HYDROPROCESSI NG USI NG REJUVENATED SUPPORTED HYDROPROCES SI NG CATALYSTS

FI ELD OF THE | NVENTI ON [ 0001] This invention relates to hydroprocessing
using rej uvenﬁlt ed of supported Goup VIB plus Goup VIII catalysts,

i ncl udi ng hydr'SdeEUPPEr i zati on (HDS) and- hydr odeni trogen"eﬁﬁ"&?ﬁ"”?’%ﬁf)s, of
hydr ocar bon feeds. BACKGROUND OF THE | NVENTI ON [ 0002] Duri ng hydrotreating
of hydrocarbon feegﬁhﬂg Ly 0 i jm on stream
as coke accunul at es—0 a-face. —Eventuar -y, trne—cat al yst nust
be regenerated by burni ng oHYDROPROKESSING CATALYSIIPre activity.
Unfortunately, in nost cases, the regenerated hydrotreati ng catal yst has a
| ower activit ythghf fPEEAN SRk esh catal yst and nust subsequently be
used in | ess demandling, I ower val ued service. [0003]Increasingly stringent
envi ronment al lati.ons. will reguire, significant reductions,ip the sulfur
content of tr&@gﬁrtat@gﬁn?’ﬂmogre@geﬁ 1 RYGERPrOCeSSINE BINEFRIIVERAEhPE decade,
maxi mum sul f ugugpeved Srowy VIB phisl Gdtip IHRhtalystd, ifeudingn ted to 10 wppmin
Eur ope and Japan and 15 wppmin North America. Meeting these ultra-I|ow

sul fur requir g}ﬁfﬁ@@ﬁ}llfw%@m(@ﬁ)@pélhtmhiOﬁgm&pgmainpm(lé defonsroesrbay pensi ve
nodi ficationsglgsexisting refineries, may require catalysts with

i ncreasingly ﬁl g?ier activities. Such higher activity hydrotreating

catal ysts ar e%@%ﬁm o higher nmetal |oadings. Due to

t hese hi gher - to regenerate and reuse these
spent catal ysts. However, as noted above, regeneration procedures often
result in cat H003L s wiRwinedydeetseatiag of hydreearbomreditowies: catalyplastisily i s a

et hod for 1 ejyenali g jhlcdth ALl DN ARIAGESP G EAIALYTLR, that al lows

reuse of the rejuvenated catalyst wt ving to sett use in a
| ower val ue, Eessuadlythedatadysssrust loetegenerated by burning off the coke in air to

restore activity. Unfortunately, in most cases, the regenerated hydrotreating

catalyst has 2 lower activity than the original fresh catalyst and must

subsequently be used in less demanding, lower valued service.

[0003] Increasingly stringent environmental regulations will require
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.

10004] 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.



WO 2009/ 126319PCT1US20091002265 - 2 SUVMMARY OF THE | NVENTI ON [ 0005] I n an
enbodi nent, a nethod for hydroprocessing a hydrocarbon feedstock using a
rej uvenated c i S provided. The nmethod includes h essing a
hydr ocar bon f§%§@¥§%ﬁhhnder ef fective hydroprocessing céﬁ%ﬁgﬁﬁﬁgﬁ%ﬁ t he
presence of a catalyst that has been rejuvenated according to a specified

process. The QURARAARY OF HIEINVENPAONY @ solution, slurry, or other
m xture containing at east one Goup VIB netal, at |east one Goup VIII

metal, and an ni ¢, conpl exi.n ent, Thi | ut | WEN ed as an
i npregnati on E@P i on.In ngmg?(%rgggggﬂ%%oq rﬁ’éﬁﬁ%gg%sc%sg?n&p% ir’?@drggasrﬁ(gnported

hydr ot r eat i ngfeeadtadkyssling 4 Rguvienpiea ichialyshiy e etideiat THegnethbdbdinechides ncl udi ng a
support, at |east one Goup VIB netal, and at | east one G oup, VIII netal.

Preferably, thelroRippessingd hymaiioederdspckandernrdtective hydiparoeessingpar ti al | y
spent catal ys{ong t[o%fs% ! eseh&eoisywag,mﬁatmxﬁs&wr@j%%me&b@écawﬁ td $

stripped with a OwW ng das streamat”a tenperature of about 350C or |ess.
The stripped spatidied prodess. {The proeegreincludespteparingaesoputne slugyofr ethexygen

containing gas.at a tenperature of .abo 00C.or .l ess. The T ner at ed
catalyst is t'ﬂ@%uﬁcﬁﬁpté‘gﬁ% %ale ?Pﬁepﬁ%uig{%ﬂegh,atﬁaﬁtysw, SPmiXture. After
I npregnat i on, mt@E ahdBh egaicCEbniISENL bgdne dThR lsaluyih will beuk&llasadn a

tenperature of from 200 to 450C to produce a_partially calcined,
i npr egnat ed, FPGeHBHAR sQfuian. ol B Progessialg IMCludassYPPARA? 8MPoFEdat | east 5 wt %

based on the weightaugk chblfs ,@;etg@bbefe&?d@&%@n% aRlysOmh@the 4 &PPOAY at ed

catal yst, the organic solvent not beind presentl on"the partially cal cined,
i npr egnat ed satpgast ene GroapPdiB ingtal,yand at ishstede Groyr ¥ilhmetal. Pegferabbat ed

catalyst is then sulfided. [0006]] not her . enbaodi t hod f or

hydr opr ocessiHESWATSH g‘xgﬁpﬁgﬁth%‘leaégslysg&a Epselnhér%a r%}ﬁrﬁé\}ag%%é%@%tat alyst is
provi ded. TheprsREdNd theSlppdasd hydioapatipaasdlysy isstiippbdocis bdlowigegst ock under
ef fective hydroprocessi ng condjtions iOE tf]e p@_gsen.ce f cha.t a}lu%/st t hat has
been r ej uvenalamdt 8SFBPHETGORAOYE T Y - (BP0l b8 SPPAL cYPERS Shithel udes
preparing a Sr@%éﬂefé?éﬂ insthybfe)éen&rof%hl%s(/}r%élﬂ Ontifing 8 Al VeRPeturk@Est one

G oup VIB neta at | east one G oup metal , “and an organi c conpl exi ng
agent. A regebenaitdiC ondess0dde 1988¢9RATAIEEE0 G3hovPHEEgnatgl with the

solution, slurry, or mixture. After impregnation, the impregnated regenerated

catalyst is dried 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. The partially calcined, impregnated regenerated catalyst

is then sulfided.

[0006] In another embddiment, a method for hydroprocessing a
hydrocarbon feedstock using'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



catalyst is inpregnated with the solution, slurry, or mxture, the
regenerated catal yst including a support, at |east one Goup VIB netal, and
at | east one objuglz\jlé gl netal . The inpregnated, regenerated catalyst is
dried at a teﬁff}e2 fH#PE of from 200 to 450C to produce a parti4r1%*tal ci ned,
i npregnated, regenerated catal yst having a carbon content of at least 5 wt%
based on the Lakt: E C| o ner at ed

cat al yst, theg\%!rilg%'}rﬁ gﬁg%gl\?aetﬁwg?ﬁ éb%gll%?nbélgggh?hgﬁhtﬁg’gﬂ%g eflélﬁ%? cal ci ned,

i mpr egnat ed scupggsttinclidieg pauppat, lay least|one GErdup Villp negaiasreiht leaasgemer at ed

catalyst is then fi ded. ,.[ 0007] Pref erabl y, the supported catalyst

rej uvenat ed bgr‘?‘ﬁ’e ]36’\7@1‘ 'rl;é? %H%g%”g?‘féf‘sgﬁa%?dt"&fa Sggsékﬁﬁtaéa fresh catal yst
nmade accor di n@nipRrduite of &lohPY00'® 4300C &S §rodﬁce’5gwéﬁihmﬁ calSinkd, lidwpréphatiner

m xture is prepared containing at |east one Goup VIB netal, at |east one

Group VI neregpneraipd caialyst pgmeca eashen eonte ofgidaest SAvi&upgsed onitke i npr egnat ed
W th the sol ugi 11001 i i 5.dried at
2 torpor at ur o5 oS BkulIg eqBlsKh hibred gt FRESINEN SRR Gl

i mpregnat ed ssobyamt hothtmingpresent an laenpactaltyesalcindd, ahplegastd Suppoth Fheed on t he
wei ght of the partiall, al ci ned, .i npregnaj ed support, e._organi c sol vent
not being pr ‘E]Iyo‘ﬁ’ll‘tlﬁ'féﬁb‘??ﬁga‘l‘tf“} rngq“@ %ﬁ]’fat‘?lﬁsﬁﬁgéﬁﬁts\é@gg@rpport. The
partially cal cined, inpregnated support that includes at |east a portion of

the carbon colfP@ft i sPrefrsablyuthe isupnortepcatalysm)EsaRl PY Henebore THE | NVENTI ON
[0008] I n vari I J : upported

cat al ysts. Th@%gﬁ?gﬁgﬁgg e Zﬁstﬁgﬁog’%h?}z% ’ngégs’étergécgé %\g@&]‘%ﬁqgésupported
cat al yst t hatfollswinggotocass.t Aadollutichpslutry doraithies atineund isgfreardd/ cimaiaimigon

feedstock. The injti h treat ment causes t supported catal yst to
becore & sperft K e gronp YELHER) P Festpe rou ST P OBARE Lo 1 e
presence of CcQkfHi&ing AgensPANupPGrt RAKipréEnhated At he G8fuibY, Surr, #0911 n an
enbodi ment, the rejuvenati on process begins by renovi ngffeed and/ or product

hydr ocar bon deixinel dheimprisgnaed syppart ipArighatts tampgragpe of frepPteed cat al yst .
The feed and/glpe 1S I D] pth a

fl owi ng gas s@pe(glr%ﬁpg# ﬁ%gﬁ%géx‘gf{é%’ g@%ﬂﬁ,(;\f;ﬁ g%\éﬁ%d%ﬁ%p@r?%dé%% ?%Bg%d cat al yst
i s then regenenghed dyeasvhmat basgd omthesweipippddhapartibscaleinedy an oxygen

contai ning gas _at tenperatures ss _t han, about 50 The .regener at ed
hydr ot r eat i ndme?é‘?ggf’?gtgu?%o’#ﬁ ﬁ?ai ni ng one

es of le 0C.
fnoreanc SR SRt KPP PEESER) Gt P RS
or nore or ganhkimdpeprogsateCappeftalThy paitialy salcitel OinpréSRteIGNbROMS
additional Goup VIB an%/saor (l;‘rq)?))_up VI | F nmet le S. Afterpad??i n ,btp‘?le cat al yst

i s cal ci ned ithatanglpdsgahleagy a porgpn gf theeatrhoa contept is thgfevladid- ai r at
tenperatures of up to 450C to substantially deconpose the organi c conpounds
but yet ret aiDEBAIED BESCRIPTIGNIOR ToIE IMEENATI@Nyst surface. Resi dual
carbon content is preferable between 5 and 10 wt % [0010] The rejuvenat ed
hydr ot r eat i ngqogusjal ysin Ririieeabobindni, $hd davayitd o rejaneiance seppniefli cant |y

hi gher desul furization activity than the original fresh hydrotreating

catal yst. Al satalysts éﬁly'gﬁluaﬁ%%ﬁ/ Bpreifed satalysts grsrRasethORe SYPRSEEE| gni fi cant |y

| ower cost t padar : i i ersus a
used hydr ot r ARk Bel R CaALR, o R e ot ng and
r ej uvenat i ng ThpémtiaHycirotreatmtntnguseattbd supponted ¢atalysiripbecane & ypantpr ove t he

econom cs for using high actiyvity, cat.al or _producing ultra-|ow sul fur
transportati Bﬁrtllah&%ge_nt%ata?ysi, due aYleagt In pXé rto {he preésence &t d5ke ontthe 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



[ 0011] The spent or partially spent supported catal yst can be either a
conventional or additive based catal yst conprised of a Goup VIB and G oup

VI netal sup&g%@g%égﬂ) a carrier that has been used in ?2&/‘%@9%@,% ating

process. The suppori portion of the suppprted catal yst i sed of
any of the conventional netal oxides, such as alumna, silica,

s111ca-al um NawiphRGRAM 2 flohiidiis3redth b RitiRranttes BUISWUbES I0LCCqhe The

support portion e catalyst can have any conveni ent shape, such as
spheres, pel | srigpedeatalystisithan eegsnaratsl by @dlaR]img tfestriified catalyshwitbranparti al | y

spent catalysts prior, to rejuvenation have onl tate. |l evel of coke,
such as | ess f’Waé)?nzSBBﬁ{m’l%g %?ena?erfltggeg °¥§63?19’§§3§?&%%v§ %%hgf ter
rej uvenation Adrlied Gy dRtiehtnd CtADEtiOthen ipreghited with a solution

2009/ 126319PCT/ US2009/ 002265 - 5 - supported catal yst can preferably have
at | east aboufOMHIANGIONE9E MALE PERABICHOBPORALS- FTEErAbLY, thplytiqsr alsge

cor r espondi ng § resh a&ﬁﬁ%{a){ ro Band/ok &Y, ; aigff;le%‘fs‘? O& fértitying, fhige

i nvention, the supported catal'yst can pre ave at |east about 100%
by wei ght of tdayGioogcidb@imamitrogempu, bt 4 mixtatealf nitoogesrend oir at he

correspondi ng, fresh catal yst, . Qr.at .| east about 105% or at |eas bout

(00 or at T sHGEGnpr B Es R ek Sk mepee e Bhar e R Rave o
met al s cont enputdfet Rftaih S6IAO estdiaPBarbbn 61 khe RAGYsDYurfdieg Residhalt dagbd oup VI B
and Group VIl netals of the corresponding fresh catalyst, preferably the

i npr egnat i on <anégnt s prefesgie beiverr Pawd 1R81& s to i ncrease the netal s content
to at least about 100% Note that the above weights for netals content
refer to the [9618) s i ith¢ repuvenateddeydfadreating’ehdilystomerargd byathissinvertjamvenat i on

according to the invention he rejuvenated cat.al yst .prefer has reduced
level s of tr a@@%@gﬁﬁlﬁmé}fﬁﬂ?%hﬁ’%&%‘"ﬁiﬁ“@ 10{1ﬁ8§¥1§1 3r\}\ntﬂraleg°r gﬁ%‘f}%e\é te that
sone cat al ysthysiPpaiting ce@isal Alsd] tdt&19st ppepadial bylthisSinvéhionpridifter abl e anmount

of silicon oxide in the rejuvenated _catalyst is a relative value, based on
the anount of signifiraly lowereosy teaesimilanrafahistoRIepaed BHag %@SI? FEERT cat al yst .

Table 1 Cont a\mrmrﬁtus’éﬁﬂyﬁ%t&xﬁr@ catalysts. Further, a viable method for regenerating
and rejuvenating spent hydrotreating catalyst will significantly improve the
economics for using high activity catalyst for producing ultra-low sulfur

transportation fuels.

[0011] The spent or partially spent supported 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



Si 02 < Fresh amount + 2.0 Na20 <0.3 Fe <0.3 Ca0 <0.3 As <0.1 C«<1.5
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supported catalyst can preferably have at least about 70% of the surface area
and crush strength of the corresponding fresh catalyst. After rejuvenation
according to the invention, the supported catalyst can preferably have at least
about 100% by weight of the Group VIB and Group VIII metal content of the
corresponding fresh catalyst, or at least about 105%, or at least about 110%, or
at least about 115%. Although the supported catalyst can have a metals content
after regeneration of only 90% by weight of the Group VIB and Group VIII
metals of the corresponding fresh catalyst, preferably the impregnation step
will add sufficient metals to increase the metals content to at least about 100%.
Note that the above weights for metals content refer to the metals in their oxide
form. Additionally, after rejuvenation according to the invention, the
rejuvenated catalyst preferably has reduced levels of trace contaminants
according to the following table. Note that some catalyst supports contain
silicon oxide. Thus, the preferable amount of silicon'oxide in the rejuveﬁated

catalyst is a relative value, based on the amount of silicon oxide present in the

corresponding fresh catalyst.

Table 1

Contaminant Amount (wt%)

Si0, < Fresh amount + 2.0

Na,O <0.3

Fe <03

Ca0O <0.3

As <0.1

C <1.5

S <1.0

[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



S <1.0 [0013]In an enbodi ment, the rejuvenated catal yst particles are
conprised of Goup VIB netals, preferably Mo or W nost preferably M, plus
G oup VI erably Group VIII non-noble rretals ref erably
Co or N, ms@pzr%oes'{lgéi‘g ly Co, and a resiglual organic carb rgg%)?(f’@?ﬁs of at

| east about 5 wt. % based on supported catalyst; wth the balance being a

carrier or SURBRie of¥ABEET Mok r I ni mum por e
vol ume of 0.35 pereOV\O 2000/ 1 5%8%{ Bné%(gggﬁgg%fgéﬁﬂé fi(-)Hs)/ol urre of

carrier, nor emeelfablyaﬂieyreﬂlvnnatcdrmlpmacludﬂsLartetabfneeﬂsmmtd?rtef erlaidty, the

r 6‘] uvenat ed c t tot t al nt ent .of at bout 35
wt % cal cul at g%(?ué?% M/élcal(;c%?ag%‘ﬁas B8 (t“:‘r’n%ﬁ ffr‘l‘gtqteﬁ)lﬁga 1408 abegéﬁagon t he
Sar gent - | chofrelid SedgentTWoich Pefio@iagly, ca;%%ht rsp8n0AeAoRA@QYEve, e cat al yst

cont ai ns an oraanl c residue, preferably a carbon residue. The organic

residue is a fit kst cangadps ?{gortgémicﬁ%ﬁlf&gsg@feaehly@ppgboafreqlﬂge cHiegrganict or
hydrotreati ngres[&n@ 34 kdlt(ﬁ"]%(hﬁ%toqm%%e%@ﬂw 58&9%%} ﬁ?dl%ﬁlegt ts are

supported catalysts wherein e supported yst articfes are ¢onprised

of Group VIB refe abl nost pr.ef erabl s Goup
VIII metals, E%E?Lr abi'y gt r%/m'}{bm %\%6‘8}‘ %&daﬁag‘l %lréswlgg@gabl y Co or
Ni, nost pref edtalphty “@;@relm&vsugsmédmalm a@@le@'ayeséoinﬂ}?s\éﬁ ok Gredpvipet al s
content of between about 20 % pre eral |’ east about 20 wt.%

nore pref er abP§tady Prederablyddegr Veomogt pugferghly MOHHUWQF@JPpVHﬁ areildsy at | east
about 35 wt. e%re?e%lﬁy |Cﬂ’5§;§i\1"i‘ﬁ ngﬁtrﬁlble%étQE,s Pe;kgff%rzg)?f cauRiNiOfdgni ¢ _car bon

content of between about prefer ween about 5-20 w. %
based on suppmfee@bly:éloabmdedvtmthhdz basallysth haeen tog]l megtals camtentasf or support .

The nol ar ratl I on VBrreaI in the

suppor t ed cataﬁ %rogggggog}gh%r%ﬁe%bwB{EEQSEBB?L%@ o MO BiSEGEPY t 0 10.

Preferably, teheea’sﬁ&bdmt 00 “@mtmxd\évtmh ntRO plrERAdy Aeleadt a'b@ut@’Wp‘VV' B netal is
to 1, and nore preferably | ess than about to 1.

| ess than abou
Preferably, ‘H‘ic“\?aé?‘? &5 Betabpyidss. wpd preidiiah gigaBic farhen qoptent Gﬁﬁet\)’leﬁl metal is
greaterthan akau] 50k, pRACuBEnRIG LERAR Yo G salveted Aoy 1 10 2

The nmetals are preferably rese as organic conpl éxes exes of
organi c resi cR@%Y&t,h\éﬁbﬁTe)baéMﬁ(bpmem corerof Sllmrbdfheespl@nchtmg)fr@toaps or if

compos: £1 on. - b RaELT by 9T 3RGH 7 e SoREr e iR e o T
enbodi ment , tg@ﬁemﬂga’mnﬁ:abxmmbedl@ds abi@dnb a0 Psdfekablye tiEphad of Gholge based on
an organic a oxy 0015]1n still another

as a car | C acCl
enbodi ment , 0 PH&?IS mgtalitp Groun &F}% nmg%less thanabout 3 to 1, and more
preferably less than about 2 to 1. Preferably, the ratio of Group VIII non-noble

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.



during the rejuvenation can be different fromthe netals present on the
spent or partially spent supported catalyst. WO

2009/ 126319P 02265 - 7 - [0016]In a preferred eéétng i t he
spent or partc;‘@lql ygg%éeér)lt supported catalyst is a supporte cg({()g@%ﬁs t hat
was initially fornmed using the inpregnation procedures described for the
rejuvenation. [b&}7] thtaqkéﬁne@%bsax%eﬁﬁ WRPYehSdr faftially\pbrtd@ppértad Yst
supports, such as’ refractories, such as silicon carbide, and netal oxides
such as al uni matalyst isiacappertdd catelyst that mas inihajheormed ysing e impregnation yttria,
titani a and t%?oéeh&r%s dgs%PSSé ﬁ;rﬂl){ %ﬁlﬁfeg&{ %d are alumna and silica.

Preferred alumnas are Sleh as gama, theta, delta, kappa,

eta or m xtur cry t |ne .phases such as_ a|pha and theta. The acidity
and/ or ot her g&@%irti eé“ GIRATEETS 634 PB%“%)L?SBW%J%"&F? Iyt SeRROrtsofuck @S by addi ng
pronoters and/r&fac@&&@r&éh a9§111Q8n EzQde@OAﬂd'rﬂ&af&ﬁd&%Uﬁ & Alndifl sfiRh 2l oxide
support, e.g., by controll'ing the amount of I'ica incorporated into a

silica-alum nalhs;er@bmmma IE?@W@llaesr@hlapme@rls, tanmh@nddmddm Espachllide
hal ogens, eSpeC'me rare-earth oxides

and magnesi a. "Prono arenggH%a%RE% 2%5?16 °8€2“é’?‘£f‘? pﬁ&ouggggnpﬁ% Ui di ty of

met al oxi de sup@mins thbial éeltn, kabpa, &rask mlﬂafbarufsr}&tmhleqﬂlayéstsubna@r magnesi a
tend to decreas acidity o &Iﬂ such supports. 0318 In an enbodi ment, the
support or caf é?ﬂ thstasr Hrecrcigivyangdins ofhes Pransrtiss of greeal\ds PRI vol une of

support. By |gffge &Qﬁl%llg@bngdlhg ph&AGErst ahéiorfdbﬁaxﬁéJBPBVcoﬁP&HhQ tfeave a pore
vol unme of at | east 35 cclcc of support, preferably a pore volume of at

| east 0. 40 cchavre dflike Betad oxidgisupifors @modzytoynﬁamnaghet amgentpdsdiceol umes
relates to rraX|m2| t he i re |nd| vi dual
conbnora[qg(b ffl t:l?%g aﬂg?]ﬁll ﬁu}gﬁ %‘x% é)?%'f %%ﬁ&%ﬁt%& 291%{

I npregnati on S e’ scop isinvention that the
cat al yst COr‘rpdﬁpahtsQflsludé Bﬂogmt edpecially flackdind, iphosphonsparosntiria) edred S

conventional | i_.n hydroprocessi ng catalysts such as an a dIC
conponent . HrRESHI e Slsoﬁ’qu@a%ﬁgﬂha%hal Pty IeEss Peor

netal s, rare %@omb@l 8xidEBhFhodts ARl TRABY Dasitl @Bpats stich@k y@tia of mxtur es
t hereof. Exanples of suitable additional transition netals include rhenium

rut heni um r hwageasia terd th dpercashthsrrcighty of snelusupRprts-r on, pl ati num pal | adi um
cobalt, nickel, nolybdenum
[0018] In an embodiment, the support or carrier can preferably possess

large pore volume per volume of support. By large pore volume is meant that
the support should have a pore volume of at least 0.35 cc/cc of support,
preferably a pore volume of at least 0.40 cc/cc. The selection of supports
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,



WO 2009/ 126319PCT/ US2009/ 002265 - 8 - zinc, niobium or tungsten. Al these
nmetal conpounds are generally present in the sulfided formif the catalyst
conposition h ﬁ?@%@sﬁé‘l fided. Prior to sulfidation, at |east a portion of
one or nore of thesé netals can be conplgxed by the or gdfi ¢ HHHétid- based
material in the catal yst precursor. After sulfidation, it is believed that
at | east a pott, hLd i i .y or
indirectly bo%ﬁ)‘g?ﬂ(ﬁg&‘&gﬁ ’tgrggg%lk%hb%%g%ﬁﬁg%?@g?gﬁrgggﬁmy g%%ﬁgrgt"lr) esi due
in the catal yéte sulfideddpire édbe oatklystsaontpisition fhas begancolskidn@rioy td he cat al ysts
of this inventilﬁa ti. nclgﬁe f eedst ocks for the {i}roduct'on 3)1‘6 distillate fuels
havi ng | ow suffiFaRdhALIcRY a perfion ef nerol mpre SEIRSSS MERIfan e SomPlexeds wi t h
boi I'i ng poi nt sy tgpagc toapoRaPsba ratrid UM c#al sthrkeurfre fag@bl y boiling
in the range 25 to 475C, neasured by ASTM D 86 _or ASTM 2887, derived from
mineral or syftlfdatien, stdﬂb%leeéfﬁdﬁraéﬁte%a%a poeiapsefdhaanlfded mpslsarpatitl ng boi | i ng
points from1l ' r duci St | s,
especially di g‘g’é‘fm’%ﬁg&"gy@e}g"d‘gﬁé@g? bﬁna({lﬁﬁg\%g‘ﬁil’%%&g%(ﬂltngnt%ag&g#%}ﬁfr#é?ogen- and
sul f ur - cont anbnangaisic résdotsintiontaalpstng up to 0.2 wt. % of nitrogen, based on
feed and up to 3.0 wt. % of sulfur can be processed in the present process.
Sul fur and ni {o0Q@EN CPBERNICcks BMabREfOFBATHS thé taaRaisbrATE Myaatigpds D5453
and D4629, respectively. REJUVENATI ON CONDI T1 ONS [ 0021] I n vari ous

embodi nent s, tPERide dpadsionks fa thaprafyaios of distitlaieduels baying lawmgditt on are
prepared by p el : f.al: yst,
stripping andécﬁl\é%rgéhgggﬁbﬁegﬁ? ‘?1%9%(3'?12(? ‘?/dseta(%létglr%gt Eahnﬁ(%iﬁgg é%lngstllﬁﬁ%ﬁ%he cat al yst
wi.t h an i npr efyomtriaphths &b wéduoem g4s0OR2 preBermbly hotlngdh thehmngp2hto 475°Cartial | y

spent supported catal 0, L N, any. conveni ent nper. One
egarrpl e gP a ’?F?ﬁubeﬁﬁ?yg‘iﬁ%%@agﬁe %‘p‘g%fmqs‘%‘?rivﬁgﬁ?ﬂ‘ ”\}Wé?leortsﬁg‘%gtb%nt or
partially spegurdeat Blefsired fec@tpdsase hosehsMy/Biiling poiafsdesm 190 keBBYE at

| east sone of_ the hydrocarbons and/or coke present on the catalyst prior to
regener at i on. CEatsmyitakle der prgrvging distilate dvrls csprefaliyaliesebinsls ¢ sol vent s,

pol ar organi cra@li¥8R Ray AR HIZR cRRLAE oPRBBBLE and sulfur-contaminants. Feeds
containing up to 0.2 wt. % of nitrogen, based on feed and up to 3.0 wt. % of

sulfur can be processed in the present process. Sulfur and nitrogen contents

may be measured by standard ASTM methods D5453 and D4629, respectively.

REJUVENATION CONDITIONS

[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



WO 2009/ 126319PCT/ 1JS2009/ 002265 - 9 - solvents. Sol vent stripping can
al so invol ve a sequence of solvents to nore effectively renpbve vari ous

types of hydr For exanple, a solvent stripping sequence could
i ncl ude expos%&%@ﬁgéspent or partially.gpent catalyst ch;rgjtszqo%ooa%fsar omatic

sol vent, such as xylene, then to a non-polar solvent, such as cycl ohexane,

and then finakbiyed® SoROdkri h%fahtal%émave%s 2 sfs@ve hisdlo *}ﬁér conveni ent

sol vent stripping seguence e used Pre strl ppi ng of
t he spent or p&"ccttlvam Iyzrr@pewanequpmstddlydmcaﬂbyas F(sr epempley ar_sdlvb,y[ exposi ng

the supported catal yst to as .str.eam The i ppi erature
can be any coﬂtvlgmngr?f’q‘feé’ﬁ%(%?‘gfid‘?céuc%’e oflﬂ%H‘eaFBSIﬂft(’W%%BEIYﬁB%‘fng‘é&w t he
stripping tempest&d & &ohfitiakolveas budhQexyRhe aherl RashonlHeler sdwbnarsuem‘@pdl ment ,
the flow ng gas streamincludes gases that art inert rel ative to the

material s preS¥iehexang, gad §}§§rﬁn%‘b’ toapplapselyeni paigh ag aecAPREs tANYQIBEr as
nitrogen, wat €6nveﬁi%hpé2f‘véﬁ't gggpggl Q u&gphﬁ %o 83-ustyternatively, an oxygen
r wev

contai ning gas (such as al use er, the presence of an

oxygen cont ai gas to pernmt sone rempval of coke from the
catal yst, so quggtri ei%?fﬁl’g'oﬁ%‘ipmngr?g ﬂFﬁJ?Fmb(EpéBtﬂ“éfﬁPF‘gt%PR/orgeéll ected to
avoi d excessi yfalhads pﬂ@orﬂibﬂ%}%ﬁpbﬁnﬂﬁddﬂppé}ﬁadsdaﬁ@yst L 0P Adhvirgoener at i on of

the stripped catalyst can be performed in any conveni ent manner. During
regener at i on, Stg38. sthe %@H“ééﬁ%eﬁ*}lrﬁ aan b By EPRENIGNE temperaiwsedess thght ai ni ng

gas at an el ey%h?gsé@%&é?w& -thé 5%’?{ ggg@p&m% Rasy 50“’? oxteﬁ fature

during regeneration is at [east a east out C and
| ess t han abom0°€00m ancmbesmenththe faiydng gdﬁﬂ@an{xﬁﬁlﬁﬂ@sﬁwes thipr @y imetti on

solution for g&ﬁ %gre ener at ed atal |n(éi%ﬂ%a§s GropVIB/Group
VI corrpound'? P&t e dptH I°I§/ %F\peﬁ B’i%a ya“fpe VR ch &npounds,
nmore prefer abfhx;foe@balatercmmuai@mdenw DOBIEFUSER. CANG ALY, aBlbxOEEANI C

conpl exi ng agent, and o t| onal Ig@ot her organic additives suc as al cohol s
or polyols, (%nipininggasisupeagpigkppy be aﬁ‘eée%ifﬁ’é"é’e( dhegpresqiicy gk am PXysedt ones, or

am nes or d| GRER a i nsol ubl e
conpounds t h?nﬁ%gﬁégfgﬁﬁ%ﬁjeto WO gggf‘g‘? {%'g%%%%%?%sﬂz%g}fﬁgdﬁgg“ %!

the stripping conditions must be appropriately selected to avoid excessive

heating during the stripping step.

[0024] Regeneration of the stripped catalyst can be performed in any
convenient manner. During regeneration, the stripped catalyst is contacted
with an oxygen containing gas at an e¢levated 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



- 0 - under certain conditions. Non-limting exanples of suitable Co
precursor conpounds include carbonates, nitrates, sulfates, acetates,

chl ori des, hy i hydr oxycar bonat es, acetyl acetates, acetyl

acet onat es, ng{oa +9|(Ag"%80(0), Co oxi des, .Gp.car boxyl at es (ﬁq’lﬁé@f’%{‘gﬁﬁsar Co

gl yoxylate), Co citrate, Co gluconate, Co tartrate, Co glycine, Co |actate,
Co napht henat &, 4GQ.eAXAl hitiols. NBhTRY; itGile RY Co

gl ycol at e, andnm%}teures tﬁelroeo'f. P?@%lg?% %nﬁ%ﬁﬁghume%ﬁ;é%g%rten

precur sor conpompdsndshindludecabdiraitds, nittates, suifamsaeeiates) chdbrydegdat e (al so

-, di-, tri-.  tetra-, hepta- ta-, t d | ybdat.e), nol ybdi
e 4. phosphofiidel TRy pBLfb ebBir ettt REPrg: SRy an on
conpounds, W Sio(d)eCeloapizk Yeht&BosAMROUR Partichiar MB-pYdxe1)0 08yt o

compounds, al kali netal or amponium tungstates (al so neta-, para-, hexa-,
or pol yt ungst &tuspnatedeq iartrafe.deo alyeins, Cﬂf?ﬁ@@)‘es@%ﬁp,f’m%até»(@@lé%?la%cper 0X0
conpl exes, an ) e 0 i . ! any
suitable & ougoraaﬁ’ @{S’ﬁﬁ%&%ugs%ﬁ“[a%ét%g’}é@@%%ﬁ%‘ dgllg%ﬁ%%setﬂ%gghpgﬂg%%gar e

G oup VI or maixhdenivhBndetrgsteaqiredursmn sompodids iineiadd atkalt metd oF ut i on can
further include other trabnqa'#téqfn nmet al s, Exarggrl e}aof sui tabl e addi ti onal
transition metBMOMYR MENPRIEASARTPReHln HinfeTardEPEM O e um  chromi um
vanadi um i r ofetrafécabiolbtate) ahbagiiNcid; phadphombiyblR! acid)PhyheingstiZi nc,

ni obi um or tur_lgst en. Preferably, the additional transition metal is one or
nore of Co, MEiIdNYo-Rpretorgpolyaniomgomppungds, W-8obeteropelyanien semgeundse a
preferred cl ags.\af.w0h i g j . i.m.ti of

or gani ¢ conpl g?«“ﬁg \gélg%?ésﬁ) éﬁl{fﬂ)@e&ﬁg’rn a%ggi ahle%?géria?crbt‘ggmgéﬁg%tgé aci d,

| evul i ni ¢ aci @so2nitet, pguadieixe-, ac polytiogstate) agetyhacctaated, Moid)agetat Mo ¢ aci d,
4-acetyl butyr i)g gscyjd 1 3-acetonedi c(ilr box%gl .C acfj d, 3-o0xo0 propanoic acid,
4-oxo but anoi TIEE Y10 BETEXYFIBRIgHTS: atd miFties et 5 oxo pent anoi ¢ aci d,

4- oxo pentanojc acid,_ ethyl glyoxylate, glycolic acid | ucose, gl ycine,
oxami ¢ acid, @038kyl i Eﬂ%&f/ ethor Gnbadiments apy sHiehle Frens XII?aa@é@mV id,
nitrilotriaceg ' j ' i i s [ LBaaci d,

G gl yeol | ¢ acy o naph o3 BELR @Rt 8Rl GRS SrodpTpRORIATEMALRE Ty
tartari c aci dAdditonally, thesolwlionsahduitieer anxletie ath¢rdeankitiioh yhétals aExampleal oni ¢

aci d, succini ' Mtaric acid, WD 2009/ 126319PCT/ US2009/,.002265 - 1 -
nuci ¢ aci d, a‘ﬁ&ag?bﬂ%éﬁ‘.&‘ﬁ@%it‘d‘? Slﬁg?glett?‘nlﬁfnc?"}gg ré?ﬂ%’ﬁiﬂ] eélé‘f'f"sr?](?fhug}:i ds are
al so sui t abl dridfmgfohrdmeiting vgaRdiemaiRb] plainang pyPadihh Ccodaittnickyal acetic aci d,
2- ketogul onic aﬁid, al pha-ketoglutaric acid, 2-ketobutyric acid, pyruvic
aci d, ket o- gliRIgRAIUELZNC, piobIKN.Rr Sungsteae iTaeterably. dieadditiqnal rapsitigfy st

preferred argnghtisiohe 8Fhidre 8f ¥8XMb! Ri, 30! #n, RYEUVSOMACI d, and oxal acetic
acid. [0028]Organic acids suitable for Us€ in the practice of the present

[ ti [ th taini L | | ect ed f th
| nventi on I nGhyEA | MOgERNANLDY A UKL aUR SELERLedfr o e

group consi stiirng ‘of carboxylic¢ "aci
hydr oxo - OHNdtelimitifgékangilesne orgddil? corfplesliag agéids Nrithbld for nee hiveld, t hi ol :

SH, epoxy: = and conbj nati.ons thereof. These groups are traditionally
cat egori zed as° H‘é‘?%’fmﬁ‘icr?ﬁl 3""@‘#‘8{?&@5'%‘%&’1’%@?‘38@1‘1?@?“%5"&9‘4?0r m net al
l'igand conpl qxigs1yicHli @8 HactPbitykiRAcidM BhRk{onBEABoRANELIBY-8ky particul ar
theory, it is believed that conpl’exation of the organic group during
cat al yst f or peenapnicsacidh ¢-quodyusannic aeigol,3-difformpl sccinic 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,



[0029] I n anot her enbodi nent, a regenerated catal yst can be inpregnated with
a solution, slurry, or mxture conposed of a G oup VIB netal, a Goup VIII
nmetal, and an i onpl exi ng agent or additive, where the organic

addi tive ser vg@rzg@ﬂg&ggl vent. In such anjenbodi ment, wat8r"1%H8Esed as a
solvent. Instead, the organic conplexing agent is used as the organic
solvent. The GRuP.Yd B 1123 GNP M thk . : V] as salts.
In a preferred enb%cd(:l’mrelg};g?fégtl | east one\{%)(ih taﬁgﬁﬁlglﬁ%gkﬁbg%%airgggf)t and the
G oup VI I netsaitabdal Rrefereedfarganeciacids arg ghyoxahic acidf dxalacesc adid, onj ugat e base

of the solvent. For exanpl n 4- pent dj oane (acetyl acetone) is used
as a sol vent, H(sﬁotgﬁlgplcﬁ%%? 3@&?%%&%?%?1&‘@ i}g‘gf’f’wn‘ég%ﬁn‘z%u‘(}fzécﬁt al, such
as mol ybdenunmkerglidtmicasd thiogbrbhoatie, &l dly@iicacid aMpst réfbrré®h@l , such as
cobalt, or both could be used to formthe solution, slurry, or mxture. In

a preferred efBBersgrglyoxHisrasihayTwir #id, and gxalpgatic agid h this type of
solution is perfornmed by using an anount of solution that is simlar to the
pore vol une of0028¢ catxbyrst aciBosuitsbénfol ese inahe pakticeofthe pakaityst , t he

vol une of solution used .can be from abgut .0.9 tinmes. to 05 tines the pore
vol une of the’@ﬁ?‘é‘l"&’é‘f’ﬂ’de SEG&@‘P%&BE&‘WZW/S@&%%&QM@ ETO¥P ef er abl vy,
a sufficient tewaltinglbof dmbakyliadtideCOOPY, Bgdrok@dte 2id NOBLERO! hydtbid- @ single
i npregnation using this type of_sol ution, [r%gSO_] I.n various other

embodi nents, Ok kpioplethaming -Nol2.emise: rfe)-Wa2.dmieg ued@3H. dbiolitStbn and

includes a SOE@6=%@ aNll E&mgﬁtaﬁl)nsftﬂg@gﬁeﬁ{ese grozlgg Y tFad@ri]cgaqﬁP%/'VI B netal

conponent, at st one organi ¢ conpl exi ng agen d optio , an organic
addi tive. | n eattgwdizadps meth birding grolipentchdiafihg ngerits, fwloch fdmm roetghni ¢

conpl exi ng aggnt Jis used, .the nolar, ratiq,.qf e organjc conpl.exi ng agent
(such as car b@%ﬂdicgnﬁ’i? § 19 IHEORT FPINAG %@ﬁ’é’l‘" E‘é}ﬂ%bﬂmb%?@sé%“b‘{y]ﬁr VI B
met al conponefitorysitfis BélleRb@tHat dothplekftionsfeheo@ahiy prbuy @asig clbdydt 2, and
preferably | ess than about 6. |In gn al ternatil%g er%%(ﬁ mentg where the

organi ¢ aci d foR@ptRfbYeR R eYAEMROrE@ntoket i onal groups (such as multiple -
COOH groups), the ratio of organic acid functional groups to the group VIII
met al conponel®029) us rangthevieBbodinadnt corpeneeated catalyblecahrberimphagnated t o 10,
preferably at_|east and preferably |less.than, 6. Gr.qup VB/ Group VI
net al corrponevr‘ﬂtﬁﬁg?/luglgn’as&‘&% Oéylé%ﬁ%g%{f’l’%%ﬂﬂgﬁ@d%? {’Fﬁﬁ?ﬁ‘t@dggﬁ?%i lity,
e.g., CoCOB, vIbuietthndkatorgific &hplexingrigentivd a@litivewhad tisobrdhniiti ty reacts
with the organj¢.acid conponent to forma soluble netal conponent. The
order of mi xi#§ithie septears 8 soyeRte A sushsangabodiments #ateg inqtpisedast ess

condi tions f g Mt&'ﬁoﬂﬁ%?g&ﬁ@g&hbl‘é%gqgéﬂt99u§e|aeas%8(5%9ni§tsgﬂleﬂ{. e
generally not critical. In an enbodihent, rt is preferred to solubilize

met al  conponeftesGroip VI me@! sl Graupi YU petabean be prowided as kdltsotlher  nret al
conponents. laéref[eﬁr'gfi %mﬁbgin?e(?llisalt :?_%a?tl %noe (ﬁqlqe élr(;u O %%?ar]]tsflh argd %g%rglgé)pl i ed)

t enper at ure atural”p a suspension or solution’is
agai n provi dedlll matal bdlt ars fpimeddeusirggiart aiswthabisithe eorjegad basergfeient s of

limted solubilit rior to addi the other nmetal conponents. [0031] An
or gani ¢ addi t¥° én%{oﬁo‘ﬁ@a‘?‘ﬂ ﬁ_%g%rﬁ%m?’l?d'@&ﬁﬁc@?ﬁ?@“ﬁ%gfﬁ‘)seéﬁlaaI so be

added to the soRRhESNRrI RO a&RYIttick©Rate lshit 8a CHEGVER Akl dueg aks desired as
part of the catalyst precursor, it nmay be added to the solution used to

i npregnat e t Weolgbdanuay, or thecacgtyd acatenaskisiltafiaeGroap Wil mawbsuelvefeedbelt, wi t h
G VI B . : i hird netal
oup or %8%11% \égd be H&tdal{) Z?r)ﬂi% stBﬁxg%ﬁ,‘r’rsg %Q%IQﬁfre.mr{J {‘the?é?réfx I rd nmeta

salt, or may be separa regnating s on. The anpunt
of 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.



WO 2009/ 126319PCT/ US2009/ 002265 - 13 - organic additive may range from a
nolar ratio of 0.01 to 5 noles additive per nole of Goup VIB netal plus
G oup VI maw 0%1993% ]I n an enbodi ment, an organic additive can be a
conpound havi Rg 2"¢4 carbon atons andscontaining at |'gd$¥S2¥Y8%%en
atons, and includes polyols, glycols and ethers thereof and al dehydes or

ket ones. Exa mﬁr&%ra@fy, a Qpﬂic?&q dyel/ Eﬁ?{;dﬁdoee iglp}‘%ﬁg'led i :tly Cs%%?l)rt vl w! ene

gl ycol, propylene gl'yco di propyl ene glycol nmet hyl' o opane,
di et hyl ene gl yigle inipregiatiph esieg ghiy Ggle, oftselstiaret hyl ene gl ycol , et hyl ene
gl ycol nonoet hyl ether, ethylene glycol nonobutyl ether. Organic additives

havi ng at Ieaq@oﬁ)l] OXY 4R RaBbW BthérGhBHIEmBRS YBS Mpresfitioh ¥6Rkidn MR Hithrd
nol ecul ar wei ght [ess than 600. [0033]Still other additives aré conpounds

havi ng at | eagfucpuppelutige Andinshislenn dolhbleiGrgup VIl meialromponents a seivblepl es

i ncl ude et hyl | Qi r e .q4l.am ne 3- di_ami nobut ane. . and

1, 3- pent anedi %@ﬁ%"&%ﬁ@% ?r\f}é%tq%aﬁsgb%d%rgéxg%gfgﬁ%ﬂ%aaéeﬁgm& | east one
oxygen at om awpgtiandiynart orggeic adtivive. Suehbadimehisavieke asdlnent diffatchefoh am ne
and triethanol, am ne. In yet another ephodi nent,, toge organi ¢ additive can

be conposed ofl&SABRMHE CHBPIEX g dBgH I8 U irolgpRtieiof ey Badtinds.

[0034] Duri ng ps@pRk Rl a@Bnid8scAsdaitbx9fic hh8) forBlo8p AT AStaP&HpdRAs 1t 1S
generally preferred to keep the tenpérature bel ow the boiling point of the
sol vent, suchphs Giaue V1B mectalaompongatds &agyaberhiite Hy podferably atdeasbnent s.

However, if desiled . I b ' or
different pH g%}t{ﬁgga%aﬁ'@%gébgg%?ﬁaﬁba[%ﬁgt ér?%c@%é%%&?’?%%%@%l%?%%g step is
carried out atheionganeased idchunges matltipleacidt foactiuna pgrospo@Esclaadmsiiipld +-ons t hat

are added duripng. the m xing step are, preferabl reheated to I ncr eased
tenperature whi EEYP ﬂé‘%ﬁgf’ Qﬁffgépivcégﬁ‘é’?t‘?%l E‘F‘i’@p'? E’a‘g‘fi%?flﬂa{g%er ature.

[ 0035] The i NPhRENNBbMPEnen® pitk IGHBup VIBhAGaladafdnk chi8e Fom RR&A 13840,
regenerated catal'yst (the catalyst preferably having the pore vol une range

noted above), Pisfestiely ablepsta apdpiséerablyrless thangmThe GrousyB/Gueymy ! he
| nci pi ent et fess L aFGHUNIHRY bEMANPLH I el cdfolnirSAidd RiusiftyubpOn My be

nore than
CoCO;, provided that the metal compound of limited solubility reacts with the

organic acid component to form a soluble metal component. The order of
mixing of metal components is not critical and the process conditions for
mixing process conditions during the mixing step are generally not critical. In
an embodiment, it is preferred to solubilize metal components of limited
solubility prior to adding the other metal components. It is, e.g., possible to
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



the water pore volune of the regenerated catalyst, for exanple, 1.2 tines
the water pore volune, in order to increase the anmount of netal oxides on
t he support. Pr , the regenerated catal yst shoul i xe such as
gently stirr gfﬁg@yl?arr%%egnati on sol utiansi.s added to eng)ﬁ?gjsg}\?g?? %65
distribution of the nmetal conpounds over the regenerated catalyst. In
i nci pi et wet REss;d MRKRINALY AR frodAd indlak Rt STE6 LR s mbRRS aWisE pBor e Vol ume
of the suppor'?ﬁil%%sl dﬁ{ea?erm ne?,d&PFrsto. T gasame vol unme orfn thgwlelnlprggnati on
sol ution is adwdelof GravpeViBpptal plus GrovmiIlhinietalol uti on would go into the
support. In a variation, a slightly larger volune my be used to get nore
nmetals onto t gampppornﬁ an ERbo &% a8, orgdnid ARlithad @ HRQ ®nyRutdBadihgt he
support is 1.22 cc/g of support, 1.5 cc (23% nore) of inpr_eg{nati on solution
can be used f8ito éQ&frpopptamsoandsepisdning atrinest 2joxyeen HempAnddnelndesa in Exanpl e
- [00361The PRRERIAGLAL a5 BAGK kol B Ay BEL ol AEBOBIIRRES of (XS V1 1O
form ng a catalyst ecursor on a support, an optional first drying step
may be used, waihditieesdngludgglyergeglaterok sthytene tighaob psefyiéensi gipdolt o renove wat er
fromthe inpregnated s rt. and.r rang rom about 60, to 120C .-in air or
an inert at rm5%ﬁ%"#@enﬁs&gﬁ&igr‘mefq%gaéﬁ?l’%&ﬁ ‘gf'tfh?’%g% CPLITDYFYT By ep, the
i npregnat ed stpRethylehs gfyebl, Bﬁfyl@%%%&%@nioﬁoéihw dmer,taﬁjaeﬁ@fgnyb@ls of from about
100 to 450C, preferably 200 to 450C, nore preferably at [east 300C, and
nor e pref er abmpnplagel ethern Qrganic additivesohaying af least 2 paygep ademe ingBilecat al yst
precursor. No i 1 %ak ¥oslependi ng on the
bSybffHent BcUEHaURR SHhYD%S BRnTRY. KBS o

nature of the nponent eating is continued for a

time effectiv partj.al |y deconpose organi onponent s, i ncl udi ng organic
aci ds and anyﬁ)cg)%g]ani c é&atﬁ’%f’ ‘tftuc)?s BFCQCQH%@“P&EWE[E%&%W?%W % be

charact er i zedatomhs bffl REviah 2L FB¢bH atoing ABkempRE idludel dthyléncaimgide,ment , at

| east a portion of the arganic residue remalns on the catal yst precursor,
so that resi deepylsngdisming dshdiaminehittane anssl.dnsptenedipyingg Qfpeny, preferabl y
at least 10 : 9 f j t he
catal yst pr e\(l:\%(}d(}s%‘f@??c Agﬁ%@ﬁsﬁ@ S}S?J%?‘{l% ?e/%gs:i °§§§r§¥g§§§§‘?’ﬂgﬁé§%%?g§rﬁ%“ resi dual
carbon). Not eatbimasuchhes ethragaharoinecdictharsl angnmamd trigthanol 4maingalnafey st  precur sor

after drying are no lLonger in the formof the original Qrganic_ additive(s)

or organic co?ﬂﬂ%'é RS 8‘%‘?&"(@? OfgRIc %@tgeic%%éﬁgggscf%oon ﬁg)rénuoﬁ%ort. Wi | e

an organi c regji@ve drgadmhmiﬁ{/@adnpxmnﬂae partially cal ci ned support, the

original organic additive has been chem cally deconposed or reacted into a
g g y nmp

different for 03 7hH{Rh Fafiontah8 nlifRESYM Sithrt SRBDR AR GBfsal ySt may

be subjected mpghgt Iie)astggg@aa%lgpt ilaonalfmlgrrpr egn tri%% cycle. The

i npr egnat i on gemdrafypirefgrred hok¢eapahe temperdsarethetovs thesbodlingnpnintdofdbove f or

subsequent inpregnati.on cycles fol.low ng,t fir i t | e.

[ 0038] Whil e n M ’sst}has ‘f%teﬁeolg%cdfﬁtﬁ%tegsg}ﬁ%/n%ﬁéoorf ?/%e ‘%O@()glrgg%mk@%egéﬁdue may

i nfl uence net@ldediedpRirgetdiu@s dbowyths edlperit\bollthgpoletrdr eliffeemgifalhiuee phases.

The residual organic_carbon content of a catalyst ursor, or cgtal yst may

re

be anal yzed bSandgpsednlfdhe regrton duingihe gixingstep 15 paried fehat NEEKR9as LECO
carbon anal yzgp,,bRAta¢hddRHedYorshed bEIRbAhROIr8 i@ dul® tRé hieghjpve anount
of tinme for decgrrposml on w Il be that needed to reach the desired residual
or gani ¢ car bostercam pesferabhpreh¢atedyiorparinregsed sergperptuphvhisbisan Pesecond to
about 24 hours, |In.anothe ef err.ed ient, the furnace is ranped from
room t enper at%‘P%‘a’?tbaqg'b%?ftg%%ﬁiaﬁ{l%rhg% .ljg"la'he dryi ng/ parti al

cal ci nati on/ deconposition can be carrjed out in the presence of: flow ng
oxygen- cont ai [#03%) gasThaimpregnationisalptionds bge addehtodhestripped andyr j nert gas
(no gaseous supplyv). I e . ?&% on in the
presence of arﬁg?%r?}e@rt?d %ag%llygtdc%e ‘%‘gl#ﬁ& F%fgré‘ﬁ&rk[%ﬁn?hgﬁd‘ﬁg‘}"ﬁg parti al

cal ci nati on/ desahgost), ipeefermbbpatcanpdretucasfim 6 taB01C, uhingghesiiiery opt i onal
drying step as a si?r;%lge cont i nuous S{f?lg [t wll b? undersgood that the
preparation COFRFSSIISHRRIGEE ThE1OMEPE RLEAE APEERA MNP TUIPITARY D HErs{hgR g

sol uti on 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 |east partially calcined
catal yst precursor prior to or during the hydroprocessing process.

Sul fiding theygatalyst, precursor produces the catalyst W‘i‘%"ﬁgﬁ The

sul fiding process may take place ex silgu or in situ an e ‘gas phase
or liquid phase. In the ex situ process the catal yst precursor is contacted

with a sulfi dkﬁwwﬁeﬁﬁﬁre%uﬁm@&thmge%&eauh@.h@e faGampl, QP meSthd: . 10%
H2S/ H2, at el evated tenperatures for a period of tine sufficient to sulfide

t he catal yst mpater pesovolumhe, inteeddrro gicreaspthscamunt efrmetehoxidgsen heecur sor i s
| oaded into the hydr i reactar t Wk h hydr
containing a PP ﬁdiﬁéégfega&yn?ﬁe 5t Egneégs}e%g%glggtgsﬁgglﬁlbg%ge‘ltj’nsuf %gs g‘%}gg’ence or

absence of a kyekd)aairhereghara.solttidn iy sdded @h essutd ¢vda disasibaichoofrie pr ovi ded
directly by deconposition of an additive g pi king agent) added either
directly to tH&tahgampawMisioventhegegengratedratalyst dp iRGIRIB WRESSi ng agent s

Whi ch may  ser yen s, ol VAR Tons thdrb OIS tHRNVERLK pARE vhIRfk Wi%hddy %ﬂﬁ% one of

carbon disul fide, “thi ophene, mercaptan, organic sulfide, dralkyl disulfide,
di aryl di sul f deernzined Grsgaithe spué ysluimeiaf¢he ipmeé¢anation soldiiowisradded td thede or

di met hyl disul fide. ternati.vel he. al recursor. coul.d | oaded
with sul fur cdt Sﬁﬁag%tﬁgtsoélgggn%d&%g? bn?ﬁg'g S\);\l/ﬁé%retrﬁeaa e tlﬁ)ﬁd%?h%h?/ﬁr ogen at

el evat ed t enpRigi voRinteOia@bpasddid gof mbrametalsfdnteihe Buppert.SBbf dxdepld)e
catal yst precursor. HYDROPROCESSI NG PROCESS [0941 The term o
" hydr opr ocessifif WalsE B yolaae af the SHRRAEKIS d 227 9880 VRPY hy §F 683Pbon feed i s

reacted wi th fyghQoaRnRbnfldibilith HRTRRLA! 4 ERerdfbuPbe sditioRs TrafA | ncl ude

hydr ogenati on, hydrotreating, hydrodesul furization, hydrodenitrogenation,
hydr odenet al | Blustoated injdriodizampieat.i zati on, hydroi soneri zati on

hydr odewaxi ng, and hydrocracki ng i ncluding sel ective hydrocracki ng.

Pref erred hydfoopéjocesThe inpriegaasd agpportds thee dhigdr bi ¢relbddingntshedleinged
hydrotreating_.include hydrodesul furization an on.

d h odenj t r ogenat j
[ 0042] Hydr ot r@gﬂ%ga H?‘tﬂr?ﬁ%sqfHO&IS\';‘Bp?fér?Bé’PSPB%gJ’éStiq‘iY‘PSéteg’dH@éi’%o Cto

400 C, pref ergll ywikQe dfyih® tehirituits aly BosueScibm th RenbRN@8tePlrofllct 0 20786
kPa (100 to 3000 psig), preferably 1480 to 138911cPa (200 to 2000 psig), a

space vel oci tinpatgnatedrpuppart ped M@y r#By, frgm ebeut £81tg 1207, tip a or @NNerhind a
D e o
2009/ 126319PGlppis? B0RHAE23pDsddd43Y ing demperatatdsind ftoypateait [190 tedd®€5 ni trogen
and sul fur Copr}gt%pgbril)? %OS to 450°C, more preferably at least 300°C, and more preferably

less than 400°C, to produce a partially calcined catalyst precursor. Note that

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



in the feedstock by converting these contam nants to amoni a and hydr ogen
sul fide, respectively. These gaseous contam nants may be separated fromthe
hydr ot r eat ed usi ng conventional techniques such,as_strippers,
knockout dr urr@%?g@%?(fcﬁ@ li ke. [0044] The_hydrotreating reaction %448 can be
conprised of one or nore fixed bed reactors or reaction zones each of which
can conprise Qages B dekifit BoMplexig Agehls) i woYAREARESINEeCat al yst.

Al t hough ot her t;pe(g)n%f %at al y_s? )t;legsgga{f)be useégj?ﬁ?i%d be'{;%eare
preferred. SustppotthéVhilgaresrgehicaesidieyis maindaived ne theqeartidllyl cicded beds,

ebul I ati ng be | wrry. he nd .novin eds., |l nterstage cogling or
heati ng bet Wegl??p P gtaé:}llf 3¥1§m3?g%ﬁ%tngﬁwf&%%&enoc e‘B‘é“t*\ﬁéé*ﬁ“@%?%fF@&f beds in the

sane reactor fdactedandiadiffeenefor@an be enpl oyed since the desul furization
reaction is generally exothermc. A portion of the heat generated during

hydrotreati ng[(ﬁ)ga][ be tﬁﬁef{zﬁrﬁ%e i}%}i& ateldir #ﬁ@f’a&e GrY&Y ay%t%ulﬂﬁéieﬁ not

avai |l abl e, conventional cooli ng e perfornmed through-coo utilities
such as cool i watleasernesrdditianal imnpregratiog kyele.e Thé impregubtivgend guisingh st r eam
In this manner . dotpti mum retﬁcti on te(gg rgturfes an be .rmre‘egsi I)é/1

mai nt ai ned. | {oN4LORs MY B the Sarpg as o ‘Sé BE PHTUDSTPTBHTREFENEH OB SECI8] her
catalysts in fdm@v@;agsmeqfrstmb}é@bgorp@t@,yst beds. Such other catalysts may
conpri se conventional hydroprocessing catal ysts. [0045] The fol |l ow ng
exanples w || e t Qe - 3t j, 1 I § el af | EXAMPLE 1
[ 0046] Thi s ex[é}%rrglé]\é IS |l¢eedg?g%§%€g té)g(%ét atid;?/lg?t%% p&alsét i%ﬁ.&%ﬁ%%ggy ? ed

hydr ot r eat i ngmenidlugste mstaf dispersios @dd mmyaielpyaioad veaantedcrypiabmess. After a

sufficient length of, ti he su rted hydrotreating catalyst .can becone
ot L east par chavry DptiriTiugl §Ea 2y 8RR0h BOn IR i Bbe SRR o GhaiFEn, "be
stripped to respbeadiyzeldgdtlyeokvaitidhal caffondinalysidlifdfiniend3utas cat al yst .
The stripped catal yst can then be regenerate

d. WO
2009/ 126319PCTFI3Fathoncnolyeer mamHaqyid bydhe bRCRLCorpsratignr elhes{fasEveised f or

i mpregnati ng ﬁé&QSPﬁﬁétﬁ%&gﬁ@bﬁﬁbn 11 B8 86k hB&Ra 3D A4Eh Md RsegO! UtT ON.

Cobalt carbonate can be mxed with citric acid in a citric acid to Co nol ar

rati o of 1.2 rasidualieegamipessben enteniaed wah sheerdlibatasge fonbghoutihsédondhe cobal t
carbonate is di I i t I te.can e.a din an
Vo Co rati o dP o808 2Rpr TR RER AT AP DR {FeRBAE " ur her
heati ng unti |frdrheo@mmipdinutetptabond 32450@tie onshalirs SThevdrglingAgdliidli onal citric
acid can be added to the resulting sol ytj on_t& adj ust %gg] citric acid :
cobal t ol ar PiRagiopEeqomposiiprocanhs cagriqd Qut iy the PreseReqRfe slowingoooH

functional grRYP&-cdithifiing! a8 (AP), Abwird diftofdn, or i hik WP ek (ngr oups to
cobalt is 5.4, 5}gndct he mrrfc?ylé_alr (?fg}ti 0 -%—10 Unct | Qnal_1 ar ouggélt gn(l\/b + Co) is
1. 8. Et hyl encabeons feprdan It isamefsered toodryy etdecicalgnatinn iwdhepiesenogiofh stirring

until the et %Iig&{aggsast&ﬁlgé ;ﬁqrorgjtli ois 1.8 to formthe inpregnation
sol ution. gen.

[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



[ 0048] The regenerated catal yst described can be inpregnated with the

i npregnation solution at a ratio of 1.5 nl per gram of support. The

i npregnated s be heated under nitrogen flow at I hr and
at 375C for 4“%?859%%(%?%nally, t he cool ed6support can be PFHQ é’%/&lﬂr?gr egnat ed
in a second cycle with the sane inpregnation solution at a ratio of 1.34 m
per gram of SHAPQiKe plade dxPulRtin SARAnd MIthdgds ﬁhﬁﬁ&gil;?ﬁdlcﬁl'ihsb.slﬂlﬁﬁ@x the
support can again be heated under nitrogen flow at 110C for 4 hr and at
375C for 4 hrsinExasgasthecatilygpgdeprios iesantasied wish gsulédinghgent syckpar at i on of

a fresh catal ' ' tlgn t Si .4 d used
for rejuvenat ?‘%‘%"’g@r ﬁ%@;%d%dg%ﬁv% g'é lg?’elg%?lélﬁ agélleﬁéte% gerl#% ?zg?%% F‘g"

avai | abl e al uapedodofrirae ssffiockent wosul fide the chtalystngeqirager InitRS in situ (A
Large pore alum na beads with part,iﬁile i,amg}té3 rs in the range of 1.2-2.4
mm BET SA: 1BHCf¥/ i crglsbrrectspiitoadsd o Y oiERAIER 9K S amt er by
Hg: 299 A, dedsitdcted Rith RySogtn c¥RhiBingPPORViRE UGt sdchldb 1§Rt&kenWBIfRIE POT €

vol ume per cc of support? 0.51 cc/cc. (B) Large pore al um na
beads with paintthe peesencgrasabsence nf @ hednogarhen fefed JThe by dgogem suiE B8y 244 n2/ g,
Hg pore volung; 1,23 cc/.Q,. ja re di ter by Hg: .162 A _density: 0.43
o co. et or paieBs Bty o8y by Rl oRTR b8 gy EnidRE alnef 0L L0
0.52 cc/cc. [4d¥e@lithe dickcllpvs thg hytdagen teat gaasr tisthd fécdstockpBpikirgl i ng t he
above alum na supports with a S%I@,Hti on. ?ﬁbalt car bop@%e ¥vas mxed with
citric acid i#CHiScThiFh payspryerds 28y FRECA FUITLE PEFCRFsOL Insluddt {538 AGidous

m xture heat eghrgdn AOHHHE thioph&R, aRRBAptanC 8ihRIRALEIEI &iﬁmﬁveﬁumﬁ@ma@mm _
hept anpl ybdate was added in an M/ Co rafio of 2:1 to the resulting sol ution

and stirred wiisHbde andiengaeic pedusulfidy. preferably dimethylowifida arelmatyi ybdat e

ool ved. A A0S BLLAARE S ARG GutG R gl 1 on Lo
i ncludes 3 - @onkpdundethaddaongpioseifes,STwhan trédted umleahydrapemataflevaldoH

O oups Lo ( wiePesjeas mpeiodttBicmien fe-Tide Ma G a0 the

solution with stirring until the ethylenediamne:Co ratio was 1.8 to form
j SINGARRQPESH na support (B) was inpregnated with

]

theirrpregnatin R V
[0041] The term "hydroprocessing" encompasses all processes in which a

hydrocarbon feed is reacted with hydrogen at effective temperatures and
pressures, and include hydrogenation, hydrotreating, hydrodesulfurization,
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
icPa (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).



solution at a ratio of 1.5 m per gram of support. The inpregnated support
was heated under nitrogen flow at 110C for 4 hr and at 375C for 4 hr. The

cool ed suppor i egnated in a second cycle with t i egnati on
sol ution at a%vg)‘gtﬁtlﬁ/é&égpi 1.34 m per grami®t support. Ther}ga%gg@%/bo\%é t hen

heat ed under nitrogen flow at 110C for 4 hr and at 375C for 4 hr. [0052] The

above fresh cajgByst s pyavbtebabfg Bypidallh rEduices ni%geﬂ AdWHPtobRaimedts and then
subsequent rejuvenation according to the nethod of Exanple 1. In such a

rej uvenati on pribedessistockdy speyarting those qantgnipardp toamupanial apdthydinged be

pr bonat od aSiae Rg Pl Mot aREE e bRl KR WP alciolitie o o

nmet al s on t hehydgresedicedstoait adiystonventidral ebhniqoesl sycl aesttipperedamck-on st ep
woul d be used. EXAMPLE gﬁ 0053] This exanple is directed to the catal yst
testing protofWidrums ppdths ke a1 yst was prepared by a doubl e inpregnation of
support (A) from Exanple 2 with a solution containing Co, My, citric acid
(citric acid: (8944bl ar Thehydrogkatinggpaciien stighyhie he coinpugsd (femhpr groze _
34"y wo0s. et e g «qneegr MR e bR orE "ot “575C
llig der nidt ro ?emtztﬂyhe)edabtttihe ex?dﬁigmgss}ir;g/mm%ul Althlmg/ hi dthe&i tyl?h:sa;{f cafaysps iHDEC, 3448
R ¥ g T L
comercial l'y ﬁﬂéﬁn‘dl:@ﬂhﬁzé@ﬁdd@,”@t}uﬂ%r{g)be?l§,7slﬁﬁb&ﬁ?énd"ﬁ%vﬁﬁ%eﬂét ed in a

paral l el reactor under the sane condition. ‘Afiter an in-situ sulfiding step,

t he cat al yst sinigrstagsedsjliagios dieatingsbeiwean maciprsor Féagtien zened, ¢riwddesrl i n Tabl e
2) at a tenper f. E t | of 500 i e hydr ogen
gas treat rat %a%%ysrt%gs ggﬁ?i@?gﬁefa?{é)?oﬁ% "‘??"8‘ ZOOPI T%ﬁﬁnlrenegéﬁoéﬁ?de%pd% "ﬁ%e cat al yst
HDS activity desolfuri®itiohegactias ignerallly ekbthegnion®portidd of thy hedtabl e cat al yst
(KF757) run under %hﬁgsa condi,tions on theﬁgqﬁﬁs of. F1].5 order Kkinetics.

[ 0054] The t es¥SIFEY D EFOERHRG £ POreARYST Frr re {hip Peqt ZEGOYERY (Feed #2 in
Tabl e 1), andygtfes i ﬁ&tavﬁﬂilqb,tdoﬁﬂexﬂ@ﬁalcd&ﬂﬁgﬂqaz%etﬂé%ﬁnédm&éughr essure
conditions: a'total pressure of 220 psig 25F, and a hydrogen gas treat

rate of 700 SOPliRE utiitien speh ageeqlingratores airzgoshipreh useohah¥Erogsn KF- 757 under

the same con d%u%h&??t{eaﬁ?% fhig mahy%f ﬁ@gﬁ%ﬁ%e{c 8t gérﬁgc}f?ingﬁe%%aﬁ Be pRYIRAr €

catal yst hydrbdesulturization an enitroge
easily maintained. It is also within the scope of this invention to use other
catalysts in the case of multiple catalyst beds. Such other catalysts may

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.



Sul fur, wt% N trogen, PPm APl Aromatics, w% T95, F Feed #1 1.86 167 32.2

WO 2009/126319 18 PCT/US2009/002265

[0047] The following procedure can be used for impregnating a
regenerated catalyst as described above with a solution. Cobalt carbonate can
be mixed with citric acid in a citric acid to Co molar ratio of 1.2 and the
aqueous mixture can be heated at 50°C until the cobalt carbonate is dissolved.
Ammonium heptamolybdate can then be added in an Mo/Co ratio of 2:1 to the
resulting solution and stirred without further heating until the ammonium
heptamolybdate is dissolved. Additional citric acid can be added to the
resulting solution to adjust the citric acid : cobalt molar ratio to 1.8. Note that
citric acid includes 3 —COOH functional groups. Thus, the molar ratio of —
COOH functional groups to cobait is.5.4, and the molar ratio -COOH
functional groups to (Mo + Co) is 1.8. Ethylenediamine can then be slowly
added to the solution with stirring until the ethylenediamine:Co ratio is 1.8 to

form the impregnration solution.

[0048] The regenerated catalyst described can be impregnated with the
impregnation solution at a ratio of 1.5 ml per gram of support. The
impregnated support can be heated under nitrogen flow at 110°C for 4 hr and at
375°C for 4 hr. Optionally, the cooled 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
again be heated under nitr(;gen 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



32.8 773 Feed #2 0.45 39 37.9 25.7 670 WD 2009/126319 - 21
- PCMIS2009/ 002265 EXAMPLE 4

WO 2009/126319 19 PCT/US2009/002265

diameter by Hg: 299 A, density: 0.45 g/cc, water pore volume: 1.14 cc/g, water

pore volume per cc of support: 0.51 cc/cc.

(B) Large pore alumina beads with particle diameters in the range
0of 2.4-4.8 mm, BET SA: 244 mz/g, Hg pore volume: 1.23 cc/g, median pore
diameter by Hg: 162 A, density: 0.43 g/cc, water pore volume: 1.22 cc/g, water

pore volume per cc of support: 0.52 cc/cc.

[0050] The following procedure was used for impregnating the above
alumina supports with a solution. Cobalt carbonate was mixed with citric acid
in a citric acid to Co molar ratio of 1.2 and the aqueous mixture heated at 50°C
until the cobalt carbonate dissolved. Ammonium heptamolybdate was added
~ in an Mo/Co ratio of 2:1 to the resulting solution and stirred without further

heating until the ammonium heptamolybdate dissolved. Additional citric acid
was added to the resulting solution to adjust the citric acid : cobalt molar ratio
to 1.8. Note that citric acid includes 3 -COOH functional groups. Thus, the
molar ratio of “COOH functional groups to cobalt was 5.4, and the molar ratio
-COOH functional groups to (Mo + Co) was 1.8. Ethylenediamine was slowly .
added to the solution with stirring until the ethylenediamine:Co ratio was 1.8 to

form the impregnation solution.

[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 tl‘le 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



[ 0055] A fresh catal yst was prepared by a double inpregnation of support
(B) fromExanple 2 with a solution containing Co, My, citric acid (citric
aci d: Co nol ar j f 1.8) and et hyl enedi am ne (ethyl enedi am ne: Co nol ar
ratio of 1.8) »ro?zltq}g%?%ﬁ% egnat ed support _egnt ai ned 475 ng NFOH?UYE?383. 6 ny
Co0 per 1 m of support after calcining at 375C under nitrogen. The

cal ci ned supp i i i LU i a treat gas
rate of 700 Sc e}aé%"?ri&l?{]ﬁ%ér%g%egﬁa&ﬁ# Ee%?%}c‘f:r%}g?oﬁgé) n%c{}é\%gt% 561%?19%9 reactor with
a catal yst | oaduhbpeofised. 0 cc. In conparison, conmercially avail abl e KF-757
was evaluated in a parallel reactor under the sane condition. After an

in-situ sul figxxvmeiem the catal ysts were subjected to a virgin distillate
feed (Feed #1in Table 1) at a tenperature of 625F, a total of 500 psig

pressure, and dr oget . f CE/. r of

runni ng on fegg),sarhe gz‘%a yélptl{-f%?'raecc:?l&\?? ?’;9 C\;v%? Sg%é&?ﬁ)&cgﬁ‘éﬁ?g run under
t he same condtitalgsisway f18pdred be aaloable impregagiai ofanppaalA) frain Exaympad

sul fidation steps can, al so be used_to form.a r.ej uve{_lét ed cat al yit. In such
a rej uvenat i oWPAcOSKELON CoNAuAg C@rNb‘aF‘t"i“é?‘f@(@B@rﬂc‘ P;&‘?‘}}%‘traeaﬁ BS)stri pped
and regener at%et@?gé g@%@ﬁ(reﬁ{ﬁ&e%%h%ﬁﬁc £a8 nfdia1ab&of 1RY.egRaAt ed according

to above nethod. hat due to resence of metals on the regenerated
cat al yst, pr eirepragnajedsipposreniainsddda g MeOstaag 1 2ad e Cobarer IBNOPLE 5

[ 0057] A fresh I S. Or [ t : le 2, where
an al um na sufo %?’? a&%&%@éf&ﬁﬁga}éﬁcﬁg%éggrro gﬁ.j&%gﬁ%} ‘3)“9‘595’?( ‘ggsﬁm e

i mpregnat ed wdlfidal ialitutak 600 psin(B4d 3 ke afid a tiebt, gag yateof G0 SCHB((PYF uvi
aci d: Co nol ar t;i0 of 3.55). The support was cal cined at 375C_under

ni t r ogen. Its"’?@fiﬂan gt r#ﬂ)§€?t%§d? ageacigr %%ﬂ_%%tab(é_ oy EE%T@ar bon
content was 1é AMcHinphfiSort LT iM %ﬁnm&rc%géﬁﬂ&@dnm@.vmmaéoo psi
(3448 kPa) and a treat gas rate of 700 Scf/B (125 nB/nB) and tested for HDS

activity in acvabuéadon aparsiled resstariupder the sameeongition. 0Ader ap in-gihmar i son,
comercial ly sx@@&ﬁg %kethégét%g%ts"@&e‘iﬁgh{iﬁ{l g‘}d% gﬁ‘%itﬁ éig&ﬁlt%LJ f2kd pg%ggﬁrinun‘der

t he sane condi ter an-in-situ e ca sts were

subj ect ed t o #abl¢ 2path @Winpeiathratof 6083 a ¢dielest 360 psip prassuee, hjpd athydrdgemper at ur e
of 640F, a total of 500_ psi ressure, and_a hydrogen gas treat te of 700
SCF/B. Af ter S3¢reAtraih of RS GH ForA Reickd Triog rening 9 (eodpie seldo HPNwas 160%

of the KF- 757a&i9%?mﬁhe&ﬁ§v§a§@5%mﬁé LORSeRMIB Radhtle @btalysb(arder
ki netics. [0058] The above i npregnation, calcination, and sulfidation steps

can al so be u&¥druroutider thessans eonditiome dn dhat kasissat 1.5 erdeukinetics: ej uvenat i on
process, a spent or partially spent catalyst can be stripped and
regener at ed. [Db&4]r egeMie¢ akefted atadlthemtchangeditbanother disgliae figdgBeaic#DOr di ng to

above nethod., No that due to the presence of netals on the regenerated
cat al yst, pre‘f‘érragg”l il the derd conmhiery as Flﬂﬂ?gg‘g)é"pthﬁ%{ﬁoﬁ’gr P&} EXAMPLE 6

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, API1 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



[ 0059] The foll ow ng procedure can be used for either inpregnating alumna
supports to nmake fresh catal yst, or for inpregnating regenerated catal yst
as part of a j j on process. 8.66 g pyruvic acid ixed with 6.88
g cobalt acet g@ezﬁ%g?ég ydrate to make aayni form sl urry.v%.srﬁlglwg?w&%ni um
hept anol ybdate (AHV) tetrahydrate was dissolved in 10.25 g DI water at 40C
The ARM sol ut i N@s,paflded slowWy to the slurry without heating under
stirring. Stirring was continued until all cobalt acetate was di ssol ved.

The resul ting tion [ Mo/,py.r.uvi c_aci had .t he folloqw n

concent rat | ond0oe 1 MAGEH BTN ey B ettt syppory 55

[ 0060] Aft er t i) foRENaaplOD vith 4 fstutidhidoagiih s T, MY, ditiieacidi(bigris¢ol ution can
be used to formfresh catalyst. To forma fresh catalyst, 1.2 g of SC 159

t, 1
al uni na (si zedtitE-onobotingt Wasandashdenscdiaming(athylanegizaningCo palar

Co/ Mo/ pyruvi c | &S i . ] a I to the
foll owi ng fur rﬁﬁ%'e&clé d%egﬁg%%g%ﬂ? gﬁgg{é&gﬁ uié(djﬂyn@gho o %EPE%C@ ?‘ r 10 mn;
55C to 120C atCoQ @@/lmhof suppatt afterl@uinifhgat 37 €, unferomitro26C The GBORdat

1.2C/ mn, hold at 330C 4 hr. The resyl ti maj erial was i ghated a
second time wiHPOL %% Sﬁifg#dt’ﬂéltgﬁhgﬁs@ll Eﬁ“&%&‘@%&?%&% Ff’sf? ﬂg?@grre manner
as the 1st ingegRNLs OYm’Thadiéstied oS hdlvityas a k€ctragith 4 EatAPst300 pm and
tested for hydrodesul firization and hydrode_nltrog]gnati on. [0061] An

al ternative fleginecitld sestingamparisen. commeacially avpilgpleduli-g37was -

saint - Cobal N BONENQ i a fathifd SedcRorihudiflc Bithe VBRI’ AMRLAG il N 2. 21 0 of
Co/ Mo/ pyruvic acid so I on, as descri bed a%ove, and heated 1 n the sane
manner as t hesufdimgyptp, thesetalrétwalsoubjectét ¢o a ez gintdistylatmteed (Bdedwdsin

i npregnated a.secqnd time with 1. of the me. sol uti on_an eated again
I the sane nARTED) st isTReTre pLi2n Taf t9EL0T BRGRER e YO da gy ERd | sat o
for hydrodesulfsurdat fté of7RNSCIAT REENI 44" R Paidion FRASHE ThalyseHEISed
materials were sulfided in situ at 500 psi (3448 kPa) and a treat gas rate
of 700 Scf/B {ctvByyEsg) eeidhe EJt-é37 ruprundpy3hg seme cenditiensa reactor with a

catal yst loading of 1.0 cc. In conparison, comercially avail able KF-757
was eval uat ed[0i086jp pafTat hisdveriageegmatiomdealcidaten samsutfadatioh iseps canMls@r t he

in-situ sulfiding,step, the catalyst e subjected .to a virgin distillate
foed (Food w10t fia3h fBim G RbRaXS R sl cinugh Rearmos phot st ASBem ne!
pressure, andodpaniysllyogent @edysticadbe bRfpPe@ind RBeRehie 8. THE tengaedt 160 hr of
running on feed, the tenperature was adjusted to 640F. After about 380 hr

of runni ng oncat@py cap Henfedmpregnatedypseordingdp ahevs eiBodc Nofg thet dusde, of t he
KF- 757 run u S i, I ki netics while
t he second cgﬁgﬁ)ilésstg&gi sp e&@%&ﬂﬁ&%&%@ﬁ?&eﬁv%%&@ elégglfg{?lgs{]eoow] The above
i npr egnat i on, inga¢grianat sep camhed used.f i dati on steps can al so be used to forma
rejuvenated catalyst. In such a rejuvenation process, a spent or partially
spent cat al ysgxgafpiesstri pped and regenerated. The regenerated catal yst
can then be inpregnated according to above nethod. Note that due to the

p;gfggﬁg t ;3‘(‘) n”@pggscg gAgteJe%h gg@g&mg B peRbsH3lne ProtbRia bl ¥xanpik 20ne
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



- 24 - CLAIMS: 1. A nethod for hydroprocessing a hydrocarbon feedstock using
a rejuvenated supported hydroprocessing catal yst, conprising exposing the

hydr ocar bon f Jo t he rejuvenat ed supported hydr cat al yst
under effecti vedlﬁ &r opr ocessi ng condi ti.g2s, wher e?‘%ﬁ%g‘)%%&gvenat ed

supported hydroproce55|ng catal yst is prepared by a process conprising:

a) preparing g,g@lpi K@WS?S\’V&Hév)élua&rd 19faf}ﬁfanla eetaetb@uﬁ&ml?é A Alidopast one
Goup VIB netal, at |east one G oup VI metal, and a first organic

conpl exi ng age"&ﬂtqr an in-situ bylfiding stqm, ﬁq cataémqwme@dbjlqytédm peiginndjstdistel yst ,

t he supported ti C | udi S or | east one

Goup VIB net Jhé/dd(jgﬁﬁé gf“ Eg@? qﬁ)%eay kg%e?a? 10l ftS’OOé)}s & egenerati ng

the stripped ¢eis@hréSind &h c?ﬁd}Sg&{@?,Q&ﬁﬁa@omO@Ongn ATRRB36 M BPnGRmeat a

temperature of about 500 | ess K%natl ng the regenerated
€

catal yst wi t h ontfeeds ghagatadyst HPS Wtwtyovasm&){’/up%t 757 win ynder the same
| mpr egnat ed, re ﬁgpgﬁsaafgb&aggfﬁtor@e}kﬂ}ernggrperature of from 200 to 450C to

produce a part y cal cined, 1npregnate regener at ed catal yst having a
S AL ORI S R AT T L
present on thgeRd dodbt aGafuttrtRsh catd Nt e WRichG rejtRBRdtion proékss, 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.
EXAMPLE 6

[0059] The following procedure can be used for either impregnating
alumina supports to make fresh catalyst, or for impregnating regenerated
catalyst as part of a rejuvenation process. 8.66 g pyruvic acid was mixed with
6.88 g cobalt acetate tetrahydrate to make a uniform slurry. 9.76 g ammonium
heptamolybdate (AHM) tetrahydrate was dissolved in 10.25 g DI water at
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 pm) 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



sulfiding the partially calcined, inpregnated, regenerated catal yst. 2. The
nmet hod of claim 1, wherein the dried, inpregnated, regenerated catalyst is

subj ected to ne further cycle of steps (c) an until an
i npr egnat ed, ?Jé)g%ﬁg?%t‘ée)d support having2a-total G oup V&ég’#a‘wﬁﬂ’“&?ﬁ VI

netals content of at |east about 35 Wt % is produced. 3.The nethod of claim

1, wherein theecpal thdeQith $15He of thO@Sankd $iRtidN anldHefrel i HRGEMEMPLESES at
| east one organic additive different fromthe organic conplexing -25-

agent. 4. Thetheel Hograghatidmi Fhel finalimaterial wak ee-sized to H-3ehjim awtpdteki ng agent

I's an organic.acid that.contains,a -C(=0)0H functional group and at | east
one addi ti onaforhﬂ{ﬁdfe fyriz ?%‘h%”%]@fdé‘gée@&)"fgrcﬁ‘?ﬂo@ar boxylic acid - C(=0)0H,

hydroxam ¢ acid - C(=0) N(IH) OH, hydroxy -OH, keto >C=0, anmino -NH2, am do

-C(=0) - NH2, i [A08d] >C=rm aliepsiye ,atém} wasiadsa fgpmed; 1Thgeoffh 1985 of ¢l ai m 1,
wherel n the fLrgt RLAANPRIPlEl RoRIEH funh el Bt bea Wilnto 2 PY Vi € aci o
Co/Mo/pyruvic acid solution, as described above, and heated in the same

manner as the catalyst described above. The resulting material was
impregnated a second time with 1.99g of the same solution and heated again in
the same manner. The final material was re-sized to 90-300 um and tested for

hydrodesulfurization and hydrodenitrogenation.

[0062] The calcined materials were 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 '
available KF-757 was evaluated in a parallel reactor under the same conditions.
After the in-situ sulfiding step, the catalysts were subjected to a virgin distillate
feed (Fee‘d #1 in Table 1) at a temperature of 625°F, a total of 500 psig
pressure, and a hydrogen gas treat rate of 700 SCF/B. After about 160 hr of
running on feed, the temperature was adjusted to 640°F. After about 380 hr of
running on feed, the first catalyst displayed HDS activity 150% of the KF-757

_ run under the same conditions on a basis of 1.5 order kinetics while the second

catalyst displayed HDS activity 225% of KF-757.

[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.



6. The nmethod of claim 1, wherein the supported hydrotreating catalyst is

formed by i) preparing a solution, slurry, or other mxture
containing at |east one Goup VIB netal, at |east one Goup VIII netal, and
a second organi c conpl exi ng agent; ii) inmpregnating a support with
the solution, slurry, or mxture; iii) drying the inpregnated support

at a tenperature of from 200 to 450C te,produce a partially calcined,

i mpregnat ed support having a carbon content of at |least 5 w % based on the
wei ght of ChaAlpS:tially cal cined, inpregnated support, the organic sol vent
not being present on the partially calcined, inpregnated support; and

iv) sulfiding the partially calcined, inpregnated support that includes at

| east a portionjof the n%E&PQOPQ&9H§J§P006351J§'% mollesheh febditmaibusigenei n the

second organic corrpl exi ng agent n organic acid that contains a -C(=0)0H
funct i onal rejneugedndupporteas hydmproacding ocmalyﬁun@tmmnamggr@upsmgl gibted from
OH, keto

AR T e S R e S S S
8. The net hegh@ive Bl @oPrRessiiodtiftiohle second organi ¢ conpl exi ng agent
wherein the rejuvenated supported hydroprocessing catalyst is prepared by a
process comprising:
a) preparing a solution, slurry, or other mixture containing at least one
Group VIB metal, at least one Group VIII metal, and a first organic complexing
agent;
b) stripping a supported hydrotreating catalyst, the supported
hydrotreating catalyst including a support, at least one Group VIB metal, and at least
one Group VIII metal;

c) 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;
€) 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

) sulfiding the partially calcined, impregnated, regenerated catalyst.

2. The method of claim 1, wherein the dried, impregnated, regenerated
catalyst is subjected to at least one further cycle of steps (c) and (d) until an
impregnated, regenerated support having a total Group VIB and Group VIII metals
content of at least about 35 wt % is produced.

3. The method of claim 1, wherein the solution, slurry, or other mixture further

comprises at least one organic additive different from the organic complexing



Is glyoxylic acid, pyruvic acid, or citric acid. - 26 - 9. The
nmet hod of claim 6, wherein the first conplexing agent is different fromthe

second conpl exi ng agent. 10. The method of claim1l, wherein the

| npregnat ed, regenerated catalyst is partially calcined at a tenperature
from about 200 to 150C. 11. The method of claim1, wherein the

i npregnat ed, regenerated catalyst is paktially calcined at a tenperature
from about 300 to about 400C. 12. The method of claim1, wherein

stripping tgemt.supported hydrotreating catal yst conprises stripping the
supported hydrotreating catalyst wwth a flowing gas streamat a tenperature
of about 350C or | ess. 13. The nmethod of claim 12, wherein the

supported hydr ogr eat iTRg nfettl ¥Sdlaibs 1 SvhdrBRede Wrdthorgarié edpRxindigbntdds.
14. The method of claim1, wherein the supported hydrotreating catalyst is
stri pped usi arganicswidvbaitcostainsgptGEFOIOFunetzonal group and 8t legrienpaddianalf cl ai m
1, wherein.the supported, hydretreating catalyst, i spent or. partially
spent pataﬁ&@&mﬁgygﬁﬁpéfgﬁ¥%2 Ocha? gﬂﬁé ?dof&géigﬁi By&omegPa?ﬁe met hod
of cl ai m 1cdN(ENOHhyliRa§t-00N &kef >CHhO, Gneisp-NILB afBli@-C(=0)-NH,, imino

>C=NH, epoxy -COC, and thio -SH.

5. The method of claim 1, wherein the first organic complexing agent is

glyoxylic acid, pyruvic acid, or citric acid.

6. The method of claim 1, wherein the supported hydrotreating catalyst is
formed by
1) 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;

i) impregnating a support with the solution, slurry, or mixture;

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

iv) sulfiding the partially calcined, impregnated support that includes at

least a portion of the carbon content.

7. The method of claim 6, wherein the second 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(=O)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.

8. The method of claim 6, wherein the second organic complexing agent

is glyoxylic acid, pyruvic acid, or citric acid.



and the Goup VIIl netal is provided as a netal salt, the anion of the
netal salt being a conjugate base of the solvent. 17. The nmet hod of
claim1l1, wherein the solution, slurry, or mxture conprises at |east one
additional transition netal. 18. The met hod of claim 17, wherein the
at | east one additional transition netal conprises Co, Mo, NI, W Zn, Fe,
Cu, or WMn. - 27 - 19.The nethod of claim1l, wherein inpregnating a
regenerated catalyst with the solution, slurry, or mxture conprises

i npregnating the regenerated catal yst-@th a volunme of solution per vol une

of support that is befwee bout .0.9-1.05 tinmes the pore volune of the

support per vol dne o%ﬁ%ﬁﬁ tqféﬂﬂnfﬁééﬁﬂ?ﬂgﬂﬁ%$tEﬂ@ﬂﬂ lfgaﬂﬂgﬂgﬁﬁﬁﬂﬂﬁ

i npregnat i RgnAnt SISAE LGN nglg%gﬁ§t with the solution, slurry, or mxture
9

conprises Inpregnating the r nerated catalyst with a volunme of solution
per volune of catalyst that is between about 0.9-1.05 tinmes the pore vol une

of e support per volumeah SRk E nddn B Bysttariegss, &' 9
is partially calcined at a temperature from about 200 to 150°C.

11.  The method of claim 1, wherein the impregnated, regenerated catalyst

is partially calcined at a temperature from about 300 to about 400°C.

12.  The method of claim 1, wherein stripping the supported hydrotreating
catalyst comprises stripping the supported hydrotreating catalyst with a flowing gas

stream at a temperature of about 350°C or less.

13.  The method of claim 12, wherein the supported hydrotreating catalyst

is stripped with a flowing inert gas.

14.  The method of claim 1, wherein the supported hydrotreating catalyst is

stripped using a solvent stripping sequence.

15. The method of claim 1, wherein the supported hydrotreating catalyst is
a spent or partially spent catalyst having about 20 wt % or less of coke.

16. The method of claim 1, wherein at least one of the Group VIB metal
and the Group VIII metal is provided as a metal salt, the anion of the metal salt being

a conjugate base of the solvent.

17. The method of claim 1, wherein the solution, slurry, or mixture

comprises at least one additional transition metal.

18. The method of claim 17, wherein the at least one additional transition

metal comprises Co, Mo, Ni, W, Zn, Fe, Cu, or Mn.



rejuvenated supported hydroprocessing catal yst, conprising exposing the
hydr ocar bon feedstock to the rejuvenated supported hydroprocessi ng catal yst
under effective hydroprocessing conditions, wherein the rejuvenated
supported hydroprocessing catalyst is prepared by a process conpri sing:

a) preparing a solution, slurry, or other m xture containing at |east one
Goup VIB netal, at |east one G oup v1b§_netal, and a first organic
conpl exi ng agent ; b) inpregnating a regenerated catalyst with the
solution, slurry9. or Thd xiaticl of figini dgeviereit édlpeghatlngsd régeatmattidngptadysupport ,
at | east one Goup VIB netal, and at |east one Goup VIII netal; c)
drying t he“’ilthﬁh%&ﬁa‘tl%,Sh}f@’g@ﬁé?lé"t“éf‘dc%ft’%ﬂ%émp%nﬁlqgéﬁﬁé?gépﬁﬁaéﬁﬂoqa@)‘%m 200
to 450C to i ' j tal yst
having a cirBan din ohibudlpd SR BEloob ARGty LRAEDS POSHRER 2 ¥
partial |y thelpoteradume opthegopp@tpernefemeoftupportat al yst, the organi c sol vent
not being present on the partially calcined, inpregnated support; and

d) sulfiding the partially calcined, inpregnated, regenerated catal yst that

includes at |eag§ a PRE WiAMbObE LB G2KARRIE MpRPhatind2a FRnemtdashtAfstcl ai m
21 wherein the regenerated catal yst corresponds to a fresh catal yst forned

by - 28 -with the soljtipr, shary, 0g mixisod carpnises shpregyatingrthe regencisfod aatadyst
cont &l i g3 B o S B Y P At A PbecR06 BRHBIM bb Rkl and

a second o
the pore volume of the support per volume of catalyst.

21. A method for hydroprocessing a hydrocarbon feedstock using a
rejuvenated supported hydroprocessing catalyst, comprising exposing the
hydrocarbon feedstock to the rejuvenated supported hydroprocessing catalyst under
effective hydroprocessing conditions,

wherein the rejuvenated supported hydroprocessing catalyst is prepared by a
process comprising:

a) preparing a solution, slurry, or other mixture containing at least one
Group VIB metal, at least one Group VIII metal, and a first organic complexing
agent;

b) impregnating a regenerated catalyst with the solution, slurry, or
mixture, the regenerated catalyst including a support, at least one Group VIB metal,

and at least one Group VIII metal;

c) 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

d) sulfiding the partially calcined, impregnated, regenerated catalyst that

includes at least a portion of the carbon content.

22.  The method of claim 21 wherein the regenerated catalyst corresponds

to a fresh catalyst formed by



ii) inpregnating a support with the solution, slurry, or mxture;

iii) drying the inpregnated support at a tenperature of from200 to 450C to

produce a partially calcined, inpregnated support having a carbon content

of at least 5 wt % based on the weight of the partially calcined,

i npregnated support, the organic solvent not being present on the partially

cal ci ned, inpregnated support; and _0og.1Vv) sulfiding the partially

cal cined, inpregnated support that includes at |east a portion of the

carbon content. i) prepZidng Theluehheldrref oc btiermmidturarb@rtainingait leassimeone of

the Goup VIB netal and the Goup VIIIl netal is rovigled as a netal salt,
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24. The ey of claim2l, wherein the solution, slurry, or mxture
conprises at l'east one additional transition netal. 25. The net hod

of claim 24, whayei nimpregmdtingeasppanwithdit solwial slurrgngimixomenet al conpri ses
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times the f)ore vol ume of the support per volune of catalyst.
east a portion of the carbon content.

23.  The method of claim 21, wherein at least one of the Group VIB metal
and the Group VIII metal is provided as a metal salt, the anion of the metal salt being

a conjugate base of the solvent.

24. The method of claim 21, wherein the solution, slurry, or mixture

comprises at least one additional transition metal.

25. The method of claim 24, wherein the at least one additional transition

metal comprises Co, Mo, Ni, NV, Zn, Fe, Cu, or Mn.

26. The method of claim 21, wherein impregnating a regenerated catalyst
with the solution, slurry, or mixture comprises impregnating the regenerated catalyst
with a volume of solution per volume of support that is between about 0.9-1.05 times

the pore volume of the support per volume of support.

27. The method of claim 21, 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.



