- 1 - REGENERATI ON AND REJUVENATI ON OF SUPPORTED HYDROPROCESSI NG CATALYSTS
FI ELD OF THE | NVENTI ON [ 0001] This invention relates to rejuvenation of
suppor t edwGroep2¥d78 pl us Group VIII catal yst for use inpoydsegwecessi ng,

i ncl udi ng hydrodesul furization (HDS) -ahd hydrodenitrogenation (HDN), of
hydr ocar bon feeds. BACKGROUND OF THE | NVENTI ON [ 0002] Duri ng hydrotreating
of hydrocarbon feedstocks, cat al yst _activity decreases with tine on stream
as coke accunul REGENBRANL IUMENA IQN:QH QUPPORBEL: at al yst nust
be regenerated by burni gt ore activity.
Unfortunately, in nost y eating catalyst has a
| ower activity than the ori g| nal fresh cat al yst and nust subsequently be
used in | ess demandi ng, | ower val ued service. [0003]Increasingly stringent

envi r onmeFIEL D G0 THE INNENTIONr equi re signi ficant reductions in the sul fur
content of transportatlon tuels. For exanple, by the end of this decade,

For ope. a1 "’@!La'nea S inasimelnR v Wanation ofieppikd Kitebf Vit AR,
sul fur reg f??ﬂtc%talﬂlttfﬁpﬁg? H'Pﬁif ?H)de@gl %eﬁ{dluéllﬂg%[)ﬂ'?&ﬂ&hl‘ﬁlrﬁﬁtlsﬁ pensive

rmdlflcatlon 0 existing refli quire alysts wth

i ncr easi NGIYShasd &y dasdenitr dgepatioBEIDK), gfﬁfychocarboh)feédsdr otreating
catal ysts are typically higher cost due to higher netal |oadings. Due to

t hese hi | e to regenerate and reuse these
spent ca?QX‘C‘I&(:]'%Cﬁ’n\iIS dﬁpﬁlg@ Arot-ed @e, regenerati on procedures often
result in catal ysts with reduced activities.

[0002] During hydrotreating of hydrocarbon feedstocks, catalyst activity

decreases with time on stream as coke accumulates on the catalyst surface.
Eventually, the catalyst must be regenerated by burning off the coke in air to
restore activity. Unfortunately, in most cases, the regenerated hydrotreating
catalyst has a 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.

[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.



[ 0004] What is needed is a nethod for rejuvenating high activity
hydr opr ocessi ng catal ysts that allows reuse of the rejuvenated catal yst

wi t hout Mwoi2ng/2e278ettl e for use in a | ower val ue, | essPdenmnaviog2eer Vi ce.
WO 2009/ 126278PCT/ US2009/ 002204 - 2 = 23UMMARY OF THE | NVENTI ON [ 0005] I n an
enbodi nent, a process for rejuvenating a supported hydroprocessing catal yst
I's provided. Th I ncl udes preparing a solution, slurry, or other

mi xt ure cXMMARY, QF THE INVENTON,y vi B netal, at |east one Group VII|
metal, and an organi c conplexing agent. This solution will be used as an

i mpr egnat[p@@sjso! ulh @R-enlbdiRiedE aSprovesPidrivefuvdasting hisappoged support ed
hydrotreati ng catal yst, the supported hydrotreating catalyst including a
support , hydroprasessimgecaalyspisprdvidedaThegracess inehides prepatngd VI 11 netal .
Preferably
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catalyst is then inpregnatéd wth the solution, slurry, or xture. After

i npr egnatsupported hydrqtreagingtoachlystgtreesupipedteddtyalrytseating catalydt atchading
tenperature of from 200 to 450C to produce a partially calcined
i npr egnataeMpppEyahleask ere Gsoun YIB matalandatdgey oneSrduany ldmetal.| east 5 wt %

car al yst Prefeeih ot Sinepneaidrofeang Guabatia SRe BRBR I 4RAL"car o mea.
. v IpPELE: ]
canalyer T e R A o o

maki ng a flowingrdedtiual s Regsahnge ofiabbyts3 56°Mor ess.eThoatdpes cat al yst is
provi ded. The process includes preparing a solution, slurry, or other

m xture cotalgstis thpnaregeneratebinthemsegenoe RNy geaCONE|BINEEAS al%oup VI | |
tal,. and ' i t. A ted |yst i

bt ean aCERPRIAH, Hesteif 0P e OFSF e e trechFsaicl GO BB er at od cat al yst

| ncl udi ”gpﬂ;r%rga?é’d (Vithatthels%glﬁiorprgﬁlrg{,a%m‘gt e MiBrdTeAfer ilﬁﬁgﬁrgfi‘ltggbﬁaﬁfe one G oup

VI nmet I npr eghat'ed, régen catalyst Is at a tenperature

of from 3RpregnAcdfedencritod darlyst pdiicdht § teraperanad, ofi fiqrnelPatoed,
regenerated catal yst having a carbon content of at |east )
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 embodiment, a process for making a supported
hydroprocessing catalyst from a regenerated catalyst is provided. 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 impregnated 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. 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



WO 2009/ 126278PCT/ US2009/ 002204 -3- 5 w % based on the weight of the
partially cal cined, inpregnated, regenerated catal yst, the organic sol vent
not bei ngwpree®ens27en the partial ly cal ci ned, inpregnat e@CIusp@oino22the
partially cal cined, inpregnated, reger?'e‘r ated catal yst is then sulfided.

[ 0007] Preferably, the supported catal yst rejuvenated by the above nethods
corresponds to a supported fresh catalyst nmade according, to the fal | ow ng

process. W4 basedon the yyeight of themastially calgmed, impregnated regsnestefing at
| east one _(xoup,VIB nmetal , at | t one Group.VIll .metal,. . an organic
conpl exi n"é‘%ﬁ%{n{he (Kggﬂlﬁps&l\’e té“’?ﬁ%%ﬁﬁ?%’& ?WR%%%?GW@E slurry, or
m xture. ; ' | ' e tedl chf: 200 to
450C to pl;rgggﬁ ﬂéﬂi)éa&gur (?gl we@gm”}“ e((:jt,%iin‘r%g’r gﬁggggggﬁgﬁgiégﬁﬁ%lavicngwgtcar bon

cont ent db tlen swdfided.5 wt % based on the weight of the partially calcined,
| npregnat ed support, the organic solvent not being present on the partially

cal ci ned, | egn par.t rihally: | IL.Mr.eanat ed support
that i ncIISQQ"g]r at ﬁ;éggeﬁ@%@}eﬁugﬁg&cﬁt é}algéf%]&&%lg%{ﬁ? }gétthlersm@toﬁlgn sul fided.
DETAI LED REGH, Edtebbdrlds 1o dufBMEl shQARM 4 mkat hessramiibedihigent s, ¢ he
catal ysts are rejuventated supported catal ysts. The rejuvenated supported
cat al yst sfolowit@prstess: A solpiion,tsbuirg adradthst ntikatre ispreparkd contanling f or
hydr ot reat ment of a hydrocarbon feedstock. The initial hydrotreatnent

causes t H leashpoe Graup M 1B metal; ot Isastone GrapeNillgnetghrandan graagint
t al t, d t i .1 th f k th t
par ti al | yFOuNIREIng LSy A SUBEo impirertA L BT SoTRION SN T on process
begi ns by, {ﬁu%v'mefrﬁg&gﬁwg% p&ﬁqya}iewme&gepﬁu&c&pﬂam@@tdn the spent
IP porte cg al yst.

or partially spent s The feed and/ or product hydrocarbon
i's renovets(BE tetprogpceg puitidilyecdltinsdngngregnatedsappeatt Havinea ahtbors bel ow
about 350C. The stripped catalyst is then regenerated bi contacting the

stri pped coatentpsiat igashS avtYokgspshor the weight f e partiallygadeinedr es of | ess

Lhan about 00 g o RE bR Bl RSPLLNG (FalAL ¥Rnk Sl | P canat e

calcined, impregnated support. The partially calcined, impregnated support

that includes at least a portion of the carbon content is then sulfided.

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

' stripping with a flowing gas stream at temperatures below about 350°C. The
stripped catalyst is then regenerated by contacting the stripped catalyst with an
oxygen containing gas at temperatures of less than about 500°C. The

regenerated hydrotreating catalyst is then impregnated with a solution



WD 2009/ 126278PCT/ US2009/ 002204 - 4 - containing one or nore organic
conpounds. Preferably, the solution also contains additional Goup VIB
and/ or Gwopoddikb2setal s. After drying, the catal yst ispcalustovemoizns
nitrogen, air, or a mxture of nitrogéh-and air at tenperatures of up to
450C to substantially deconpose the organi c conpounds but yet retain sone
resi dual carbopn on the catal yst surface. Residual carbon content is

pr ef er abl ©NMRANIEONSOLMPTY OTERE CPWP@P%ePF@F@&)éﬁﬁéoﬁvwlﬁ%at i ng

catal yst pr [ y this inyaption can ha Laphfi | v hi gher

dosul 1 ur 1 SERE Saieonl GRoud V1B ARof auf NArChitly (ARt by et O, o1 oo
Al so, catghagt iercarzfi’ﬁ&ﬂirpa/itﬁdlgeﬁ, ARG hiiRnite Ufn'&?o@rgéu& higapt|y | ower cost
than simlar catal ysts prepared using fresh carrier versus a used

hydr ot r eateimpgratates ofatpsto 450°Chiersubatanitiallly elecetniposde thor orgagenesmpoundsaind
rejuvenating spent hydrotreating catalyst will significantly inprove the
econoni csbytoret tespingsomeyresidual warboncon e eatalyst synfaneu dResddualiqasbomw sul f ur

transportation.fuels. .[0011] The. s or,, partially spent supported catal yst
can be ei {9 an%‘?@@’?ﬁ?ﬁﬁ%%'ee&rs ﬁlg‘giqbi Ve®based catal yst conprised of a

G oup VIB and G oup VIl metal supported on a carrier that has been used in
any hydr 00028} i ng Theoepseenaldichgdpopeating catalyst poépdrbe byuthisanventiomt al yst
can be conprised of any of the conventional petal oxjdes, such as alum na,
silica, seanhayesignifigantlyrhighesidgsulfurization activibothen the eriginal fres® t her eof .
The support, portion of, the,catal yst can ha conveni ent, .shape, such as
spher es, C}HSTBEF?}H%?%%FU@;% ca g’_relf?fﬁé%ygﬂéﬂé‘?gml% “QBJW[ or partially
spent cataby: i ' ' ubnderaditcdrgee! of coke,
Stch as 12 ETIRA) Aker ol B BRELALINR potke BB FCA YL,

r ej uvenatvepsusg asedhydrotreatihg catalysts.i Burthéh) e vdalpleantthdddat adgesicratang
preferably have at |east about 70% of the surface area and crush strength
of the condaspoienating spertthyshptiegting catelyst willjsignifisentdy, imapeeivedihg to t he
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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
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



WO 2009/ 126278PCT/ US2009/ 002204 - 5 - corresponding fresh catal yst, or at
| east about 105% or at |east about 110% or at |east about 115% Although
t he suppowbDedixataByst can have a netals content after pregamsesanirns of only
90% by wei ght of the G oup VIB and Gr'o%p VIIl metals of the correspondi ng
fresh catalyst, preferably the inpregnation step wll add sufficient netals
to increase the netals content to at | east about 100% te‘ihat t he above

vvsid ghts f‘léflrrrqwoadislgcféeﬁ@ﬁtala/&f,@r at {eashabowtt 530, or atdeast aSepte19%s or
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oxi de present in the corresponding fresh catalyst. Table 1 Contam nant
Amount  (wevil adsi sefficientanetalntouinerease the metals eontgnt 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 rejuvenated
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 <0.3
CaO <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
volume of carrier, more preferably a minimum pore volume of 0.40.
Preferably, the rejuvenated catalyst includes a total metals content of at least

about 35 wt%, calculated as metal oxides. The Group designations are based



Fe <03 CaO <0.3 As <0.1 C<1.5 S<1.0
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on the Sargent-Welch Periodic Table, copyright 1968. As noted above, the
catalyst contains an organic residue, preferably a carbon residue. The organic

residue is a factor leading to increased activity of the catalyst for hydrotreating.

[0014] In another embodiment, the rejuvenated catalysts are supported
catalysts wherein the supported 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, provided that the catalysts have a total metals content of
between about 20-60 wt.%, preferably at least about 20 wt.%, more preferably
at least about 30 wt.%, and even more preferably at least about 35 wt.%,
calculated as metal oxides, and a residual organic carbon content of between
about 1 — 50 wt.%, preferably between about 5-20 wt.%, based on supported
catalyst; with the balance being a carrier or support. The molar ratio of Group
VIII non-noble metal to Group VIB metal in the supported catalysts ranges
generally from about 10 to 1 to about 1 to 10. vPreferably, the ratio of Group
VIII non-noble metal to Group VIB metal is less than about 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.



[0013] I n an enbodi nent, the rejuvenated catal yst particles are conprised of
G oup VIB netals, preferably Mo or W nost preferably M, plus Goup VIII
nmet al s, pweferwlaty’sG oup VI non-nobl e netal s, nore pretCenmsbiog/ooor Ni,
nmost preferably Co, and a residual or'g7ani c carbon content of at |east about
S w. % based on supported catalyst; with the balance being a carrier or
support, wherein the carrier preferabl¥ has a m ni mfum pore vol une, of 0. 35

per vol urk80&6] car rIn@rpreﬁw%d pmbpdimenty the spent ﬁﬁﬁﬁﬁtﬁ”é’ SRS sepRaATtes 40.

east abdialss s eRPBEREN carir b s PTG utnd b8 TR TpbBlBRons are
based V\?yr%éggg;&Mfdgwﬁﬁ% n- 6 - on the Sargent-Welch Periodic

Tabl e, 968. As note t he catal yst contains an organic
resi due, referablé a carbon residue. The org gnlc residue is a factor
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Group VIl non-nobl e nttals, nore prefé Ni, nost preferably Co,

provi ded profdrrddwreadiminsiixd bitice. Preferrd amma:has arerptoems aluntieasveech about
20-60 wm.% preferably at | east about 20 wt.% nore preferably at | east
about 30 astgaypmanthet aleltapkapns @tae@ramnytums ofecrystaliisphasss @ichas cal cul at ed

50 w5 B d%ﬁ%maq”dbib&ééiedﬁwﬁo%o " REOBT RS CE N SOPRd (at al yst,
hon- nobl & eaT SR P Gfie pEbadier AT dophie, B bR okt o

general | matw&mfahemﬁetapomeJsupponp@gt bg ¢ontddllingtled emalhy of siliear ati o of
Goup VIII non-noble netal to Goup VIB netal is |ess than about 3 to 1,

and nore 1pc@1p@r@tbdynnoeasslmm&mamum>om E_xamp@mfa:momot@rﬁ@ndéan o of Group
VII1 non-poble i@&tt Groug VIB reater tBan about 1 to 3, and
nore pr ef‘g’rpémsymﬁ OZHn S35 PB“Qe PHEIYS S0 Ygﬁf’é’f Dl y

| f
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e co espo I'ng neta sup orte cat al yst

precur soradidity BefiEtAWNide ggb;scms‘ WhiletrhdigB iy 86pdinsPech 44 pririaouwl fi dic
conmpounds of the corresponding netals. In an enbodinent, the organic

conpl ex onagnegémtendrtesiedraase dnpheidityanf suehsupperton an organi ¢ acid, such as
a carboxylic acid. [0015]In still another enbodi ment, one or nore of the

retal s AURREUT| I AR EUINENE AR el SaR o ol pBsseRst a1 <
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, €.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/ 126278PCT/ US2009/ 002204 - 7 - [0016]1In a preferred enbodi nent, the
spent or partially spent supported catalyst is a supported catal yst that
was i ni tiwbl2go%asaed usi ng the inpregnation procedures aesarsedenofos the
rejuvenation. [0017] Suitable carriers §supports) can include catal yst
supports, such as refractories, such as silicon carbide, and netal oxides
such as alumna, . silica, silica-alum na, magnesia, zirconi 131 boria, yttria,
titani a afifiCtNEbjUmOr %B%Paﬁa@t fraetabgompeunds acrgengrl % preseat in

Preferred;,al upng [ e | um.nas..such 6‘.@@ hgi. el ta, kappa,
eta or m l&%&ﬁ&@egffomlt?% ?%ﬁﬁ#%@?gﬁo&hﬂs?%ﬁ%p a gen&d ﬂ;@f 5(9 The acidity
and/ or ot §RfidRiGRSH 1ERF a Porfiih BF ofd o InGeRFAhEse M1 eark B CbRIPIEk Y addi ng
pronot ers and/ or ‘dopants, or by controlling the nature of the netal oxide

support, by the ofggnivcsumpdurdibasdiematariabin die cathlystprecarmopordted i nto a
silica-al um_na_ support y Exﬁggfli es of prompters and/ qr. dopants include
1§3F ]
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tend to dgcsLask ﬁe?ﬁu@%%# ¥atﬁbrs§.UCh supports. [0018]1n an enbodi nent, the
support or carrier can preferably possess | arge pore volune per vol une of

support . E(%gl ar ge 1:pore vol une is neant that the squort shoul.d have a pore
vol une of [M20] eastFepdstocks suitable forprraessinghartbe satalysds ob this yayeionos at

| east 0.40 cc/cc. ,The sel ection, of. su rts having | ar ore vol unes
rel ates tB‘c i%f’%-{ﬂé(st ﬁ’é?ﬁ%gfﬂwtw &ﬁ‘ﬁ%@ﬂﬁ&l"%]ﬁ%@gﬂﬁgﬁ SB@\” I ndi vi dual
| Mpr egnat ¢ fiterts *Buith B TEA0bRs MBI AaRE Wit Bbilll SoihfWalkipn that the
catal yst conpositions also contain any additional corffponent that is
convent i ofrai yaphtles vaduunhgds oflf peefembiygbohing iyiths rangd2 siso 4A5%C, di ¢
conponent, e.qg. Bhos horus or boron conpounds, additional transition

B
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cobalt, mEkeh o, F1Y BICHYFucing distillate fuels, especially diesel fuels.

Feedstocks may have high contents of nitrogen- 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/ 126278PCT/ US2009/ 002204 - 8 - zinc, niobium or tungsten. Al these
nmetal conpounds are generally present in the sulfided formif the catalyst
conposi t iwo 2b@si12ben sul fided. Prior to sulfidation, atPpCeastooopreodion of
one or more of these netals can be cordtexed by the organic conmpound- based
material in the catal yst precursor. After sulfidation, it is believed that
at least a portion of the sulfided nmetals are still sonmehow directly or

i ndi r ect | SPlytRd Solyeah sisinparg ean slspdunealvsassequenee pf splventsdpdagiec resi due
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100°C. In an embodiment, the flowing gas stream includes gases that art inert
relative to the materials present on the spent or partially spent catalyst, such as
nitrogen, water, carbon dioxide, or noble gases. Alternatively, an oxygen
containing gas (such as air) may be used. However, the presence of an oxygen
containing gas is likely to permit some removal of coke from the catalyst, so

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 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



perfornmed in any conveni ent manner. One exanple of a stripping nethod is
sol vent stripping, where the spent or partially spent catalyst is exposed
to a sol weoteai2er’der to renove at | east sone of the hyscoasedons22and/ or
coke present on the catalyst prior tolPegeneration. Exanples of suitable
sol vents include aromatic solvents, polar organic solvents, and non-pol ar
organi c WO 2009/ 126278PCT/ US2009/ 002204 - 9 - solvents. Sol vent stripping
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P of su?tab{)e adocﬂgonal trans?tion metals include rhenium, ruthenium, rhodium,
iridium, chromium, vanadium, iron, platinum,‘ palladium, cobalt, nickel,
molybdenum, zinc, niobium, or tungsten. Preferably, the additional transition

metal is one or more of Co, Mo, Ni, W, Zn, Fe, Cu, or Mn.

[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



WO 2009/ 126278PCT/ US2009/ 002204 - 10 - under certain conditions.
Non-limting exanples of suitable Co precursor conpounds include
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additive serves as a solvent. In such an embodiment, water is not used as a

solvent. Instead, the organic complexing agent is used as the organic solvent.

The Group VIB metal and Group VIII 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



[ 0028] Organic acids suitable for use in the practice of the present

i nvention include those containing a functional group selected fromthe
group consoWemgerT8 car boxylic acid -COOH, hydroxmat e aecu/vshiidbl204
hydroxo - OH, keto -C=0, amine: -NH2- l@mide: -CONH2, imine : CNOH, thiol:
SH, epoxy: =COC=, and conbinations thereof These groups are traditionally
categorized as netal binding groups or chel ati ng agents, which form netal
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as a solvent. In such an en%odi nment, water is not used as a sol vent.
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[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



[ 0031] An organic additive (other than the organic conpl exi ng agent) may

al so be added to the inpregnation solution. If an organic additive is

desi red asoparwi126f78t he catal yst precursor, it may be adaeu/useoovhe2280! uti on
used to WD 2009/ 126278PCT/ US2009/ 002384 - 13 - inpregnate the carrier. The
organic additive my be added together with Goup VIB or Goup VIIl netals,

may be added together with _the third tal salt, y he added separately
to the i MFRIGEBAtEtHE saIriari dhe organig; EIV%maHrl&a@ff‘{?ng%’BF&e\‘?ém y range from

a molar ratio 0. to | es, addi t.i ve, per f. - M tal plus
Goup VI 1YTOHR §iB qr VIR fvils added t8§§%*§.f it i el 2
compound Gy 0Bty BOade RipAPReR BThe hibrEAMRIENIMIIGH. TRaSmARErgen
atons, and I ncludes polyols, glycols and ethers thereof and al dehydes or
ket ones. drganid &klitive mayhraagdeiftorn aamolae Iratie of Dyldx@l 5 ngllys edditive giehy| ene
gl ycol, propyl ene glycol, dipropylene glycol, trinmethylol propane,
di et hyl en@ogq gtGroup VilBimgtadplusgiireu VIHanetabt hyl ene gl ycol , et hyl ene
gl ycol nonoet hyl ether, ethylene glycol nonobutyl ether. Organic additives
havi ng at[op82f! 2 IParo&Nbadididnt! AF bHEMIP YRR aR TR HLympbEnd RuliE 2
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[0034] D eIy e o LRARMARYILE Bl AR ISRy obF, ERIRAMTRCOL ¢ 1 5
tetraethylene glycol, ethylene glycol monoethyl ether, ethylene glycol

monobutyl ether. Organic additives having at least 2 oxygen atoms include

polyethylene glycols having a molecular weight less than 600.

[0033] Still other additives are compounds having at least 2 nitrogen
atoms and having 2-10 carbon atoms. Examples include ethylenediamine,
propylene diamine, 1,3-diaminobutane, and 1,3-pentanediamine. Other
additives include compounds having at least one oxygen atom and one nitrogen
atom, such as ethanol amine, diethanol amine and triethanol amine. In yet
another embodiment, the organic additive can be composed of two or more

suitable organic additive compounds.

[0034] During preparation and mixing of the impregnation solution, it is
generally preferred 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.



generally preferred to keep the tenperature bel ow the boiling point of the
sol vent, such as water, to facilitate easy handling of the conponents.
However, woO 2d@si2z6d, tenperatures above the sol vent boi IPCmgSp@o0b2204

di fferent pH values can be used. If tB8-reaction during the mixing step is
carried out at increased tenperatures, the suspensions and sol utions that
are added during the mxing step are preferably preheated to an increased
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if the water pore volune of the sypport is 1.22 cc/g support,, 1.5 cc
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such as nitrogen. After the tional drying step, the inpregnated support
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co nis fr s conti atim effe
or gani ¢ J0¥61 oo T GREiaARaicH SUPBDASS Mah LEalh BECCHERGRE SRS n 1 or ne
f id ' [ . . ti f th

or gani ¢ rOERE AR PR (LRR GR0GY, AFBhtiofl ARRRife PRPLORRE o Gani c
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impregnated support and may range from about 60 to 120°C, in air or an inert

atmosphere such as nitrogen. After the optional drying step, the impregnated
support is further exposed to drying temperatures of from about 100 to 450°C,
preferably 200 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 w.% and preferably 15 wt. % or
| ess, of the weight of the catal yst precursor (includes support, netal
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enbodi ment, the furnace is ranped fromroomtenperature to about 325C in

one hour. dryi Qg/.par.ti cal ci natipn/ deconppsi.tion can be . .carried out
in the pr@gﬁ]:e of(sgé'&b%‘jyn311%WB%@M@SHPWGP‘S@?%Q?Fﬁr{ayﬁeowbﬁﬁctﬁﬁit rogen,
or stati c.aih ' . : ISt I 0 carry
out "t he o e oh AR BB ARRROH Ty ERRPING jmpleghBOn Sl B o,
[ 0039] Thechdytitwg Pay beathe Gahel 3aidted Abevs faraubbéquens ipragantion gelds ned
with the &rﬂece_di ng optional drying step as a single continuous step. It
wi |1 be ufrdlomangdlae fiksttimpegmationagyed¢é.on conditions are control |l ed and
designed so that WD 2009/ 126278PCT/ US2009/ 002204 - 16 - the m xed sol ution
does not rou ] iSBIHRAR" ' | | FoHlid PELigE | ng the
entire drg’ibr%g parti aYleggjl%g?lrS]g]t I-on %’Ea%%r?c@?dd}l th%rj,@h@b gﬁ?ﬁ '

may influence metal dispersion and may help avoid unwanted crystalline

phases. The residual organic carbon content of a catalyst precursor or catalyst
may be analyzed by any conventional carbon analysis instrument, such as |
LECO carbon analyzer manufactured by the LECO Corporation. The effective
amount of time for decomposition will be that needed to reach the desired
residual organic carbon content and will generally range from about 1 second
to about 24 hours. In another preferred embodiment, the furnace is ramped
from room temperature to about 325°C in one hour. The drying/partial
calcination/decomposition can be carried out in the presence of: flowing
oxygen-containing gas (air), flowing nitrogen, or static air or inert gas (no
gaseous supply). It is preferred to carry out the calcination in the presence of

an inert 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



[0040]Finally, it is preferred to sulfide the at |east partially calcined
catal yst precursor prior to or during the hydroprocessing process.

Sul fi di ngwvoheosctmByst precursor produces the catal yst eompssemioozo4 The
sultiding process nmay take place ex silor or in situ and in the gas phase or
liquid phase. In the ex situ process the catal yst precursor is contacted

wth a sulfidj ng agjant such as hydrogen, sul fide and hydrfgen, e.g., 10%
H2S/ H2, athednisgdiseintiempecsnel gosthreugh viRlenioeaperatians SBUF PT MtemUPHON sul fi de

h | ¥St he i ' h I [
| oaded | niSrieBBOHRS druinty byl Bl 2888 o6 wth fyarogen

containing a sulfiding agent such as hydrogen sulfide in the presence or
absence of0040hydr déiaalipnitfiepreferfhd thgu et ldastipamtiaylyadadeing@ provi ded

Mt
directly by deconposition of an additivye (spiking agent) a .ei ther
di rect |§ @%abﬁbp@uwg@ﬁwﬁt@ar dgaglgdilemddé opessing ?g%p &%&&%t S
whi ch may ve as a hydregen sulfide pr r i one of
carbon di g%?#yfgg{ecymoaﬁﬁ%ﬁ&es ?83%?3%,%0%%63%?@' sﬁ% %gdﬁﬁ gfcﬁc%%s di sul fide,
diaryl di ﬁfagftaﬁe_e RBE eR'sHANGnRMuYaHd il e aerrp%@é 8Plixuidi pRisky Iin $h¢ £k de or
di met hyl di ulflgle. Al'ternatively, the cagta yst precursor could be | oaded

wi t h sul f situ procpssuthdcatdigst precarspo secomadi2d wittea sutfeding dgentarchhasdr ogen at

el evated tenperature for a period of time sufficient to sulfide the
catal yst hydroger @ul.ﬁdq\qndcm%gggsl NG, PRUCERS Hpou elevated temperatures for

"hyd I RQ'%,. I in_which d b feed

ronct od wf PRIRGAF S5Es e de op Ut BRaRAT e Metlistr o Ta EIESR 200 | nel e

hydr ogenabifiss, e A28kt AN OARAUN A hcaligfaleRR digogenat i on.
rode ydro

hydr odenet al ['at'i on, aromati zati on, I sonerization,

hydr odevwagsritgeted wd thiigdogea @ontgningca sulifiding epatttsuvk abhgdosgencddlfide
Preferred hydroprocessing processes include hydrotreating. Preferred
hydr ot r eairn thg pressngel or absenseeafia hydriogarhonrfeaddlhg by dupgsnisudlidemrayon. WO

e
i [ ; f bl
agoto 1881 Bt PIE0T o MphYGioRpf that Bhs ol R te e bPling ¢ 05 %00”

LHSV, pr ehgenadivhich mal Gebvd-iiSy hyarshen siffide gestutsordiclgds ak &ast ohe bfom 89 to
1780 nB/ 8 (500 to 10000 scf/B), preferably 178 to 890 nB/nBll‘élooo to 5000

scf/ B). [carbehdjalBde.ghidphgneymicrcaptan, arganie sulide, digdky bdigulfide, diaryl
cont am na{i'llsﬁlﬁde and organic polysulfide, preferably dimethyl sulfide or dimethyl
disulfide. Alternatively, the catalyst precursor could be loaded with sulfur
compounds that decompose to H,S when treated under hydrogen at elevated

temperature for a period of time sufficient to sulfide the catalyst precursor.

HYDROPROCESSING PROCESS

[0041] The term "hydroprocessing" encofnpasses 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.



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 eawedoderezB8ock usi ng conventignal techni ques suelbTAS2&800D2PEr S,
knockout drunms and the like. [0044] Thd7 hydrotreati ng reacti on stage can be
conprised of one or nore fixed bed reactors or reaction zones each of which

can conprise _one or nore catal yst beds of the hydroprocessing cat@I yst.
Al t hough 9042} tydéxd@ﬁreéaag|09§dltmgn&<alrveﬁ§mp§@dureﬁllszélaeb’étg@ INYE

Cou ot i g THEE RepRratVEERCE WA B prBeiees b E Pk MR RS

heat i ng b@m t'beﬁﬁfooﬁﬁg})(g)ré&%l 9880409389008 20abAIsieY abeds in the

same reactor or reaction be enployed since the desuffurization
reacti on spacgeskycityl of feamtenail0. LUSMypréferatdy Oheo hdddSYeardat ed duri ng
hydrotreating can be recovered. \Were this, hgat recover %géion IS not

avai | abl ehydmgmtwabg@sl ragoof frﬁgl 8&90 588@@af/m @0 tmﬂ@%&% bing utilities

such as coo a|3 of a hydrogen quench stream
In this n¥f Pglygﬁﬁemq etT(Tli( dtiﬁ%@ ‘can be nore easily

mai ntained. It is also W|th|n the scope of this invention to use other
cat al yst s[0043] he ddgdrotfeating ttypicallg a¢dloes hitregen arﬁhelhifmt tertamdtaityst s may
conpri se conventional hydroprocessing catal ysts.

2009/ 1262nghefeedspankoby0oom(erting these qontarpimants t0[ @mrs]rrm pad &lydfﬁge@ i's

dlrectedt ata ation orte treatln IS
first usesd1 ’afeﬂgecfﬁwg Yea g%pgg%ggrﬁg%lp%q Sél){ ?%Raéﬂtte athgof time,

t he suppog i spent .
Thi's ar | DEprHel L RAADGiGR Bl %‘?‘%“‘E%S?ﬁf“ﬁ% %*“ﬁ?%f%o@ed%ny
feedstockmﬁrdiﬁﬁrs andatie¢ikepr esent on the catal yst. The stripped catal yst can

then be regenerated. [0047] The follow ng procedure can be used for
[ as . descriped above.w.th a sol ution.

|
2:2‘82??“22@@8%& I B e SRR S R oM S Gl BE FolBRFg BrbRe Br3tod ") ar
rati o of &Wréa'&?or@%?%mﬁ'i@n‘é@ %a@ﬁ‘Bf Bhibs ehit GoMpriz® endWrithotdhe cobal t

carbonate is dissolved. Amoni um heptanol ybdate can then be added in an

Mo/ Co r atdaval9bt tkdk dfahé hgdragotdssitg sarhlyst. oxlthouptsother egpesidffvatdlystur t her
heating until the anmoni um hept anol gq;r:iat e is dissolved. Additional citric

aci d can bedsxande used; fised beds aterpretared. iSuehtash ard'jyms of gatalyst beds aci d

bal t | 1..8. t t | ud - COCH
1(‘: 8n2ti oggpagﬂ%%glzfa@dst?@qh&n&%aqdﬁf %lB;rlé’f z%fsl ncq}’ﬁl&g %8&%“ groups to
cobal t 'SIIn§er§1’ erdofilg o né EEW?enS\ﬁQ%fogélaf}éa‘Eﬂ%h z%'h@ IRt Bedwkdfp + C0) is

1.8. Ethy ene am ne ant ded to t eso ’ut'i on W|th stirring

unlt i1t hecagdlpyt tesisdhahe mn@@emm or t@cﬂxoﬁ Zoaef cambeé Eimployedegned then
sol uti on.
desulfurization reaction is generally exothermic. A portion of the heat

generated during hydrotreating can be recovered. Where this heat recovery
option is not available, conventional cooling may be performed through
cooling utilities such as cooling water or air, or through use of a hydrogen
quench stream. In this manner, optimum reaction temperatures can be more
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.



[ 0048] The regenerated catal yst described can be inpregnated with the
| npregnation solution at a ratio of 1.5 m per gram of support. The
i mpr egnatwo 28empRe278 can be heat ed under nitrogen flow arCIABG®do022d44 hr and
at 375C for 4 hr. Optionally, the cooll8d support can be further inpregnated
In a second cycle with the sane inpregnation solution at a ratio of 1.34 ni

per gram of support. If the optional further inpregnation is used, the
suppor t Mﬁﬁ_be heat ed under nitrogen flow at 110C for 4 hr and at

375C for 4 hr. WD 2009/ 126278PCT/ US2009/ 002204 - 19 - EXAVPLE 2 [0049] This
exanpl e I[%)O%Lgct erhik @xJ | gl@\fsadif&@e&{o BathlyR6 PrepatAtorst Alshpishradd

| mpregnati on thod simlar to the nethod used for rejuvenation. Fresh

cat al yst shywrorrestirgpeatalysuis figt asedrar 8 hgdtotremtmiehtiptoeesd. uAifteaasuppor t s
having the follow ng properties: (A Lar?e pore al um na beads
with par tsudfieient Mpﬁtlm@, theesuppogteddrydrotreating gatalystrashecamg atp/ g, Hg
pore vol une: 1.1, cc/q, di ore dianeter. b : 299 A.. density: 0.45

g/ cc, vva'tjlg?sﬁ?(ﬁlftéﬁ%mﬁ%ét ﬁ‘.‘ﬁ%tnlé%tg‘?ar&ﬁ %FP%%@Q}%?{,?@%%Q“@@%?OSupport :
0.51 cc/ ' ' Hh&d e dianeters
' the. r aemoveany fredstgtitunb §FoRRipEcetfAInpEaLT A TheRMibbed 2 ol

nmedi an pcxraealglgtmtthemby re@enet@tedA, density: 0.43 g/cc, water pore vol une:
1.22 cc/g, water pore volune per cc of support: 0.52 cc/cc. [0050] The

Fol Iow ng[OBh?fedurﬂemﬁ)ﬁlo%%g pfrgéedqu & %%tdsgg f%rh Fm&%%\rllgting 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 cobalt 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 impregnation 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 nitrogen flow at 110°C for 4 hr and at 375°C for 4 hr.



al um na supports with a solution. Cobalt carbonate was mxed with citric
acidin acitric acid to Co nolar ratio of 1.2 and the aqueous m xture

heat ed atwbQ@umti78 t he cobalt carbonate di ssol ved. Anmeairmseévepbzonl ybdat e
was added in an Mbo/Co ratio of 2:1 tolPhe resulting solution and stirred

wi thout further heating until the ammoni um hept anol ybdate di ssol ved.
Additional_citric acid was added to the resulting solution to adjust the
citric adi§AMPBEa2t nolar ratio to 1.8. Note that citric acid includes 3

- COCH functional groups. Thus, the molar ratio of -COOH functional groups

to cobal tjggas) 5. 4 THHSUxhHBISR! diFedtéd ioprepRRItdriord HRSR kai A RSirigoarl M0+ C0)

t hyl enedi am ne was slowy added to the solution Wth stirring
until thamgirbghatmdmethotdksiGnlarao itie meshdd 8sddfdraejuvehatiompFegshat i on

sol ution.%&OOSl]Al um na support (B) was_inpregnated with the inpregnation
sol uti on Gatalysts3yere psepared ugingreemaieseinlly avaiadlealummna supposavaRe suppor t
was heat\ef% L;n@er .r%jsér;%gen flow at 110C for 4 hr and at 375C for 4 hr. The
cool ed ° 280801 B49%s2009/ 002204 - 20 - support was inpregnated in a
second cycle with the sanme inpregnation solution at a ratio of 1.34 m per
gram of support. Ty diapgeporesantinabehdsatvith partiele diametgye in fheomange 110C

for 4 hr and_at 375C for 4 hr. [0052] The above fresh cat al‘:{j;ts woul d be
sui t abl e 9fok-2uksd mm, Bfdr 86y daPimyge. arg &@lwnes bd 0. magdiaB PALE on

di ng,. h h f I : h ' ' :
Soc o or el o IRTLC ok B R SR, LB, 86" i
regeneratﬁ&e%‘tﬁh%?&%@%’fguﬁﬁm ®81iceRicegnat ed according to above nethod.

Not e that” due to the presence of netals on the regenerated catal yst,

referably only one_inpregnation ste ul d _be used, EXAVPLE 3
P y y (B) rIr,%rgeg pore alumina %egg)s w?th particle diameters lfn the range

of 2.4-4.8 mm, BET SA: 244 m%/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 proéedure 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



[ 0053] This exanple is directed to the catal yst testing protocol. A fresh
catal yst was prepared by a double inpregnation of support (A from Exanple
2 with awolwwyam7sont ai ning Co, Mo, citric acid (citri ®@CaaisdooCoozrod ar
ratio of 1.8) and ethyl ene glycol (etBf¥l-ene glycol:citric acid molar ratio
of 1.8). The inpregnated support contained 442 ng Mb03 and 115.1 ng CoO per
1 m of support after calcining at 375C under nitrogen. The, cal ci ned
support WEHPPOI WasiBapragnetadiing sewoodyicly withghg pamedmpragnatinn gas rate of

700 Scf/B_(;125 nB/ n8 tested f DS i yEty t i t.h
Catalyst FOMEPRGE B fat of 134 Tl bEbeiad oLspRtthe oG HEPeR A ) hepla '

Ketj enfi oA T {0 I t der th
sane condit ok gL ou e Lo I Bl e R St alyats wore.
subjected to a virgin distillate feed (Feed #1 in Table 2) at a tenperature
of 625F, K053 al ngh%@bp\@sfrgslpe@tgb@t%wou}mbgsma;trlgé@rnus;ya@ treat rate of 700

Rt R NIRRT RN IR X
inder, heERARFIERTdlons A HRIBRBIoRL, heSpt plpy i (RO5H e

and the t%tnld:l@ms&igged andyeghirgred. tThd Reefelaicatalyessond tdrnchd i ons: a
total pressure of 0 psig, 625F, and aeﬁydrogen gas treat rate of - 21 -
700 SCFM ingpregnsted ageeonding yo abeveldsthadh eNotoihphduel ta thel I@RSABE einder t he
sanme condi ti

ns. Table 2. drocar bon _.feedst Qqck used to conpare catal yst
hydr odes uletl$ Qaﬁhwg&mrqﬂ%F%tagvm,mrs&éﬁ'akyi QY ong impgpenajjart step

would be used.
EXAMPLE 3

[0053] This example is directed to the catalyst testing protocol. A fresh
catalyst was prepared by a double impregnation of support (A) from Example 2
with a solution containing Co, Mo, citric acid (citric acid:Co molar ratio of 1.8)
and ethylene glycol (ethylene glycol:citric acid molar ratio of 1.8). The
impregnated support contained 442 mg MoO; and 115.1 mg CoO per 1 ml of
support after calcining at 375°C under nitrogen. 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, the commercially available Ketjenfine® 757 (KF-757) was
evaluated in a parallel reactor under the same condition. After an in-situ
sulfiding step, the catalysts were subjected to a virgin distillate feed (Feed #1 in
Table 2) at a temperature of 625°F, a total of 500 psig pressure, and a hydrogen
gas treat rate of 700 SCF/B. After 144 hr of running on feed, the catalyst HDS
activity (volumetric) was 225% of the commercially available catalyst (KF-

757) run under the same conditions on the basis of 1.5 order kinetics.

[0054]) The test feed was then changed to 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



Ni t rogen,

ppm APl Aromatics, W% T95, F Feed #1 1.86 167 32.2 32.8
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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

EXAMPLE 4

[0055] A fresh catalyst was prepared by a double impregnation of support
(B) from Example 2 with a solution containing Co, Mo, citric acid (citric
acid:Co molar ratio of 1.8) and ethylenediamine (ethylenediamine:Co molar
ratio of 1.8). The impregnated support contained 475 mg MoO; and 123.6 mg
CoO per 1 ml of support after calcining at 375°C under nitrogen. 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 available KF-757 was
evaluated in a parallel reactor under the same condition. After an in-situ
sulfiding step, the catalysts were subjected to a virgin distillate feed (Feed #1 in
Table 1) ét a temperature of 625°F, a total of 500 psig pressure, and a hydrogen
gas treat rate of 700 SCF/B. After 144 hr of running on feed, the catalyst HDS

activity was 300% of the KF-757 run under the same conditions.

[0056] 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.




773 Feed #2 0.45 39 37.9 25.7 670 EXAMPLE 4 [0055] A fresh catal yst was
prepared by a double inpregnation of support (B) fromExanple 2 with a

sol uti on wornb@/nsatg Co, Mo, citric acid (citric acid: Copomitseomabizes of 1. 8)
and et hyl enedi am ne (et hyl enedi am ne-@ mol ar ratio of 1. 8). The

| npregnat ed support contained 475 ng Mb0O3 and 123.6 ng CoO per 1 m of
support after calcining at 375C under nitrogen. The cal ci ned support was
sul fi ded EXAVIPLER® 500 psi (3448 kPa) and a treat gas rate of 700 Scf/B
(125 nmB8/nB) and tested for HDS activity in a reactor with a catal yst

I'oadi ng ofgok7 cc. AlffeshHRALSWAS pFYARE] Gsiakthe pradeldake of Kkarhple 2as
evaluated in a parallel reactor under the sane condition. After an in-situ
?ul ti di ngwherman aloeninatsappeit $SM65E8sBEjIeairéatetayea=vi Yyin/gliveas double f eed
Feed #1 in Table 1) at a tenperature of 625F, a fotal of 500 [
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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
available KF-757 was evaluated in a parallel reactor under the same condition.
After an in-situ sulfiding step, the catalysts were subjected to a virgin distillate
feed (Feed #1 in Table 1) at a temperature of 640°F, a total of 500 psig
pressure, and a hydrogen gas treat rate of 700 SCF/B. After 336 hr of running
on feed, the catalyst HDS activity was 160% of the KF-757 run under the same

conditions on a basis of 1.5 order kinetics.

[0058] 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.

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



[ 0056] The above inpregnation, calcination, and sulfidation steps can al so
be used to forma rejuvenated catalyst. In such a rejuvenation process, a
spent or weanveeibysspent catal yst can_he stripped and r egenmse@bmo20dhe
regenerated catal yst can then be irrpr@ mat ed according to above nethod.
Note that due to the presence of netals on the regenerated catal yst,

preferably only one inpregnation step can be used. WD i
2009/ 1262?8@@?@@2@@@%9&6@ p-erCﬁC@mtEe@fl@W@ig gonGentrationsal st was

pr epar ed Lng ocedur.e of a - W an al um na support

( SA6578, @E#%%%ﬁ@oapgg&‘g%f%@fﬁé/fg?iﬁéiﬁ%%ﬁg- | npregnated with a

sol ution containing Co, My, pyruvic acid (pyruvic acid:Co nolar ratio of
3.55). Th@060ppor tAftes theaprepamatioatof1lis Gnprepamatingtsotugéon, the solwtionlcanont ent
in ternms of netal —oxides was 44

w % _ Carb t ent 4 % Th
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I . . _ 'y :
was eva L@{@?g{ﬂ&éﬁv@a{cﬁ %ﬁhtlbﬁ%ﬁﬁq{eamdégﬁ%\?%@gﬁ X rgi o thEter an
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runni ng aniff;SIC o204 afl 9.3?Cimia; hold o 1203€aforibhepfoomt IH°KRo7A30°Cun under
t he same condjtjons, on a is.of 1.5 order kinetics. [0058] The ahove
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presence of metal son the regenerated catal yst, preferably only one
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[0061] An alternative fresh catalyst was also formed. 1.1g of SA-6175 --
Saint-Gobain NorPro -- (sized to 90-300 um) was impregnated with 2.21 g of
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 (Feed #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



[ 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 oWoaoosj2ea7enati on process. 8.66 g pyruvic acid was/useooemo2ns h 6. 88
g cobalt acetate tetrahydrate to make24-uniformslurry. 9.76 g ammoni um
hept anol ybdate (ARM tetrahydrate was dissolved in 10.25 g DI water at 40C
The AHM sol ution was added slowy to the slurry w thout heating under

sti rri ng. rustunder the same conditions onumbasis af 1. ouder Kingtics whilgthe secend| ved.
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( Co/ Mo/ py?%?%’ét @épgygﬁ-{iﬁgr?& WHVIZZé%l/f’iinﬁ:ﬁgé{%t rations: 1.1 MCo; 2.2 M M;

pyruvic acid/ Co nolar ratio = 3.55. [0060] After the preparation of the
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forma fresh catal yst, 1.2 g of SC-159 al umina (sized to 90-300 m was
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mat eri al was”I npregnate trnme 0 e sanme solution and
heat ed i ntheleesent® ofamgtels @sthieltegdisdratainsaeglpst, 'Pﬁéferamye ohlynahe mat eri al was
re-sized to 90-300 mand tested for hydrodesul furization and

hydr odeni imprggmatiorostep @0k ysedal t er nati ve fresh catal yst was al so forned.
1.1g of SA-6175 -- Saint-CGobain NorPro -- (sized to 90-300 n) was

i npregnated with 2.21 g of Co/ Mo/ pyruvic acid solution, as described above,
and heated in the same nanner as the catal yst described above. The
resulting material was inpregnated a second tinme with 1.99g of the sane
solution and heated again in the same manner. The final material was
re-sized to 90-300 gm and tested for hydrodesul furization and

hydr odeni t rogenati on. [0062] The calcined materials were sulfided in situ at
500 psi (3448 kPa)



and a treat gas rate of 700 Scf/B (125 nB/nB) and tested for HDS
activity in a reactor wwth a catalyst |oading of 1.0 cc. In
conparison, commercially avail abl e KF“?57 was evaluated in a parallel
react or under the sane conditions. After the in-situ sulfiding step,
the catal ysts were subjected to a virgin distillate feed (Feed #1 in
Table 1) at a tenperature of 625F, a total of 500 psig pressure, and
a hydrogen Yisat ieaflaiimtez] §: 700 SCF/ B. After about 160 hr of running
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rej uvenated catalyst. In such a rejuvenation process a spent or
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hydr opr ocessi ng cexttaipng aoma@ 6)OH flmctlonz—ﬂ 0I'Oup and at
least one additional functlona] group selected from
carboxylic acid —C(=0)OH, hydroxamic acid
—C(=0O)N(H)OH, hydroxy —OH, keto >C=0,
amino —NH,, amido —C(=O)NH,, imino
>C=—NH, epoxy —COC, and thio —SH, optionally
an additional transition metal, and optionally water or
at least one organic additive different from the second
organic acid,
i1) drying the impregnated support at a temperature from
200° C. 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 at least one
organic additive not being present on the partially
calcined, impregnated support, and
i11) sulfiding the partially calcined, impregnated support
that includes at least a portion of the carbon content,
which supported hydrotreating catalyst is at least par-
tially spent;



a) providing a supported hydrotreating catalyst that is fornmed by i)
| npregnating a support with a solution, slurry, or mxture containing
at |l east one Goup VIB netal, at | eas?Oane Goup VIIl netal, a second
organic acid containing a -C(=0)0H functional group and at | east one
addi tional functional group selected from carboxylic acid -C(=0)0H,
hydroxam c acid -C(=0) N(H) OH, hydroxy -OH, keto >C=0, am no - NH2,
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iii) sulfidoxygen c;xantammﬁ Sscahadem a@uae ahputrd 00°tkat
i ncl udes at 9!5 .a portion of the car bon content, which supported

hydrotreat | al yst is at | east par tlaIIy spent - 26 - b)
st ri ppi ngd) Henpregoratedghthie ategen eratedtcatal sﬁtwathearmealmtnmn Iess

Suppor €. at STHESY %ﬁ%@iﬁﬁgvﬁéﬁﬁ%’ﬂh@ %SS%%@&‘ @W%%l%ﬁétb'ﬂiﬁ

netal ; c) ré?gr{ma avilly mietad; at dpadt cnel@roum VI metad tan

?%?23néi’?%§?gﬁiﬁpgﬁﬁa§(ﬁa?9a‘?@ﬁaﬁ%t oriCdee Qﬁ@%ﬁ f@b&#f@ﬁal)

m xture congiretipigapskeat i ldst adnet a'lckéﬂlonaé @mmmdlalmgmlup at

S0y On 1 s 750 b kI AR aﬁédv@ﬁﬁﬁau%mr

group sel echedid r acidar bl:ﬁ(}%N (HHQED) aryoxar(OHcikdeto

b, B oA o AP0 B, Gaber™
transition pa-=-Néhdepuiypnatb-GO®E) andﬂchm) 4o, optiongdly an
additive diff nt _f mthef I st an
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e) partially calcining the impregnated, regenerated catalyst
at a temperature from about 300 to about 400° 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 at least one organic additive not
being present on the partially calcined, impregnated sup-
port; and

f) sulfiding the partially calcined, impregnated, regener-
ated catalyst.




e) partially calcining the inpregnated, regenerated catalyst at a -
tenperature from about 300 to about 400 C. to produce a partially
cal ci ned, inpregnated, regenerated cat® yst having a carbon content
of at least 5 wt % based on the wei ght of the partially cal cined,

| npregnat ed, regenerated catal yst, the at | east one organic additive
not being present on the partially calcined, inpregnated support and
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Y process of claim" W1ere1n ! the first complexing

agent is different from the second complexing agent.

7. The process of claim 1, wherein stripping the supported
hydrotreating catalyst comprises stripping the supported
hydrotreating catalyst with a flowing gas stream at a tempera-
ture of about 350° C. or less.

8. The process of claim 7, wherein the supported
hydrotreating catalyst is stripped with a flowing inert gas.

9. The process of claim 1, wherein the supported
hydrotreating catalyst is stripped using a solvent stripping
sequence.

10. The process of claim 1, wherein the supported
hydrotreating catalyst 1s a spent or partially spent catalyst
having about 20 wt % or less of coke.

11. The process of claim 1, wherein at least one of the
Group VIB metal and the Group VIII metal is provided as a
metal salt having an anion that is a conjugate base of the first
organic complexing agent or the at least one organic additive.

12. The process of claim 1, wherein the solution, slurry, or
mixture comprises at least one additional transition metal.

13. The process of claim 12, wherein the at least one

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



9. The process of claim1l, wherein the supported hydrotreating
catalyst is stripped using a solvent stripping sequence. 10. The
process of claim 1, wherein the suppe8ed hydrotreating catalyst is a
spent or partially spent catalyst having about 20 wt % or | ess of
coke. 11. The process of claim1l1, wherein at |east one of the
Goup "JIB netal and the Goup VIII netal is provided as a netal salt
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correspondi ngnth& JrefRhd? bt 48l okt c@htammg gas at a tem-
perature of about 500° C. or less, the regenerated catalyst
corresponding to a fresh catalyst formed by

i) 1mmpregnating a support with a solution, slurry, or
mixture containing at least one Group VIB metal, at
least one Group VIII metal, a second organic acid
containing a —C(=0O)OH functional group and at
least one additional functional group selected from
carboxylic acid —C(=O0)OH, hydroxamic acid
—C(=0O)N(H)OH, hydroxy —OH, keto >C=0,
amino —NIH,, amido —C(=0)—NH,, imino
>C=NH, epoxy —COC, and thio —SH, optionally
an additional transition metal, and optionally water or
at least one organic additive different from the second
organic acid,

i) 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 at least one




) inpregnating a support with a solution, slurry, or mxture
containing at |east one Goup VIB netal, at |east one Goup VIII
metal, a second organic acid containi-iy-a - CO OH functional group and
at | east one additional functional group selected from carboxylic
acid -C(=0)0H, hydroxam c acid -4=0)N(H) OH, hydroxy -OH, keto >C—0
amno -NH2, amdo -C(=0)-NH2, imno >C=NH, epoxy -COC, and thio
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that i nClé’)d f’iaﬂ}?%salcuﬁ’no the 2 1111pre f‘e&of'egenerarted catalyst
at a temperature from about 300 to about 400° 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 at least one organic additive not
being present on the partially calcined, impregnated sup-
port; and
d) sulfiding the partially calcined, impregnated, regener-
ated catalyst that includes at least a portion of the carbon
content.



- 30- 17. The process of claim 16, wherein at |east one of the
Goup VIB netal and the Goup VIII metal is provided as a netal salt
having an anion that is a conjugate ba3% of the first organic
conpl exi ng agent or the at | east one organic additive. 18. The
process of claim 16, wherein the solution, slurry, or mxture
conprises at |least one additional transition netal. 19. The
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step d) Cantef dmnly one Goup VIB netal selected fromM or W
e b et A s el L
erated catalyst with the solution, slurry, or mixture comprises
impregnating the regenerated catalyst with a volume of solu-
tion per volume of support that is between about 0.9-1.05
times the pore volume of the support per volume of support.
21. The process of claim 16, wherein impregnating a regen-
erated catalyst with the solution, slurry, or mixture comprises
impregnating the regenerated catalyst with a volume of solu-
tion per volume of catalyst that is between about 0.9-1.05
times the pore volume of the support per volume of catalyst.
22. The process of claim 1, wherein the solution, slurry, or
mixture in step d) contains only one Group VIB metal
selected from Mo or W.
23. The process of claim 16, wherein the solution, slurry, or

mixture in step b) contains only one Group VIB metal
selected from Mo or W.





