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

in catalysts with reduced activities.

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

having to settle for use in a lower value, less demanding service.
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[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



cal ci ned, inpregnated, regenerated catal yst having a
carbon content of at |east5 wt% based on the wei ght of
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contacting the stripped cat al ?/st W t h a(?
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
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rejuvenation according to the invention,
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



supported catal yst can preferably have at |east about
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[0013] In an embodiment, the rejuvenated catalyst particles are comprised

of Group VIB metals, preferably Mo or W, most preferably Mo, plus Group
VIII metals, preferably Group VIII non-noble metals, more preferably Co or
Ni, most preferably Co, and a residual organic carbon content of at least about
5 wt. %, based on supported catalyst; with the balance being a carrier or
support, wherein the carrier preferably has a minimum pore volume of 0.35 per
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




catalyst contains an organic residue, preferably a
carbon residue. The organic residue is a factor
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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.



catalyst is a supported catalyst that was initially
formed using the inpregnation procedures described for
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having large pore volumes relates to maximizing the loading of impregnation

solution per individual impregnation step.

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

chromium, vanadium, iron, platinum, palladium, cobalt, nickel, molybdenum,
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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
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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
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preferably cobalt conmpounds, nol ybdenum conpounds, an
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vanadium iron, platinum palladium cobalt, nickel,
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mdélybdahims, ilﬂb Hﬁ)%lﬁiﬁr&*ﬂmgsten 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



i nclude pyruvic acid, levulinic acid, 2-ketogulonic

acid, keto-gluconic acid, thioglycolic acid,
wd2@eareribut yri c acid, 1, 3-acetonedi car boxyl i cPEU82009/002204

3-0x0 propanoi c acid, 4-oxolbatanoic acid,

2,3-difornyl succinic acid, 5-o0xo pentanoic acid,

4- oxo pentanoi c acid, ethyl glyoxylate, glycaqlic acid, .
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succinic acid, glutaric acid, nmucic acid, and glycolic
ketazghiconin acidhtitioglyeoheseid, and ghyaodicaicidc Migst prefeated are
.suitable. Preferred organic acids are.glygxylic acid,
ciffibackb Y s BIdoDy R ekt A oxefracid adid
al pha-ketoglutaric acid, 2-ketobutyric acid, pyruvic
[0028]d, kéErgagiclavids suitabilel fort ineaglthie practicaaifdhe prekent
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foRh&tedH Ste §pw§fsdwiingﬁ)reaaﬁabwst formation steps plays an
i mportant role. [0029] In another enbodi ment, a

enerated catal yst,.can be i npregnat ith a .
(085 o BlphRF StmbidERs riselime sty Siead B impegnated
. LL: . .
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as_a solvent. |Instead, the organic conplexing agent is
addiig sgsvestas asejaant katughran 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



The G oup VIB netal and G oup VIII netal can be

provided as salts. In a preferred enbodi nent, at | east
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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



organi c acid conponent to form a sol ubl e netal
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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.



addi tives include conpounds having at |east one oxygen

atom and one nitrogen atom such as ethanol am ne,
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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



illustrated infra in Exanple 1. [0036] The inpregnated
support is then dried. In enbodi nents involving

wo eoopilng7&@ cat al yst precursor_on a support, anPOpUSINE002204
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residue is maintained on the partially calcine
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bound to any theory, the_ organic residue
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
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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.
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whi ch nmay serve as a hydroggﬁ sul fide precursor

i nclude at | east one of carbon disulfide, thiophene,

mer captan, organi c sulfide, dialkyl dlsulfldﬁ1 di aryl

[0042],) £ i abchﬂae@r%mdlaepywam&cmmr@ftgrs%lm caRes ﬁ;p °C

to %Qb K BrethrBR0YC s 408 s ub BTG o 790 10 20786

g@@lﬂ@@@ob%fggSg g@ﬁfgﬁms’o {2 P3 3D L RPH (200 ﬁsizoooigrslg) a

rogen at “e erature for a period of
spscw‘ Yélocienof frons OL I tal®0 UHeS\ia rdfymblypﬁécuor.’shHSV and a
HYDROPROCESSI NG PROCESS é‘r@ Theste
hydrggendpeas @as sate Pt fsomdibhsE0 m (mp(i%)e@swqorﬁqﬂﬁ)eh a

oAy dree o /o L18APaS Sobhat B2y ogenati o,

hydrotreati ng, hydrodesul furization,

[0&4/3}r odeilydrogeataig typ;cﬂbdremlﬁeesenafd@hl am, sulfur contaminants
ydr odear onmati zati on, hydroi soneri zati on,

in ﬁwfe@d&mk |bargconémaurg/meée captanyigantsdp @mmgn@ear&hydr@gen
L SRRDSR Ut (IEeT RS R B AP RERePAET brog the
hyP%&f%]@&i’ségfdgfdcf(%F%ccon & %Pfit%ﬂhf Qﬁﬁéﬁ b9 Qtrg)tpers knock-

rotreat I ons |nv ve tenperatureés
out drime andngelik®0 0C to 400 OC, preferably 200 OC to
400 0OC at pressures in the range of 740 to 20786 kPa

(0942000 THE R ROl nglle %@Eﬁég“s czw*%rg%“q §f Gy 8P hore
fixe@Péd r@ﬁ&t)ﬁ‘sr &b}eﬁcﬁoé zbRePeddHDE whilth q&@oﬁé 8fore
gas rate of from89 to 1780 rrB/rrB(SOOto 0000

cafatl)fs/t Beds pf eiecliydroprdcéssing cagdlyst8 Athough@dheératype©6f catalyst
scf/B). [0043] drotreating typically reduces
beds cam e nsehdixad beds are mgﬁwwdn ych gthasdypescafseasely shheds

indifiy T 27 brS RpUBRGRE YR oy bR i Rine e ey

el s A
cathlysrbeds th tHaﬁsalmémeactor or reaction zone, can be employed since the
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.



[0044] The hydrotreating reaction stage can be

conprised of one or nore fixed bed reactors or
WO e@etizaam zones each of which can conpri se onePOr/USINE002204

cat al yst beds of the hydroplr%cessi ng catal yst.

Al t hough ot her types of catal yst beds can be used,

fi xed beds are preferred. Such other types of catalyst
EXAMPLEA ude fl ui di zed beds, ebul | ating beds, slurry

beds, and noving beds. Interstage cooling or heating
[0648] e en Thea&tMhleqs direeeld t8tatily§iSprephralidh"eAlsupported

cat'al yst beds i'n the sane reactor or reaction zone,
hydeotrdatingrqataly stdis firstceseidhia alepdrotrentmenti processacAftemai s
S &eneral ly exothermic. A portion of the heat generated
u

iiendengir oft img: hsgupnArtsd hydeeiveating caplypecambecamet
e GEET SPRB LIS A GRS AR s G coR SR iaged &
refBob hﬂﬁ f%s%cl@zlﬁr}]cﬁ?ﬁprdauct FQUAN o B @e{tagfaslhy?he dftipped

quench” stream S nmanher, optinmumr ction

catatympehntherebe ecgenbeatedr e easily maintained. It is also
within the scope of this invention to use other

O b b Bl ) o o
re%(hgfaﬁeﬂ Qﬁﬁﬁfét RY dedéribeittovd WHAR solii§orh.0CoBYit r&,@trb(%nﬁiit% can

nples w1l serve to illustrate, but not |im
beimixedtv ioin ciEXAMRId a Elifid Gkidtu Coenalapkatio of di@ut et t 0
catal yst preparation. A sy(gpor_t ed hydrotreating .
aquequs Miturescan be heafed @t SA"Q unfiditha eehaliearbopatede dissolved.

ol S5 S SO R R P o o
resi{?tﬁi% sol-c{ll'ﬁbﬁ AAd StiRART wﬁﬁ?ﬁi rlﬁérmﬁﬁg% GRtRINSImARIhi RS

ped to renpve any feedstock. andror product

heptagsslpbdate i§ dBscbiedl Vedditibhel sitric ppiddcanticadded toahe
then be regenerated. [0047] The follow ng procedure

resglléﬁiung) ecglusiea ;O adjusttheejirae :anigi ;equ@éternellaatretjo satl . yNotethat
. ' ' i on. Co b .

cithg a1 ugern: orLIOH faflon eoupt TRusFE MR br
C(g%@ngtioﬁaf%@ﬂgs & F?ﬁ'cgg ggsﬂ.% Hhef b glo‘fmaﬁg eesoed at

unti oba onate i's dissolved.
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.



Anmmoni um hept anol ybdate can then be added in an M/ Co

ratio of 2:1 to the resulting solution and stirred
wowdokoed278 urt her heating untjl the ammoni um  PCT/US2009/002204

hept anol ybdat e i s dissol vedl9 Additional citric acid

can be added to the resulting solution to adjust the

citric acid : cobalt nolar ratio to 1.8. Note that
EXAMREEZCi d i ncl udes 3 - COOH functi onal groups. Thus,

the nolar ratio of - COOH functional groups to cobalt
[0049]5- 4, ’m'i‘sijeid]ﬁ% k AireCRd 19 prefifatioH Wt RE5H c4aB4PEsihg an

(Mo + Co) is 1.8. Ethylenediram ne can then be slowy
impdeation méthodalimilanto thiet inettoidruseddforingjiivendton. Fresh

et hyl enediamne; Co ratio is 1.8 to formthe .
cataﬁab%t%m@ peapagesl using commeresyliyravaijable akvping $upReHES #aving

d ribed can_ be inpregnated with the inpregnation
th%gcfclfﬂ\yl&g]gppgrt}egti oof 1.5 mM per gram of support. The

i npregnat ed support can be heated under nitrogen flow

at 1100(A) oL argehporaratuminaBF&@IS With pdrtivle dmetersin the range

t he _cool ed sy{p ort _can, be further irrpreignat ed in a
of Je3 iy BE T ¥ AN1 5061°4@kde Pts vehnt:l & 66/ msdian pare

JHER P g R o PR Bloc VAR ey St PRY RIS et
pol gRndIpetcsc of Suen 3 puyge. H COC for 4 hr and at

3750C fo EXAVPLE 2 [0049] This exanple is

directed_to_preparation of a fresh catal yst using an
i mpr egngB) oharge PRsg aluminabeads wika preiqlediamelars By the range

ej 1 1QP- e I i us|
of gettet Bha 6 TRAT TR RE & Me b Re SE B 2 £/ 3 e pore
didrRklePBY Mg PIEWAL HeRSty: (043 bRILINaRY porahvelama; Poads/g, water

with particle dianetérs in"the range of 1.2-2.4 mm
poBEVolafme p&Oca@f guppdet: P2 c/oCune: 1. 16 cc/ g, nedi an

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

. 4 < _
B8 o TR GRSy B8 For OB Rl 85 Bl
aluidirfal s‘h};@oﬁh e 8s6lutidnt "CobANEAbohatd WadtmExedvithEditrifacid

244 nR/ g, Hg pore volume: 1.23 cc/g, median pore
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



di aneter by Hg: 162 A, density: 0.43 g/cc, water pore
volune: 1.22 cc/g, water pore volunme per cc of
WG appoed278 0. 52 cc/ cc. [0050] The foll owi ng pr oRPEHUSE09/002204
was used for inpregnating tB@-above al um na supports
with a solution. Cobalt carbonate was m xed with
citric acidin acitric acid to Co nolar ratio of 1.2
suppertiwas impresnatediin aeeond gyelg with d@)@mﬁtmprqgm@tlon

AL SRR 54 5o T PR ROARBL YAt et
urﬁ@%Hftfc%%n%%‘i'lrle’@f S g?%hdfa%%% 4hing until the

anmoni hept anol ybda ssol ved A itional citric
aci d was added to the resultln sol utlon to adjust the

[0052) i ¢ ddecrbovedirshicatalysis W@u de itable fagdise M hat
yfiedtherfinS afd 1B $5%% ades Pe el peORgiE & B rpgtid of

SR, RS RSO RO e sty

W(btddtH&Q;tﬂgpw and regenbrated.r Thegegédiidratetvatalyst would then be
et hyl enediam ne: Co ratio was 1.8 to formthe

impregnagechacasnding torabove mebsd] Nxvta rthatadlwpﬁbmprcgpcm
nated with t qutlon at ?lg

AR T R R g L S e

d under nitrogen flow at 1100C for 4 hr and
wéé@ﬁ%‘é%%ﬁfor 4 hr. The cool ed- - support was

i npregnated in a second cycle with the sane
E&Mﬁzﬂion solution at a ratio of 1.34 ml per gram
of support. The support was then heated under nitrogen

(0053w at ThiCBfarhple i¢ divectiiiorthe %Z?h@ﬁtfté’itlrf% }5&"0’(0&(9 0%Fresh

The above fresh catal ysts woul d be suit for use in

catalystovasegaepagd tanal dobble imprsgnatéor of a;ppoen(ﬂ) ﬁnm Example 2
according to the nethod of Exanple 1. In such

witle p o bitien; eontpinigeSe, M%é’lgkfe%ﬁld éeittig peidCo y’ﬂ@lpéfﬁtlo of 1.8)
d_.and d
anf SRS 0L Lo B | e R HEad i Rotar Plsiag L85, The

t4200m, t it 1
B Qe LB g L 1 P CiPper 1 mi of
supperft aftebtylciihy a0825iCmndanaitiogens e wbmhdd sapperedvas

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



EXAMPLE 3 [0053] This exanple is directed to the

catal yst testing protocol. A fresh catalyst was
w@e@par@ds by a doubl e i npregpation of support PE&¥/US20091002204

Exanple 2 with a solution tdhtai ni ng Co, Mo, citric

acid (citric acid: Co nolar ratio of 1.8) and ethyl ene

| ycol (ethylene glycolxitric acid nolar ratio
70, %ﬂiF/BFh qutalﬁﬁtewaﬂédwga dgére W@@ﬁt@m@aed@{éﬁdgx{’a@e@r the
nd 115.1 ng CoO per 1m of support after calcining at
Sa%‘fS‘i?e%i e nitrogen. The cal ci ned support was
sulfided in situ at 500 psi (3448 kPa) and a treat gas
rat e Dabled Hydr®&arhas feistk useddocompete catal y4bsS

act i Vijdtodesudfurbacivarand Kydradesitesitidinadi ng of 1.0
cc. In conparison, the conmercially available

(W4 el J i AN
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reactor {un /f’he neli tfi on.” "After an,g,nN-sit

—s-an—f—;—dmy sSPE®  the cdlBPyst sl wore shbj ec‘”‘% t6—3
Fegd #hi n dii st “8 ate fppdié,- eed # ?21\2n Tabl 332;3 at 2 173

Feedifper afur e046 625F. a3Potal lof 38380 psig Pidssurd, ah#0

a hﬂ/drogen gas treat rate of 700 SCF/ B. After 144 hr
EXAMPHERI4ng on feed, the catal yst HDS activity
(volunetric) was 225% of the commercially avail able

lyst, (KK 75 der .t.h dit]
1OF5ET bo s e 40t SRR PRGRA 5 BRI RHLA A fEypror
bShb RN of :
(BYFhoph FpQuflen8ih oMo Eontlirihe CFNg: Gt hcRFitie
acidi€oanbhaneitip b€ $ B)randahylichediaaina (¢thy kinediansiner@o aiolar
220 psi g, 625F, and a hydrogen gas treat rate of-

ratioof 3¢/ B hedsmpregnated supportoptminad 475 e Ye@npad da36omg
Cqﬁggg j dﬁEgﬁé@&%g@%eﬁg&gg@%t%;pT&%e? n%t'rog';_ylg Pfi8 rcgf%:ri]ned

g y . .
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St EPalinet) aid sispidofor HBP detieityExangheto? with b catalyst
sol ution containing Co, My, citric acid (citric

loading ofd .Gre¢.afn cemiparisen, wogymgrrialdy Ryaidadeikdm7ad was
evgﬁltatt]élci n's gAraaWe{]FéagPornl})nldae; 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 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.



ratio of 1.8). The inpregnated support contained 475
nmg MoG3 and 123.6 ng CoO per 1m of support after
w@200eiimi2mg at 3750C under nitrogen. The cal ci nedI/US2009/002204
support was sulfided in sitéat 500 psi (3448 kPa) and
a treat gas rate of 700 Scf/B (125 n8/nB) and tested
for HDS activity in a reactor with a catal yst | oadi ng
In conparison, commercially avail abl e
KF- 757 was evaluated in a parallel reactor under the

[0687E condiflesRRatafyst S¥asFite {)QreﬂldslrthtHém@bB@u&t(ffFExdrﬂple 2,

catal ysts were subjected to a virgin distillate feed
wlféfead aturhinasuppivire(SIA 6518, BE Espefage area o1 56 28%g) was double

. total of 50p5| pressuyre, dr qgen s treat
impaegnased Yot SeplEOR AOREAN dMg’pP §1] ﬁglcg Yruig acid:Co
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métﬁpéﬁﬁeﬁ‘lt in%rmg df phetat bides WAL 4AWDA. d@hﬂﬁm SbiftBAt was
al so be used to forma rejuvenated catalyst. In such a

14:2wt9senEhe oalcitedcapportawapsulfided ipaituiaalS0P pspé3n48 kPa) and

catal yst can be stri E)Eed ang regenerated. The .
a treajges ratecad 108 S (123 myYmeh apd tesipd éghﬂmja%\eaf H &g
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yst was prep usi ng the procedure of

AE&azﬁ’pirﬁm&l su\llfﬁiiﬁg stepathendanalysispperetsubfacd &) a Birgin distillate
surface area = 150 nR2/g) was double inpregnated with a
feed (Eradofl tohablienl)rag actcmple’batuw@ﬁMWFa@l tatal o 5Q0ipsig

aC|dCom)Iar rati o of al ci ned
Prggsuncs 0 Lmlaﬂrogpn .gagérﬁat iate oD SRR chfter 33658 of riping

oL D NG 50 PSR Kr 7 e e sme

coﬁaﬁf(ﬁls‘iﬁﬁabﬁﬁgogltSSﬁiermeti@te of 700 Scf/B (125
and tested for HDS activity in a reactor with a

ogding of 1.0.cc. Jn co
lﬂﬁg Y T gy ampsseistian. #alrinalor ad salidation steps can also

I n
ST e e -
orlpar@al¥y §8m cdtalydtldanitR 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



feed (Feed # 1 in Table 1) at a tenperature of 6400F,
a total of 500 psig pressure, and a hydrogen gas treat

w0 2000/1227%00 SCF/ B. After 336 hr of running onP¢BES009/002204
the catalyst HDS activity ~160% of the KF-757 run
under the sane conditions on a basis of 1.5 order
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and regenerated. The regenerated catalyst can then be
[0068)r egndfict the poeptiratjon of ghxoinapregnating solutiens the sadutéon can
to the presen

begisesl &p {0y ftﬁsﬁfkagaﬁﬁsr{? ;ﬁlg:? lﬁcgﬁg% &%%hrﬁ 9§;ﬂ5§§ oﬁS&SW ’
EXAVPLE T i d
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C&M@bﬁxﬁﬁvic Qkid QlutiPLES B@&ﬂea%n"d%g ﬂggiiﬂg?@' é‘c%b?di}sgtto e
part a rejuvenation process. 8. g pyruvic acid

folewing Agflavé EonditiBHs: 200l 35°C et HE/niif} hellyatrs°€ for 10
make a uniformslurry. 9.76 g anmoni um hept anol é%at e

minABIRY Cﬂeﬂﬁ@ﬁ?dﬁ &¥ 'nUh@@cat\lgg°CrfO|1 6\./\1".@5 frgnpil 2 éo 330°C
C. The ,AH [ A h

at §i2 7 in G SABGE G dRcdmederinRgnaielin} angmpseenated a

seCSHY fiﬂﬂlée\gitff rlt.&f géﬂlflg%c? ?%gkbgﬁ)gﬁ)tnaﬁrfd P{\@a?ed%lf‘ﬂ‘%l dﬁé?xgeem-%‘ﬁér as

-~ resul'ting so _ yruvic acrd _

thd o lhﬁg%égglaﬁ@ﬁc e’ BhAIGASterihl Wa¥réRized 8 9¢-30 Ly AU tEsted
aci d/ nolar ratio = 3.55. [0060] After the

fophypdradasul burizdtionend hydrederitioggnatddbmut i on, the sol ution
can be used to formfresh catalyst. To forma fresh

al yst . | um ] t 0
0687 2s A 5550 AR Af Wit 15 SOSAL7S -
L hiProalgsi A 306 di pa 1t
SO o AR 800 i) W el e it 2210t
Cd/Marpiuvie hélidado1atdén, fagrded Eribedab&a ahd htafed iatthe same
0.3C mn; hold at 1200C for 4 hr; from 1200C to 3300C
magmet ag thercatalysd descaibedaboees dhesepultingipatesislimasng

. _material was ippregn . -
1mpregnate(l a second time i%fl Gid99a;g 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



second time with 1.54 g of the sanme solution and

heated in the sane manner as the 1st inpregnation. The
WO pevali2azeg eri al was re-sized to 90-300 nmm and PEFUSIH09/002204

for hydrodesul furization and hydrodenitrogenati on.

[0061] An alternative fresh catal yst was al so forned

of SA-6 175 ~ Sai nt-Gobain NorPro ~ (sized
rug@nggothmnm@,ondﬁm@ggmaémsw ofhl Q ardergkigetics whlle the second
S. cri bed above, and

ca[%i%qubéﬁfﬁi?yq ﬁ%t‘YFg)h22$ Qf@ at al yst descri bed

above. The resulting material was inpregnated a second
[0063fe Wi (Thelabd®g infpregratiomyeakitaliang and sulfidetiondstegracan also

in the sane manner. The final material was re-sized to
begised bo form armgjuvenated qagalyply dlmow@b@ ﬂemezlatlpa [Pragrss, a spent

or AL et SRS Rl belspgn A rdinekled, Thi Rhbdictated
caﬁg\gﬁ‘tcaﬂ {fier] BE ‘mei‘eg}Q:@ecﬁ&édo‘? dﬁ%/vg%etﬁﬁﬁ e GEﬁ*atfdﬂe to

activity in‘ateactor Wwtir a catalyst [oading of
thd pkeséfice bNmeedly ahithe fegenerared carllyst, preferablyl enlFonks7
was evaluated in a parallel reactor under the same
impoegtiatioorssep gan be uséd i n-situ sul fiding step, the
catal ysts were subjected to a virgin distillate feed
(Feed # 1 in Table 1) at a tenperature of 6250F, 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 tenperature was adjusted to 6400F. After
about 380 hr of running on feed, the first catal yst
di spl ayed HDS activity 150% of the KF-757run under the
same conditions on a basis of 1.5 order kinetics while
the second catal yst displayed HDS activity 225% of
KF-757. [0063] The above inpregnation, cal cination,
and sul fidation steps can also be used to forma
rejuvenated catal yst. In such a rejuvenation process,
a spent or partially spent catalyst can be stripped
and regenerated. The regenerated catal yst can then be
i mpregnat ed accordi ng to above nethod. Note that due
to the presence of netals on the regenerated catal yst,
preferably only one inpregnation step can be
used. CLAIMS: 1. A process for rejuvenating a supported
hydr opr ocessi ng



catal yst, conprising: a) preparing a solution, slurry,
or other m xture containing at | east one Goup VIB
woredoati262a8 | east one Group VIII netal, a firstPCrysaewe002204

conpl exi ng agent, and optir@dally at |east one organic
additive different fromthe first organic conpl exing
agent; b) stripping a supported hydrotreating

$'yst , the supported hydrotreating catal yst
i ncludi ng a support, at |east one Goup VIB netal, and

at |east, %”ﬁro@é%r%j‘u'veﬁ?ﬁﬁé a sfppbR&® APHRIProdesshing

stripped catalyst inthe preSence of an oxygen
catalyst, diomprisiggs at a tenperature of about 5000C or
| ess; d) inpregnating the regenerated catalyst with

the sol uti_on I , . 1] ; i: ‘s

 mpr ognat &0, PreBghe s sollidh it} ofdmEt Hillent Eontaining a
from 200 to ratiind GroliPYIBEmatabadtllEat lovie Grlowp ™I metal, a
i npregnat ed, regenerated catal yst having a carbon

cont ent of afirsteagdnis catipléiagdhgent,tand optioghatly @t ledstone
partially cal ci ned, inpregpated, regenerated catal ﬁt ,.

t he organi c Q@apEmdditive Mfﬁ@nbfr@%%}e gﬁt Pﬁ%al}jﬁﬁ’f‘{ﬂ ¢xing
cal ci ned, inpregnated support; and f) sulfiding the
partially ca &Med, i npregnat ed, regenerated catal yst.

2. A process for making a supported hydroprocessing

cat al yst by ostrigpirepe seppartet bpdratnesting cotapyst sthegupported
a) preparing a, solution, slurr or other m xture

Y., m X
cont ai ni ng akydrefsating catalyit Ainginding3 syppott, qti%?ssf OBfie
Group VITI ”&tr&'lp VIB metal, and at least one Group VIII metal,;

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

less;

d) impregnating the regenerated catalyst with the solution,

slurry, or mixture;

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

impregnated support; and

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

2. A process for making a supported hydroprocessing catalyst

from a regenerated catalyst, comprising:



and a first organic conplexing agent; b) inpregnating

a regenerated catalyst with the solution, slurry, or
worRoobue@78 t he regenerated catal yst includi ng aPCI/PRING (02204

at | east one G oup VIB ner 6,' and at | east one G oup

VIl nmetal; c) drying the inpregnated, regenerated

catal yst at a terrperatlllre of . from 200 to0.4500C to, .

produce a3)aPicPanng AR U PTRSE BUXIUTe §eRtEinipg 3t
cat al yst havie\%gtl ojh{égwﬁﬁ%gﬁ,aﬁfleﬁa o}agﬁltoalg \""fl%netal,

based on the he par I'y~cal cine

| npr egnat ed, aﬂ@gﬁ?ﬁr&?ﬁﬂic‘-“@rﬁbhéiing agutor gani ¢ sol vent
not bei ng present on The partially cal cined,

cal cf ned, O nghBGAHGRE SAEEUIREH S R AR A 8 pejptol, shury,
i ncl ud t '
The proceas OF T af e kodthebiich shtd IRIWGRE #Sippott, a

suppor t ed hygagtsReGrag VaBahyal, drdl 4tde48tén)Giowp VIII

foll owi ng steps and/ or 'wherein the regenerated
catal yst cormetgdpnds to a fresh catal yst forned by the
followi ng steps: i) preparing a solution, slurry, or

other m xtuyrg. @G sl e net al ,
at | east Sﬁe&@é?’g%%ﬁl\ﬁﬁ% %@%tgfif %38%?%%%%§’Sg?§%ni c
conpl exi ng agafferatik€be fikh 20ditd 48020 o pkedadepartiatly
organi ¢ conpl exi ng agent; ii) inpregnati n? a_support

wi th the sol cdlcimed, shpregpatedy regenerated cataly)st Hayingp ¢arbon

I mpregnat ed support_at a tenperature of from 200 to .
4500C to pr otRENtfAileast|3 ‘?’;P%at?aé?ﬁé’a,t e weight ol the partially

i mpr egnat eds r ' c f..at t
5"t % based SHCOkE (BHsRate MARBAETbRAly<E e brkdfe
i npregnat ed §31PBRA ot being present on the partially calcined,

impregnated support; and

d) sulfiding the partially calcined, impregnated, regenerated

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

3. The process of claim 1 or claim 2, wherein the supported
hydrotreating catalyst is formed by the following steps and/or wherein the
regenerated catalyst corresponds to a fresh catalyst formed by the following
steps:

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

different from the first organic complexing agent;

ii) 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



the organic solvent not being present on the partially

cal cined, inpregnated support; and iv) sulfiding the
W(p)ammnﬂzvg/ cal ci ned, inpregnated support that PODUSZIE%002204

at least a portion of the- édrbon content. 4. The

process of claim1l or claim3, wherein the dried,

i npregnat ed, regeneyated cataly IS S t t
| east one furﬁwr&[)@weg@fcagb%gowptsﬁa %@ g %g%ﬁ?d on

[

WB and & oupor Fr epgpEhe BBRALY Afitha. ihurEpRuptshbiin,
W% 1S producgfh oraanit WIVWMGRE beftig presed o e art1all

precedlng cl ai ms, "wherein the first organic coaneX|ng

agent is an oc@amed ampreghatdd suppioati; anda- C( =0) OH
functional group and at |east one additional

o0 o U SR LRl g o

keto >C=0_ ampudd¥# leaGortich oPthdehrdoni dOnfeht>C=NH,
epoxy -COC, and th|o - SH, preferably wherein the first

organlc compl exi ng nt js g|yox aci vic
acid, o dneprecessio cagm REC @c% ?ﬁe“hﬁﬂf‘io)‘ye‘r

im rs?ﬁ?\%é? FgEhBlRa HHIGAELS st dR gg@%te‘g}eaf”‘ﬁ?‘???om%
steﬁ@@étanagﬁ) bAtitaR Qﬁpr@g‘ﬁtb@i’eééﬂéﬁatéb Qupp &Q@nai/ﬁlfdgtbthl Group

The process of any of clains 1 and
ViBhadeGroupt VI pmctglstdmtem mfcalt {exdt Abolutaly wid isgproducddy st
conprises stripping the supported hydrotreating

catal ys
mert” ghis 1o budhgss 39 i plecEale AREhE \PR:Kirplbe first
orgaﬁfcscorﬁ lekitfy P51t QS Gn @F gAY abid thhabtoMtaihsandCe=06)OH
wherei n t he supported hydrotreating catalyst is

funstiohalpgroup sandgat deast lone atldtaniap famui el geoupesedectdh drom
rocess of any of c a nms 1. and 3-
carboyli¢ QN oy g Aish e (ﬁﬁmoﬁydmy -OH,

ket§} éﬁ@e%‘bﬁfgﬁp %@9%%‘2‘5:%&({;@(%2’ %q#]e precé ? by EOC,

and b TSH, phaesibly dther@ifthe first organic complexing agent is

glyoxylic acid, pyruvic acid, or citric acid.

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

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

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

at a temperature of about 350°C or less.

8. The process of any of claims 1 and 3-6, wherein the supported

hydrotreating catalyst is stripped using a solvent stripping sequence.



one of the G oup VIB netal and the G oup VIII netal is
provided as a netal salt, the anion of the netal salt
wheimg2@7Eonj ugat e base of the solvent. 11. ThECPUSMEEE02204
of any of the preceding cta@8ms, wherein the sol ution,
slurry, or mxture conprises at |east one additional
transition netal. 12. The pr.ocess of Cl‘ﬁtm 11, wherein

the at 9-edbe pspeess®d |apmfatla1m8ah§mtl Boh whergin thesyppored
hyiRireding Rl s€Rme sty s kel Figucdo wes

or fc§§38f‘€61?é ed catalyst with the solution, slurry, or

m xture conprises inpregnating the regenerated
catalyst with a vol une of solutlon per, vol une of

suppor t 19-h&he psogsss pé apy M dhe precgdingydaimypehergin ploeast

ond B Uy AP s BRI P AL Ol B

sal, 'ﬁﬁ’é £90AdMde %étﬁgﬁﬂ%@lhg‘a &ﬁlﬁ e ba¥é bhtch@leaitut i on,

3l urry, or mxture conprlses regnating the

regenerated catalyst with a volu of solution per
vol ume bk EB?&’F?%QSSM&Ph@ the prgesding,eJaims) wh ereﬁ1

solgggtg,ls LS 819 rrnei‘xt\ﬁ?e %gt":f‘lp%sé BE1SUPRY dd BEOn M4 SH metal.

12. The process of claim 11, wherein the at least one additional

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

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

the support per volume of support.

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

the support per volume of catalyst.



