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modifications to existing refineries, it will be necessary to design a new

generation of catalyst that has very high activity for desulfurization,
particularly for distillate fuels at low to medium pressure. The issue of sulfur
confamination is further complicated by the need of many refineries to process
crudes that are high in both sulfur and nitrogen contaminants as the supply of

crudes low in these contaminants is decreasing.

[0003] The ease of removal of sulfur contaminants depends in part on their
chemical nature. For example, sulfides and disulfides present in lower boiling
distillate fractions are generally more easily removed than the thiophenic and
other heterocyclic sulfur compounds present in higher boiling fractions.
Thiophenic and other heterocyclic sulfur compounds require both ring breaking
and saturation and therefore may require more active hydrodesulfurization

(HDS) catalysts and/or more severe reaction conditions.



(HDS) catal ysts and/or nore severe reaction

condi ti ons.[0004] The general approach to both the HDS
wa@pashydrodeni t rogenati on (HRN) of distillate PCEUS200%021869

catal ytic hydrotreating to convert sul fur and nitrogen

1088k or ci Hhe sesrelppsritagor bt EHEY wid Budrodeniyonion
T80 Sratfiles el VIR E e et b e "

niT’il"rc])gES coRfatihRfts 1O H dfdﬁmmﬁdéﬁﬁﬂal%ﬂﬂﬁa.VT&bicﬁPE@ﬂg&ercial

se catalysts aré usually used in their Sulfide

hy drotreating catalyssl ingluderGroupeVEB and Greup NVl mgtateposi t ed
thereon the netal conponents. CoM cat al ésts on
Mallyhdensmaand fungstemearddee most cowmondy ysed:Gpoup ¥dBanetals

HIgRE RS 0 R SRR s
. ; e, . .
o8 A Uald ey REE ofHR 1, 64 Ry ghrise o
’ . P . .
o B e R L e o Y oS on
aldirfihd agt ricoomandalidedifor e pedsoute proaéssby dihetens NiMs catabysts
| ayer ed phases colggosed of positively charged sheets
ommaliingine g rpsapimendeadoios highcpressureproesssesal | eri es
bet ween the sheets, the rel ated anmoni um ni ckel

bdat . um
[dggwe a Q’a@'&% ‘ﬁgﬁﬁ)%cﬂgg %M&n‘%ﬁb@?& b%vh&ihgt'}g’ﬁgggtemysts

ries bonded to nickel oxyhydroxide she . ,

witﬂrin'gm{mi &tivigV i I, orl apfpﬁ@zic:l'd a familly. of comapodindg, related to

Y., ystal Structure of an Ammoni um Ni ckel Mol ybdate
hgreMciw, byg..Gemiooaim Rickel pralpbdases, has begaprepared. Whereas

enm.stry, Vol, 35, . 14 191-4197 (,1996) . .Th

Xgea Sifisarion welsiches sy el byl IR Bedpv e b
e bmg YAy ARl 5688 g G3lPhnesBle fiARcated n the
gaf\}/gegfés b?ﬁ\gveer?’@ﬁ sﬁlgét)s thé r@ﬂ&te@ﬁﬁhﬁ)rﬁ&%ﬁﬁ&éﬂﬂolybgﬁte p3!15a§e has
mb

zocchia, Soli'd State lonics, 63-65 (1993) "731-

¢ Aioh$ af imedayergalledesibondedstechickel dxghy Satxade sheets.
Nos. 6,162,350, 6,652,738, 6,635,599 and 6, 534, 437,
Sed, IfonéxamplehLavia, Drcdoleds Sitled andYang, byY s €restalndtaucture of

an Rssaonins Nickel Malybaiate repared by Clemical Brecipitatior, ' °
Inorganic Chemistry, Vol. 35, No. 14, p. 4191-4197 (1996). The preparation of
such materials also has been reported by Teichner and Astier, Appl. Catal. 72,
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[0006] Another approach is disclosed in U.S. Patent Nos. 6,162,350,
6,652,738, 6,635,599 and 6,534,437, all of which are incorporated herein by
reference, which relates to a family of bulk Group VIII/Group VIB trimetallic
catalysts for the removal of sulfur from distillate fuels. The preferred
trimetalllic catalysts are comprised of Ni-Mo-W and are prepared from a variety

of catalyst precursor compounds.



catalysts for the renoval of sulfur fromdistillate
fuels. The preferred trinetallic catalysts are
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SUMMIARY QF THE dNMENTION of from 200 to 450 Cto
produce a partially calcined, inpregnated support
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solution, slurry, or other mixture containing at least one Group VIB metal, at

least one Group VIII metal, and an organic additive that serves as the solvent
for the solution, slurry, or mixture. A support is impregnated with the solution,
slurry, or mixture. The impregnated support is dried 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 partially calcined, impregnated support is then
sulfided.

[0010] In another embodiment, a process for making a supported
hydroprocessing catalyst is provided. The process includes preparing a

solution, slurry, or other mixture containing at least one Group VIB metal and



sul fided. [0010] In another enbodi nent, a process for
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cat al yst
includes 3t/}?e Group VIB metal, the solution, slurry, or other mixture further

contains a Group VIII metal. The impregnated support is dried at temperatures
of from 100 to 450 °C to produce a dried, impregnated support. The dried,
impregnated support is sulfided under sulfiding conditions to produce a

supported catalyst.

[0012] In yet another embodiment, the invention provides a catalyst

composition prepared according to any of the above three processes.

[0013] In still another embodiment, the invention provides a method for
hydroprocessing of a hydrocarbon feedstock using a catalyst made according to
an embodiment of the invention. In such an embodiment, the feedstock is

exposed to the catalyst in the presence of hydrogen.



conposition prepared according to any of the above
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ChbRRstataioedt 35 wt. % calculated as netal oxides, and a
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wt. % based on supported catalyst; with the bal ance
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provided that the catalysts have a total metals content of at least about 35 wt.%,
calculated as metal oxides, 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. The
Group designations are based 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. In another embodiment, the 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



the catalyst for hydrotreating. In another enbodi nent,

the catal ysts are supported catal ysts wherein the
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carrier, based on the total weight of the catalyst particles. The Group
designations are based on the Sargent-Welch Periodic Table, copyright 1968.
The molar ratio of third metal to Group VIII metal ranges from about 1 to 10 to
about 10 to 1. Preferred metals are Mo and W from Group VIB and preferred
Group VIII metals are non-noble metals, especially Co and Ni. Third metals
are first row transition metals selected from Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu,
or Zn, preferably Co, Ni, or Zn, especially Zn. When the third metal is Zn, the
third metal may be added at any point in the catalyst preparation. When the
third metal is Co or Ni, the third metal is added after the Group VIB metal and

the Group VIII metal have already been added to the carrier in molar ratios
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[0022] In an embodiment, the support or carrier can preferably possess
large pore volume per volume of support. By large pore volume is meant that
the support should have a pore volume of at least 0.35 cc/cc of support,
preferably a pore volume of at least 0.40 cc/cc. The selection of supports
having large pore volumes relates to maximizing the loading of impregnation

solution per individual impregnation step.

[0023] It is within the scope of this invention that the catalyst
compositions also contain any additional component that is conventionally

present in hydroprocessing catalysts such as an acidic component, e.g.



| arge pore volunme per volunme of support. By |arge pore
volunme is neant that the support should have a pore
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coq{taining 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.

CATALYST PRECURSOR PREPARATION AND CONVERSION TO
CATALYST

[0025] In an embodiment, the catalyst precursors of the invention are
prepared by impregnating a support with an impregnating solution and
calcining. Once the impregnated supported catalyst precursor has been
sulfided, it becomes the catalyst composition. The impregnation solution for
impregnating the support includes Group VIB/Group VIII compounds,

preferably Group VIB/non-noble metal Group VIII compounds, more



sul fur can be processed in the present process. Sul fur

and nitrogen contents nmay be neasured by standard ASTM
woreiokota 795453 and D4629, redpectively. CATALYRIT/US2007/021869

PRECURSOR PREPARATI (J\I AND CONVERSI ON TO CATALYST
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[0026] Organic acids are a preferred class of organic complexing agent.
Non-limiting examples of organic complexing agents suitable for use herein
include pyruvic acid, levulinic acid, 2-ketogulonic acid, keto-gluconic acid,
thioglycolic acid, 4-acetylbutyric acid, 1,3-acetonedicarboxylic acid, 3-oxo
propanoic acid, 4-oxo butanoic acid, 2,3-diformyl succinic acid, 5-oxo
pentanoic acid, 4-oxo pentanoic acid, ethyl glyoxylate, glycolic acid, glucose,
glycine, oxamic acid, glyoxylic acid 2-oxime, ethylenediaminetetraacetic acid,
nitrilotriacetic acid, N-methylaminodiacetic acid, iminodiacetic acid, diglycolic
acid, malic acid, gluconic acid, acetylacetone, citric acid, tartaric acid, aconitic -
acid, suberic acid, tricarballylic acid, malonic acid, succinic acid, glutaric acid,

mucic acid, and glycolic acid. Note that the ammonium salts of acids are also



to prepare Goup VIIl or Goup VIB netal solutions.
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coiRmeRdigly avdiYable catalysts normally comprise at least one of Co, Mo, Ni
or W on a carrier. Preferred commercially available hydrotreating catalysts are
those containing Co and Mo supported on an alumina carrier. For example, a
commercially available hydrotreating catalyst, such as RT-601, KF-757, or KF-
848, available from Albemarle Catalyst Company, can be impregnated with a
solution containing at least one of Co, Ni, or Zn components, followed by

_ drying, optionally calcining, and sulfiding.

[0029] In yet another embodiment, a solution comprising Group VIB,
Group VIII metal components and a third metal component, when the third

metal is Zn, can be used to impregnate a support. After impregnation, the



several different nmethods. Once the catal yst precursor

is sulfided, it becones the catal yst conposition. In
wo@p@serdesli ment, the third skt al conponent nmayP@EUSNITER1869

to a commercially avail abl e hydrotreating catal yst.
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InSRABCHR brhnie cohiplexidk BgBRl Blused alHRU Gy githic 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 metai, such as cobalt, or both could be used to
form the solution, slurry, or mixture. In a preferred embodiment, impregnation
of a catalyst with this type of solution is performed by using an amount of
solution that is similar to the pore volume of the catalyst. For example, per
volume of catalyst, the volume of solution used can be from about 0.9 times to

1.05 times the poré volume of the catalyst. Preferably, a sufficient level of



metal, and an organic conpl exi ng agent or additive,

where the organic additive serves as a solvent. In
wGomk/ozm7enbodi ment, water 182not used as a SOPEENS2007/021869

Instead, the organic conpl exing agent is used as the
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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.

[0034] An organic additive (other than the organic complexing agent) may

also be added to the impregnation solution. If an organic additive is desired as
- part of the catalyst precursor, it may be added to the solution used to

impregnate the carrier. The organic additive may be added together with

Group VIB or Group VIII metals, may be added together with the third metal



preferably at |least 2, and preferably less than 6. The

G oup VB/Goup VIII netal conponent may be added as a
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[0837] t i vd3urdng propapationdendumixing oftth¢ eapteghation solgton, 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.

[0038] The impregnation solution is then added to the support (the support
preferably having the pore volume range noted above), preferably at

temperatures from 20 to 80°C, using the incipient wetness technique. The
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impregnation. The impregnation and mixing conditions may be the same as

noted above for subsequent impregnation cycles following the first

impregnation cycle.

[0040] If the total metals content of the supported catalyst precursor
attains the target metals content, further impregnation cycles are not needed. If
the target metals content is not attained, the impregnation cycles are continued
until the desired metals content is attained. The amount of metals on the
support may be calculated based on the metal concentrations and volumes of

the impregnation solution used for the impregnation. The metal contents may



illustrated infra in Exanple 1. [0039] The inpregnated

support may then be dried and subjected to at | east
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catalyst precursor after drying are no longer in the form of the original organic
additive(s) or organic complexing agent(s) that were impregnated on the
support. While an organic residue is maintained on the partially calcined
support, the original organic additive has been chemically decomposed or

reacted into a different form.

[0042] While not wishing to be bound to any theory, the organic residue
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



the desired drying step may vary dependi ng on the
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process, the catalyst precursor is loaded into the hydrotreating reactor and
contacted with hydrogen containing a sulfiding agent such as hydrogen sulfide
in the presence or absence of a hydrocarbon feed. The hydrogen sulfide may
also be provided directly by decomposition of an additive (spiking agent)
added either directly to the hydrogen treat gas or to the feedstock. Spiking
agehts which may serve as a hydrogen sulfide precursor include at least one of
carbon disulfide, thiophene, mercaptan, organic sulfide, dialkyl disulfide, diaryl
disulfide 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.



with the preceding optional drying step as a single
continuous step. It will be understood that the

wee@parars on conditions are-tbatrol |l ed and desP@es2087021869
that the m xed sol ution does not go through viol ent

NN AT A LT
by L P A58, 1553 B e

mH¥ HeQREQC B ShélPeMbBaRRsnts, StHE gl ggeﬂn Sra‘ﬁﬁ‘e@a)ﬁie from about

ecursor produces the catalyst Conposition.
lﬁﬂi’l(ftwlamtmso&(éss may take place ex situ or |n S|tu
and in the gas phase or liquid phase. In the ex situ
‘ s iﬁursor Is contacted with a
i i i isa ydrogen sul fide and hydrogen,
e.g., 10% H28/H2, at elevated tenperatures for a
[00d6] od CFhd ferm "hytifoproeewsingd enobmipdssesadl pratedsgsin which a
precursor. In the in situ process, the catalyst
h)ph‘@@@lbgnrfeﬁtdslsl reacted with bydn@senu yfltjﬁffeet@m ﬁen@er@tmscnndand

oS0 e s oA
SRR S M 2 >

hydiBisbilgiAl6R! By &ee@waﬁhghﬁid By didetdckinginchalify 6&1@9@%
treat gas or to t he feedstock.” Spi ki ng agents whi ch

hydrpciaeking. #&referteddnydyeprocessing prcmesmsnso]rude ydoetecating.
| east one of carbon disulfide, thiophene, nercaptan,

Prsifersed bydrotrepting lrmlad«bydr@ﬂgwlfurer@twmaﬂdwydm@qnlvpa@atlon-
and organi c polysul fide, preferably dinethyl sulfide

[0047]] mt}@y&roﬁ‘eﬁﬂh% c8fditiOht vedd té%plerattu'i‘@s ﬁl"ﬂl@'r ﬁ%e 150 °C

precursor” could be | oaded wth sul flur conpounds t

totHI00Tq g eferabl#280V0et0 400€°Q siproswiees imytiie egege of 740 to 20786
el evated tenperature for a period of tine sufficient

kRzﬁ(bliléDl 101 1000t see e prefbyably pA% L 13891 KB 100 v 2000 psig), a
S er&ek?enéﬁ Jai8VPredigblidSdn S HSVagnd a
it AR oo of NS & V14m FRCOB U 10000RE0RS. .

pﬂeferﬁblgnl%%%l&%? ((1@09%9%06%@9@) HYDROPROCESSI NG
PROCESS [ 0046] The term hydr opr océssi ng" enconpasses

all processes in whicg ?
[0048] Hydrotreating typlcal y reduces nitrogen and sulfur contaminants

in the feedstock by converting these contaminants to ammonia and hydrogen
sulfide, respectively. These gaseous contaminants may be separated from the
hydrotreated feedstock using conventional techniques such as strippers, knock-

out drums and the like.

[0049] The hydrotreating reaction stage can be comprised of one or more
fixed bed reactors or reaction zones each of which can comprise one or more
catalyst beds of the hydroprocessing catalyst. Although other types of catalyst
beds can be used, fixed beds are preferred. Such other types of catalyst beds
include fluidized beds, ebullating beds, slurry beds, and moving beds.

Interstage cooling or heating between reactors or reaction zones, or between



hydrocarbon feed is reacted with hydrogen at effective
tenperatures and pressures, and include hydrogenation,
whyasoraesat i ng, hydrodesul fut8 zati on, PCT/US2007/021869
hydr odeni t r ogenati on, hydrodenetal | ati on,
hydr odear.,onati zati on, hydroi sonmeri zati on, )
caigly aﬂﬁ@,saraﬁaemr%rﬁa@wrhgo%@mgpﬁglpaley@tsm% the

A EEARGE bR riphas pieratly KO RBRR ARPORRIRERRAS) o
gmﬁ/égéteg %ﬁﬁh[gg{aﬂdg On%a%gada% W&Eﬁsg@h.t WaReO it ABat &9?@

rotreat Itrons 1 nvo tenperatures I n

optidioi nbr@viiable, (ﬁﬂﬂ/eﬂﬁbnﬂfd&)ﬁhgbﬁ?’ BOPefforhed 40uflc at
pressures in the range of 740 to 20786 kPa (100 to

ca0ihg ywditigs, suph @f @oabihg wai@Oortair, b3 8lxbughais¢ 20@ hyslregan
psig), a s&)ace. velocity of from0.1 to 10 LHSV,
qusnehstrgamy Iy thys meanger, gpimymeactigptegpsraturesgandrgsmore

rate of fro 9 17 5 0 cf/B
cdshyufiniaifed s b 3hng The Sotsot t b ER00 i e deher
ca[th? lin Y ¥er sTahu Rpl1é whg@t b¥dy. eSIEESthBE E4tANSHR MAy

suffur contaminants”in thé feedstock by convérting
cdrhpsise emivieationalriiygirbprozossimg eatahdtshydr ogen sul fi de,

respectively. These gaseous contam nants may be

1095f et FEhet R AR g PRSP by fopthe
ST AN BB 0P e ighcantapsgarison

cat 196t NUppofts ha®ipt afie eplwfcsiwith mbiat bomponemeTn adunts
one or nore catal yst beds of the hydroprocessing

ascdefaiedsibovelfolowgd bytdabrinatigresffedtivedogirpducaentdralled be
used, fixed beds are preferred uch ot her types of .

arpgun{s & Orgae residyasgand s\lﬁ@a%ka & teshighactivaty Gatplpess |
slurry beds, and novi ng beds. Interstage cooling or

[0088] | N0 PRE VEREWIRASIRiFleOWvill 886/kitBRI1ERARE, bift /ot limit this
bet weencat al yst beds in the sanme reactor or reaction

invemgon.can be enpl oyed since the desul furization
reaction is generally exothermic. A portion of the

E@gtgggfrat ed during hydrotreating can be recovered.

s heat recovery option is not avail abl e,
conventional cooling may be perforned through cooling
[0052] i t i €Bhis esimple isabitecteyl toatatalystrpreparation. tGatalygts were
of a hydrogen . .
prepared uysing gommercially available alumina supports having the following

properties:

(1) SC-1735: Davicat AL-2700, large pore alumina beads with
particle diameters in the range of 1.2-2.4 mm, BET SA: 150 m?/g, Hg pore
volume: 1.16 cc/g, median pore diameter by Hg: 299 A, density: 0.45 g/cc,

water pore volume: 1.14 cc/g, water pore volume per cc of support: 0.51 cc/cc.

(2) SC-1736: Davicat AL-2750, large pore alumina beads with
particle diameters in 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.



quench stream |In this manner, optinmumreaction

tenperatures can be nore easily nmaintained. It is also
wowdokioreirsie scope of this inintion to use ot hBCT/US2007/021869

catalysts in the case of nultiple catalyst beds. Such
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arge pore vol umes wth net al conponents 1 n anpbunts as

uritilfthe edbalboardohaiel divedvdly Aahmioniirh hiepeiniagbdate was added
produce control | ed anounts of organic residues, and

insam ModCa gatie aﬁa lt t§> the ghsualtmg s0lufion #nd|sfisred. W{tb@m‘}lrrhﬂre

hqadipnt s PR S%%E afe gi '@f%s'g%qs RtGieiopah et agid
wit RGO e r%s%ﬁ%%lpﬁ. ERS p8llsEfhe U . o fholar rato

toPg! Rehtd n?atfcﬁhc%mdnsdbwlc@m (f&ﬁctﬁf;fal y&p'é Thus, the

Davi cat AL-2700, |arge pore alum na beads wt

mphirtratid of dCO®He uacliondl lpgoupsigecobialtwas- 5144amﬂrtheaﬁailaslﬁatlo
150 n2/g, Hg pore volune: 1. 16 cc/g, nedian pore

-Qﬁ@hbﬁamtlbyalkgouasam Modeke) was 108 4Etlgf1@1¢ed1%m1r@rWQ%sléwly

dsd%bﬁgﬁlee St . stiting, ikl e Y ehsdlartint g Tasiayas 1.8 o
eads with particle dianet

fop 8 I B "R D el g g por e

vol unme: 1.23 cc/g, nedian pore dianeter by Hg: 162 A,
[OGéA]su t y:Alomiga gnpport Wai-&73pwrae impregnatediwith the impregnation

SRSt o i LTSeah S5t SHBRE e EiueTshoSaElas
B BRSNS b, o i
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C until the cobalt carbonate sSol ved.

sohmiematudrtdips B4 yhidsdreriasofatgpdrti Mhersulppboffovasathien hehted
2:1 to the resulting solution and stirred w thout
urfder nkteogen flow at 110°C for 4 hr and at 375°C for 4 hr.

EXAMPLE 2

[0055] This example is directed to the catalyst testing protocol. A catalyst
was prepared by a double impregnation of support SC-1735 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



heati ng until the amoni um hept anol ybdat e di ssol ved.

Additional citric acid was added to the resulting
waelehTam t o adj ust the citv2@&-acid : cobalt nRCHDS2007/021869

ratio to 1.8. Note that citric acid includes 3 -COCH

WS S GREH (Cp BITE 9t deed (ERPeEh i Folerat pgpperature

of T Slebnt 10 R Eretrg B drbBeh s hettRisofron,
S?F)ﬂ r IR 494 Hr JER nﬁ'ﬁ@ﬂ ened! tﬁ@cﬁg&éﬁ]}ﬂzﬁ activVRy J‘OI%H{CQI'IC)

e |rrpregna Lonesol Ut on um na uppor
w22 9%36F the T ohithére iR faildblehcatdl9st (KF-g9Mphirdinder the same
solution at a ratio of 1.5 m per gramof support. The
canaditi apnart tet asispaf 1.5 wadertidnetacs. under nitrogen fl ow at

1100C for 4 hr and at 3750C for 4 hr. The cool ed

[0§§§Eor t ’f“’i@estﬁgt{ﬂgg %ttﬁgl? &:Har%eﬁetfi% g&fe‘f ?}&EYM&@. Erﬁtdf@eed #2

i mpreg n'solu aratio

ingrabR 98, andRAefidst cbrﬂ@lti%ﬂﬁ%’sréha‘f@édft@ﬁ{bsB@@W ﬂé@ﬂﬁ‘é
nitrogen flow at 1100C for hr and at 3750C for 4 hr.

condftidlsE 2toltalPrédsufdros 224 ﬁrg | 625F cimdep}i}eﬁogm ghetreat rate of
P

catal yst testing protoco A cat al yst was prepared by
700 SCEHMB e Catplysyactivignwas 138%pwhen S@mpaksstodKE+V 54 under the
sol utign containing Co, My, citric acid (citric
Samg ePNILORS- ar ratio of 1. 8) and ethyl ene glycol
(ethylene glycolxitric acid nolar ratio of 1.8). The

' ”pr’FﬂHﬂtledH?deé@fBorpf&HﬁbBE@s&ﬂﬁ) cemphreadlgst115. 1 ny
&59}1}1 Riza Bﬂ%gh fif Sen ft%véénﬁhﬂﬁ at 3750C under
n|tr gen DAl

e ca Cl ne uppor ided in situ at

500 pS| 3 Pa regt rjat SET o
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condition. After an in-situ sulfiding step, the
EXAMPLEtBwere subjected to a virgin distillate feed
(Feed # 1 in Table 1) at a tenperature of 625F, a

I0DR7E" o 4 BRAGRE WS BiFRRpt By s ety I RRRROR B2 sl sc-

173'6%&Hta3§03¥1§t§od‘9§1t§ﬁ1‘iﬁg’ Coy Mo, %t‘r'féeic'id g&nﬂ@&@%ﬁ/ i’n‘bflartx‘aﬁo

commercial |y aval | able catal’yst run under the
ofSB8Fand ethylenediamine (ethylenediamine: Co molar ratio of 1.8). The

impregnated support contained 475 mg MoQOj3; and 123.6 mg CoO per 1 ml of
support after calcining at 375°C under nitrogen. The calcined support was
sulfided in sifu 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 éatalyst 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 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.



conditions on the basis of 1.5 order kinetics. [0056]
The test feed was then changed to another distillate

wo e@d/ofHeed #2 in Table 1),-2hd the test condi PCDOS08%021869
changed to these | ower pressure conditions: a total

ressure of 220 psig, 6250F, and a hydrogen gas treat
_{%ALQ&HE 00 SCF/B. Catalyst activity was 135% when

conpared to KF-757 under the same conditions. Table 1.

[dﬂSﬂ! ocar QA we %sgﬁlé%éf'éﬁ‘iﬁsh% he WacRlus@bpExaple 1, wle%re

hydr odesul T url zat | nd hydrodeni trogenati on. " EXAMP

arBalu@dihd buppera( SAGSTS VBETsusfhes arkaby 150 adud)l was double
_inpregnation of support SC- 1736 with a solution |
impregaatad wgthca solvsiongiontdiningcCel Wlei pyruwyiaacid:(opruvie aeid:Co

G286 BE 3Dt Theay PPYHE AOBRL AL S S hpRBI TR RREG ndt
mgt;aﬁ’ cBReeNP ggtte?@g é% éq’etgl %d@?a? gfﬁw]c‘mor @‘firb%ﬁf:bf&%g@t fdser

crning a under nitrogen.” Thé ca
1460009, t ThHeTaRindd Sportiwas sufided 200itRat SOG A4S 34#8 kPayand
a treat gas rate of 700 Scf/B (125 nB/nB) and tested
a freat g43Fatecof 0G §ci/B (325 edtimdy and tésted fartADSsActivitydh ag
of 1.0 cc. In conparison, commercially avail able
regetoy svithwa catalyst leading P14 ¢earlal qomparisee; epmmegeially he

RIS R e eves svaliaicdan aurallqiteattar RLsT s sEBe cgBgition.
E H O T £ P
AR L SPGB Rl O35 g

feEﬁ’(FeéH #( QP TI6N B at Altbfipeltdre Ut e40°FUR ﬁ'htagopsvoé gﬁg,
the catal yst HDS’activity was 300% of the KF-75 un

prebsire, dritea Badigen pds treantut&SAMY. BCF/BO0SREr 336t of fimhing
was prepared using the procedure of Exanple 1, where
orafeed) thei catalystod DS aqtiSiyovas 1 GES ofithe K737 san undgtthmsame

/ g) .was double i egnated with a sol ution containi ng
c%%‘?‘tlw, OIb'S’/BGW@ng{ Blg‘gﬁgﬂ“lﬁﬂcé- aci d: Co mol ar ratio of
3.55). The support was cal ci ned at 3750C under

EXANPDEYK Its netal content in terns of netal oxides
was 44wt % Carbon content was

[0059] The following procedure was used for impregnating alumina
supports. 8.66 g pyruvic acid was mixed with 6.88 g cobalt acetate tetrahydrate
to make a uniform slurry. 9.76 g ammonium heptamolybdate (AHM)
tetrahydrate was dissolved in 10.25 g DI water at 40°C. The AHM solution
was added slowly to the slurry without heating under stirring. Stirring was
continued until all cobalt acetate was dissolved. The resulting solution
(Co/Mo/pyruvic acid) had the following concentrations: 1.1 M Co; 2.2 M Mo;
pyruvic acid/Co molar ratio = 3.55. After the preparation of the impregnating
solution was completed, 1.2 g of SC-159 alumina (sized to 90-300 pm) was
impregnated with 1.62 g of the Co/Mo/pyruvic acid solution and heated under
flowing N, according to the following furnace conditions: 20°C to 55°C at
1°C/min; hold at 55°C for 10 min; 55°C to 120°C at 0.3°C/min; hold at 120°C
for 4 hr; from 120°C to 330°C at 1.2°C/min, hold at 330°C for 4 hr. The



14. 2wt % The cal ci ned support was sulfided in situ at
500 psi (3448 kPa) and a treat gas rate of 700 Scf/B
w@ 1@3/0mB8/818) and tested for-HDS activity in a PEHUSNT/021869
with a catalyst |loading of 1.0 cc. In conparison,
avai |l abl e KF-757 was eva

co rciall l.u ﬁdi a
resulting @Pter@ﬁwa AMPFREDAtec S tleaﬁ it Brsd ot b sampe
sqUIag by Bel i B PAEEmAnRE: SEHE M oliprlBhAIH!IREHER
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and a hy t 36

rogen gas tre rate of 700°SCH/ B. After 3

hydro@énitrégehatibon feed, the catalyst HDS activity was
160% of the KF-757 run under the same conditions on a

(s of 1.5 arder Kkinetics LE Qo0 The .
(O03D) 5 rpTEEaRLESy o VSt SATH TPt Seiisr QeI PAP crisiged to
orts. 8.66 ruvi i d I xed with .g. 8
3B huad ippretoBld iR 221 & TR MdBYmt peif sPlRy, o
. s S
e sBGVe A PR ATRE NG o el (BTNl Rbte
atileUtTi¥ rev@Singdeg@rial Wek Ympeegnatedsd sedoydwirhé adth 1.99¢g of the
heati ng under stirring. Stirring was continued unt|?
sah¢ salubeh aind heatztdagamsindihe sameadaniire Thesfimalimaferial was re-
sol ution é)CO/ Mo/ pyruvic acid) had the foll ow ng
sigerht?0-380iLun end tested fardydrogesylivsization agd ¢ aci d/ Co
| gr ratio = 3.55. After the preparation of the
hY%ﬁ%‘&HQ@F%‘%I ution was conpleted, 1.2 g of SC 159

alumna (sized to 90-300 nm was inpregnated with 1.62

[0062] t heTKe¢dibingd mintealschete salfidddan sitncht 50atpsil (3448ckPa)
flowi ng N2 according to the f%lowi ng furnace

arubantheal gassrate2oDTHA ScHBAT25m V107 hiand tessedifen HBSGotivityio a
reppigh DR el b Moot 1048 v £OmETpoR: COBOSEORYY 4
oo RRFRY Lo BTG s L TREGBROARE e 3688 Wpaicions.
ARG SRR EAIA RS g e B RORAIR TR ge disitc
feed qFestes i Tablkeal)i A1 tafperitafedsosl PFOg estal bPHO0 k§@6 0]

Al ternatively, |.l1g of SA-6175 -- Sal nt- Gobai n rPro
pressure; arlda hpdrogen gas treat rate of 700 SCF/B. After about 160 hr of

running on feed, the temperature was adjusted to 640°F. After about 380 hr of
running on feed, the first catalyst displayed HDS activity 150% of the KF-757
run under the same conditions on a basis of 1.5 order kinetics while the second

catalyst displayed HDS activity 225% of KF-757.
EXAMPLE 6

[0062] Most attempts to explain the synergistic effect seen in
Co/Ni/Mo/W hydrotreating catalysts emphasize the “average heat of
formation”, bond energy, etc. of the metal sulfur bond/cluster towards an
optimum value for the HDS reaction (see, e.g., Chianelli, et.al., Journal of

Catalysis 86, 226-230 (1984)). In the “average heat of formation model” the



90-300 mm was inpregnated with 2.21 g of
Co/ Mo/ pyruvic acid solution, as described above, and
whemsemirsr t he same manner a23the catal yst despCi/bsm07/021869
above. The resulti ng material was inpregnated a second
time with f the sane sol ution and heated agai
SyNergigHc MrMOﬁH e paing ROSESFAN Peerags hgat w&gomea et
k‘f‘ﬂa/s 0O mm and tested for hydrodesul furization and
dPdeni t rogenation. [0061] The cal cined materials
were sulfided in situ at 500 psi (3448 kPa) and a
t r eaTabks2.r Aiverage Hédls 8¢ Foinatidn ofrBim&)illlmM ;%émzf or
HDS activity in a reactor with a cataly oadi n
1.0 cErom Eheanebliy ¢tedn Jowtnahef CGasalysis §6a226d3|3@ (lkﬁ
was eALal_ua,t_ed_t_n_a_ngaJ_L_el reactor Hnﬂept_he_san:e-
condi|t i Mh8.compannd: he Heat ef Formatian ¢i dyezageptieatinf
cat allysts were subj et ed(kaal/mol) r gi n diamatioatveith eg

( Feeo # 1 in Table 1) at a tenperat yir B8, &EomoR

t ot al g Pressure d—a hydroge S (re
rat e |of 708“%%:/ B. After aggfﬁ 160 hr of gsusgﬁl ng on
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of KHR-Z5Z EXAMPLE 6 rﬂﬂR')] Most—at anpts to exp! atHn
t he Qynerglcsﬂ95x$: effect seejrl9|8n Co/ N|/l\/b/\/\/4 8

hydr gtreat+ catatysts—enm ze—t —ave e—heat| of
f or mgt i on" NL‘b%hd enef gy, {TZ of the met aldls | fur
bond/[ctTst SF Eowar gasan Opy H TR vatyie for HDS

r eact|i on (see e.g.,| Chi ane i, et. al , Journal of

Cat allysi's 88,5226-230 (1984)4. Tn the "aveymge heat| of
formgti on m)gel t hesynergi stic M M suI fide pairs

possess an average heat of formation of- 40 kcal/nol.
[0DgBf e 2. Aé\vﬁ{ B8 Sedieibf Mk dboVEREARDITbrRAIGH, 3h this sihplistic

xSyl MbS2

Fr om Chi anel |

i, et.al.

in this si

and possibly Fe should also act as HDS promoters o

Jour nal

listic

of 'Cat al ysi's
mdfel 28Gna3N0 shbaBljunctiofasprémotars foreMoSe fad expectdd, but Cu
above_heats of formation

of MoS,. The promotion

activity of Cu and Fe is not normally observed. This discrepancy in observed

vs. calculated activity is ascribed to electronic effects outlined in Harris &

Chianelli, Journal of Catalysis 98, 17-31 (1986) where the concepts of the

covalent contribution to metal-sulfur bond strength and the number of “d”

electrons in the highest occupied molecular orbital are combined into a single

“Activity Parameter”. This activity parameter adequately predicts the synergy

observed in the CoMo and NiMo systems and explains why little or no

promotion is observed in the Cu and Fe systems.



nodel Co and Ni should function as pronmoters for MS2

(as expected), but Cu and possibly Fe should al so act
wW@2008i081p8 onot ers OF MbS2. Th24 pronoti on act i vi PGT/U820CU021869
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EXAMPLE 8 - Third Metal Addition to Bimetallic CoMo/alumina Catalyst A

[0065] To the bimetallic catalyst of Example 7 was added a third metal at
the third metal:Co ratios found in Table 4 (see Example' 13). When the third
metal was Fe, Co, Ni, Cu, Zn, the metal acetate was dissolvedina 1.0 M
aqueous solution of citric acid and added to the CoMo/alumina to incipient
wetness. When the third metal was manganese, the aqueous acetate was added
directly to the CoMo/alumina to incipient wetness. The impregnated support

was dried at 110°C

EXAMPLE 9 - Synthesis of Bimetallic CoMo Catalyst B

[0066] Citric acid and ammonium paramolybdate were dissolved in water

at a 0.5:1.0 molar ratio. An alumina support was impregnated with the citric
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EX@MPHE 11 - Synthesis of High Cobalt CoMo/Alumina Catalyst

[0068] This catalyst was made similar to bimetallic

CoMo/alumina catalyst B, but the Co:Mo ratio was 0.72:1.

EXAMPLE 12 - Sulfiding

[0069] This example is directed to a description of a sulfiding and reaction
testing protocol. Reactions were performed in parallel in a multi-well, high
pressure reactor. In this reactor aluminum vials containing catalyst and oil
were placed in a reactor shell that was pressurized with reaction gas and heated
to high temperatures, so as to maintain the vials at substantially the same
temperature. During reaction (and sulfiding) the entire shell was shaken at 500

rpm to provide mixing of the catalyst and oil in the individual vials. Access of



to high tenperatures, so as to maintain the vials at
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Third Metal Addition Catalysts [0072] Wien M, Fe, and
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blmstalllc catalyst Avvas 0. 48: 1. 0, which as is well

[0e72pn | NvhBR MAFéd, andl s dek@addl 1fthe e bl CoM o Gatalyst
0.5:1 for the conbination of G oup VIB and G oup VIII

Acthieacyivity of Theithird metalsddftions¢atglystsavere lower than

comparative bimetallic CoMo/alumina catalyst A. In contrast, when Co, Ni,
and Zn were added to the comparative bimetallic catalyst A, the activity of the
third metal addition catalyst was greater than the comparative bimetallic
catalyst A, and in general activity increased with the loading of the third metal.
The ratio of Co:Mo in comparative bimetallic catalyst A was 0.48:1.0, which as
is well known in the art is close to the optimum CoMo ratio of 0.5:1 for the
combination of Group VIB and Group VIII catalysts. Thus it is surprising that
further addition of Co and Ni in a subsequent step improved the performance of
the third metal catalysts. Even more surprising, addition of Zn to comparative
bimetallic catalyst A yielded a third metal addition catalyst with greater activity

than comparative bimetallic catalyst A. Based on literature in Example 1, Zn



further addition of Co and N in a subsequent step

i nproved the performance of the third netal catalysts.
WE@R/0Tare surprising, addit+26r of Zn to conpaPEl/Us®07/021869

binmetallic catalyst A yielded a third netal addition
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Base 3rd 3rd Elenent / Base Element Co ratio
AL, ST e B o7 SOl D e
. . i 0. .
0.22 1.04 0.29 0. 9157‘;%"33? 50.36 0.84 0.36 1. 13 Vol‘,'g,":g';:,c
0.73 0.42 1.13 0.48 48 1.11 Fe 0.1 0.89 Cu O.
@92 0. 13° Blaie./16 0. '8 2p 0. 3% 0. 2239 Blgmenen G S¢
Eﬁm%ﬁto 82 (b Rfiic0. 68 alfjcgh gidmet 73 0Cd aio 86 'g:ﬁ(')"c
Mn 0.1 0.84 Ni 0.1 0.95
0.16 0.85 0.16 0.86
0.22 0.86 0.22 1.04
0.29 0.91 0.29 . 1.06
0.36 0.84 0.36 1.13
0.42 0.73 0.42 1.13
0.48 0.81 048 1.11
Fe 0.1 0.89 Cu 0.1 , 0.92
0.16 0.91 0.16 0.90
0.22 0.78 0.22 0.91
0.29 0.78 0.29 0.82
0.36 0.68 0.36 0.88
0.42 0.73 042 0.86
0.48 0.71 0.48 0.89
Co 0.1 1.03 Zn 0.1 1.03
0.16 1.07 0.16 1.00
0.22 1.15 0.22 1.14
0.29 1.08 0.29 1.20
0.36 1.13 0.36 1.15
0.42 1.15 0.42 1.22
048 1.29 048 1.25
EXAMPLE 14 - Testing of Third Metal (Zinc) Substituted for Cobalt
[0073] Substitution of one-third the Co for Zn while maintaining a total

Zn+Co vs. Co ratio with Mo constant at 0.48:1 yielded a ZnCoMo/alumina
catalyst with 1.11:1.0 activity ratio relative to bimetallic catalyst B. Thus Zn
may be substituted for Co in standard catalyst syntheses with retention and

even promotion of performance.




0.48 0.71 0.48 0.89 Co 0.1 1.03 Zn 0.1 1.03 0.16 1.07
0.16 1.00 0.22 1.15 0.22 1.14 0.29 1.08 0.29 1.20 0.36
wa 2080136 1.15 0.42 1.15 0-28-1.22 0.48 1.29 BCHBSHNA621869
EXAMPLE 14 - Testing of Third Metal (Zinc) Substituted
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a second step according to the invention as seen in
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acetyl acetonate salts (Co-AcAc and Mo-AcAc) as precursor compounds.
Acetyl acetonate was used as the organic solvent. After impregnation, the
catalysts were calcined in nitrogen before catalyst sulfidation. The catalysts
thus prepared were evaluated side-by-side with RT-225 and KF-757,
commercial CoMo/Al,O; catalysts available from Albemarle Catalyst
Company. For further comparison, a catalyst of CoMo/Al,O3 was also made

with cobalt nitrate and ammonium heptamolybdate.

CoMo/Al,O; Prepared by Impregnation of Cobalt Nitrate and Ammonium

Heptamolybdate

[0076] Al,O; was selected as a support to deposit CoMo metal oxides.
The support had a surface area of 306 m?/g, a 0.85 cm’/g pore volume, and a
pore size centered on 73 A, as determined by BET data taken from N,
desorption profiles. The Co and Mo precursor compounds used in the
preparation were cobalt nitrate hexahydrate and ammonium heptamolybdate
tetrahydrate. A mixture solution containing Co and Mo precursor compounds

was prepared according to the following procedure. Cobalt nitrate hexahydrate



Acetyl acetonate was used as the organic sol vent.
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precipitate was formed. The solid precipitate was recovered by filtration,
washed with distilled water and ethanol respectively, and then dried in a

vacuum oven at 140°F for 14 hrs.

[0078] A CoMo-AcAc/Al,Os catalyst was prepared by an incipient
wetness technique. The Al,O; support mentioned above was used as a support.
The Co and Mo precursor compounds used in the preparation were cobalt 2,4-
pentanedione or Co(AcAc), and MoO,(AcAc),. A solution containing Co-
AcAc and Mo-AcAc was prepared as following: to impregnate 15 g of alumina
support, 12.14 g of MoO,(AcAc), and 4.57 g of Co(AcAc), were dissolved in
10 ml of HAcAc. The mixture solution was heated on a hot plate around 80°C

to facilitate CoMo-AcAc dissolution. The volume of the final solution used in



hept anol ybdate tetrahydrate (NH4)6M70244H20 was

di ssolved in 180 g of a solution of 15% aqueous
waeossiiers 210 m  of 2, 4- pent3hedi one (HACAC) WaGT/HSHTI021869
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Wit Bne gy s B PlouE iory i i Bstleyef et e Zarb

m&F G 8 tdthEWbk thAPSssists in maintaining separated, smaller crystallites

of CoMo oxides. As a result, it is believed that the carbon framework improves

the dispersion of the CoMo oxides. After sulfidation, the highly dispersed

CoMo oxides are converted into highly dispersed sulfides.

[0081] The two types of Co/Mo Al,O; catalysts described in this example
were subjected to a series of characterization tests, including oxygen |
chemisorption, temperature programmed sulfidation, X-ray diffraction, and an

evaluation of diesel hydrodesulfurization.

Oxygen Chemisorption

[0082] The two types of CoMo/Al,O; catalysts described above were

dried under helium with flow rate of 60 ml/min to 650°F, and then cooled to



cal cined catal yst contained 5.5 wt % CoO, 24 wt % M3,

and 5.5 wt % C by anal yses. The CoMb netal s content was
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MeO,AMtER BFAT (a4, OThe BXYEeh MHUmiRBrpRiva duth frliedte zhdt CoMo

su(ifglggst were better dispersed on Al,O; when CoMo-AcAc precursor
compounds were used to prepare the catalyst rather than the AHM and/or
nitrate precursors. The CoMo-AcAc catalyst has the highest oxygen uptake
among the catalysts, with a value of 272 pmol/g (Table 5). CoMo/Al,O3
prepared from cobalt nitrate and ammonium heptamolybdate has the lowest
cobalt dispersion of 17.6%. Cobalt dispersion was calculated by assuming that
oxygen uptake is only from Co sulfide, and Mo sulfide makes no contribution
to the oxygen uptake. The commercial catalyst A has the highest metal

dispersion. Because it has low metal loading, the overall oxygen uptake is low.
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suppoRaThe poresizalof7aakliinelosé kethay tieporeaixasitheplakma s

'ow. Tabl,é 5 [0084] The surface area of the
suppbit- 7% Ac ZAowevert ther parelvoluat iivdedraasedtframdh8$ sc/z46 0.51

n2/g.. This catalyst has a pore vo|lune of Q.51 cc/
caig whighgpay bedug to &aMe @aetgk depositionyand @uﬁl%égﬂﬁd&&fb@
. smal |l er .t.han t ali f the original Al 203 support of 306
inggIRprated 15?}?:60 3y§€on is made with the al unina
support, the surface area of CoM> supported alumna is
Tahpeatire Rrogtanahed ISalfdddatibnnal al umi na support. The
pore size of 74 Ais close to that the pore size of

al um.na support 73 A ver. re yol iS.
10985} 2ot PR B 0@ Antne § YRR lion KEBSTRES it G Bing
+ RiBober TRy oagatnian pathloahi ipRd aasjer
with IMB dAboan0 [SAD8ELC oMurpds @4 was upsdfpr ok d PSudrfalykis.i Afier
(TPS) was carried out using .
the catalyst was charged in the microbalance, the system was purged with 100

ml/min flow of helium for 30 min. Then helium was replaced with a mixture of
10% H,S/H, gas. The system was purged with 10% H,S/H; gas for 30 min at
room temperature. The microbalance system was ramped from room

temperature to 600°C at 4°C/min, and held at 600°C for an additional 4 hr.

[0086] Figure 2 shows TPS profiles for the inventive CoMo-AcAc catalyst
and RT-601, a commercially available alumina supported CoMo catalyst made
by Albemarle Catalyst Company. The TPS profiles reveal differences between
the commercial CoMo catalyst B and the CoMo-AcAc catalyst, even though
they are both alumina supported CoMo catalysts. Both catalysts showed some
initial weight gain before the temperature reached 250°C, which may be due to
catalyst sulfidation. The TPS profiles indicate that the CoMo-AcAc/Al,Os



a Rubot herm 1-M crogram Magnetically Decoupl ed
M cr obal ance equi pped with Ms. About 0.5 g of
wW@BhAI12083 was used for eacdB IPS anal ysis. AfPET/US1967/021869
catal yst was charged in the mcrobal ance, the system
s purged with 100 m/min flow of heliumfor 30 mn.
catplyt men&me«sﬁggné&aa@@an%eﬂﬁelghﬂ%s inan Be copymonsialy
S.. The .syst em yas > i 4 h %.:H2.S/ 30
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durhoyvehe tBnppravite grogfammet gulfidationi procéssMo- AcAc
catal yst and RT-601, a conmercially avail able al um na

x4 rt e?‘ Pr/b catal yst made by Al bemarl e Catal yst

—@%M% rofiles reveal differences between
the conmercial CoMb catal yst B and the CoMo- AcAc

[0087hI ystXREvanalydioufithetdaeyples wabobtainddmsing adBimier Ddd
CoMb catalysts. Both catal ysts showed sone initial

Enm%qaggr, rganuapirest by ﬁmkerl and pquippecdtwith 2¥antec-1 high-
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(e erpe at ure: progr agmed Syl {1 datLon brogese. Ko oy
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pHRE 8Fd Rirmelilth thelrB§018tiok 36al6 DEthEXRD baftéal e GaMo/

and 45 mA. The diffraction patterns were taken between

oxddesphases th theadatalystrare sither smagphons, rySthlltk cieqiseals
and the tine/step is 0.1 second, [0088] Figure 3 shows
snaallex-thary thei reselation of thexXRdD rorortheywise heghdy dispersgdamn the

s, R 98B B 8 o,
£ . : i
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this' balgl is ABo@M G0 AEA). The surface area of the alumina support used for

forming the CoMo-AcAc catalyst is 306 m?/g. Because the surface area of the

support is greater than the surface area needed to fully disperse the metals in a
monolayer, it is not surprising that the XRD pattern for this catalyst appears to

be amorphous.

Catalyst Diesel HDS Evaluation

[0089] Figures 4 and 5 show the HDS relative volumetric activities
(RVA) of CoMo-AcAc/Al,O; versus several catalysts. In Figure 4, CoMo-
AcAc is compared with the other CoMo catalyst prepared in this Example, as
well as with RT-225 and KF-757. In this set of catalyst HDS activity
evaluations, all of the catalysts were sulfided using 3% H,S balanced with H,.

Virgin distillate was used as a breaking in solvent. The feed used for the



smal l er than the resolution of the XRD, or otherw se
hi ghly di spersed on the surface of alum na. Note that

wao bh@sozias yst cont ai ns 6% Co83 and 24 % Mb(O3. TPET/US2007/021869
surface area required for a nonol ayer dispersion of
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o CAT B KB G B M ARG Fhloktes b i el icte R SHRG
cOIHPORER shcRas TEDBA. t Phé dthiy sl WoR! &@oseetdmlealistilldte Feed
nmonol ayer, it is not surprising that the XRD pattern
atfaoteniperstucad £3 Y3C anpe pressure dE2Gpsighdussshoat al Kigure 4,
Di esel HDS Eval uation [0089] Figures 4 and 5 show the
thef®MetAcA¢ gatadysipeevided atlaast a %é% qquvaly askvantage relative to

th%%ﬁ%%@%é%-ﬁﬁ%iﬁeﬁ%e{ vitiadBates s Miarhi S,

R MR ST Lo Y 80y

th%\@cbrlgéﬁiugflike vallesGhoWrEinCPdAE gst s were sul fided using
3% HZS bal anced with

H2. Virgin distillate was used as

a breaking in_solvent. The feed used for_th tal yst
[0898] uat iToBuEE PERSERSS,2 Airthescompagon veth A S tHaich

cont ai ned, 334 ppm..S and 40 m AN, MO f e I .
PSR PG 1o REV T Nt oI P ouPrEb AL i SGieSe shithp
Fig%r@E.DﬁTF@ne 5¢ WMEASAVRAE KIXP 9P Sebré EestdiPudihg bhbihet e

eed at a tenperature of 3150C and a pressure of 200
deplphydotehtedrdistilldte g dihis feedthad dlddvisitpotd. 878 glcg st 22°C
provided at least a 15%activity advantage relative to
ancheongained 568tppiny Stand: X ppm Nolke tasts wengecaskied out gt 200 and
dvant age qQf CoMp- AcAc.relative to the other CoM
3 P%gﬁ%%ecgﬁmﬁmg%ﬁhée%t?@ughI y correlates with the

oxygen upt ake val ues shown in Table 5. [0090] Figure 5
[009Qyi desF iguerS S@ws tHaRivityuT the CoME-A&X¢ catalygbrelative to

provided the closest activity conparison to CoM-AcAc
theractiWiy tof sommséroial catalyst dufar each ran.Flnghigurs 5, theNdDAC Ac

and KF-757 were tested using another deepl
aqiiyiy Svielations qyere icpnaqde@utwsﬁqgent@é@- The fﬁSﬂéﬁ%Wﬂs/pslfformed

at%o%zggség @gégo%teaé)%gt%cl}?%s@gg glﬂjtenliﬁ S;%SWE&?S %bgﬂij %%5 aPatlive

as KF-757. The repeat run showed a somewhat lower activity of 2.25X. When

the hydrogen partial pressure was increased from 200 to 500 psig, the relative
HDS activity increased to 2.8X.



500 psig respectively using batch reactors. [0091]
Figure 5 shows the activity of the CoMb- AcAc cat al yst
wo edoaniaes to the activity of3kemmerci al cat al yReT/BS$007/021869
each run. In Figure 5 the HDS activity eval uations
rm_arri ed out sequentially. The first test was
CEK;I ‘med at 200 psig hydrogen partial pressure. The

ropeat riin ARisied B mAdfp antpRGiid fypoceiihe st

c gﬂsth? hydrogen partial pressure was increased from
200 to 500 psig, the relative HDS activity increased
to 2.8X CLAIMS: 1. A prpcess for makj,ng a supported
hydr opr oce8biRGPEIRG R JeReEosyRYs PR g Ry his PR R B ipe o
sol ution, sl on@l Brindiall t Aot
one G oup Vi E‘Eﬁ%ﬁto&g,(}lg{u&}le@ast oérﬁlégtéé gﬁp eﬁf&lﬁ? g:lf?ﬁétél,

and an or gani#ndsfl vigahic dolvérdtpr egnating a support wth
the solution, slurry, or mxture; c) drying the

45000t 0. ppbatinekiasfe FadfRENRbRE sSturiche Byl of ixcure

support having a carbon content of at least 5 wt%

based on thp dwinghtheamprégnated supgortatcatenipesature of from 200
i npregnated support; and d) sulfiding the partially
cal ci ned, i npP&PR3ER Psodussra partiallyicalginesh dmpregnagédyi m
1, wh [ t | t f the & I tal t
Group Vi 11 motRPOTaagit f Geon.coatiiR el prleRet S wgbescdon

[ f th . [ ' .
2 on of L1 JENAgRAb B BRI CAOhUITHEARACA Cub i

solution, sluwprdy, or mxture conprises at |east one
additional transition netal. 4. The process of claim

rsn’st \glheir gl gg% pﬁ%ﬂﬁ f lgetséc’ t;)e&{]a%yécda%i}lé&r}%lprgér?a & ts.t'q?pnort.
2. 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, the anion of the

metal salt being a conjugate base of the solvent.

3. The process of claim 1, wherein the solution, slurry, or mixture

comprises at least one additional transition metal.

4. The process of claim 3, wherein the at least one additional

transition metal is Co, Mo, Ni, W, or Zn.

5. The process of claim 1, wherein impregnating a support with the
solution, slurry, or mixture comprises impregnating the support 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.

6. A process for making a supported hydroprocessing catalyst,

comprising:



5. The process of claim1, wherein inpregnating a
support with the solution, slurry, or mxture

W@ o9pTEes | npregnating the 3@pport with a vol BEEUST007/021869
sol ution per volune of support that is between about
0.9 - 1.05 tines the pore volu of the support per, .
vol une of d@ppbyeparipg a/ﬁ°§ﬁt%’e§ IFYp OF ERGT TRIXIUIS ONARIgG at
hydr opr ocessi ng_cat al yst r1,Si NG, r '
sol ution, sl ur%ﬁ,St gie %f%’r9%?}?@3’0&&6‘%@i"ﬁ‘ga(g‘{"q‘%e‘gg
one Group VI'B feidl atst 18hst|BR Ure e colifpbkilh et 3l
and at | east one organic conpl exing agent; (Db)
i mpregnating a support with the solution,. slurry, or
i xt ure; (él% dingpregnating a sppRAyh Midthe sepuion, ghurry, or
tenperatures of .from 200 to 5000C to produce a dried,
i npregnated su € (d) subjecting the dried,
i npregnated support to at | east one further cycle of
steps (b) @0d d8lngthd impraghatpd egppuredt upeesturdsaof fiom
a total Goup VIB and Goup VIII netals content of at
| east about 2020 tg S@GICtd produce s drisdaimpseigaatedisypport;
produced; (e) partially calcining the inpregnated

support hayirng.sh; I

Content of (& iR LERLS, HnFreaated R0l 1f bt [EaseO:
tenper at ures ofyrfled @y RO flsepdIHY and 0¢) wntiliafEimpregnated
sufficient to yield a partially cal cined inpregnated
support havi ngsuppoat leonng anotahGrodp MIB| anaksGraupay IHgmetals
based on the wei %ht of the cal cined, inpregna

d
support; and ($9ntent qfiatileast abeutck) wi%egaley "{‘es metah
t d Lfidi diti t d
step (e) under %}?F;is%rgg}*éeo itions to produce a

supported cat aP thod of claim®6, wherein
the dried, inpregnated support
(e) partially calcining the impregnated support having a total

Group VIB and Group VIII metals content of at least
about 20 wt% from step (d) at temperatures of from 200 to
450°C for a time sufficient to yield a partially calcined
impregnated support having a carbon content of at least 5
wt.%, based on the weight of the calcined, impregnated
support; and

(f) sulfiding the calcined support from step (€) under sulfiding

conditions to produce a supported catalyst.

7. The method of claim 6, wherein the dried, impregnated support
to at least one further cycle of steps (b) and (c) until an impregnated support
having a total Group VIB and Group VIII metals content of at least about 35
wt% is produced.

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

glyoxylic acid, pyruvic acid, or citric acid.



to at | east one further cycle of steps (b) and (c)

until an inpregnated support having a total Goup VIB
warpasyarmp VI netals contedi-of at | east aboRCT/BS2001/051869

is produced. 8. The nethod of claim6, wherein the

organi c conpl exi ng. agent. i s gl yoxyljc,acid, ruvj
ced ord o progesioion tarking §Bebeddd hcrirgors e Satalyst,
coﬁ@gﬁbéed hydr opr ocessi ng catal yst, conprising: (a)

hg a solution, slurry, or other mxture
containing at | east one transition netal and at | east

one or gani (a)copnepering g sab#iun, sluny, iomptleymaixturg containing at
support containing at |east one Gaoup VIB netal with
the sol ution, kpstrang transitipnangtal.andaf least ppgorgaaic

I mpr egnat ed su‘gdoorf at tenperatures of from 100 to 450
OC to produce gpicsie ¢ ’egnat ed support; and (d)

sul fiding the dried, inpregnated support fromstep (c)
under sul f {8 nignprepgniatingoasupporpcattaimingatslepstatesGroup VIB
catal yst. 10. The process of claim9, wherein the
transition netmetal vith thersolutianysturgn ormigturget al . 11.
The process of claim9, wherein the transition netal

is Co, N, 8Qr : : ' '
the & oup’ (P §8ing the MR BLACE SRR £ Shifelunbraidin
The process of 160 & 450°C vhpreaiude ahiriesl) pprdgnbtsd support;
contains at |east one Group VIII nmetal. 14. The

process of cland 9, wherein the solution, slurry or
m xture further conprises at |east one Goup VIII

metal . 15. g@ SHMagAe 'WdCRh e g0 SubpbR ficth sTYR)

by a proce
under sulfiding conditions to produce a supported catalyst.

10. The process of claim 9, wherein the transition metal is a first

row transition metal.

11. The process of claim 9, wherein the transition metal is Co, Ni,

or Zn.

12. The process of claim 9, wherein the Group VIB metal is

molybdenum or tungsten.

13. The process of claim 9, wherein the support further contains

at least one Group VIII metal.

14. The process of claim 9, wherein the solution, slurry or

mixture further comprises at least one Group VIII metal.

15. A supported hydroprocessing catalyst made by a process

according to any of the above claims.

16. A method for hydroprocessing a hydrocarbon feedstock

comprising:



according to any of the above clains. 16. A nmethod for
hydr opr ocessi ng a hydrocarbon feedst ock

wa@orpnTarsg: provi ding a hydrdprocessi ng cat al yRCT/mazhe7/021869
by a process according 14; exposing the

hyd j tal yst t hyd i K
o%/ L%’{ g%gﬁls ng]g a%?/d?oﬁlrgcessPngacatzlygtor%gcrlg g)n/ a Ig'%ggstsoa%corccﬁng

to claims 1 — 14;
exposing the hydroprocessing catalyst to a hydrocarbon feedstock

in the presence of hydrogen.



