTBA V.11 Eﬁnbiﬂ%@ﬁe

supported on an alum ha” support. The fres
anuhguinophytreside rpdcd parigdty weightewdtert The psgeetatedsample was

.___Cat t hnol ogi. f t . T Th t

imprGerpist it e cheRRAE sPLER ke PR Huipve! SRe-SutpSRER Y

whitR aBpreRiRR8lyDeMoldbe B¥rcAST thdawviilable\tRke Vél8msdfflcaednerated
spent %droprocesm ng catalyst at a nmaxi num

catal ystyes illgd avitt the shelpting pelutien. dda iwprrsapied deeaisraied eaidyst was
therf B o B ar 0 B PR OB Ry e B Bl in  seatea

contiderlty providitan ffeiatdlyse. 17
The aged catalyst sample was then dried in air at a temperature of about 150 °C for

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

The resulting dried and calcined aged catalyst was then subjected to a sulfurization
treatment whereby 13.5 parts by weight of elemental sulfur was added to and mixed with
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carbon concentration was about 0.13 wei ght percent.
wohoss/oresgener ated catal yst was then used to nmEKEUS2005/001825

Sanples A, B and C as described bel ow. SAMPLE A An

al i quot of the regenerated catal yst described above

100 635 BY Hsfil S ok ) il Bl oo TRk Ry af iy broughe
to a Sethperatuzeot fvuk ¢2@PC had etirtainad Ytﬁtaﬂcf)eii3d5f Hefetsffinient to
wei ght of elemental sulfur was added to and nj xed

incogperaterthe syl igtafhe peregf therdried pnd cpleined agad satplyet: The

m . tmpﬂ . Hl!gm t f .

12§£déi°an§§ﬁnlaei nt al H@é or & %%@Pg%%ﬁkﬁlﬁﬂedecggl?l c?gfr?thaowﬁns
haviing frari ddrtp G0 ahrbohacommsvasincompoeatedint@ thegorasfioftthesulfur ed
. catalyst. 10 Follow ng the_sulfur incorporatjion, an
mcoap%z?doﬂ%# i Berd-eraleRy by FEsiBicB veetness. Thedmaigt of the

fr - . .
ﬂphgo@gﬁsﬂg%dcgﬁé%ﬁ gur ljh("ira)%‘cor So’r atéggi%g erigge er a%ée cibito Al
apprximbielyt Obyolumeipercent ofbe awaitablelpure aoivure, Thé thuseprepapddcatalyst

vas ShEL e A6 s e o R S0 55 £
tem%!@aﬁﬂ@ oPSEue k0 of f&lrﬁlgﬁ‘i(ﬂi FudfdientRO bRovidd thEBampheB used in the
hus- prepared catal yst was then 15 subjected to a heat

activity testng of Byathplat2 ng the sanples in flowing air at a
te of about 260 C for a period sufficient to
prm Sanple A used in the activity testing of
Exar@prpare Saiyte €, Bn T0quvt Gﬁﬂfe&egaﬁmd €1 Ehtalgst dabdribed ibefe was
e

the regenerated catal yst descri above was 2

0
subjeaisii de & chelpting treatmient i Thg chelatingsolutionrysed o apatithegpgenerated

cataffit Kirh Ol sl @t L) b ol SREIRTIIEE o FERALKS breighy |
ammaqiih.rdiyyht dtvfki@b,ta_ll}ﬁammﬂh bmﬁ?ﬂgm@t&e}mar@eﬂﬁaﬁdmhﬁph?wa;
. r. regener ed s .e Was | regnat.e
lmm?éeélgte@w@@%ﬁ’@waﬂaﬁagg Iug?lil haﬁgﬁngar}ﬁt%ﬁgg%‘”ﬁ‘g%sm gdure by

whidf E}E%ﬁtﬁin%tgl?%woﬁuﬁ? ggﬂe’gﬁt@? tRPB aﬁﬁﬁl%%fé ?’%gﬁe VP iHéTBgenerated

per he aval |'e pore volunme~o
catalysg wnae filled aviitthe abelkinsg salmisorf. (Th dmpwighéted,regerivadtet ¢atalyst was

theey ] P s don 5 SRE R PaHORGE RIP DFHR JEMIBIFABRrt iy in o scaled

con%%ﬁﬁoﬁ&pﬁ%@mgfaﬁtswe in a sealed container to
provi de an aged catal’yst. The aged catal yst sanpl e was

t heFheged ¢atalyshsample weas tleenplricdtin iy abh terperatursol aboniolS0 °C for

a. per.d od about. .2.hours. Foll ow,ng .t dr yi tep
+pefigh BBy LB EuSepRiE Tan bRt B Ll BaloRbr e
DTEAlchEREhE afert dstHAThEOBS ﬂiﬁl@éxﬂﬂﬂ% atiéd edtal§sttadHe atnkljér girtion of

about 425 C was passed over the dried aged catal yst
the ‘water avasepmewedofromibe pgagragtalyst.

This dried aged catalyst was then subjected to a sulfurization treatment, without

D

undergoing a prior calcination treatment, whereby 13.5 parts by weight of elemental sulfur
was added to and mixed with 100 parts by weight of the dried aged catalyst. The mixture
was then brought to a temperature of about 120 °C and maintained for a period of time
sufficient to incorporate the sulfur into the pores of the dried aged catalyst.

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

incorporated, dried aged catalyst by incipient wetness. The amount of the alpha olefin
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The resulting dried and cal ci ned aged catal yst was
then subjected to a sulfurization treatnent whereby
13.5 parts by weight of elenental sulfur was added to
and m xed wth 18 WO 2005/ 070542 PCT/ US2005/ 001825
100 parts by weight of the dried and cal ci ned aged
catal yst. The m xture was then brought to a _
addet @9 Hey ullfisk éncokparhrd) drisdlaged @athlyshivat anffieibnt oy fill approxadately 90
of time sufficient to incorpagrat

volupis pesseot of e ATAilakle Brvs VORI Byt Breeard P elyst was e

subjPid G4 e St by BeAdS0P S Tbic Ty ABRLR 4 Dcfiefhuyss of
about 26060 fait opariobsufficient toqratide theGample € psedds thef activity testing of

sul fur incorporated, dried and cal ci ned aged catal yst
ExappleiZaci pi ent wet ness. The amount of the alpha olefin

added to the sul fur incorporated, dried aged catal yst

was sufficient to fill approximtely 90 vol une

percent of the avail abl eEEKAMPLBI2unme. The

hys: | h bj d
B Re He bR ERe P B A o e Btocks used
to tedtGhé SARKAiBabH Gity bf MleRufal s arfiple® Hestribed hroBxahiple i1reRititve to the

to provide the Sanple B used in the activity testing

catalytic Betivity of the figalvbydroprorgssingeaialystsanpl e C, an al i quot

o uBPEBRAIA U hE freBE bR ind Bt 8P GElPRY tosts are
preséfbdiin Dable$ £To perfbrme die dchieity egpty) SOated thehblevantdayalyst sample
e SEEA, SOPEL S of e (1) Barke By ML G, BTER 08 rencion
condi\ﬁét%hhﬁlwa&ﬁﬁ reabfiSn "t&ﬂ;l?e?ﬁﬁ?é SCaLRAIBEE Mastal prEBAREBRARSL 11,376

wth the c

elating solution by a standard I ncipi ent _
kPa ({650 gsi) o feed datesntlythatthiediqu, wki space velogigy wes abent 1.5 hr 1,

ercent. of..t he ,avaj I ft e
hyaBggEHpi e SLaiEped RGP RORC bR anhBsing imgof about 400
hr. Solution. The inpregnated, regenerated catal yst was 20

then allowed to age for an aging tine period of two
weeks at roomtenperature in a sealed container to
provi de an aged catal yst. The aged catal yst sanpl e was
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 nmajor portion of the DTPA chelating agent
remai ned on the resulting dried catalyst and that a
maj or portion of 25 the water was renoved fromthe
aged catalyst. This dried aged catal yst was then
subjected to a sulfurization treatnent, w thout
undergoing a prior calcination treatnment, whereby 13.5
parts by weight of elenental sulfur was added to and
m xed with 100 parts by weight of the dried aged

catal yst. The m xture
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was then brought to a tenperature of about 120 C and

mai ntai ned for a period of tinme 30 sufficient to
wonespedat e the sulfur into the pores of the ®CIrA$2005/001825

aged catalyst. Follow ng the sulfur incorporation, an

al pha ol efin blend containing al pha ol efins having

from14 to 30 f 0 was .. ncorporated | t he

pores of the s 1?#%%8?%%%&%&%8@&%% al yst

by incipient wetness. The anount of the al pha olefin

19 added to the sulfur incorparated dried aged

cat al ygtf"EmPBmﬁRT]EBt to f| | | appr oxFElHt)el y 90

vol ume .

pr epar ¢ §t was then subJ ect ed '

treatmm‘mgg N8k N the sanples In fI@gong alr at |a

tenperature o about 260 C fior a period sufficient] to

provi d¢ AthmaBesywit® C used in t he act i v$19 testl ng g

5 Exan‘[! e—2—EXAMPLE-—2—This LAallpl e—2- --bes—the

| abor at Q@—@é@ﬁa@bgr@&"edure and t he fog%\s‘t ocks usad
to test e jytrc actrvity of the cafalyst sanpl es
describhed in"Exanple 1 relatije to the 10 catalytilc
act i vi t{ BBf"®he fresh hydropr ocessi ng am al yst. Thg
properti es—of—the—feeds—used—in—the petrprance oft he
activit)}\o‘b/ésts are presented in Tabl e‘q To perforim

the actlisgicgy t1€Sts, 50 CC of [he relevapy catalyst
sanple | _was placed in a test reactor operated under
hydr ot n&&t%ng reacti on condi tj ons. The69bacti on
condi ti oﬁh? Hreuded—a—reactop-t-erpera Oc of—abott
360 C, t@t al pressure of about 11,376 Zg kPa (1650
psia), a feed ratre such that the iquid hourry space

vel ocity was about 1.5 hr-1, hydrogen-to-oil ratio of
about 659 L IL (3700 SCF/ bbl), and an operating tine

oy lgte v paeit el o LTl R n Tab

2. Act ivity Tests FEED PROPERTI ES FEED Sul fur, %
0.491 Nitrogen, ppm 1800 Aromatics, %31 2
Density (a) 15.6 C, g/cc 0.946 TBP (by O

TABLE 2. Relative Volumetric Activity of Spent Catalyst Samples Treated by

jusS

—

Various Methods
RVA (HDN)
FRESH CATALYST 1.00
SAMPLE A Regen Only 0.82
SAMPLE B Regen/Chelation/Calcination 1.00
SAMPLE C Regen/Chelation/No Calcination 1.09

The results presented in Table 2 show that, in the method for the restoration of
catalytic activity to a spent hydroprocessing catalyst, further enhancements in the restored
catalytic activity can be achieved by the use of a chelating treatment of the spent
hydroprocessing catalyst that has been regenerated by the removal of carbon therefrom by
burning, i.e. regeneration. Further shown by the data is that the spent hydroprocessing
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IBP (F) 317 10% 471 50%587 90%691 FBP 790 5 The
results of the activity testing described in this
Exanple 2 are presented in Table 2. TABLE 2. Rel ative
Vol unetric Activity of Spent Catal yst Sanples Treated
by Various Methods 10 RVA (HDN) FRESH CATALYST 1. 00
SAMPLE A Regen Only 0.82 SAMPLE B
catalPRARAY Hah B tepandraled afd tlegRd wiliPa ciddidadent but not subjected to
egen/ Chel ation/No Cal cination 1.09 The results
calc:patecsemr@enqm Prigs beitpsul fwigatinn has 2 higbpprestor b eAtalytic Apfivity than

s o AL o e BB o ot por

mﬂﬁ&ﬁﬁﬁ@ﬁQHﬁmiﬁh@@kﬁh&bWQhﬂQhem&ﬁ&dﬁﬁ&hﬁﬁoﬂ@bﬁﬂt@dﬂ@hﬂﬂnmdeby
use of a chelatlngxtreatnent of the s

the rpganergtionddbe m}nt: @P@rgpeasmcaﬁaixst@a@ﬁs F@ﬁ@fh withyachelafing agent

fonogJég bﬁ(:s;ﬁggﬁlﬂ%n n Eg @t&ﬁﬁé&é%%ﬁ%cﬁﬁngggﬁgé‘ bl 9%% eficeading that of

frestogadlsthy dr opr ocessi ng 21 catalyst t hat has been
regenerated and treated with a chel ati ng agent but not
subjected to <calcination conditions prior to its
sul fiuization has a higher restored catalytic activity
than such a regenerated and chel ation treated
catal yst that has otherw se been calcined prior to
sul furization. In fact, the data show that the
revitalized hydroprocessing catal yst made by 5 the
regeneration of the spent hydroprocessi ng catal yst
that is treated with a chelating agent followed by
sul furization with no internedi ate cal ci nati on has an
RVA exceeding that of fresh catalyst. 22 aRnFnl nPn
SHFFT THAT WHICH IS CLAIMED IS: 1. A method,
conpri si ng:
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5 Contacting with a solution a spent hydroprocessing
catal yst, conprising a netal conponent and a support
mat erial, having a reduced catalytic activity relative
to a catalyst in its fresh state prior to use thereof
to thereby becone said spent catal yst, wherein said
sol ution conprises a chelating agent selected fromthe
group of conpounds consisting of am nocarboxylic
THAT WIHICHIS\GIIAIMED B noal cohol s, oximes, and
pol yet hyl enei m nes and a 10 sol vent, and wherein said
contacting is done for a tine period exceeding 10

hoyr r ovi .fgr a restored catalytic activity

th r&‘@%&&%ﬁs’% an aged catal yst havi ng

I NCunpRtiag edili Hsileiion § spaht bpdlopidcegsimgenhlysy) dompiising a metal

sol vent, wherein sajd_spent hydroprocessi ng catal yst
compewan And a SHPRATHIAteris), hawing atedicad; Gatpltireantivity relglive fo a catalyst

. . | at.i . .
n o B8R P ok 5o B o e G5 ol gl s
solutibn ecinprisesrmdhelatingagent seipcted for gledigroap aif gempounds consisting of
oo B B e o s B S Sl imines nd
solvat! YEMvhifaid Sid SRS ik 888e FFAHMOperifd Etteedifl 0Houf to

said chel ating agent from said aged catal yst thereby

providesfor airesjoried cataliyticeagtivity dhbrebyt resyléing imar agal @ialysihaving

. _treati sai d. dri ed. aged .cat.al el e ed
incolgF il dfere i hefiftof Agn el onl R it Sald Y
hydiepricessingatallystsovnthisaNdmewitdf¥aid chelating ageht i tHeubhgaof from
i_is conducted at an aging tenperature in_the range of
0.008merles ehrdatmecgentper melgok agliYe welgl tashmeleof chefatigagent per mole
ne boiling tenperature of said solution. 3. A
Ofa"?reg?h%o%ﬁgs recited in claim?2, wherein the conditions
t o Bxpbsihg saiid diged) eataly@Stocanditipas including s dedng ténperstore so as to
t he, sul f treating of said.drjed aged.catal yst
remi Y et peell GRInah? BREBE I ANHE TERAYDELoss duap 50
weigh? PBreBntCo¥ sald Hel A gla@ B Gth ¥aR1 %@d £0Qfyst therdby TeédlRa Ba dried
recited in claim3, wherein said naxi nrum exposure
agedeatglpstnend e is said drying tenperature that is |ess

th 5. ' ' |_aj wher ei n

& e Redring i WiRE {10, AR5 LR 4 fbefordl Byt

sadAahethad asgecited ivi claim 1sthiedontagting of suid st catalysoith said

sai d chel ating agent renoved, fyom saig aged cat al yst
solufign jscondyetgd aban Jging ipmpsaaties in the range o ﬁ}é?‘gtﬁi“?lé'e t

o T 0o BN 8 AL

si gnifethnd 2pacited in cthing 2i whetest tieicogditiegete whishseidaged
cata%r{sﬁ%nﬁ%%%%g ﬁ‘ag:l%? ﬁcg ﬁ‘%&gﬁ} trbRtingSorsaid Wb aped Badilst AohRlh

maximum exposure temperature that is less than a calcination temperature of 400°C.

4. A method as recited in claim 3, wherein said maximum exposure temperature is
said drying temperature that is less than 250 °C.

5. A method as recited in claim 4, wherein said dried aged catalyst has a
concentration of said chelating agent and said significant portion of said chelating agent
removed from said aged catalyst is less than 25 weight percent of the chelating agent

incorporated into said spent catalyst.
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incorporated into said spent catalyst. 7. A nmethod of
restoring catalytic activity to a spent hydrotreating
catalyst, said 5 nethod conprises: providing said
spent hydrotreating catalyst having a first carbon
concentration exceeding 3 weight percent with the

wei ght percent being based on the total weight of said

SPIA Myibdias eqdited dn claira Sy #hereireshid sipgifidant portion of said chelating
concentration,  of carbon on sajd sgent hydrotreati ng .
agentaempyed from sgidrged catalyst is lesstham 2» aeght gorcsnbok e chielating agent

inco@%@gliﬂo%‘gﬁgsg’rg%tc&mg% concentration that is |ess than

irst on concentration of 3 weight percent,

Wi t7h Al frethodiof héstqrivigoeatd] yiie actiyityae adspemt ttydeotteating catalyst, said
wej ght of said carbon-reduced catal yst; exposing said
method ¢MPTESced catal yst to a sol ution conprising a

Chekotiung ent hydietedhting, cahRE hefink b R difb o WReritation

consi sti'ng of am nocarboxyl'ic acids, 15 X
exceedingShiveizht pencemtowitlt theoveightpercant beingdased on the total weight of said

| yet hyl.enei.d nes, and a solvent for an aging tine
We’ﬁg‘ﬁ{%’%ﬁ%ﬁﬁ%t’lo hours to provide for a restored
c atradidingthaChbhddninatibh 8F B4onh 65 Whillispént Hydretreatifig datalyst to provide
catal yst™ having incorporated therein said chelatin

a caghpmeduged catalyst beving aiseeunstrarbomeonsantietion; thef s lesg @gaé'oﬁaid first
a5 513 B eSS 28 10 by ot

weigttiof ggidreatban-redudedroatatystf chel ati ng agent per 20 nole
of actiyve tal; exposin aid aged.catal yst. to .
CorfAPPTBRSAI FETDRBIT csd&gﬁmtq %?@BF%& &?@@%ﬂ%_& chglating agent,
whilf \‘,fecfeﬁcﬁﬁrﬁ %@@9? df E&thpdRls cBndiSfidgd SfardinosAbskylic acids,
solvent while renoving [ess than 50 weight percent of
polysaiivies; Aminxialeodiobsg oximes; and podyethplgneimingsahyd 2 selkentdpyan aging

._resulting i.n rie age at al yst : 5 .

time i el T PP o YR R Sty BTy sl ety resuiing

in afi afed dilystthavihgiBédiperatal thein €dd chelatify ageht addieaid solvent such
exposi ng of said carbon-reduced catalyst, with

.saj d
thatsatd persm-teduesstfataly S fanian amous) ofgaidrhsiaing seent if thepange of
sor 08 e RO RIS 1 BB o g p
mols of detbgadetalt al yst 30 is exposed prior to sul fur

treating sai,d dried aged cat.al yst . ipcludes a, maxi mum
exjoRRTES S e satapilpianciion bolidiie h A in LR o as o
remb PO REHASM SeedhtalyNVaNeRRNbiald ddlvert wiRlchesiovmg RS i 50
~in claim9, whereln said maxi rum exposure tenperature .
weight percent of said chelating agent from said aged catalyst thereby resulting in a dried
aged catalyst; and

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

8. A method as recited in claim 7, the exposing of said carbon-reduced catalyst with
said solution is conducted at an aging temperature in the range of ambient temperature to
60°C.

9. A method as recited in claim 8, wherein the condition to which said aged catalyst
is exposed prior to sulfur treating said dried aged catalyst includes a maximum exposure

temperature that is less than a calibration temperature.
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said drying tenperature that is |less than 250C. 11. A
nmet hod as recited in claim 10, wherein said dried aged
catal yst has a concentration of said chel ati ng agent
and said significant portion of said chelating agent

5 renoved fromsaid aged catalyst is |l ess than 50

wei ght percent of the chel ati ng agent i ncorporated

i N0, Aghéthé@adroitédiulsich 9,avbdrgii saidifaxifnure ekpesusstemperature is
recited in claim1l, wherein said significant portion

said dfyisg teinpesaturethahig lesgditan 2%5%6ved from sai d aged

catal yst is.less..than,25 [

cndfgthd afeRid Brsm, G e el Bled it Stalyst has e
condeRtrAidPéf salPcHelatind dxehned saibsiphifichmgiortisrond shidchedating agent

spent hydrotreating catalyst further cont %;tﬂla%é . ¢
remavedifoom saidraged egtalyshisdess 0 wsight perre PR mcialing agen
.__spent .hydrot.reat | to thereby provide a
m°°B§’F%8ﬂ-"ytgaﬁ'gec&ra%o&[]%fh)&/%d?éaﬁ St porating a chel at ing
agent ASRéR6d asirdcitedri daing t buphatincaidsignificant postiont ofwpid
of 15 am nocar boxyl.i.c gﬁi ds

. ol.yam ne .
chelatingyeasmé tened Tom sud aesd geiglypl 8165 AR VRight prTpERt of the
; ' | ) ) a0 d
Chelcéita%r %%&? g%ﬁ%‘fgggggtﬁg?&@?%t 0 gl?gllluti o?hmgoﬁ'plri sing said
chdBaAi methademmprisihga sol vent wherein the anount of

o aprRidme et BAFarsrE SRR At sBinif debom, 505
o lr&ﬁovﬁg%' lrifo PR EarB6h froBl Sidbpede hidretrenting catalyst to thereby

nmol'e of Chel ati ng agent per nole of active 20 netal;
provads agarbhe-redsgd cptalystihel ant - i ncor por at ed

car.bon-r . ' ' | isting of
e PGS RRERLAL it hEct R SRPH 88 il RApoRids consisiing
amificaffox@lic asids,anilyireinps natinoaicdhmls, 68{nes) and polycthylenenrines into
_for a restored caﬁ)al tic act.%vi t o, sai.d ¢ tion
said carhomnteduerdatalyst by eyesing said farbopyrediicsy catatyshtog, Qv
com?ﬁ&ﬁ%%ﬁﬁ chehitilg kbt alaboRaatwhefe ihlanftunfofi§aid BBelating agent
enperature so aS to renove from said aged catalyst a
incopmoraiedrintofsaibiagbomteduend sataliisis in besmaepidiram §105i malss
ortion of said chel at] I ' :
chelpigpet Per Pl PRLEMeP fo T g ERRAR GG molo of active
metatnd Sul fur treating said dried aged catalyst to yield
a’re_stored catalyst. 14. A nethod as recited in_claim,

13 agingtheresulfingchelapt-inpomarsied sathoaedupedicatalyst &7 anpgipg time

. at al j i . . .
pei§ BB Pl oS P BEE ARl B! g o bt sratr o
60°C e6pS toaprovizietfonh réstoredeatalytia activigatol saidxearbon-reduced catalyst to

tenperature. 25 VENDF_D SHEET
therebynirajrovgjl e an ageﬁ catalyst,  —

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

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

14. A method as recited in claim 13, wherein said drying temperatures to which
said aged catalyst is exposed prior to sulfur treating said dried aged catalyst includes a

maximum exposure temperature that is less than a calibration temperature.
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15. A nmethod as recited in claim 14, wherein said

maxi mum exposure tenperature is said drying

tenperature that is less than 250C. 16. A nethod as

recited in claim15, wherein said dried aged catal yst

has a concentration of said chelating agent and said
significant portion of said chelating agent 5 renoved

f r 4t Aanethed esirezited inyclain: 34, vebereintsaid maxinaim kkpesare teniperature

the chel atin i.ncaqr ated into said
iss ?Wﬁtregﬂ’ﬁ?é'ﬂf gﬁ?‘i?%ﬁ %B%Erret hod as recited in
cl %”A]:ﬁethwﬁé Rlchled & cﬁgﬁ% 95 h&GBiRisafOdiddobe fcaﬁﬂys‘ihasa

chel'ati'ng agent renoved from said aged cata
condeplratiomofsatbeladatity agent amlﬂald)ﬁgmlﬁeantqimeﬂxm oflgalé ghciatmg agent

remgyedl i s Hpet) BB LI AEATA0 PREST BHFETOL R Eielfting gent
inco &Ztednit@sarﬂ&é%noieﬂﬁcﬁdl @HIRROCESS, conpri sing:

ntacting a hydrocarbon feedstock under

hyd7od od ns r@ﬂﬁ@mtrlmlﬁ.uwlhﬁram sokk signyificantypoetiony ofsajd

chelfiod ifofFattRa fim i aBRe Syl ess e e BERGER R he

cheltil ﬁgehﬁﬂicbﬂ:@rﬂad aity siid @arboairedsded et ropr ocessi ng
R RGN IENC I AR

19. A hydrotreating process, comprising:

Contacting a hydrocarbon feedstock under hydrotreatment conditions with a
catalyst made by any of the methods of claims 1-17.

20. A method according to any one of claims 1-17 wherein said spent
hydrotreating catalyst or said spent hydroprocessing catalyst is a spent non-additive based
hydroprocessing catalyst.
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