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significant reductions in the sulfur content of transportation fuels. For

example, by the end of this decade, maximum sulfur levels for distillate fuel
will be limited to 10 wppm in Europe and Japan and 15 wppm in North
America. Meeting these ultra-low sulfur requirements, without undercutting
distillate endpoint or expensive modifications to existing refineries, may
require catalysts with increasingly higher activities. Such higher activity
hydrotreating catalysts are typically higher cost due to higher metal loadings.
Due to these higher costs, it would be desirable to regenerate and reuse these
spent catalysts. However, as noted above, regeneration procedures often result

in catalysts with reduced activities.

[0004] What is needed is a method for rejuvenating high activity
hydroprocessing catalysts that allows reuse of the rejuvenated catalyst without

having to settle for use in a lower value, less demanding service.
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catalyst, the organic solvent not being present on the partially calcined,

impregnated support. The partially calcined, impregnated regenerated catalyst

is then sulfided.

[0006] In another embddiment, a method for hydroprocessing a
hydrocarbon feedstock usingf a rejuvenated catalyst is provided. The method
includes hydroprocessing a hydrocarbon feedstock under effective
hydroprocessing conditions in the presence of a catalyst that has been
rejuvenated according to a specified process. The process includes preparing a
solution, slurry, or other mixture containing at least one Group VIB metal, at

least one Group VIII metal, and an organic complexing agent. A regenerated
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DETAILED DESCRIPTION OF THE INVENTION

[0008] In various embodiments, the catalysts are rejuventated supported
catalysts. The rejuvenated supported catalysts are based on a supported
catalyst that is used initially for hydrotreatment of a hydrocarbon feedstock.
The initial hydrotreatment causes the supported catalyst to become a spent or
partially spent catalyst, due at least in part to the presence of coke on the spent

or partially spent catalyst.

[0009] In an embodiment, the rejuvenation process begins by removing
feed and/or product hydrocarbon accumulated in the spent or partially spent

supported catalyst. The feed and/or product hydrocarbon is removed by



feed and/ or product hydrocarbon accunmul ated in the
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silica-alum na, magnesia, titania, zirconia, or
trapsperiatden fugls.eof . The support portion of the catal yst

can have any conveni ent shape, such as spheres,

[00%1) et S THY spRit b paktRISNRAEsupported catalyst can be either a
conventional or additive based catalyst comprised of a Group VIB and Group
VII metal supported on a carrier that has been used in any hydrotreating
process. The support portion of the supported catalyst can be comprised of any
of the conventional metal oxides, such as alumina, silica, silica-alumina,
magnesia, titania, zirconia, or mixtures thereof. The support portion of the
catalyst can have any convenient shape, such as spheres, pellets, or extrudate

shapes.

[0012] Preferably, spent or partially spent catalysts prior to rejuvenation
have only a moderate level of coke, such as less than about 15 wt%, or less

than about 20 wt%. After rejuvenation according to the invention, the
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[0013] In an embodiment, the rejuvenated catalyst particles are comprised

of Group VIB metals, preferably Mo or W, most preferably Mo, plus Group
VIII metals, preferably Group VIII non-noble metals, more preferably Co or
Ni, most preferably Co, and a residual organic carbon content of at least about
5 wt. %, based on supported catalyst; with the balance being a carrier or

support, wherein the carrier preferably has a minimum pore volume of 0.35 per



on the Sargent-Wlch Periodic Table, copyright 1968.
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metal to Group VIB metal is greater than about 1 to 3, and more preferably
greater than about 1 to 2. The metals are preferably present as organic
complexes (or complexes of organic residues thereof) and/or oxides of the
corresponding metals, or if the supported catalyst precursor has been sulfided
to form the catalyst composition, sulfidic compounds of the corresponding
metals. In an embodiment, the organic complex or organic residue complex

can be based on an organic acid, such as a carboxylic acid.

[0015] In still another embodiment, one or more of the metals added
during the rejuvenation can be different from the metals present on the spent or

partially spent supported catalyst.
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having large pore volumes relates to maximizing the loading of impregnation

solution per individual impregnation step.

[0019] It is within the scope of this invention that the catalyst
compositions also contain any additional component that is conventionally
present in hydroprocessing catalysts such as an acidic component, e.g.
phosphorus or boron compounds, additional transition metals, rare earth metals,
main group metals such as Si or Al, or mixtures thereof. Examples of suitable
additional transition metals include rhenium, ruthenium, rhodium, iridium,

chromium, vanadium, iron, platinum, palladium, cobalt, nickel, molybdenum,
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[0021] In various embodiments, the rejuvenated catalysts according to the
invention are prepared by providing a spent or partially spent supported
catalyst, stripping and regenerating the catalyst, and then impregnating the

catalyst with an impregnation solution.

[0022] Stripping of the spent or partially spent supported catalyst can be
performed in any convenient manner. One example of a stripping method is
solvent stripping, where the spent or partially spent catalyst is exposed to a
solvent in order to remove at least some of the hydrocarbons and/or coke
present on the catalyst prior to regeneration. Examples of suitable solvents

include aromatic solvents, polar organic solvents, and non-polar organic



sol vents. Solvent stripping can also involve a
sequence of solvents to nore effectively renove

we 200002814 ypes of hydrocarbons. For exanpl e, aPGDUS®NY/002265
strippi ng sequence coul d i nd ude exposi ng the spent or
partially spent catalyst first to an aromatic sol vent,

sobvigits.aSokhe mippﬁllf% Ban alsa involvp @ sequente efisolvemtsho asore
cycl ohexane, and then finally to a polar solvent, such

effectivelt wneovesvariaushizpes ofhpdiosarbons) \korexemples sgjvent
. | 50.b d. [.0023] Preferabl
SUSPHBIEALCTE G SDHE SRORURE i FRPAC SE ATt Bpten gatalyst
ﬁt%?{oa+1¥ ﬁ{or{ﬁti@gl(@ﬁﬁ\‘}cﬁ)& Qi{%ﬂé,’ tﬂgn#ﬁ(ﬁ rﬁﬂpp8fa} @glvent, such as
catalys 0 a flowng gas r €am e stripping

cychoHhAé, Wikl heh MR1s LHCIMESH10BAt, SROIWERS atétofe. A3 other
t han about 3500C. Preferably, the stripping

conzapientiselvent strippingesesuebCdMayalsabe usedt 1000C. I n an
enbodi nent, the flowi ng gas stream i ncl udes gases that

I nen I Ve i
108331, "5 PrseFeiily ¥fivpig BPUIRENL Bt Baltef Went fuihied
catily Qfis peFfopned Wp&@ingome%gphgne@wﬁlysﬁh@ arfiavingsdas,
an” oxygen containing gas (such as air) my be used.
stidane VERe strippimg tegpperaturé can bexapyeronyenicat témpemasreiless than
ikelé to_permt sone renoval of coke fr

I
abont APYe., qufefafbéy,sthﬁisgwmggé%tﬁem%ls%&@Sfag&& or at least

G SR R Y oS P B ot g e
reRltiveRBTHe Adk@iNg gré‘séﬂt B8 ,tlﬁ’@!‘)ﬁé?ft'@‘ﬂ)ahﬁ‘alﬁn%p&ﬁ RYRINRNSuch as

manner. During regeneration, the stripped catalyst is
nitrogémov tdr, wiat oradioxide e nobld gases N\ lgeraativelgnarlony gered

tenperature. In various enbodi nents, the tenperature
contaning gasdenel as pishmay b useda dlowsyer thoprrsenes ofan oxygen

| east about .3500C and | ess than abput, 5000C, or_l.ess '
confiifingei s ARBDCIS paEYEFoRE LR EGh b ROt s aITFG po
g RIAAE KOO PE hEA BEGRP htifieh A Sieed W aVoReolEeniive

he¥tibBg Waringahe stripyiag stdpoup VI 11 conmpounds, nore
preferably cobalt conpounds, nolybdenum conpounds, an

ni c £onpl exin en a t i.onall k j C
10834 L SRR tioB b e i B O o niOheF i AR C
( lcdrs r '
cog'rv&gil‘égﬁm mﬁgﬁ}_@ﬁ :‘_%gﬁﬁlétrgg&ieraﬁbﬂ,q}ié strippedf QRS st RN codfadiesd
~ with an oxygen containing gas at an elevated temperature. In various
embodiments, the temperature during regeneration is at least about 300°C, or at

least about 350°C, and less than about 500°C, or less than about 450°C.

[0025] The impregnation solution for impregnating the regenerated
catalyst includes Group VIB/Group VIII compounds, preferably Group
VIB/non-noble metal Group VIII compounds, more preferably cobalt
compounds, molybdenum compounds, an organic complexing agent, and
optionally other organic additives such as alcohols or polyols, (e.g., ethylene
glycol), aldehydes (e.g., glyoxal), ketones, or amines or diamines. The metal

compounds include soluble salts and insoluble compounds that become soluble



conmpounds include soluble salts and insol uble
conpounds that becone soluble- - under certain
w@oovdirzdzens. Non-limting exanpl es of suitabl ePUS2009/002265
precur sor conpounds i ncl ude 18ar bonates, nitrates,
sul fates, acetates, chlorides, hydroxides,
uritledl cortymacdimditionss , Naadiniitigcetanples oficeitathle 0@ provars,
metallic Co(O, Co oxides, Co carboxylates (in
cqmapaunds|inelude cgrhenajesamitratessulfatesanectaies, ¢hlatidast e,

o oS Pel e ico B AR Ses Ty IB S B i

C a j t r
CR04Ch RbHesr O, Bukoky Bhes A pERIuIFIEY BRI CEEMR, Co
glecor®Do tirtratd, Yool alyein |Gl aeeit®XQo naghthenate, Co oxalate, Co
tetra-, hepta-, octa-, or tetradecanol ybdate),

formatep fiacmatitel, Co pysprasendCy gliyavlate; and privkipeothenesti iRreferred
aci.d, Mb-P heteropol yani on conpounds, Si )
mﬂ]éibgPBB@I [UBBSICHRIGERSST CaBPRBOYY m&ﬁbﬂpmtahor
lLkal i | _or ni t t | so
erfBPRIA B!y BUAE LB on s O Wip st PR OF
Lo B A R Rl BRI Fhosphtungstic
acedyiMdi Prietesopal pgnioni domnpeun@dsp W-Svheteropol@anion ddrBpounds,
net al _reagent can be used to prepare Goup VIII or

CaMeopVihaterepolianien gempeyndnddikali Bieiali of ammeniyn jungsiates

(a5 b gl G 6 e bR A RN, NFO T, Mo

oXil&) M%efmgpgeg,w M‘fﬁtﬂ%&ﬁéﬁé@ﬁ chroni um

vanadi i ron, tinum pa Ium cobal t, nickel,

rm!@ybdenunb zinc, niobjum or tungsten. Preferably,
[002el’ addilnistHather embpdinaentseany suigbiserenp Yillonerewp VIB

B st B ui@ i Blpfle Phou, VI GRPHR0Kfp LR slufions.

A(ﬂ‘!ﬁﬁohbll@,tthg JoRNRIAE ASuRfheP iSANHE ofRIRIBS TN MBEI.SExamples

sui table for use herein include pyruvic acid,
oflsaitablerddditienal tradskadrometalninclads rhenlihprnghesianm,chodium,
..acid, thioglycolic acid, 4-acetylbutyric acid, .
iridiugn sdepanea ¥anydivg, iron plalinun.palladivpacebalt, stickel,

malyRSnd. 2 GiobRuims f pieStar Lretsranls: Lk gedifiohal Har¥ifion
m@a FOHeASEnofd ¥F Ol MANHWILHEPE CCuWpiehnle. Oxar ¢

acid, glyoxylic acid 2-oxing,
et hyl enedi anj net etraaceti c acid, ) )
[0027 Organic acids are a preferred class of organic complexing agent.

Non-limiting examples of organic complexing agents suitable for use herein
include pyruvic acid, levulinic acid, 2-ketogulonic acid, keto-gluconic acid,
thioglycolic acid, 4-acetylbutyric acid, 1,3-acetonedicarboxylic acid, 3-oxo
propanoic acid, 4-oxo butanoic acid, 2,3-diformyl succinic acid, 5-oxo
pentanoic acid, 4-oxo pentanoic acid, ethyl glyoxylate, glycolic acid, glucose,
glycine, oxamic acid, glyoxylic acid 2-oxime, ethylenediaminetetraacetic acid,
nitrilotriacetic acid, N-methylaminodiacetic acid, iminodiacetic acid, diglycolic
acid, malic acid, gluconic acid, acetylacetone, citric acid, tartaric acid, aconitic

acid, suberic acid, tricarballylic acid, malonic acid, succinic acid, glutaric acid,



nitrilotriacetic acid, N nethylam nodiacetic acid,

i m nodi acetic acid, diglycolic acid, malic acid,
w@Rkwenm3t aci d, acetyl acetone, citric acid, taPCHDB2909/002265

acid, aconitic acid, suberfélacid, tricarballylic

acid, malonic acid, succinic acid, glutaric acid,- -
mivici acidicand, glaoeli@agidoINeteahatthe Notrohhah shhe ofiavidsiateralso

salts of acids are also suitable. Preferred organic

suitebles Rreéergtd esganicacids are glyaxabieacid, axalacetic acid, 2-

ket qqul oni. i d, al pha- ket ogl ' id,. o
SRS A ko P kbR feidorrovig e
ATRELIFORE, AL EeBIE 010 S ol MR

ciRieddig eiliyoxlic deid] pOABlic @kidaahd oxalatetis acidabl e for use
in the practice of the present invention include those

OBE8L T O 5% e ot B b edof o
v Bt e Copiafting e erBl lectol fronff Eoup
coasistihp aiﬂc@ﬂﬁoﬁymﬁra%@d -é@mqﬁhﬁdmbthfatélbeidt mrpcéuﬁ,lﬂynroxo -

categorized as netal binding groups or chelating.
OHgketos-Cbj anirfeo r WMHZ tashide g%(gd\lHEnphmeesCNOHqGHoh§H,

sol ution., Wthout being bound. by any particul ar, .

eppm'oﬁ,%% and epmbingbigns thgreeh n%ll%ssagn%aﬁs afe wrpditionally
i r Ik I '

caf¥gRBeg o8 "PYRLOM DTS of helsBlrElash, MR (Btbiiecdl
ligaRERReAFIERE mPdlcvhS s6RMioRS WIHAR I bBUAD bG any \yarticular

solution, slurry, or mxture conposed of a Goup”VIB
themtyait,is deltevedithdt compibdationasfdhenrgamjagrour dorihgcatadyst

agent or additive, where the organic additive serves
fogmation steps pays|an wparta relebodi nent, water is not used

as a solvent. Instead, the organic conpl exing agent is

[0029d as I RAofHes i BodIRleHE Al regé_ﬁ@a@dowlalykﬁcéﬁb@imﬁft%nated
Goup VII'l nmetal can be provided as salfs. In a

with efselutih, ehirndiorenixturzt cdmepesedafa Gtouh ¥ IBrmatal\d Group
net al salé and the G oup VIII rretal(ﬁ,a,lt are forned .
ViiEmetalaand an orgamg compleriag agaptiomaddigygswhere the organic

ent . e 2, 4r pen edj_one

a3 e R SSORR Do R e RBERAR Hefit s npppsed as a
soB&At.Y |In§‘l%§8,°ﬂh€t(ﬁ%§1ﬁhtcoﬁfpléxi QigR /s8Rl the %ﬂ%ﬁhi@%olvent.

nol ybdenum™ or the acetyl acetonate salt of a oup
Thel GroupeVEB metat ind &roop M metal can be provided as salts. In a
preferred embodiment, at least one of the Group VIB metal salt and the Group
VIII metal salt are formed using an anion that is the conjugate base of the
solvent. For example, when 2,4-pentanedione (acetylacetone) is used as a
solvent, either the acetyl acetonate salt of a Group VIB metal, such as
molybdenum, or the acetyl acetonate salt of a Group VIII metal, such as cobalt,
or both could be used to form the solution, slurry, or mixture. In a preferred
embodiment, impregnation of a catalyst with this type of solution is performed
by using an amount of solution that is similar to the pore volume of the

catalyst. For example, per volume of catalyst, the volume of solution used can

be from about 0.9 times to 1.05 times the pore volume of the catalyst.



or both could be used to formthe solution, slurry, or

m xture. In a preferred enbodi nent, inpregnation of a
w@amalysto with this type of solution is perforP@&dUR009/002265

usi ng an anount of solutionlZhat is simlar to the

pore volunme of the catal yst. For exanple, per vol une
PreferaBliygah watficithelevel offetd] canlbetinfiregnadd tathdsugportwith a

about 0.9 times to 1.05 tinmes the pore volunme of the
single ampsegriationarsaing $his dypuef sauton. | evel of netal can

be inpregnated in the support with a single

' egnat,ian: usi ' : i ' :
(003 5 ThREioHS oSy hBoditiRFS b Bnplesalition SSRitlor ay be an
agieyudsolationanddrsluges disohubleGioup W lilert#l codpdtent, a soluble

Goup VIIl netal conponent, a soluble Goup VIB netal
GromppBH3 mgtabeornpanentoateleastoens ergenieptampleyingyegant and

optignally, an organic _additiye. |n enbodi nents. where
opitasaflchn ismie AdRRver dmemmkodiiisals whga bt QX PRGIAEERAL from
j r [ f ' '
thé SudfFiC volntforle Feehthy Rof. o BE FAR S BEReRHIT,
onPIERIMS Y 1 ROGROE VI Bhiponeh
¢ lto 1%, gﬁ%@fﬁaﬁ&g&ﬁﬁ@%out 2, ggd p?g‘lgr abl yé '
plueSsouh ¥ Baimetal cdmpaneanisafromy atatuit U etoelth pdé ficeatily \ai deast
the organic acid includes multiple acid functional

abgpb2pand pirderably lass than aboutdodn 3y eligraptive gmbosimgnpyvhere
th BHERNE AP e LIRS st i et Gy e S Hs ot pER -
C?W@ﬂlﬁ{%ﬁ(ﬁtﬁg ’rﬁﬁb Qi ek \I/MB fl@fd fudRibnal %Txgtﬂgls & B RRIPYVIII

esst The G ou Goup VIl conponent

meray chapedestchlas Groupt\alB awmzlawnepafent can bedrom about 1 to 10,
solubility, e.g., COCOB, E)rovi ded t hat the_netal
prefengilbirad 1esst Ri and peeferably ass than 6 4Ehe Grpup VBIGTOUGRITE

3l B RES iy HR a8 <SR omR Rl FITRERF g, e
C&00 .t]%}i%vﬁfeﬂgﬁﬁfst}fe%ﬁtatl cBADLAA JF1ihiied BEIRGARY reacts with the |

condi ons rrng the mxrng step are generally not

orgamitiacil compoaentatotfotinnesslubletmetl pogiponeet] The order of
solubilize nmetal conponents of limted solubility
mixing pf tretaloinponends &t mreritisahand drppresessconditiogs for

€.0., possible to add al t t anbj.ent .-
mikifBrdkess conditions during e SIXHIE YIFP 5 BeRpallY foh cgitical. In

S : S: . 1Sye -
SIS AR O SONBIPAIALAT SobiBnchs dPmitg
soffJiHB} phibytadPdddihg e aiér Reethheorapbsentseltak, €2MpaRsiblsto

add all components at ambient temperature at their natural pH (if a suspension

or solution is applied), again provided that it is preferred to solubilize metal

components of limited solubility prior to adding the other metal components.

[0031] An organic additive (other than the organic complexing agent) may
also be added to the impregnation solution. If an organic additive is desired as
part of the catalyst precursor, it may be added to the solution used to
impregnate the carrier. The organic additive may be added together with
Group VIB or Group VIII metals, may be added together with the third metal

salt, or may be added separately to the impregnating solution. The amount of



[0031] An organic additive (other than the organic
conpl exi ng agent) may al so be added to the
WO pgeeaesad i on sol ution. If an_organi c additi veP@BUS2009/002265
desired as part of the cat aI1§St precursor, it may be
added to the solution used to inpregnate the carrier.
orgAgicaidditive nagdiahpy €romy rhelaadstdsl of Ot foef nmvdledaddicivp per
VIB or Goup VIIl nmetals, may be added together with
mplecof; Group N&Bane@bplqs Groupay1Benetalied separately to
the inpregnating solution. The anmbunt of- - organic
(00371, S esaBOG e PR g CAddiGivg 2afl beth HmpOyd havine

2 ¥ 10 cardlonl atoin8&3d] contaiaingcadlealt Peoky genatongaand includes
additive can be a conmpound having 2 to 10 carbon atons

palyilscelycalsandyethers thagof andsajdghy des omketened. iBxamples of such
Lyol s, | t her eof and al.deh

Qi ile aigreal B cEielne hulete S8cof REoRIETG EpGRk

. . .. :

ST LM el SPALTER, BDUSR e e

teﬁhéﬂtﬁ?lenetg' @élb&i}&ﬂ@qeg%lﬁrs@l moh@éﬂl@?bﬂa\ér,eétﬂyﬂin%@%'col

et hyl ene gl ycol nono | ether, "ethylene glyco
monolniiyt gtheet DrganiOagditivesduving aekeastad brygert atopesinchude

xygen at Qns incl ude polyethyl en | ycol s having a
pq(iﬁtgrz srg(imlg h@vu)egs%nxq%%ﬁwl@rowmg?@g%]tg@ .693- ot her
addi ti ves are conpounds having at |east 2 nitrogen

[0083]8  angtilldthéitaddtitiPecaedmpudids ha | Rasti Naittsken
et hyl enedi am ne, propyl ene diam ne, 1, 3-di am nobut ane,
atamd and hayéng 2riddcaxhpn atoms.hExamgdies inchule etbyledediamine,

e A
o A L g B S ERGHAERl oo

atSl 5@t &5 ShdAsl SmALkd didtMSn I UMRIRE M. triefih3rdl allihé T8 yet
preparati on and m xi ng of the inpregnation sol ution,

another £ngsotimeehnt,ythp oegaric additvekaapbd bempesqabofbitwis er more
bel ow t he, boj |.ing point of the solvent, such as water,

sujtablergpnicaddidye GOMRAENGTHg of t he conponents.
However, if desired, tenperatures above the sol vent

[0034] | Ng IGiinY pRIpasatidieaRDniRidgVel tHeSmprEgmftiossKAutida, it is
the reaction during the mxing step iS carried out at
genaalbyasreferred to keep the temperature below the boiling point of the
solvent, such as water, to facilitate easy handling of the components. However,
if desired, temperatures above the solvent boiling point or different pH values
can be used. If the reaction during the mixing step is carried out at increased
temperatures, the suspensions and solutions that are added during the mixing

step are preferably preheated to an increased temperature which can be

substantially equal to the reaction temperature.

[0035] The impregnation solution is then added to the stripped and
regenerated catalyst (the catalyst preferably having the pore volume range
noted above), preferably at temperatures from 20 to 80°C, using the incipient

wetness technique. The volume of the impregnation solution may be more than



tenperatures, the suspensions and solutions that are
added during the mxing step are preferably preheated
W@ o00an2d3mer eased t enperature zglni ch can be subseerUB09/§02265
equal to the reaction tenp'e? Ture. [0035] The
I mpregnation solution is then added to the stripped
thenatérgurosnhind of thakeginetdtbd catalyal yfor epamipbe,dbl yimes the
havi ng the pore volune range noted above), preferably
water pereperlumes g ordes o Zucreasegthe @mauitod mefel prigiepioarthe

SUBBPY; PEr R beTGREMTAL- Ay el b Bl i gty
stihl%? ﬁseﬂﬁ:r)‘l%rg*\?}ﬁﬁgn CBhAoNSs dﬁ@{i t&EASRL %ve&_'dﬁstfibﬁﬁﬁn ’Jf‘f?e
wat &r por evol ume, I'n order 1o Increasé the anount o

méfal eédmPyusl@sSowdt the eegemepatet cafdlyter Bbintipiéhewetness

_ regenerated catal yst should be nm xed, such as gently
imprégmation arsvariapioag therieof the Maté¢rgpores/clane wfitbe eupport is

defesiinet Brita tha sy volumse PhE P EUHATbsaldon s added to the
supft 38 A A sty S L ol AP Rl i tiehtly
larget VORin% niahoe inRdresAb4ld Otol t ®ok RRample,
T e S ok eamle
if theppatet potenvelunsr o fithessuppartsb il @2 to/glodsgppostpl Snex (@Yo

be used to get nore netals onto the support. For o
mergh apirapragnatips sehition ¢y e yend fas cyery geam @f supports This is
1. 2 c/g of .su rt, 1.5 cc (23% nore) of
l"?ﬁﬁﬂ%%‘ﬁ}{&?? H’nE§%I?’§?€f im can be used for every gram of

support. This is illustrated infra in Exanple 1.

[0034)36] The imppegmpted suppan pothienidsicdh dn enbedimdnts involving

enpodi nents involving formng a catal yst precursor on
formingfeptalyshpresprsasom a ﬂmmrﬁ anyopitpna] Epstdryingestgp apay be

st st e RERFERLY 5 B0 R AR B FHSRFE Al from the
imgt?ér%@téd pROatd A Fl‘ﬁn%@% abBu60 11269, iR&fif or an inert

pheré such as nitrogen. After the optional drying

atradbsythere bech apnempehe dA Repiherdptional drytihg stepy pls fptegnated
drying tenperatures of from about 100 to 4500C, o
suppast & Busther zyposesl wodydg tasperprusesehiiom aboutel) to 450°C,

prejerary 280 i TR0FCT et oletelany S jeadCoule g BBl
les3 3 860 HollodhiaPa PRiiAIRS 2a1CRA RIS PhobiRon aME tha

or gani-c
the desired drying step may vary depending on the nature of the organic

components. This further heating is continued for a time effective to partially
decompose organic components including organic acids and any organic
additives to organic residues, which can be characterized in terms of residual
organic carbon. In an embodiment, at least a portion of the organic residue
remains on the catalyst precursor, so that residual organic carbon constitutes
about 5 to 20 wt.%, preferably at least 10 wt.%, and preferably 15 wt.% or less,
of the weight of the catalyst precursor (includes support, metal complexes, and
organic residual carbon). Note that the organic residues rémaining in the

catalyst precursor after drying are no longer in the form of the original organic



conponents. This further heating is continued for a
time effective to partially deconpose organic
weewponsnt s i ncl udi ng organi i%aCi ds and any orP@Emig2009/002265
additives to organic residues; which can be
characterized in terns of residual organic carbon. In
additiwifbosh organic admpleanig @gam(s) tieat véretihpregmaed on the
resi due remains on the catal yst precursor, so that
suppeitd Y¥hile ag saganie segidue tomsintained pnathgrartialfy, calgined
w.%.,.preferably at |east 10 . %, and nreferabl 5
supporf 4 risdadl opaficadifiyp o pocm tnticaly eShdoled oy
' : r nmet al conpl exes, and organic
reérdégi&gﬁgl%s%lar %ﬁ).nﬁbte that the organic residues

remai ni 2? in the catal yst precursor after dryi n% are,
[0037]1 ong&lptionallyetlresimppregnated regengratgd catalyst may be subjected
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follbwing el frst Bfiprapaadion eyclecact ed into a different
form [0037] tionally, the inpregnated regenerated
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majebehnalyged by iany consentignal slapben/analysiswagtrusdent, such as

Lihahon el edanyutechied by dbe L Hompistiofhy The offective
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I nstrunen carpon anal yzer manuracture

rediffudl R ghiiCQafBuPOs@ENO4hd WAl g@ﬁéﬁﬂyir‘dﬁ%@m&bb@ﬁt I b&dond
for deconposition will be that needed to reach the

to dbeutrdhowrsi donanothey pnéferredrdmbodiorengthe fuchagelis ramped
oy O APl AR A8 WR DS TOHE. (Ui dang Bariiped
: 325C | U T
calgh B PRToRRIRAIGH thfbt SaftRatburiate pPefigs RPflowill
ox§Réni-cBhtattihgigas (hig), m(ﬁﬁi%@(%)ﬁtr@ en,f dra4tidair or inert gas (no

oxygen-containing gas (air), Tlowi ng nitrogen, Or

gasdaasisapply). dt isiprefdarraggbi® ¢anry getsthecalcngaypbdry jn thetpresence of
preferred to carry out the calcination in the presence
angnpert gas such as nitrogen.

[0039] The drying/partial calcination/decomposition step can be combined
with the preceding optional drying step as a single continuous step. It will be
understood that the preparation conditions are controlled and designed so that
the mixed solution does not go through violent evaporation, spill or interruption

during the entire drying/partial calcination sequence.

[0040] Finally, it is preferred to sulfide the at least partially calcined
catalyst precursor prior to or during the hydroprocessing process. Sulfiding the

catalyst precursor produces the catalyst composition. The sulfiding process



an inert gas such as nitrogen. [0039] The
dryi ng/ partial calcination/deconposition step can be
w@owbiizs®w wi t h the precedi ng, optional dryi ng SPEPUSE0E002265
single continuous step. It"wrll be understood that the
preparation conditions are controlled and designed so
mantdketplacerex sidu oolinsitoand de shegas pleaselordiguiid phasenin the ex
_evaporation, spill or interruption_ during the entire
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coptastesbwiththy dragen yentajpring arssbfiding agent sudheas hydnogan sulfide
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contacted w t'h hydrogen containing a sulfiding agent
agenishwhishhyaly sgree asw liydtegem sulfielepresusorimudiateleast mfe of

a hydrocarbon feed. The hydrogen_ sul fide may al.sq be .
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préRfrdsNehdsigc1ngd h?ﬂﬁfg@hhﬁﬂm, K6 REAt8T, ilydrodesulfurization,

hydr odesul furi zati on,
hydrodenitrogenation, hydrodemetallation, hydrodearomatization,

hydroisomerization, hydrodewaxing, and hydrocracking including selective
hydrocracking. Preferred hydroprocessing processes include hydrotreating.

Preferred hydrotreating include hydrodesulfurization and hydrodenitrogenation.

[0042] Hydrotreating conditions involve temperatures in the range 150 °C
to 400 °C, preferably 200 °C to 400 °C at pressures in the range of 740 to 20786
i(Pa (100 to 3000 psig), preferably 1480 to 13891 kPa (200 to 2000 psig), a
space velocity of from 0.1 to 10 LHSV, preferably 0.5 to 5 LHSV, and a
hydrogen treat gas rate of from 89 to 1780 m*/m’ (500 to 10000 scf/B),
preferably 178 to 890 m*/m? (1000 to 5000 scf/B).
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comprise conventional hydroprocessing catalysts.

[0045] The following examples will serve to illustrate, but not limit this

invention.

EXAMPLE 1

[0046] This example is directed to catalyst preparation. A supported
hydrotreating catalyst is first used in a hydrotreatment process. After a
sufficient length of time, the supported hydrotreating catalyst can become at
least partially spent. This at least partially spent catalyst can be stripped to
remove any feedstock and/or product present on the catalyst. The stripped

catalyst can then be regenerated.



catalysts in the case of nultiple catalyst beds. Such
ot her catal ysts nay conprise conventi onal
why@popBeressi ng catal ysts. £0045] The f ol | ow PQT/US2009/002265
exanples will serve to illu $rate, but not limt this
i nvention. EXAMPLE | [0046] This exanple is directed
to catal yst preparation, A supported hydrotreating
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per- gram of support. The inpregnated support can be
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3750C for 4 hr. tionally, the cool ed sugpo,rt can be .
37 dpet hrn$irtipnallys thecepled support can be further impregnated in a

second cycle with the same impregnation solution at a ratio of 1.34 ml per

gram of support. If the optional further impregnation is used, the support can
N\
again be heated under nitrogen flow at 110°C for 4 hr and at 375°C for 4 hr.

EXAMPLE 2

[0049] This example is directed to preparation of a fresh catalyst using an
impregnation method similar to the method used for rejuvenation. Fresh
catalysts were prepared using commercially available alumina supports having

the following properties:

(A) Large pore alumina beads with particle diameters in the range

of 1.2-2.4 mm, BET SA: 150 m%/g, Hg pore volume: 1.16 cc/g, median pore



second cycle with the sanme inpregnation solution at a
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[0051] Alumina support (B) was impregnated with the impregnation
solution at a ratio of 1.5 ml per gram of support. The impregnated support was
heated under nitrogen flow at 110°C for 4 hr and at 375°C for 4 hr. The cooled
support was impregnated in a second cycle with the same impregnation

solution at a ratio of 1.34 ml per gram of support. The support was then heated

under nitrogen flow at 110°C for 4 hr and at 375°C for 4 hr.

[0052] The above fresh catalysts would be suitable for use in
hydrotreating, and then subsequent rejuvenation according to tllle method of
Example 1. In such a rejuvenation process, the spent or partially spent catalyst
would be stripped and regenerated. The regenerated catalyst would then be

impregnated according to above method. Note that due to the presence of
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catal yst (KF- 757) run under the sanme conditions on
[0054] basiTheatstlfebd avatethekichatigabto another distillate feed (Feed #2

in Table 1), and the test condition was changed to these lower pressure
conditions: a total pressure of 220 psig, 625°F, and a hydrogen gas treat rate of
700 SCF/B. Catalyst activity was 135% when compared to KF-757 under the

same conditions.

Table 2. Hydrocarbon feedstock used to compare catalyst
hydrodesulfurization and hydrodenitrogenation.

Sulfur, Nitrogen, API Aromatics, T95, °F
wt% ppm wt%
Feed #1 1.86 167 32.2 32.8 773
Feed #2 0.45 39 37.9 25.7 670




[0054] The test feed was then changed to anot her
distillate feed (Feed #2 in Table 1), and the test
W@ omvdirzd3en was changed to th ?e | ower pressur ePCT/US2009/002265
conditions: a total pressurg of 220 psig, 6250F, and a
hydrogen gas treat rate of 700 SCF/ B. Catal yst
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same conditions. Table 2. Hydrocarbon feedstock used
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catalyst can then be impregnated according to above method. Note that due to

the presence of metals on the regenerated catalyst, preferably only one

impregnation step can be used.

EXAMPLE 5

[0057] A fresh catalyst was prepared using the procedure of Example 2,
where an alumina support (SA6578, BET surface area = 150 m?*/g) was double
impregnated with a solution containing Co, Mo, pyruvic acid (pyruvic acid:Co
molar ratio of 3.55). The éupport was calcined at 375°C under nitrogen. Its
metal content in terms of metal oxides was 44wt%. Carbon content was
14.2wt%. The calcined support was sulfided in situ at 500 psi (3448 kPa) and
a treat gas rate of 700 Scf/B (125 m’/m’) and tested for HDS activity in a

reactor with a catalyst loading of 1.0 cc. In comparison, commercially
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40°C. The AHM solution was added slowly to the slurry without heating under

stirring. Stirring was continued until all cobalt acetate was dissolved. The
resulting solution (Co/Mo/pyruvic acid) had the following concentrations: 1.1

M Co; 2.2 M Mo; pyruvic acid/Co molar ratio = 3.55.

[0060] After the preparation of the impregnating solution, the solution can
be used to form fresh catalyst. To form a fresh catalyst, 1.2 g of SC-159

~ alumina (sized to 90-300 um) was impregnated with 1.62 g of the
Co/Mo/pyruvic acid solution and heated under flowing N, according to the
following furnace conditions: 20°C to 55°C at 1°C/min; hold at 55°C for 10
min; 55°C to 120°C at 0.3°C/min; hold at 120°C for 4 hr; from 120°C to 330°C
at 1.2°C/min, hold at 330°C for 4 hr. The resulting material was impregnated a
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[0063] The above impregnation, calcination, and sulfidation steps can also
be used to form a rejuvenated catalyst. In such a rejuvenation process, a spent
or partially spent catalyst can be stripped and regenerated. The regenerated
catalyst can then be impregnated according to above method. Note that due to
the presence of metals on the regenerated catalyst, preferably only one

impregnation step can be used.



catal yst di splayed HDS activity 225% of KF-757. [0063]

The above i npregnation, calcination, and sulfidation
wee@pa2aan al so be used to forma rejuvenat ed PEE/HE2089/002265

In such a rejuvenation prdc?é%'s, a spent or partially

spent catal yst can be stripped and regenerated. The
CLApd8er at ed catal yst can then be inpregnated according

to above nethod. Note that due to the presence of

one. 1 o oghBEE® R ER 8 5y OB Fe AR using
rejUGEHREd El%equdwéér M&ﬁﬁfc%kﬂﬁg Ral Pt 06ahPABIngeSGYsRipkthe

usi ng a rejuvenated supported hydroprocessi ng

hydwicatbst feedstopk its ilrgreguymmiesupporteddnairaptomessing catalyst
feedstock to the rejuvenated supported hydroprocessing

underteffgctive nslspprorcessing ¢endifi@nspr ocessi ng condi ti ons,
wherei n the rejuvenated supported hydroprocessing

catal yst iwph@eRPMeGdj\R¥natcd RpPScd RYBFdSrobEsiR catalyst is
preparing a solution, slurry, or othér mxture

prepanéchbyniangoedssiceagirising: G oup VIB netal, at |east one
Group VII'l nmetal, and a first organic conpl exing

agent; b) strippi.ng . a r h ' .
catal yst, aﬁhére%%k}ggrat Se°3“ﬁ§‘§r*°’i?‘?&a¥‘%tg‘%f: gﬁgtd&gtcontammg at
i ncluding a faRPEAd Grétip VIBShefilCat BeastRn¥! Grovpt VI ndétd],
at |l east one Group VIII" nmetal; c) regenerating the

stri pped cat ahd atfirshotgaaicpcanplesmgbgeant; oxygen

contai ning gas at a tenperature of about 5000C or
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t he sol uti
| npregnat ed, hy@deratiag atdpdtahvatiml a SupSerpedtatast onef

from 200 to 4%00C to produce a partially cal cined,
i mpr egnat ed, Grege MBamethl catdatylsastivmel Grpup Valboetal;

¢) regenerating the stripped catalyst in the presence of an
oxygen containing gas at a temperature of about 500°C or

less;

d) impregnating the regenerated catalyst with the solution,

slurry, or mixture;

| e) drying the impregnated, regenerated catalyst at a
temperature of from 200 to 450°C to produce a partially
calcined, impregnated, regenerated catalyst having a carbon
content of at least 5 wt% based on the weight of the partially
calcined, impregnated, regenerated catalyst, the organic
solvent not being present on the partially calcined,

impregnated support; and

f) sulfiding the partially calcined, impregnated, regenerated
catalyst.



content of at least 5 wt % based on the weight of the
partially cal ci ned, inpregnated, regenerated catalyst,
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cal ci ned, inpregnated suppdrts and f) sulfiding the
partially cal cined, inpregnated, regenerated
cat al ys2.. A mbthoat ferchyfdvopiogdssimg adessocayban tigetistockr wmng a
feedstock using a rejuvenated supported
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un&‘éfdeff?é&&ng%&gmgg%é LOAGitiopker ei n the rejuvenated
supported hyd

roprocessing catalyst is prepared by a
process conprising: a) preparing a solution, slurry )
or other mvhareiethedaiienated sappprgd hydrprecessing sasalyst is

net at | east one.&oup VIII nmetal, and a first
Preé’lab‘ginﬁ’%a%%‘fséfpﬁg’réﬂ%i; b) inpregnating a
regenerated catal yst wwth the solution, slurry, or
m xture, ta)eprepgeingraadciaticmtshuinrgs oi othendiintira contapoing, at
at | east one Group VIB netal, and at |east _one up
a\%ﬁmetal,
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catalyst at a tenperature of from 200 to 4500C to
produce a paf"?‘is 3%§{%a8f%%wp{eﬁﬂ}ge%eé}ted, r egener at ed
catal yst having a carbon content of at least 5 wt%

based on t)eimpieghtting atregemanteidaaltalystawvithtkd solution, slurry,
i npregnat ed, regenerated catal yst, the organic sol vent
not bei ng presBHXtuse, thesegrneratgd cptalystdnelding a support, at

i mpregnat ed support . and sul fiidi res
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i ncl udes at t a portion of the carbon content. 3.
The nethod of claim1 or.-claim2, the supported

hydrotr eatci)ngrying the impregnated, regenerated catalyst at a
temperature of from 200 to 450°C to produce a partially
calcined, impregnated, regenerated catalyst having a carbon
content of at least 5 wt% based on the weight of the partially
calcined, impregnated, regenerated catalyst, the organic
solvent not being present on the partially calcined,
impregnated support; and

d) sulfiding the partially calcined, impregnated, regenerated

catalyst that includes at least a portion of the carbon content.

3. The method of claim 1 or claim 2, the supported hydrotreating
catalyst is formed by the following steps and/or wherein the regenerated

catalyst corresponds to a fresh catalyst formed by the following steps:

i)  preparing a solution, slurry, or other mixture containing at
least one Group VIB metal, at least one Group VIII metal,

and a second organic complexing agent;



catalyst is fornmed by the follow ng steps and/or
wherein the regenerated catal yst corresponds to a

W0 e@sh23ad al yst forned by the foll owi ng steps:PE)/US2009/002265
preparing a solution, slurr4t~or other mxture
containing at | east one Goup VIB netal, at |east one
Group VI liiyretigipreguating & samputt oigathesobutigr, shirng or
agent;- - ii) inpregnating a support with the
sol utl on, slurmixtug mixture; iii) drying the
i npregnat ed support at a tenperature of from 200 to
4500C to r
suppor t o na o PR el GpAaEaf A TBERRNEEE from
based on the \g0got4 50°C toeprpdute alpaytiaby calnard:d impregnated
i npregnat ed support, the organic sol vent not bei n
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claim3, wherein regen rate

catal yst is suldfégdnipreghate@sappertearidir t her cycle of
steps (c) and (d) until an mpregnat ed, regenerated

support i e ghal U AS S0 Bt 0L Bt
process of any,of,g %:g‘ﬁt Wa?@?ébﬁ%&&ﬁh%ar%%@ﬁt@ﬂ he

first organic conp exl ng ag I's an organic acid that
contains a -C(=0) CH functional group and at |east one
addi t i oftalThaprecessned clgim Jporsdpisn Bewheremtbadsisdy | i ¢

it s AP 6 R R o

X
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VIR and Geoas M1 metals tontentof at lebst aboat P aetds s pfodimydof
t he preceding cl ai ms wherein the inpregnated,

regener ?jﬂqegﬁrtgﬁ{le St dy 8P frebdaifg kY wherdn the first

t enper at’u
organic complexing agent is an organic acid that contains a -C(=0)OH

functional group and at least one additional functional group selected from
carboxylic acid —C(=0)OH, hydroxamic acid —C(=O)N(H)OH, hydroxy -OH,
keto >C=0, amino -NH,, amido —C(=0)-NH,, imino >C=NH, epoxy -COC,
and thio -SH, preferably wherein the first organic complexing agent is

glyoxylic acid, pyruvic acid, or citric acid.

6. The process of any of the preceding claims, wherein the
impregnated, regenerated catalyst is partially calcined at a temperature from

about 200 to 450°C, such as from about 300 to about 400°C.

7. The process of any of claims 1 and 3-6, wherein stripping the
supported hydrotreating catalyst comprises stripping the supported
hydrotreating catalyst with a flowing gas stream, preferably an inert gas stream,

at a temperature of about 350°C or less.



about 200 to 4500C, such as from about 300 to about

4000C. 7. The process of any of clains 1 and 3-6,
wob@pa2a315t ri ppi ng the supported hydrotreati ngPCHUS109%002265

conprises stripping the supyorted hydr ot reating

catalyst with a flowi ng gas stream preferably an
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supported hydrotreating catalyst 1s a spent or
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of coke. 10. The process of any of the preceding
or igsajoksok@herein at | east one of the Group VIB netal

and the Goup VIIl netal is provided as a netal salt,

t he ani t t j f
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on€ oflithes Gradye MiBnmets aadlthié Group MIIF metalds provited as a metal

conprises at |east one additional transition netal.
salt,zhe Thiomebihegneial salt hringia conjugaigihase oé the sol¥ast one

additional transition netal conprises Co, Mo, N, W

Zn, Fe, 1 QU THRpri¥Besslot an} 6t tAE PrE&id cBilths OheREn the
precedi ng cl aipﬁs,es\fheraéli n inp egnatuigéng a regenerated

solugibal ylairywot mikhee comprises at East oye additiohal tragsition metal.
conprises inpregnating the regenerated catalyst with a

vol une lution p g f 0 | 83,434
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of the preceding clains, wherein inpregnating a :

regenerated_ catalyst with e solution .slurry, .or
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coRprRey Rhpfignaiing e feeRefdtedBitalh@t With #VoRahéby Sblution per
volume of support that is between about 0.9 — 1.05 times the pore volume of

the support per volume of support.

14. The process of any of the preceding claims, wherein
impregnating a regenerated catalyst with the solution, slurry, or mixture
comprises impregnating the regenerated catalyst with a volume of solution per
volume of catalyst that is between about 0.9 — 1.05 times the pore volume of

the support per volume of catalyst.



