PREPARATI ONOF BULK METALLI C GROUP VII1/GROUP VI B METAL
CATALYSTS FI ELD OF THE | NVENTI ON [ 0001] Thi s invention

wo etoaner9i o net hods for preparation of bul k nmePel/Us207/023398
catal ysts and correspondi ng- tatal yst precursors
conprised of a Goup VIIl netal and a G oup VIB netal .
BACKGROUND OF THE | NVENTI ON [ 0002] I ncreasingly
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transportation fuels. FQAEARYMEES by the end of this
decade, maxi mum sul fur levels for distillate fuel wll
FI PNy T i n Europe and Japan and 15 wppm
. nmeet these ultra-Iow sul fur
requi rements w thout expensive nodifications to
[0004]) st i nBhisdhvértionelates tonnkthdde foepepasutiontaf gk ngaldic
new generation of catalyst that has very high activity
catfaty.stsoammdrmSp.@adm@rcatqiwttprccuraons;comprmdsrﬁal Graup Vildinetal

di ym pressure. [0003] In one approach, a
an‘?érdf \&Munds, related to hydrotalcites, e.g.,
ammoni um ni ckel nol ybdat es, has been prepared. \Wereas

BACK GROQUND OF TOIE BOWENTEONas shown t hat
hydrotal cites are conposed of Iayered phases with
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th1921¥5b)6ér ﬁfﬁb{ﬂﬁuﬁhﬁﬁﬁﬁ 1ew&€ for &Etlﬂa‘t@'fﬁélewm—ﬁé’ lithited-to 10 wppm in
L., and Ying, J. Y., Crystal Structure of

Eumplmndlmphh akdl1 SMeppinciationhi merdch. Hlo Gieetitinat ultra-low sulfur
Precipitation, Inorganic Chem stry, Vol. 35, No. 14
requiremients withpui equepiveTnedificapanatd oxisting miterieatismikibe

ne sty 10 s5eg n SB RehG9upY oI bl Has Ve Fleb iy for
A
deifBipioh Puficulrb e Sisglile fEfudopgs ddi ik
(1993) 731-35. [0004] Another approach is disclosed in
[0003%. Palneone approschy @Xagsly ofscaapowsls, related to hydrotalcites, e.g.,

ammonium nickel molybdates, has been prepared. Whereas X-ray diffraction

analysis has shown that hydrotalcites are composed of layered phases with
positively charged sheets and exchangeable anions located in the galleries between
the sheets, the related ammonium nickel molybdate phase has molybdate anions in
interlayer galleries bonded to nickel oxyhydroxide sheets. See, for example, Levin,
D, Soled, S. L., and Ying, J. Y., Crystal Structure of an Ammonium Nickel
Molybdate prepared by Chemical Precipitation, 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, 321-29 (1991); Ann. Chim. Fr. 12, 337-43
(1987), and C. R. Acad. Sci. 304 (II), #11, 563-6 (1987) and Mazzocchia, Solid
State Ionics, 63-65 (1993) 731-35.

[0004] Another approach is disclosed in U.S. Patent No. 6,162,350; 6,652,738,
6,635,599 and 6,534,437, which relates to a family of bulk Group VIII/Group VIB



6, 635,599 and 6, 534,437, which relates to a fam |y of

bulk Goup VIII/Goup VIBtrinetallic catalysts for the
WO 200006l29Df sul fur fromdistillate fuels. The PCEUS00TR33I8

trimetallic catalysts are codprised of Ni-M-Wand are

prepared froma variety of catal yst precursor

conpounds. [0005] Whiile sone of the above nenti oned
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tridetatliy satalyss are @dn?tisbd af NidvioaW ard areghrepireddrom a variety of

ultra-low |l evels of sulfur, particularly for |ow ‘
catplyst pracursoy ¢ooposads.ng, e.g. a hydrogen parti al

pressure of |less than 500 psig or |less than 1000 psig.
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prepari ng a bul
deflebd b RdtRssY tikereds siil atneet 66 tisat fosevdr avordedtivd katalysts to
nmet hod i ncludes m xing at | east one Goup VIII netal
prodeeg éranspeartatianafite] ohaveGiltrag owl [Bvelstofisufon panticulary famlow
organi c. conpl exi ng agent for an effective anpunt of .
praspyre hyglretreatings e aihydragen partiabpressurg of %&3@%5% psig or less
t heated at a pressure of less than 1 atnosphere
thaﬂ?nhlgg)lo R¥#ective conditions to renove substantiall y all
water fromthe m xture. The heated m xture is then
SUMMARIOFTHE N EBENAIION precursor. [0007] |n another
enbodi nent, a nmethod for preparing a bulk binetallic
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and an organi ¢ conpl exi ng agent for an effective

leashonsGrodp VilHanetal tdagentat kabi oise GreuppVEB enc¢tal fagent, and an
m xture is then sprayed _into a chanber that contains a
organic eomplexingagaper an atfective ameurtefitag spdhaigiostolids are
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cl es ca_n be turther ca _ ter separation.
mikRPOH then c&Idix'léld RfrMedatdyhigstes®sbs. a net hod for

preparing a bulk bimetallic Goup VIII/Goup VIB
10617 gt ek pheditndBlop eTiod F preRaciigen bulkchimelalte
Grg{ﬁ? V(ﬁl%’}pou\g @Iﬁ%ﬁﬂlygt%?gﬁﬂgor i§'f>goﬁﬁed. The method includes mixing

at least one Group VIII metal reagent, at least one Group VIB metal reagent, and an

organic complexing agent for an effective amount of time so that no solids are
present. The mixture is then sprayed into a chamber that contains a gas flow, the
temperature in the chamber being at least 145°C, to form catalyst precursor
particles. The catalyst precursor particles are then separated from the gas flow.

Optionally, the catalyst precursor particles can be further calcined after separation.

[0008] In still another embodiment, a method for preparing a bulk bimetallic
Group VIII/Group VIB catalyst precursor is provided. The method includes mixing
at least one Group VIII metal reagent, at least one Group VIB metal reagent, and an

organic complexing agent for an effective amount of time so that no solids are



organi c conpl exi ng agent for an effective anmount of
time so that no solids arepresent. The m xture is
WO b@wedi2dhit o a rotatabl e tube, the rotatabl e tREBUS2007/023398
containing a plurality of neA-~porous substrate
particles. The rotatable tube is then rotated while
the interior of the tube is heated to a tenperature of

pre%n eﬂ’?‘é m%gt% ﬁ’o&lgﬁ mtB%.tr%:téféﬁlefﬁgﬁéﬁ lffl? 9<§ta QBid Rl%e contammg a

nNon- porous™ su Strare partic precur
plurglify"Shepéroak %dbitfawphhm&o ”Flﬁ’é?fdiaﬁbl%uthﬁé ﬁ@t}ﬁn rotated while
particles.” BRI EF DESCRI PTI ON OF DRAW NGS [ 0009] Figure
thelinteriordefgh&tubmeyis Dichfedaota tempeiRie qfadttleash200UC ta fdrmh katalyst
CoMo cat al yst precursor according to an enbodi ment of

precyesar enche inon-parausisuhstratspartiskes. ddwrrcataly i preeurspois thgn
nd 2b de dat | ated t
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catal yst precursor according to an enbodi nent of the
BRIBFIDESGRIPTOIONLDFHDBWWING:S and 3b provi de data
related to a Tenperature Programred Reduction (H2-TPR)
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yst accor to an enbodi nent of the 1 nvention.
Coﬂ\@@&&hlﬁtgure 5 provides a TEM of a sulfided catal yst
according to an enbodl ment of the invention. [0014]

(odied s yoFetsith arhgd %ﬁﬁséﬁ%%@f 1€ TrBerU; Prpgrammed

ORI OPi s OPY R G Sty o AP o e

m\xehﬁoh_nventl on. [0016] Fi gure 8 schematically shows an
apparatus for formng catal yst precursor by spray

(03K o igren 5 1,7 b evifie ApBrelEta € deta it e frbgrammed

ReGS&?&PEﬁz-W analysis of a catalyst precursor according to an embodiment of

the invention.

[0012] Figure 4 provides XRD patterns of a catalyst precursor and sulfided

catalyst according to an embodiment of the invention.

[0013] Figure 5 provides a TEM of a sulfided catalyst according to an

embodiment of the invention.

[0014] Figures 6a and 6b provide TEM images of sulfided catalysts according

to embodiments of the invention.

[0015] Figure 7 provides data related to a TPO study of a sulfided catalyst

according to an embodiment of the invention.

[0016] Figure 8 schematically shows an apparatus for forming catalyst
precursor by spray drying.



[0018] Figure 10 schematically shows an apparatus for

form ng catal yst precursor using a plow m xer. [0019]
wo-e@ane129d schematically shows an appar at us f oPCT/OR200TIER3398

catal yst precursor using a t#éni cal vacuum dryer.

[0020] Figure 12 schematically shows an apparatus for

form ng catal yst precursor using a rotary cal ciner.
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hydr opr ocessi ng, such as hydrodesul furization (HDS).

[Ooyﬁiat a%ﬂ apleﬁnrﬁ%t?o?lésgxgﬁvs{%)ngp\é)hg&gHgs %Itnly\f/gl %:Q/taﬁfst
prégfﬁkwggﬁvﬁnw catalyst, is to deposit the

Goup VIl active conponents on an
al um na_support. This can increase the dispersion of
[0619% actFigere bhschematicadlyshguisanappazatys for ingosatalyst
activit trast, the catalysts according to the
PquHWﬁﬂ‘ﬁ%% aa¥‘§“6 | YaCHY W&t-s formed by heating a
catal yst precursor conprised of about 40 wt.%to about
[0029]) W . Y% iplurél] Bsehiimafidallynsbioals atndppardtud for fdrmineeathlyst
based on the total weight of the buI k catal yst
pregarsor esing a fiteryvelegher.of nmetal is measured as et al
oxi de. The bal ance of the catal yst precursor weight is
r i ggp«? R ENT N!n an enbodi ment,
D@?ﬁﬁﬁ%ﬁ%@ metar 1S qvgur W |n ant her enbodi rrent
the Goup VIIl metal is Co or Ni. In still another .
[0024hodi patab@tscmﬁihp prssnhinventips anpdidfrientibameonyentional
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found in materials that are primarily a crystalline

Group Y4B dnisGesaup VIN astive cenipodents ohsan alunmlmalppdrh alhis can
the netals are conpl exed by theorgani c conpl exin
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aCtHﬂ al ?2‘53&%%&%@ ggtlgégg(? ﬁg}gef(ont?)gé Vgenrhon are bu‘ik catalysts
formed by heating a catalyst precursor comprised of about 40 wt.% to about 90

wt.% of a Group VIII metal and a Group VIB metal, based on the total weight of
the bulk catalyst particles. The weight of metal is measured as metal oxide. The
balance of the catalyst precursor weight is an organic compound-based material. In
an embodiment, the Group VIB metal is Mo or W. In another embodiment, the
Group VIII metal is Co or Ni. In still another embodiment, the Group VIB metal is
Mo and the Group VIII metal is Co. In yet another embodiment, the Group VIII

metal is a non-noble metal.

[0022] Based on X-ray diffraction, it appears that the Group VIII metals and
the Group VIB metals in the catalyst precursor after heating do not have the long
range ordering typically found in materials that are primarily a crystalline oxide.

Instead, in some embodiments it appears that the metals are complexed by the



together. The nature of the conplex may change after
one or nore heating steps, as the organic conpl exi ng
wW@@aeney undergo one or nore conversi ons or PERUS100TIB23398
to forman organi ¢ conpound=based conponent. In an
alternative enbodi nent, the catal yst precursor can
have sone crystalline or nanocrystalline
O . detit | .
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data provided in Figure 4 of this application was
toggthesr dihechaturgent the eompiéomiay ghengelatterons onmorg heasingssteps, as
diffraction apal yses OféLEF sanpl es were obtai ned .
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ge of 20 to 70 and Thé step size was

(bd3e@ o SORBY $n additiongothaviigstlepasteristiB b fanetatsithat dieecomplexed
remai ning X-ray Diffraction data and patterns provi ded

by ithe ergapicepnplexingagenér e generat ed under the fol | owi ng
conditions. X-ray powder diffraction analyses of the

[O(fr?gzﬁl esTH@Wra&{/ﬁt)girf{Jégg?H E%l(%%rﬁgﬁfeﬁkiﬁ Egggrevﬁ‘tgﬁﬁg@épplication was

factured equl

enéhfedamteh tihfotionddg denditions. X Wit difscionugrdyses of the
8 Cu target at 35 kV %md 45 mA. Tﬁ?%(i)ffraction patterns

samples werk ohtained heing arRydNoiytizat X-part PRO MRDsmepufactured by
A A A e e
s EiBiaeP bR 2N olnd 20 RIA, T ickbfon Phufing S aleh in the
rargar 2010 g el P e BT oo e Sfiieh g (7S i BfteS BRE U
ti"ﬁ%ﬁé}? QAYAR0NBLSFS. "R RentARTle Ruray Y5iffra&idl data and patterns

mning a ratio of peak ImtensSity versus

prdvadddinothisappdication Mesre geyertasdd umder ¢lad fdlisvingreconditings X-ray
precursor refers to catalyst or catalyst precursor
powHer ditfractsemanalysestafithe aampleswergiobtained)bsing asBkepD4

Engeivay, BaniasBira ny aker A2eAnd anwgpad suffe Yanics | high-speed
oGRS, TSR RALAGH Y g ISR A5 S gracin
pat%eur(r:l wite MIGH iR pansg'ezo%szo‘%%Oq 287¢hd rﬁep size was 0.01794 degrees

and the time/step was 0.1 second.

[0024] In this application, an “amorphous” catalyst or catalyst precursor refers
to a catalyst or catalyst precursor that lacks the long range order or periodicity to
have peaks in X-ray diffraction spectra that can be sufficiently distinguished from
the background noise in the spectra, such as by determining a ratio of peak intensity
versus background noise. Nanocrystalline catalyst or catalyst precursor refers to
catalyst or catalyst precursor that has some crystallinity but with a grain size of less
than 100 nm. This determination is made using X-ray diffraction spectra generated

according to the conditions described above. Broadening of X-ray spectra occurs



resulting in an XRD pattern wi th broadened or
apparently non-exi stent peaks. It is also possible
w0 baw/oen2ed phous or nanocrystal li ne phases can PEUSZHO7/023398
crystalline phases with gratfi-sizes of > 100 nmt hat
are resolvable in the XRD. Wthout being bound by any
particular theory, it is believed that the high
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enbodi nent, the bul k catal yst particles according to

alsoipossiblecthal amorphoused napostyistalline plases car incndeserystalline
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present in catal ysts formed according to the

amloRpleosi and/orl manpetyistallilhacompbiempect ra of catal ysts and
catal yst precursors according to the invention either
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of CoMw bxideador alterastdvelgdnbywiiily shbe thatcrystaltihetCueMo oxide
conplexation may differ fromthe conplexation present
chamactene Witheutyosingbeund by any pddiculastheory, itas bebewad that the

portion of .the netal.s present.in the, catal yst, can be
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. S . r / S 3 i
B L T R R e
meltd1¥ ©NnkRAd o FoBhin@Lritalling! BGd& withlighg FapeRtering, tihis

an organi c conpl exi ng agent and then heating and/or
believed that at least a portion of the bulk catalyst particles have a structure that
continues to involve some sort of complex with an organic compound-based
component. This structure may be amorphous and/or crystalline on a length scale
that is not readily resolved by XRD. The nature of the complexation may differ
from the complexation present in the catalyst precursor. Additionally, at least a
portion of the metals present in the catalyst can be in the form of metal sulfides, as

opposed to complexed metals or amorphous/small crystal metal oxides.

[0026] The bulk catalyst precursor compositions of the invention, obtained by
mixing of metal reagents with an organic complexing agent and then heating and/or

mixing, have a relatively low surface area (measured by Brunauer-Ernett-Teller



m xi ng, have a relatively | ow surface area (neasured

by Brunauer-Ernett-Tell ernethod, or BET) of about 16
wordog/oer29d ess. | n anot her enbodi nment, the bul KPCHUS109%023398

precursor conpositions have-#-surface area (neasured

by BET) of |ess than about 10.0 nR/g, or l|less than

about 9 0O n2/g, or less than about 7.5 n2/g, or |ess
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melfia; of Pt O Sholk /1 mBk or 463, 1RO Wintbainy, the Bk
cathlyst ptdcursdi ‘ébhﬂ)’osﬁfﬂ?@ﬁaﬁ@ Atsurfade akid (éatAMst BET) of less than
precursor conposi tions have 2 surface area of at_| east
abaitcli0 08 ardéss, than aboutl 2Asn*/ghardessOthan about, 7. 6rma(g, or less
| east about, 0.25 n2/g. In a ferr d enbodr ment
tham boue Smiie: Oplf‘éémaéb@b%r}dgm%(g, s e abairk Qe or less
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ratio of Goup VIII netal to Group VIB netal |s | ess
prechesor gboposgionsinvenrsarfice aegaats fromebout Adnmilgdatabput 10.0
2Preferably, the ratio of Goup VIIl netal to Goup VIB
tal is greater than about 0.33, and nore preferably
greater than about 0.5. [0028] It is within the scope
[0027]t hi SThe¥RIMar @fiotdTaGrdupevHR hidtxstb @mpom hivtsl rahses
contain any additional conponent that
generalle fitanoaboutyl pr £6 emabout IN))/mbr b pEmpl@ssnmg; x friactigrsl szalue the
such as an aci di ¢ component phorus or bagro

mqiafmagena genergHy tfras about & §Pta|b©Ht h‘gt £r§fer@layeth@aatlﬂ of Group
t al

vIfEp8iaf i Bt Y3B ReffT 1675 AR AODRL R miai pferably less than
ab&ﬁt?l lsre?ér%blgﬁt ratidey GfBupr I eito G VIB rﬂétélgb lg?éater

romum v rum 1 ron, atlnum pa dium co

thani aboalk 0183, ubd@tﬁbtmpréfefdbl?' rgm&temman@boﬁmgst en. All
these netals are generally present in the sulfided
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alsg% ﬁtdﬁéﬁgﬁdﬁ fc&r‘ﬂgph ﬂ 13¥ CBF@?rﬁfogﬁg resent in
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portion of the sulfided netals are still sone

comiipoendd, additidnatiiransitiby ntmztarlsdraro eattl nwetalaninain group metals such
as g?glp /(gxllJ n(()jlr r?lgrstsgesr{ﬁér%gf Suitable additional transition metals are, e.g.
rhenium, ruthenium, rhodium, iridium, chromium, vanadium, iron, platinum,
palladium, cobalt, nickel molybdenum, zinc, niobium, or tungsten. All these metals
are generally present in the sulfided form if the catalyst composition has been
sulfided. Prior to sulfidation, at least a portion of one or more metals can be
complexed by the organic compound-based material in the catalyst precursor.

After sulfidation, it is believed that at least a portion of the éulﬁded metals are still

somehow directly or indirectly bound to the organic compound-based material

(e.g., carbon) in the catalyst.



(e.g., carbon) in the catal yst.[0029] The bul k

nmetallic catal ysts of the present invention are
w@e@pasess by the controlled heating of G oup \WCT/Us29d7/023398

G oup VIB precursor conmpound8-that are conpl exed with

an organi ¢ conpl exi ng agent, preferably in the form of

an organi c acid. Preferably, the organic conpl exing
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complexcoinesolatione. The nore preferred Goup VIII netals
are Co and NN, with Co being the nost preferred.
S, are no
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exa es o rec’urso npounds I

comprémr@ag@t i prifersed ﬁuﬂt betlethe @ﬂﬁb&VHIS coﬁ’lbbﬁﬁdi dad the Group
hydr oxi des, propionates, glyciriates,
VIBmmp@mirbmwatemoh@&@sglts indhe app@prlateeplgeﬂetammrmdat es,

metal l.i c

concenfalign 5? ¥ie %.ﬂw %ﬁ?ﬁdgﬁsfér rgtip ds;fgtﬁﬁq%r? dves The more

prehed o B HRERERE R N o SR UBE ARy s
Pré’fé?ﬁbw fRe Ul‘@ﬁﬁ Gl/fIII MEﬁléJﬂe%rﬁHme 'rﬁkifh@r {8 A8rd ﬂeﬁ'&réﬁ Group
t he @bove. Preferred nol ybdenum and tungsten precursor

VIBangtalsalis Moahd W, alithaVio bmﬁgtha:mosmpfrefermﬁ anubdnnmg
(al so peroxo-, di-, tri-, tetra- ta-, octa-,
exarepheaaééamly &ap@pursmpgmppun@tmlu&mm ylmat@s sulfates,

oot ReRIBRFaAS, B Giaibo e RBe DTS Fones, acety
2k RURIARDNARS RO 6) K S o RYARIBPAIHES, Co

BRSSO Cor,
gly@immy o lactate, Co naphthenate, Co oxalate, Co formate, and mixtures thereof,
including ammonium or amine forms of the above. Preferred molybdenum and
tungsten precursor compounds include alkali metal or ammonium molybdate (also
peroxo-, di-, tri-, tetra-, hepta-, octa-, or tetradecamolybdate), molybdic acid,
phosphomolybdic acid, phosphotungstic acid, Mo-P heteropolyanion compounds,
W-Si heteropolyanion compounds, Co-Mo-W heteropolyanion compounds, alkali
metal or ammonium tungstates (also meta-, para-, hexa-, or polytungstate), acetyl
acetonates, and mixtures thereof. In still other embodiments, any suitable Group

VIII or Group VIB metal reagent can be used to prepare Group VIII or Group VIB

metal solutions.



VIIl or Goup VIB netal reagent can be used to prepare
Goup VII'l or Goup VIB netal solutions.[0031] Organic
waeidscrpe a preferred class of organic conpl eRCTS2007/023398

agent. Nonlimting exanpl es-8F organic conpl exi ng
agents suitable for use herein include pyruvic acid,
levulinic acid, 2-ketogulonic acid, keto-gluconic
d, t
(OGS, OF Y SO S fote o RN LPUIHIC pibing ager). Non
linfiag bramplisofatpahic Somplefing mgents lsortabllecfoﬁusadherérmmlude
pentanoi ¢ acid, 4-oxo pentanoic acid, ethy

pyglvy@aydate@uhgiwmd,l Zketogujoni¢ acids kﬁtoglywme acigk shioglycolic
cid, xylic, acid 2-
amg %é%qtaﬁf: 61kl s%aeeépn%ﬁ%r.beﬁym peidy draxoprepaRoic acid, 4-

NTHRTEH O I e
erﬂﬁﬁé%'a@?@te%ﬁo%(géﬁgﬁiet ggﬂéoﬂe laglid, BhRioRE r@?ci%,g@iﬁrﬁlc acid,

acids are gly acl oxal aéétic acid
glydxkiit agid Doixtmecétiyleabdiamiketctrghcetieracid, attirilotriacetic acid, N-
2-ketobutyric acid, pyruvic acid, keto-gluconic acid,
memyl@gmmcbaﬂpeﬁwaaﬁldt iminadigrsticadid, diglyeolivssid, gmtlweaméoglucomc

acigy srauheabpbansifric hid s ired SradBiCagitt o dvpRylic agid.
oxREAN £id S ReldMlofiGAER AR Kk Rl %?3%8‘5%’2’?@”?“ apid,

pylfm@lar kazsygluéoﬁ@ Iaeld @Q@glyc'aﬁa ra@fﬂ %ﬁ& 8 Oy?&ili‘é acNi}Mas@
hydr oxo’ - am’ne -

prafetrec are gl@b@hc ecldmpd m@&i’;etlc <amd. hi oI - SH.
Pr eferably, the organic conpl exi ng agent is a

(OB SrCorgk e nbodtibft ohR Subirig RO Rulekind SO B ke

acﬁttﬁﬂsconulﬁs HLIGHOS Afctidn %Poﬁg REd St s §dld]t1%al functional

| east one Goup VIII neta ent, at |east one G oup
grdﬂpEsellmitai froapgaboxyke dcidt-CGOH hydmxdmg&mcid cNOH-€<Dg
gent are conbi ned together. In an enbodi nent, one or

hydnme &H,tkﬁéo REES), aming eNHR, amidesr-GOnNH2,dmine x erIOH €pOoXy:
nt c b in the faorm of solutlons
~ AR BBl S Profebly i Ssarer CompTRE ABSTH & Rifentate

hgg%e of the netal reagents and organi c conpl exing
agent can be provided in the formof slurries. In
still another enbodi nent, one or nore of the netal

[00383gent Ihemtocess for preparing the catalysts of the present invention

comprises multiple steps. The first step is a mixing step wherein at least one Group
VIII metal reagent, at least one Group VIB metal reagent, and at least one organic
complexing agent are combined together. In an embodiment, one or more of the
metal reagents and organic complexing agent can be provided in the form of
solutions, such as aqueous solutions. In another embodiment, one or more of the
metal reagents and organic complexing agent can be provided in the form of
slurries. In still another embodiment, one or more of the metal reagents and
organic complexing agent can be provided in the form of a solid material. Those of
skill in the art will recognize that still other forms of providing tﬁe organic

complexing agent and metal reagent are possible, and that any suitable form



organi ¢ conpl exi ng agent can be provided in the form
of a solid material. Those of skill in the art wll
WO ewogen22®e that still other fornms of providi ngP@TES2007/023398
organi ¢ conpl exi ng agent andOretal reagent are
possi bl e, and that any suitable forn(solution, slurry,
solid, etc.) can be used for each individual reagent
or . . 5 .
(oL TNE, SRR Be BB badk Indi A A et 463 organic
complexittieagétt 4h aPiben SYnthédi€SIn igH{nventloy, the erim titReued” is
m xture Suitable for use in formng a catal yst
definatr imohudesobstitinsgsluri¢sy andiov any iother typd8fniNtuee switatile for
reagents and grgani c conpl exjng agent are m xed
usg nggmémg g Gatalyshpsequrenr Acserding 1 thednveniglh enbodi nent
where one or nore of the netal reagents or organic
033! exTRInRYA RA@ L lexg/hg it aff miked fogether to
[0 m xi ng can | nvglke/%ég%ldi ng hgc én‘i'?% regajlggents and s tog
forat @ précursormixeuten dnamesthbodinens wigteonees aiore bf themetal
nore of the netal reagents and organi c conpl exi ng .
reaggetstor argame compdexing agent are pravided gs eselutien ergdurry, mixing

heat i ng e organi ¢ conpl exi agent to a.sufficient.
can, oavendiie b Rl reqEPnccan Sseil SorhRleRing periif single
I e ni [ . .
veds| Y etath PRI R I G Bt SR ok hic SN PG RE gt e
praVidedIss $alida! afiginalan ihélde %@’Qﬂilﬁﬁ%thé SiFagicadomislekihgtdpent to a
boi I i ng point of the sol vent. e preparation can be
suffieidnt terapeiaturary nselt theldoenplayingfagent xEhisiwill allow the organic
enbodi ments invol ving solutions and/or slurries,

complaxing agersitospbate vt salidmetad $5ageats. be prepared from
each of the catalytic conponents. That is, a Goup

[00\%%' MeTRé (GRPRAHRE dufing niitin @il e RPAVI9 Trom Rth e teHiperature

netal 1 n'a suitabl e solvent ‘can be” forned.

to tHerbdiling poimy of therpoleento fTieuprephtatioaaandretperforoiedda any

water and the G to C3 al cohols. Qther suitable .
suigahle svays Rorrexamplede eprhadimenisvanelying selutignsand/ppslarries,

ethers, and am nes. \Water is a pr.eferred | vent,. ..l t
sepagalg|sOItiNSGF SErIes) san s Preparsf fam eachpbiheGatalytifia

I | .
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Gr6@p VABnBAl BRh BultEblalsdlvent ta BEdornidt: Wofdithiting examples of
conpl exi ng agent can be prepared in a suitable

suisably solvengriatiadaiwatemaricethe e Chaleehals! Wther suitable solvents
conponents can be m xed |jn_any sequence. ,That“'} s, all
can mcdede-pelapsolyerissugh as alcohols, ethers, and amines. Water is a

preferred solvent. It is also preferred that the Group VIII metal compound and the
Group VIB compound be water soluble and that a solution of each be formed, or a
single solution containing both metals be formed. The organic complexing agent
can be prepared in a suitable solvent, preferably water. The three solvent
components can be mixed in any sequence. That is, all three can be blended
together at the same time, or they can be sequentially mixed in any order. In an
embodiment, it is preferred to first mix the two metal components in an aqueous

media, than add the organic complexing agent.



together at the same tinme, or they can be sequentially
m xed in any order. In an enbodinent, it is preferred
W@ 00blo6d5 m x the two netal conponents in an apCBEUSZ)07/023398
medi a, than add the organi ¢ donpl exi ng agent. [ 0036]
The process conditions during the m xing step are
generally not critical. It is, e.g., possible to add
co i . h i | i
(064 7 "ERE BRI ELRIIBLREUEAERR! AURE st AGReheM H critical.

It ig,ee!ﬂg.r, pobsiblrtefaidr#tcémpéieaits bt embRAP&IMpetarirdat twir gural pH
boi 'i ng point of water, i.e., 1000C to ensure easy

(if asnspénsgprodr sdlaticn ipatnlezed. Huisigepetally preferreg totkepp the
However, if desired, tenperatures aboye the boilin .
terppsrature belgay the Lniling poaraivaier, w,dg@ € 4 cpsuIgaay hpndling of

th PR ind D g SRt b Re R B 8. @R bove
the &ﬁnpg @pm%m@&ep@r aﬁiaeﬂéﬁtﬁggw?hﬁg cHE bERBedCTfAR e_ﬁg)otdggem

equl lumtoward a desi orm For exanple, 1|
whergthiel organicRlotplegingggent issancavidor Yasd lhﬁ/i@%;la Qbnjupate
solution can be raised to drive the equilibriumtoward
basedacidt the prbof thermixdare ¢am broadjusiad o driye the acidfase equilibrium
is carried out at

react i on ing . the mxin te . .
towwgrae%%sgﬁgﬁreﬂae A GHATPle, ﬁ%ﬁ@&gmi%ﬁ@l@ﬁa@sm& is gRacid, the

pH e 3P P4 1ol 1 e S Pnf oo of more
of F%gc%?fgﬁit@ bhie. YRS rdtibA Qiuﬁag%é SHlx /85 A ¢hirfled out at

he anount of netal precursors and organic
inczeaspd eatnperaagesitthe suspensivng iand seiutions hhatl ade hddeskdexdng the
to achieve preferred ratios of netal to organic
mixiggrstemarepre terablytnseheated to aminceeasad yemperairamdueh can be
after heating. These. preferred ratios result in highly
subaAUYRAvel Hihs Foetion €EIPeEabl e, the ratio of
organic acid to total nmetal in the m xed solution (or

[0037her nTh¢ ameuat ofieietd] preagssts andigaiig @oimplexing laguitrig the
.agent) should reach a minimumievel that results in a
mikingstep stonild besalestegsto achxysgirefenrediratind ofimetaltto organic

coggpiind-brsemaraal i1 DI ARy PCPrar SoprANE: heabng: Lhssa praferred
o ¢ ¢ . . '

e AR A SIPRLPS I, L g b i

to t\gtt%/f?milé‘tral af theGRAReddRAMtorP@r\Wiliér Alxtdle dfaAetal ARGEAtsHAd organic

n anot her
complexing-agent) should reach a minimum level that results in a highly active

catalyst.

[0038] In an embodiment, the amount of organic complexing agent used in the
mixed solution should be enough to provide at least about 10 wt% of organic
compound-based material in the catalyst precursor formed after heating, or at least
about 20 wt%, or at least about 25 wt%, or at least about 30 wt%. In another
embodiment, the amount of organic complexing agent used in the mixed solution
should provide less than about 60 wt% of organic compound-based material in the
catalyst precursor formed after heating, or less than about 40 wt%, or less than

about 35 wt%, or less than about 30 wt%. Preferably, the amount of organic



enbodi nent, the anmount of organi c conpl exi ng agent

used in the m xed sol ution should provide | ess than
wW@b@aned wt % of organi ¢ conmpound- based nat er i BCT/US20011623398

catal yst precursor fornmed aflXxs heating, or |ess than

about 40 wt% or |less than about 35 W% or |ess than

about 30 wt% Preferably, the anount of

o S A St

20%Wt% ahd abeas iw%mtgdmb&foﬁﬁbdtﬂﬂelﬁaséﬂ madtetifilein the resulting
resulting catal yst precursor. A desired anmount of

catahygt precursorp dudesiteasanomntt afrarganic wotipoundibsgd material in the
precursor can be achi eved based on the apount, of
catewapre@uewaaherag egédtbas%d p tha amapnteot; orepnie Gomplgxing

and e..t her

oGl A eieHE B ans ik ﬁﬁ“ﬁﬂgn Anitep & op % 1B actiyation
cortr(ﬁflggs a5 fortOE QU tH @é‘ilrgfﬁl efﬂe?ﬂermr‘%ggirﬁc £Ompd&ind-based

carbon containing co present In eit
matéifal YéferProahe fc%ﬂforﬁédrﬂﬁmhfg’ﬂé(brﬁﬁounﬁ piedentia e@t&bﬁtbesdatalyst
after sulfidation. The organic cugoundbased mat eri al
précarsbe raftee Hedtingnor he the catalyst aftersubiidatipna gElre organic cmmpound-
be nodified due to heating of the cataly recur
basmdmrer@hrsr dertiteddRomrineg ﬁégaav%emlﬁxmg;agwng tygay be modified

o Bl oSk RS RIEAAS o B 1 SRRt
the éﬁé’i‘;{%ﬂ aqate tﬁa@@l’ése'vgﬁfu%fjf oPﬁﬁad}gamc colffbud-based material

grapnitic or armrp ous car termorganic

ma@ﬂﬁbbldﬁd:aﬂ:&ﬁﬁﬁbﬂtﬁdrhﬁoﬂdllw&ﬁmd&e@ as flergahic¥s swuhl 35 griaphitic or
t he carbon was derived originally fromthe organjc

ameophus:danomgthe tmptganmmmuwgmddn@t@nabhseﬁdmr@ epecifies
onfifhat 1. efb ot CREVEE PRI SR hE Sréaio Pambiing agent
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Oxi dation on the catal yst precursor under the
[0639]1 owi Ror thimitiventios, th¥ evgightparcent@zoof argasit @peurndhased
using TGA was performed on dri and_ heat ed
maﬁ%\fmiII%hG mlw@rwmwm&éﬂe&nri gy Pgriopming ademperature

T
Te\iidéﬁ?zgeat ?glréﬁlméde(')md%ﬁb%‘é‘ I%130%'7551Szv'f_l'ag?eﬁfmﬁé‘('.l"lé}hQiried and

at 4C/mn froma nt tenperature to

heat@@@&miptest I'Thd TGAIM Stat@lvascdliected/a 4 MetjleaT G851 thermal

at nosphere total pressure. In the TGA M5 experi nents,
balanee afhichuemas infgsfaged with a quadrupole mass spectrometer equipped with a

secondary electron multiplier. Between 20 and 25 mg of sample was heated at 4°C
/min from ambient temperature to 700°C in flowing 14.3% O, in He (77cc/min) at
one atmosphere total pressure. In the TGA/MS experiments, the effluent gas was
carried over to the MS instrument via a capillary line and specific m/e fragments
such as 18 (H,0), 44 (CO,), 64 (SO,) were analyzed as markers for the

decomposition products and qualitative correlation with gravimetric / heat effects.

[0040] The weight percentage of material lost during a TPO procedure

represents the weight percentage of organic compound-based material. The



carried over to the Msinstrunment via a capillary line

and specific nle fragnents such as 18 (H20, 44 (CQ2),
W®2000862Y5 wer e anal yzed as markers for the PCT/US2007/023398

deconposi tion products and -glfatitative correlation

with gravinetric / heat effects. [0040] The wei ght

percentage of material |ost during a TPO procedure

rerﬁ&imrigjﬁg&%gatl hﬁt}‘{@éaﬁﬁ‘lﬁ' fﬁe%ﬁﬁbﬁ%ec&fsi&?&ﬁm be g1etal in tlhe form of

sed mater eremal ni ng mater|

somatt?ﬂ)e/ 6f opidec Wos elarity, therve¢ighr petcérit dfaneml plesert ihlthe catalyst
formof some type of oxide. For clarity, the weight

prevarsoe s emreamdaas mpeted exideiin thﬁefpaealaixy@ stpichtomeloy. Feor
expressed metal oxjde in the typi oxid

exainples Wedghts f9r cohait IYQde%mngaff@.lat%s&ﬁoOamd MoO;,

enum are cal cul ated as CoO and MQ3,
resrﬁgé% ng'i vely. [0041] A similar calculation can be
performed to determ ne the wei ght percentage of

[O(bﬂg]am cAcimplan nalcbletied caorheqresfarmed toldetarating ghat weight
fornmed after sul fidatigon. Once again, the wei

persentaga ot oreang sﬁmoaeérﬁeﬁ%cwageaer&dnﬁ%emlysgfomed after

suliﬁaﬁgp. d e%ﬂmpﬁl% versht @ﬁf‘%lnh 8{ hggea@éﬁ g?r?)gegr%i%ase%ecomponent
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hehé Bﬂa%t?@érr d 1o irfetalth s6thesform} swuh &hedde, oxysulfide,
so be enough to form netal -organic conplexes in the

orsdﬁdelon under reaction conditions. In an enbodi nent
mhere t he conpl exi ng agent is an organic acid, the

048412, e BB bl e Ehadis ! APy Gl i
shéu18 alstBe ST toTbrahOaKvtgni @ebMpixey iS thdlwidhnder
atons are present), or at |east about 2, or at |east

reaebontcoﬁdltiamsar]mahemtmtbmmmwhere tlhbe;onqﬂe)angfagent is an organic
carboxylic acid groups to netals can_ be 12 or |ess, or
acidpthgrrafief cabbo @racpdsggpupﬁ Of4hg oqganmlﬁ%po metals can be at

T e
(t)m§ aPe ?feshﬁtg or A S!e 5ut52 draft | a‘§§§b01ﬁ O#fotl"i_’er

ess ess or a

emlbﬁdﬁﬂ@ﬁthﬂfe rafbas dﬁﬂfﬁxylibfa%ldfgi(ﬂips ft@hhe@al@%@d bler12t Heless, or 10
m Xi ng sol ution of organi c conplexi ng agent to netal s
or less, or 8 or less.

[0043] In another embodiment, the molar ratio used in the mixing solution of
organic complexing agent to metals is about 6.0 or less, or about 5.5 or less, or
about 5.0 or less, or about 4.8 or less, or about 4.6 or less. In another embodiment,
the molar ratio used in the mixing solution of organic complexing agent to metals is
about 1.5 or more, or about 2 or more, or about 2.5 or more, or about 3.0 or more,

or about 3.5 or more.

[0044] In a preferred embodiment, the molar ratio of the Group VIII metal to

the Group VIB metal is at least about 0.1, or at least about 0.2, or at least about



about 1.5 or nore, or about 2 or npbre, or about 2.5 or
nmore, or about 3.0 or nore, or about 3.5 or npre.
WO 0®94$12051 a preferred enbodi ment, the nolar re€T/oSWH7/023398
the Goup Vi1l nmetal to the l&oup VIB netal is at
| east about 0.1, or at |east about 0.2, or at |east
about 0. 33, or at |east about 0.5. In another preferred
' t i I :
0.337BP gt RER Aol 0. ST AnoiRfe e Rired Ukttt hé piBAlaffofbf the

Greovip VMéHsmefal ftthle Grouph¥IB exdtalsis @about 0.9 crdess; bpabout 0.6 or less.
slurry, or mxture is heated, dried, and/or forned

jnto a al ys recursor. The heating can be .

10043) ? o7 R e rBRoé shfiian, s B e e Réted dricgnandor
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a continuous process, the catal yst precursor can be
prefparatien togthody sychdasya kggebatchgrecdsator arcoatinbausnprogesshe

netal s and organi c conpl exi ng agent. In spray drying,

o2 AP LEST RSN .
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the droplets pas t he heat ed at nosphere,

organixesompleking agent.s liespagrdry g, theesoluti eravontginied thedmetals and
catal yst precursor particles. Niro Inc. of Columia,
orgepic ¢ampleying/agrat iospravedas deaplsts figm amoazlentga drying
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parfitiisC aViry Ind. f GoliinbiMID. 63 £2prVidér dfhsotenidIBnuifabfiBpray
the bottom of the device, while the gas flowis
dryeesstoved fromthe top of the device, along with any

particles that are still entrained in the gas flow. A
0635 <5 b5 YR, GPEoP B b By ARl o bgng ot

atnfospRete f&laWclamn @&Wéﬂﬁﬁbhﬁﬂy,céﬁms]cﬁﬁ 'b‘éehsgé td b §élid

flow to oné or nore cyclones. [ 0048 nth
particteschateare enttesredi ihedgdsestream. | Hypidaldy,ahé solsd partidbes exit the
sprayed into a drying chanber, wherein the input 1gas
cycflpm%nom thecbatiom og thendenes, whilatheegasdlpwassremoved from the top

of the device, along with any particles that are still entrained in the gas flow. A
series of cyclones can be used to improve the efficiency of particle removal, by
having the gas output flow from the drying chamber serve as the input flow to one

or more cyclones.

[0048] In the embodiments described here, liquid droplets can be sprayed into
a drying chamber, wherein the input gas flow to the drying chamber is a heated gas
flow. As the liquid travels within the drying chamber, liquid in the droplets is lost
due to evaporation, leaving behind a catalyst particle. Until the catalyst particle
forms, the droplet is likely to remain entrained with the gas flow. In embodiments

where the residence time in the drying chamber is less than the average time needed



flow. As the liquid travels within the drying chanber,
liquid in the droplets is |ost due to evaporation,

wo eawioer9bhehi nd a catal yst particle. Until thePCHUS209%023398
particle forms, the droplet-15s-likely to remain
entrained wth the gas flow. In enbodi nents where the
residence tine in the drylng chanber is |less than the
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usddotosseparadé thel digalged preyedsoppaticlesdromnahé gas sisedniom t he
gas stream [004 ] In an enbodi nent, the solution is
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sprays fhe solution into a dryi ng chanber that

tenoerature of theheoduigoh at thogpizeleaxitisdi>56Ff Ghiryess he 120°C or less, or
tenmperature of the heated atmosphere is at |east
10@%450clessr at | east 2000C, or at |east 2500C, or at
| east 3000C. In another enbodi nent, the tenperature of

[0050¢ healRéngisIp %Mwer $rh di‘ﬁ‘?%ﬁrz@fs theséhution iRRPPErRhg chamber

| eSs, or 3000C or |ess.” The large tenperature
thad ct)ﬁwnfsra:bea‘ted atrhesphetest Prefienablyo the eneperatungof the heated
nozzle and after eX|t|n? the nozzle allows for r

atraosphats Bt dash] §51G F o Tgsb 00 Saror abJeamt D316y orzatdesst 300°C.

NIRRT iy gﬁgﬂeag%‘rgﬂwﬁ%mc or less,
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gl omerat’ion of cata yst pre partlc

solhﬂoﬂﬁb?fo?% eRifecthenolzletand a‘ﬂ&l@ﬁltﬁf/g theeozglezd R wWiEfor Repid
used to conplement the heating and/or drying process.

dryfing te femptatalyat pracarsoro ﬂi’w@&raiﬂy,aa:gaseﬂowas alsomrssrmé\m the
attachnment can be used to_ extend é pat h | engt.h é)
dryipg chamber. The droplets formed by spray rymg can be entrame in this gas

flow, which reduces the amount of agglomeration of catalyst precursor particles.

[0051] In another embodiment, the shape of the nozzle may be used to
complement the heating and/or drying process. For example, a screw convey
attachment or corkscrew attachment can be used to extend the path length of the
nozzle. In situations where heating of the solution is desired prior to leaving the
nozzle, a nozzle with an extended path length will allow the solution to spend more
time at an increased temperature. This increased temperature could be due to
heating of the nozzle from the heated atmosphere, or additional heat can be added

to the liquid in the nozzle separate from the heating due to the heated atmosphere.



nozzle. In situations where heating of the solution is

desired prior to |leaving the nozzle, a nozzle with an
we@zioendiees path length will allow the sol uti on POI/ER®NT023398

more time at an increased t-elfperature. This increased

tenperature could be due to heating of the nozzle from

t he heated at nbosphere, or additional heat can be added

t he 2 :
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thdsolutien at theaiwizele esaf. | Porsexamysie thy sbﬁltim&dutl@g teombzzte can be

the solution at the nozzle exit. For exanple, the
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occurs by causing the flow path of the two streans

of Ntgas s étbmizationoeuboby causing thecfleswamath of thehevd stm/ams to
exiting one or nore of the streans can, be any

intexsacte dnan: ersbediment.dhe shapgokthetfinw exiing ee émmorg ofithe
stream an correspond.to the surfagce,of ,a co
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precursor according to the invention via spray drying.

effectivélg. enbodi nent shown in Figure 8, synthesis of
catal yst precursor begins by providing a M reagent
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OGRS SR Sndat SAREa bt B8 08 B formige ot
pre@utr et SXAiFORY BeNhPéhtordvia dpFaySdy ik nhladhé%nﬂﬁ)dlment shown in
provi ded. These sol utions feed a m xi ng vessel 815,

Figure B¢ syrithesipbfitatalyst peetubsor begad tynproaglidg adVlo reagent solution

801, a Co reagent solution 803, and a solution of organic complexing agent 805.
Optionally, a solution containing a binder 807 can also be provided. These
solutions feed a mixing vessel 815, where the solutions can be mixed and aged to
allow complexes to form between the metals and the organic complexing agent.
After the solution is sufficiently mixed and/or aged, the solution can be pumped
821 to a drying chamber 825. In addition to the solution containing the catalyst
precursor materials, the drying chamber is also provided with gas flow of hot air or
inert gas 827. The drying chamber produces a powder output 831 corresponding to
the catalyst precursor, and an output gas stream 833. The output gas stream 833 is

directed to one or more secondary cyclones 835 for recovery of any additional



al  ow conpl exes to form between the netals and the

organi ¢ conpl exi ng agent. After the solution is
wagedopiocizent | y mi xed and/ or aged, the sol uti on BERUR®07/023398

punped 821 to a drying charbleh- 825. In addition to the

sol ution containing the catal yst precursor materials,

the drying chanber is also provided with gas flow of
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gas stream833 is directed to one or nore secondary
depsrclimgesn tixSEesidence ¢iomeef theafropleys aftistilotiemafithan tieydiying

precursor entrained in the excess gas. This additional
charaberr §2, thamajrrityfdhe catalyst Preusioy Jpay, farayaadipr be separated

Lt th d hanber . tively,

froft s Heeey BrORH e Pest e Eviienst S ar opl et s of

solution within the drying chanber 825, the majority
[005F4]t he Aftenkyitingthe sprayadryemyf theraatadyst/precureorsis ghireditoc

fromthe excess in one of the secondary cycl ones 835.
suffigernd jor Aesised tovel ithe catalyss pregyrsor gan beiprsieddocamalling
opbRBER ST AdoifPhETpAGrR oD oS pA e BT i be aased o
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resultiry Q¢ atdlystipteciitdbt 81at eafealy For EUrReioR intb Tatdhedt by
extruded 855, resulting in catalyst precursor that is

sulfidatignf ddtecmatiraly,i afteritie catelyshipsestirsoy exits thedspraypdryer, the
Al ternatively, affer the catal yst precursor exits the
catglyshpregrysor can jhe dirgetad tora epleinatian apparatussugh ag aretary o
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or aiz. WheWwebrgas hids iBBe perfiosalod fifolatiletdoenpoimdyaduchfas excess
vol atil e conpounds, such as excess npi sture and

madstapeoanst exipanaied end deoemposedyengaviss. In anemshusbutient the sweep
s R e Uy S0, R SHEo Sl derssa e
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thet pevdat arhe @ahlgvsmprec&%r pawdthkaving thasetady talciner 866@an then
operation 845 tor nulli ng and extrusion as described
be pbsped.to mulling operation 845 for mulling and extrusion as described above.

[0055] An alternative process that operates under principles similar to spray
drying is flash decomposition. In flash decomposition, the solution is passed
through a heated tube to form the catalyst precursor. In an embodiment, the
solution is passed through an inner nozzle into a flash decomposition tube. If
desired, an outer nozzle can be used to pass cold air or cold inert gas into the flash
| decomposition tube around the solution flow from the inner nozzle to prevent the
solution from premature drying and decomposition and solid formation at the

nozzle. The flash decomposition tube is then heated to have an internal



[0055] An alternative process that operates under
principles simlar to spray drying is flash

waele@ompgs tion. In flash deconposition, the soP@E/USIN07/623398
passed through a heated tubd&-o formthe catal yst
precursor. In an enbodi nent, the solution is passed
through an inner nozzle into a flash deconposition
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amg mbusti on reaction inside,of the t

b romBestaroreastion e bsdue. it begtlcrlandhatype can be
AR L3¢ TRt el R o PR 0T SESSCT Sna”
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ution 901, oup nmet al conpound or reagen

coﬁlpldxﬁxhg)!i% 305ar@ptiorsdlyyhisolutioh congeining «bimdee20Mgan also be
agent 905. Optionally, a solution containing a binder
préddded aFhesessolugéonsrfeod danixinghvessek®] 4twhere theselutions can be
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conposi tion tube 925 i ncludes an externa
tubec3 imglwrles naextanahheaasingrsoardeg suct ahanexterrti heater 923.

Optionally, air and fuel can also be provided to the interior of the flash
decomposition tube to provide sources of controlled combustion, which provide
sufficient heat to dry and/or partially decompose the solution. The flash
decomposition tube produces a powder output 931, as well as an excess hot gas
stream 933. The excess gas stream 933 is directed to a cyclone or other separator
937 for recovery of any additional material entrained in the excess hot gas. The
high density (solid) output from cyclone 937 can be directed into mulling operation
945. The low density (primarily gas) output 943 from cyclone 937 can be passed
through a bag filter or other separator 939 for further particle removal prior to

exhausting the excess gas.



Optionally, air and fuel can also be provided to the
interior of the flash deconposition tube to provide

W@ ouwemerIdf controll ed conbusti on, which proviR@&r/us2007/023398
sufficient heat to dry and/-d9 partially deconpose the
solution. The flash deconposition tube produces a
powder output 93 1, as well as an excess hot gas
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deconposition tube, the catal yst precursor can be
[00583 sed Incarmther émbodinteat,c plow Sdker cAddietusedah a batch process
materials such as an optional binder 947 can be added
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horizomal plowt fnliker drodested ipeto avfledshebsutdS0°F (et 1bdse about 300°F,
solids are conpletely dissolved, a vacuumis applied

or atdleastaboukdp0%mn do drethet spdutien. | Bregerablye stiring witthethe phizing
|, xer are heated up to, af |east,6 about, 25Q0F,. or at , .
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C R e o ep about
600K r at least about 650°F in a second horizontal plow mixer or rotary calciner
to form the high activity bulk CoMo-C catalyst. Preferably, the calcination

temperature is less than about 750°F, or less than about 700°F.

[0059] Figure 10 schematically shows an apparatus suitable for forming
“catalyst precursor that includes a plow mixer. In Figure 10, inlets 1002, 1004, and
1006 allow for introduction of various solutions, slurries, solids, and/or other
mixtures into plow mixer 1025. In alternative embodiments, the number of inlets
may vary so that, for example, all reagents are introduced through a single inlet, or
so that multiple inlets can be used for one reagent. The solutions, slurries, solids,

and/or other mixtures are mixed using paddles (not shown). After the solution is



cal cined at a higher tenperature, such as at | east

about 55Q0F, or at |east about 6000F, or at |east
W@b@aneRIOF in a second horizontal plow m xerP@F/US2007/023398

rotary calciner to formthe2llgh activity bulk CoMo-C

catalyst. Preferably, the calcination tenperature is

| ess than about 7500F, or |ess than about 7000F.
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sulfidafios) Alterpdtiviiep) dfed thevathalyst peecasorlexits thy slow mixer, the
can be passed to a nmulling operation 1045. Additi onal
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can be directed to a cal cination apparatus such ‘as a
as exdess ynaistues and eddjfvatedrantlutecbmpobedibrganést menshowmin Figure
addition to the catal yst precursor, the,
10, the sweep gas is counter-current to the powder, entering at the end of the
calciner 1065 at inlet 1067, and being removed from rotary calciner 1065 at outlet
1069. Alternatively, the sweep gas may enter the calciner at 1069 and exit at 1067,
which is co-current with the powder. The catalyst precursor powder leaving the
rotary calciner 1065 can then be passed to mulling operation 1045 for mulling and

extrusion as described above.

[0061] An alternative process that operates under principles similar to a plow
mixer is conical vacuum dryer, such as a Vrieco-Nauta dryer. Figure 11

schematically shows an apparatus including a conical vacuum dryer that is suitable



rotary cal ciner can also be provided with a sweep gas
feed 1067 of a suitable gas such as N2 or air. The
wWeMe061293 aids in the renoval of vol atile conpoUnszn7/023398
such as excess noi sture and Zlvaporated and deconposed
organics. As shown in Figure 10, the sweep gas is
counter-current to the powder, entering at the end of
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[0062¢ sol Aéet exibingrtiie @bnical vabunm deyer, false catalyseprecatsor is dried
to 2(1) rsufhf'loctic':ntrr)tiydeks)i(ied level, the catalyst precursor can be péssed to a mulling
operation 1145. Additional materials such as an optional binder 1147 can be added
to the precursor at this point. The mulled catalyst precursor is then extruded 1155,
resulting in catalyst precursor that is ready for conversion into catalyst by
sulfidation. Alternatively, after the catalyst precursor exits the vacuum dryer, the
catalyst precursor can be directed to a calcination apparatus such as a rotary
calciner 1165 for further heat treatment. In addition to the catalyst precursor, the
rotary calciner can also be provided with a sweep gas feed 1167 of a suitable gas
such as N, or air. The sweep gas aids in the removal of volatile compounds, such

as excess moisture and evaporated and decomposed organics. As shown in Figure



supplied to the conical vacuumdryer to facilitate the
dryi ng process. A freeflow ng powder 1131

weornpeenondi ng to the catalyst precursor may bRCT/US2007/023398
obt ai ned as the out put procdud- fromthe dryer. [0062]
After exiting the conical vacuumdryer, if the
catal yst precursor is dried to a sufficient or desired
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beads. The spheres provide increased surface area for
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which causes the solution to be mixed with and contact the non-porous spheres
under heat. The more volatile portions of the solution evaporate as the solution

" travels through the calciner, resulting in formation of catalyst precursor. The
catalyst precursor forms on the available surfaces, which include the surfaces of the
non-porous spheres and the walls of the rotatable tube. The catalyst precursor
which forms on the non-porous spheres will continue to travel along the length of

the calciner as the calciner rotates, due to the angle of inclination of the rotatable

tube. For the catalyst precursor that forms on the walls of the tube, a chain or other
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wae@nepbaced by a flow of beads that enters tPE/USNHO7/023398

at the beginning of the tube3{0064] During operation,
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o 3535 b B 1 B BP0 R AV, ol

r gt
pafttfest Bl CAN: RUCbP PRSP ity BB TruksSh B S £
colléutivndrestéle Tf%lﬂih@re%faré peevienbal frbheroadlitignsithe b@ﬂ@tftﬁﬂi vessel
and the non-porous spheres exit the tube and pass
byttlhw sugénsa Instead, thersp eres mpoicineplated backsioztbe frant or entrance of
serl es of screens w th openings of decreasing size.
egoiatable tube OBFFhet‘F?éClgE’P eens within the sizer are al so
agltat ed. As the catalyst precursor and non-porous
[00GE)er eSFpeformalion Wdltatahest Pré@irsortdtCorting & tH¥invanti@s the
any catal yst precursor adhering to a sphere to be
tenhparatueel iside theumldinet isgreferatly st astdbaut @ 5602 adryattleast about

recursor particles, the catal yst precur ass
30 ?Qoifaﬁ temperatyredn dhe wt@%caéwef cztrb %leééﬁha@c‘f%ﬁ? or less than

b IRDCr SN B RsPaf DlBlt e Foler BYEh Rph e staged
?r?ﬁ?l?}e:ﬁlrlgttﬁlget: glg(?gf‘ Eh‘ﬂagﬁs??r&ﬂ%rta?e ERSoskl 98 diPéreRbichiit fures

tub the cal ciner. [0066] For

as ti mttueal/ oc edtalyysprepusot travels ammgﬂlthg rd}tataibltembe For
invention, the tenperature inside the calciner is

exqmpleg thebtoparytcal cinet caabinaludesinee, separate heating stagasuwith a first

stage set at a temperature of 120°C, the second stage set at a temperature of 250°C,

ﬂ

[0

and the third stage set at a temperature of 400°C. The atmosphere within the
calciner can be an inert gas such as nitrogen, but other gases such as air can also be
used. The residence time within the calciner is preferably from about 10 minutes to

about 2 hours.

[0067] The residence time within the rotatable tube can be controlled in
various ways. In addition to adjusting the tilt of the rotatable tube, the interior of
the tube can include walls on the surface of the tube, such as flights or a rotating
spiral shaped wall. Walls on the interior surface of the tube can be used to either

provide discreet stages within the tube, or to provide more uniform transport times



3000C. The tenperature in the rotary cal ciner can be
| ess than 425C, or |ess than about 4000C. Preferably,
W@ b@venperature within the rotary cal ci ner caPCBhES2007/023398
staged, so that the m xture 2dhd/ or catal yst precursor
are exposed to different tenperatures as the m xture
and/ or catal yst precursor travels through the

fox’ir sﬁ)?:]?te%binﬂ datdi§st grefursd € tubd1CAl it Ebful?lﬁ%%éﬂf F:rre?tf’éﬂ at the

e three’ separate heating stages, w
end b bk tédicateah® Beight b€ tHY bedP6Dkon-pbus spherds Witde the
set at a tenperature of 2500C, and the third stage set
tubgt a tenperature of 4000C. The atnosphere within the
cal ciner can be an inert gas such as nitrogen, but
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cal ciner-i1s prerer

catdBRypretUrddr %Hé&*‘él_iﬁ%toat%%v&thﬁurI%-FihQ&GFj, t& desired Group VI

residence tine wwthin the rotatabl e tube can be
metaintagenteGroup Vil imetal seagent, and adghinic oomptexanyg agdritage

the tilt of the rotatable tube, the interior of the |
combineddam miang ¥esseallRdS o hermixtyreria delivgred fe retapecalciner

1274 RoBiy calediro1 5 4156 Hifidddh B Mo ARS pificles grgpheres
12%1;. Alslthet @Wﬂo_@%ﬁ:‘?&qﬁ&qn@ AeREs, thé HB?—SQ)F@U cleS Iragd the

provi de nore ormtransport 'tinestor spheres an

mik@kre tradé] 4168€ tisRhgiinof the thbdwaddhaeegRUTd mesentatalyst
created at the end of the tube to dictate the height

prasfirsondrdie dtickingdo-thowalls of pireecaleinai, tan¢hain A233 idesed to scrape
[0068] Figure 12 schematically shows a rqtary_ cal ciner
theslmetrw%al? as theduhe getatest A FOUNtSFQRTRNS gas ﬁez«yo%ﬁ ges,such as an

ine o GRS RO Bt 1267

ouq_ﬂgﬁ@.( | WheRIRE Eat?fy‘\% Péé&‘m%‘? dnill @h@nml-r’p'of’&lsvﬁa?ﬁ@es +cakh the

m xture is dell to rotary calciner 1225.

endRof eieyrotathblertabe, tRe tatalyso prettirsstemdamoneporohs pariodey Qow into a
particles or spheres 1231. As the tube of rotary

sizeml 23 heTha sz8r aldows smallenpantistescatalyst pracurssirkto fatithrough
. the mxture tr al ong .the length of . the tube towar
intp geeodlgrtion Yssssflgé?nwle%? theynan-peradts peicles g rgmreﬁﬁggw
. e I f ahgi a.chai [ .

el BB P B 0 e g bS8t o
that @4l Rt pHSueSUr ARAShéd R Abnoddss patielk will BOsépheated 9¥Fin the

or air, also travels along the Iength of the rotatable
sizenjaadfmod redycled inl@ @hie totary calciner.
[0069] Still another method of heating the solution is fluid drying. In fluid
drying, a thin layer of solution is sprayed onto a heated surface to accomplish

drying. Other suitable methods for drying the solution to form catalyst precursor

will be apparent to those of skill in the art.

[0070] Based on the nature of the solution and the type of heating/drying used,
additional heating of the catalyst precursor may be desirable. If additional heating
is desirable, the additional heating can be performed in an autoclave as described

above, or the additional heating can be performed in a rotary calciner.



outl et 1269. Wien the catal yst precursor and the
non- porous particles reach the end of the rotatable

WO ae/062b® cat al yst precursor and non- por ous pRCT/U8108%023398
flowinto a sizer 1251. The 25 zer allows smaller
particles (catalyst precursor) to fall through into a
coll ection vessel 1257, while the non-porous particles

r ot . T .

O] {48 S il PEEb ATl BRLELY LA precursor

cait BamflRidefoy shiferaety! Siie citdlgsthieciroPcdiPbe Avledsn a dry state,
particle will be separated off in the sizer, and not

sucheayinl thd form of alppwderaeythealatdlyst ipreguas@odanhe inl a paste or other

anot her nethod of heating.the solutjon is flui .
weg slpteolf if 18 c#qsmeg tQ) a&? adindertaithe p%@bfrst Bfecgbﬂoaxt%sm‘ier can be

s A s
pofitt& b!ﬁt‘rolfth@%gg%%’ ofihd gﬁ%ln t Z§t‘?”t to those of skill

k
In the art. [ Base nature of the solution

and the type of heating/drying used, additional .
[00724t i ngAS%/:r mndlingtthe getalyst psequssor (phis asy eptianakbinder) is
addi fi.onal heatjng Jis desirable, .th ddi t | onal
exfiadad nERE e Sl SRR R edchediated Sancen e gatalyst
, t it ting can be perforned in a
preﬁbg?sg)?fafg?lecs:ﬂﬁ%d?&‘[jf&fyﬁaé&teﬁg%he poi nt during or after
t he heating process, the catal yst precursor can be i
[00%3]1 ed Ioeonirast tr eanvientivhal hyadreprpsesspng catalysts, weichtypically
mul | ed i dry. state, such in the farmo
arsRameisedipts Ftiehapipenasicuil ableastine, Srovp 1] metal gpd a
: fe . e 0
leaf} ORGP, TBlsietal b barafist hE bt Rnt i cRubh B Buficbasalysts
the nulling step. Inert materials or diluents can also
[0054] addeWithout bewmgdwiund hyoanyparticblar teecryt itvs beglicvfedithat the
fipal cafalyst. 00(71/2] fter mulling, the cat st
organic-eoraplexing agemt aRdsthe FespltHg ergaRic-corapey ed-gogponent

trude I cur . e '

ple3 S B 8 PPt B Ry e Tte GutSRl Hy Rrfilbved tha
theCtoahié 18Qifr3lageRit F fRlreb@IHRBBDYEANIL RO -

eﬁ%r opfégéneési n aggt afﬁ?/(g?s, V\r/ﬁlg ch1 g)@pgcélb?g groémd based
componentstthephssists i stabilizatiph @fnled edtalipakticles hmdiet diveetly
. Goup VII'l netal and at |east one GrouF VIB netal, the
interacts| With snasal adiiyersites end prowesis thermetabiron agglameratings . In
oth[e? W(ﬁ‘h%\é\rl% %i? Elg{r]l ef)g(grlxjgn gggr}{ a%ﬂyorpo%rggrllig %L)?r{pc}ulglﬁgbra%éd
component enhances the dispersion of the active sites. When a catalyst precursor is
formed with an amount of organic compound-based component that is less than the

desired range, the activity of the resulting catalyst is lower.

[0075] A bulk powder catalyst precursor composition according to the
invention, obtained after any of the above methods, can be directly formed into
shapes suitable for a desired catalytic end use. Alternately, the bulk powder can be
mixed with a conventional binder material then formed into the desired shapes. If a
binder is used, it may be either introduced before or after decomposition (heating)

of the mixture used to form the catalyst precursor. Examples of potential binders



organi ¢ conpl exi ng agent and/or the resulting

or gani c- conpound based conponent plays a role in the
wap@perted high activity of the final catal ysPGI/US1007/623398

bel i eved that the organi c cdfpt exi ng agent and/or the

resul ti ng organi ¢ conpound-based conponent either

assists in stabilization of the netal particles and/or

inc‘i‘ﬁdeeRE{igelitﬂéﬁra@%H?bl‘é’i frémBéiile MHALAR BidrRatidi of Hunt Valley,

_prevent nmetal from aggl onerating. I'n other words,

MDhRya¢@la03d DhavatxbledraigeNyacehanb Tuchaologies, Inc. of Ashland,
conpound- based conponent enhances the dispersion of

MA her aSi-resinsiuchss W30 avedatde fisim Paw (iening. Other petential
.wWth an apount of organi c conpound-based conpopent )
bindegs cansinchile ttania, ZwEoniassarben, paﬂ)g@,nthstaaectmfziﬂpsﬁlovltrsﬂ,
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can Ire I nt’o shapes suitable for

thed@apttudusedt fok yynthesinthgube catilystpacduesor, the bul k
powder can be m xed with a conventional binder

' t f ' he desjred sh I.f ..
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praufsde cohip@sitith Withi aoRilfug lcaitaimivigidoapotinty suoh/e éleental sulfur,

Mnerals International of Hunt Valley, M), Nyacol 2034
hydiogensalfidenorepdly sutfigs c Sulfidation Ten lalsel beytarsied lont in tre liquid

phisegii st Bspmbigatien pEf pabiseidensich s AmeBH thsbftidrspiked
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to fﬂ%?r@?&‘éﬁon ot tlﬁé bk @'ﬂeflgaedyo AABE priét 1BitAE 88 dition of a
precursor, such as silitic acid, S acetate, or Al

biriegtifused.may be added to the m xture used for
synt hesi zing the catal yst precursor. [0076] The third

1OFHTor 1 1ihe cBBBEFPraSfiedn i iSef ALE HEARef grdsiSs, sulfidation is
pr&%ﬁbﬁ&éﬁ‘ieﬂ%& 5665 AUEnRY tﬁ@ gﬁ?ﬁfxg Reep! "SuIfidh@od flay be carried

precursor conposition wt ur “cont al ni ng

out &R belin Siue hF esexeliemsulfidationy sulfidativdis egaedoitf indeseparate
or polysulfides. Sulfidation can also be carried out

reactortpreori todoading s sulfideed icatatyst ntodhe hydrapsocessing unit. Jn situ
suliahn i pisteraed Batforic by Gaasion eculfifariobde Famiedopt in the
san%3 rc(a:aacrtcrni l?s%dof%tr h?chilrb()SpGr}g(l:Je%rs]itng.

[0078] In an embodiment, the sulfidation step can be a liquid sulfidation. In
such an embodiment, the bulk catalyst can be sulfided by exposing the catalyst to a
feedstock spiked with 1.36% by weight of dimethyl disulfide. Alternatively, the
spiking level of dimethyl disulfide can be between 0.5 and 2.5% by weight. The
catalyst can be exposed to the feed at a pressure of 500 psig at a LHSV of 1.0 and
hydrogen flow rate of 700 scf/B. Preferably, the catalyst can be exposed to the feed

for an initial period of time, such as 18 hours, at a temperature of 425°F (218°C),

followed by a second period of time, such as 24 hours, at a temperature of 625°F



to the preparation of the bul k catal yst conposition
but prior to the addition of a binder, if used. [0077]
wo boovker2eat al yst conposition is used in a fixeRChEs2007/023398
process, sulfidation is prefXrably carried out
subsequent to the shaping step. Sulfidation may be
carried out ex situ or in situ. For ex situ
, : '8
(3, SRR entddinlit; Shet RofSifoRL Anddy, & ARG R ean be
usddre hydroprocessing uni t In situ sul f| dat| on is
preferred and for in situ sulfidation the sulfidation

[0473‘(11?3[): ed oﬁ%fm%qggﬁl?ﬁvoi%%éw ;@lg‘gifagg)ﬂ,ethe catalyst can be
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yvvmght o di me disulfide. Alternatively,
be ape¢diorgprbesssingod f@dmkw aghressufe ofel Sihpmgethlesnmdmldh ¢n be
and 2. 5% by weight. The catal yst can be exposed to_the
pexffem!echat ahighes prassursftosodugssthy time needeg\togichieve salidation of
dro en flow rate of 700 scf/B. Preferably, the
the t can be exposed to the feed for an initial
perlod of tinme, such as 18 hours, at a tenperature of
[0080FF ( 2kSGariods@nhisodithenis, theses ?dt fegiedd fiet sulffdationdsh
as 24 hours, at a tenperature of 6250F(3290C). In
belm\tedrtodrmlvo at teast i, past Astructune mvolding comgt éxadnadr another
ul fidation can be used. [,0079] not her enbodi
inteTgHPRY of ghatalg bydwih |ap.qaa@msﬁorrm%mé§aa§1= SPMPIRCHe e nature
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theoérgﬁﬁé dse@RPmponentiAe!cgtalyst préGurset aﬁidcﬂ%@ orgamc

be used for processi ng a feedstock at

compmcmg agaft usbd iptheginitidi enixakrtitd doim theeatalyst pltecﬁmorreNote
at a higher pressure to reduce the tinme needed to
thag imtheviBxamples dvalqvurthgmatlm angk sl fpstspegiop Bothe syliydgd easalyst

aerrbodlrretslh%rﬁg %%/{]E forned. fter sufldatlonls
PRFSF LR QX HIZGHA Vﬁtt ayst *b%fm‘ tume | { goperature
Prc}@%‘ﬁ’xﬁ&ﬂ@f %t%hes’f@dlé? Nofk p%gﬁf)i% int dérgie%tgxﬁ{ foQOé’Je '{PO studies

an organi c

is the ?réb%hb'é of 8 fcohljfie0 (@esdnte sm%pwecbftiﬂﬁee@btmmﬁewn the
the sulfided catalyst may difféer from

organic compound-based component and metals in at least a portion of the catalyst

structure.

[0081] In an embodiment, the carbon content of the catalyst after sulfidation is
at least 10 wt% or at least 12 wt%. In another embodiment, the carbon content of

the catalyst after sulfidation is 25 wt% or less or 20 wt% or less.

[0082] After sulfidation, at least a portion of the metal in the catalyst will be in
a sulfided form. In particular, the Group VIB metal will form stacks of sulfided
metal believed to have a MeS; stoichiometry, where Me represents the Group VIB

- metal. For example, if Mo is the Group VIB metal, stacks of MoS, will be formed.

In catalysts formed according to the invention, the average stack height of the



t he organi ¢ conmpound- based conponent in the catal yst
precursor and the organi c conpl exi ng agent used in the
WO piovfoed293m xt ure to formthe catal yst precursoPCT/N81087/023398

that in the Exanpl es bel ow,- 2&e carbon and sul fur
species in the sul fided catal yst appear to oxidize and
| eave the catalyst at a simlar tine in Tenperature

sulfided r%ﬂ?g?%@h@?ﬁliﬁﬂ‘llﬁé ff@}fﬁ%}ougl. RPS5IUR12€ In another

I nter atio or these studies 1s the presence

embbdin€fttecaverie sackeheighewill bpat tast NReoast le@st)1.3, or at least
bet ween t he organi ¢ conpound- based conponent and

1.4yer at keasnl &t Thstitanathes enibodiment, tlee avdrage stack height will be 2.2
structure. [0081] In an enbadi nent,_the carpon content
or gsst01e2. & A dgspsOr }é@t@rle% oF il $aer gas.i Without gsgkg bayng by, any

padioniis thE35: iti€ bifiUed BaP RN «IPRERT Girrs-bB3aC fdfpy to
inc{r@a%%%l%tigﬁ W% or |ess. [0082] After sulfidation, at

east a portion of the netal in the catalyst will be
in a sulfided form In particular, the Goup VIB netal

[0083]1 f oFhe setabies compesitions of threpreserddnyentian ars pagiieularly
sulfTe ot R Sosihbite ARG S 0 CESRPSAT otk
pr&%@s@ﬁgn%yp ﬁ%dﬁgeﬁ'\aﬁ@n bf ﬁﬂ?ﬂurr?ltéb, ﬁg&%&%ﬁuﬁfﬁ@? oht

according to"t I nvention, the average stac

hy&fodehifogehhdes Hydeodeavbiatiitédn ad mildehydrocraskiog! Preferred
to about 2. In another enbodinent, the average stack .

arehley dybdeswil furizationtand dadrodenitrogenation| &nsventignal dvydseprocessing
least 1.4, or at least_1.5. |
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rectly to i'ncreased activity. e catal yst
conpositions of the present invention are particul arl%1
ose
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[0084] t ab| Begdstodky @nophishdbe prrgent/imventipmesn beprsticed are

Ex | s .of hyd[oprocessi processes. i ncl ude .
pegEBL ERafr Ao POnedn srar SR AR B oIry L D8 Frage wil

. Lo, p L o

o8 B R o BCIRACIR RS AU A, nd
light/ s0sie Biré ArAg e NhL [ritigoeneaipled 08 bréfede d distitagsitigms include

condi tions include tenperatures from about 250 to
dieselciue], jetyfincb grd hpatexsoilesThé feedstocks can contain a substantial
amount of nitrogen, e.g. at least 10 wppm nitrogen, and even greater than 1000
wppm, in the form of organic nitrogen compounds. The feedstocks can also
contain a significant sulfur content, ranging from about 0.1 wt.% to 3 wt.%, or

higher.

[0085] The hydroprocessing of the present invention also includes slurry and
ebullating bed hydrotreating processes for the removal of sulfur and nitrogen
compounds, and the hydrogenation of aromatic molecules present in light fossil
fuels, such as petroleum mid-distillates, particularly light catalytic cycle cracked
oils (LCCO). Distillates derived from petroleum, coal, bitumen, tar sands, or shale

oil are likewise suitable feeds. Hydrotreating processes utilizing a slurry of



from5 to 250 bar, liquid hourly space velocities of
from0.1 to 10 h 1, and hydrogen treat gas rates of

WO e@ai0e93 o 1780 nB/ nB (500 to 10000 SCF/ B). [POBU$2007/023398
Feedst ocks on which the presZht invention can be
practiced are those petrol eum feedstreans boiling in
the distillate range. This boiling range w ||

dlswfﬁeﬂg:la{a\l}{n.*ﬁ? d[f 5&2})@?%1&4&%& BR 'féecfsgi%%n@fh‘lily known. For

ates |ght gas ol |

ex@hpRAES. PanNNJ. 41 35708P letoabppesetal dixctises hedrodieating ladieavy oil
streans include diesel fuel, jet fuel and heating

empildyang Bhoarcudatiiegg Juky catalystoOthirpatends dist bosinigasluzryount
of nitrogen, t |eas m ni.tragen vV
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e present 1 nvention also includes slurry”and
(LELDO®). ating bed hydrotreating processes for the renoval
of sul fur and nitrogen corrpounds and the

0B O9 o oGTRefs TGS R BACHT P Bkl rane o
SIS Rl PSS TR o0 00

an@igggsrifrﬂggp e 0 KPa éH 'for”‘é)@cuhfr)1 leeyd %@Z?S"afrﬁgilﬁleres

otr atlng pro ESS s utilizi g a sl urry

(1,0138lkPpasc 26¢5 79k Rd)y ht sn¢ embddinxéntrtke vérhperatuny i mcthe lnmge
feed are generally known. For exanple, U S. Pat.

inclyding, 1821CtandL3A0SE and thee pressuroisdn thq/dmgene@ludmg laS 195 kPa
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catal ytic cycle cracki ng oils (LCCO. ﬁ[0086]
[0087r 0gePencesmcarshitions applicahle fiod ¢he wsecof thesatalysth described

N AT TR TRE o L
ot ASTRSERE 58 528 (b G988 0l g O i hens

The TBREWIR Habld Serb ETRENIRS AR tySichNcdliftio @R a range of feeds.

FEED TYPICAL | TEMP.°C | PRESS, SPACE H,; GAS RATE SCF/B

BOILING BAR VELOCITY
RANGE °C V/V/HR

naphtha 25-210 100-370 10-60 0.5-10 100-2,000

diesel 170-350 200-400 15-110 0.5-4 500-6,000

heavy gas 325-475 260-430 | 15-170 0.3-2 1000-6,000

oil

lube oil 290-550 200-450 6-210 0.2-5 100-10,000

residuum | 10-50%>575 | 340-450 65-1100 0.1-1 2,000-10,000

[0088] While the invention described herein shows enhanced activity for

hydrodenitrogenation, most HDN catalysts will also show hydrodesulfurization




i ncl udi ng 1800C and 3200C and the pressure is in the

range including 15,195 kPa and 20, 260 kPa hydr ogen.
wab@okytsgen to feed volume ratio to the reacPCr/Us2V0B023398

standard conditions (25 0C- 30 at nosphere pressure)

will typically range from about 20-200, for

wat er -white resins 100-200. [0087] Process conditions
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deftribedarié€itl willbsusetal b €eddd lcbhﬁﬁhiﬂg!t%_th aftrdden dndaslfur, and
i ncreases, the severity of the conditions wll also
willberpaatieulaity eiséfuil loovieeds highlie nsteogens to il lustrate
typi cal conditions for a range of feeds. [0088] Wile
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invenfivn N Faagfied| Lur dexkibersyitielisaTd abods ‘égﬁg@t ?)%bursors and
activities.” Consequently, “the catal ysts and processes
analgsis lofleathlyst peecursed properties e Bxlamples &ed<) desotibe comgnercial
both nitrogen and sul fur, and will be partjcularly
scale predessas forprrdusingsuch ¢atalysiquecusosssrondiag to VR g
X les will.serve to illustrate, but not Iimt this
em%@gﬁ?m%ﬁwt@%ﬁpegn-l- 7 describe synthesis of various
catal yst precursors and anal ysis of catal yst precursor

Exanpbel t-i@aalyExPrseussor SynthkQisdescri be comerci al scal e
processes for producing such catal yst precursors
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hept anol ybdate tetrahydrate (AHVM in distilled water.
aquealiylschuteueesialse grepdrod byakissal wog the pppregripte amount of cobalt
di ssol ving the appropri ate amunt of cobalt acefate
acgtatertghyhivdiate in it lded wata oM glyaxyligpgidpeuiiqnewas

prdifigh 57 o L8085 RSB A W St A b0 A58 Baueons
solRfibHt i on. [0091] A mixture was prepared by m Xxing

toget her appropriate anmounts of the above three

sol utions. The resulting solutjon had a reddish col or.
004  at Agnissturggwas prepared by mixing together appropriate amounts of the

above three solutions. The resulting solution had a reddish color. The ratio of Mo
to Co in the solution was 2:1. Two bulk catalyst precursor mixtures were prepared.
One catalyst precursor mixture had a molar ratio of glyoxylic acid/(Mo + Co) of
4.8, and is designated Catalyst Precursor A. A second catalyst precursor mixture
designated Catalyst Precursor B was prepared having a molar ratio of glyoxylic
acid/(Mo + Co) of 6. The catalyst precursor mixtures were heated at 55°C for about
4 hours, then at 120°C for about an additional 4 hours. The result for each catalyst
precursor was a black viscous substance. The black viscous substance was then
cooled to room temperature wherein it solidified. The solidified black substance
was ground to a powder and placed in a tube furnace whereupon the temperature

was ramped from about room temperature to about 325°C in one hour. The catalyst



to Co in the solution was 2:1. Two bul k catal yst

precursor m xtures were prepared. One catal yst
Wee@o061es m xture had a nolar ratio of gl yoxyP¢TUS2007/023398

acid/ (M + Co) of 4.8, and-i3d designated Catal yst

Precursor A A second catal yst precursor m xture

desi gnated Catal yst Precursor B was prepared having a

o . . Hror .

pre o tha Shfe L RedBd ¢ { iygrBke B oy IR in i o
ab&lidUuhoutshours, then at 1200C for about an additional 4

hours. The result for each catal yst precursor was a

(021 e SEERIR o e bR ERta Sk Besturr PONE R T FrUsRES fito fincs
W the Fo5th
s s bt ftord n S PLARL ATLROAEE IR BRLBIOEpURRA Pt nded

topmgeaatug@tp@wdeﬂnped from about roomtenperature to
about 325C in one hour. The catal ystprecursor

i1 th heat t { { f
0T * b Bl SirFacerira aBSGaroaniagalt Veap g aiPEthe
coffyet BB SR RUi05, ASUMISHE ABHPCHIAN: Hcursor
as WelllddFoPh CONIS %tawwgﬁé&nw;ﬁggrweﬁisﬂﬁﬂaﬂp, titasidesut the use of
catal yst powder. [0093] The BET surface area and
an oggdmitiacid(Coniparatiee Catadystd). The rehdtscae ahgwh in Table 2 below.

precursor caonposjtions of Catalyst Precursor A and
X-watdiffyagtion shoyreshthabbeth sagplesefl thebulk eafmly st presuysors of the

SRR Tl el A0S S e
o PRI b TR RIS LB BT e

presbist. WK%g!diﬂ%EtioWbdﬁ&h? fAO6mpattive rc_am?sﬁp seéwedind
do not exhibit the long range order typically observed

cryistal[iRid Muoéh, drak GeMuid 4 mdiiets areftypioply abgarded ap hndesirable
present. The X-ray diffraction pattern for npar at i ve
catejatsbpgﬁgtlrspr%ffmﬁeﬁr%tr@ Prosessenntids hglie resighjat garbon

ok B PR AL g
of Fﬂgﬁ% bEiled Y8 thAA T QB dxidd sfdl‘@eﬁ]ﬁ]fadré‘ fbt PrelEM! T g?ésent as

resent invention interrupts e crystallizatio

smafl cEpvils eiatdatodacd hale dealdergxiatitnecchazdabsingd XRID speetra.
not present or are present as small crystals that

introduce little or no crystalline character into XRD

spectra. Table 2
Carbon Content
Catalyst BET SA (m%g) (WE.%)
Catalyst Precursor A
COM0-6-G]y 15.6 23.8
Catalyst Precursor B
CoMo-4.8-Gly <1 219
Comparative Catalyst 1
CoMo Prepared Without 20 0.22
Organic Acid

[0094] It can be seen from Table 2 above that the bulk CoMo-6-Gly and

CoMo-4.8-Gly catalyst precursors have relatively low surface areas. In particular,



Table 2 [0094] It can be seen from Table 2 above that

the bul k CoMb-6-Ady and CoMo-4.8-dy catal yst
wpe@eneres s have relatively | ow surface areas.PCTUS2007/023398

particul ar, catal yst precursd?2 CoWb-4.8 has a surface

area | ess than 1n2/g. After heating, both catalyst

precursors of this invention contain substanti al

catggﬁy E{ﬁ%uﬁor QﬁJMBM.@%a?Q%Hﬁa@@ afed 184 thhn %mﬁge ARG RAting,

the cat'alyst precursors of this Pnvention

bothscataliystgret@Rofy of thes ineahticiycoma substantiahemoeahil ofasbon of
experienced, i.e., the tine and the tenperature of the

aboet A2 to24wih.| Fhe marboml dondenttdfdhe aatalyst pfecytspox of this
. acid/ (M + Co) n&al . The carbon content in the bulk,
invephipn dae fpgaionpidhahsating canditiens the ¢atalysiscxpenensedst.., the

tie e bedemPeGh FRE HREHS p A F LA Pop of tyoxyic

. . y . ‘ L

aciBf(ié o Befll) The cafH Rrlerig g PR COB eyt piRbursors

infhieness the maﬁim?wbﬂaieecwrror iakyeh precuasuts anld @hé resulting
acetate tetrahydrate were used to form additi onal

hydwmdasyléurizationnatalytic agtivities of te sdfided patalyss. 7 wt %
AHM 4.0 wt % Co Acetate, and 17.3 wt % gl yoxylic acid

ExAfipid PBToAafiolh I ERAI AR AR SR ERadbldsNe TV WD

TJ CO SOt utrons W LT a sorutron contarnng 25 wt % of

gl yoxylic acid. The molar ratio of R/ (Co + M) was
[0005. Af 1 M sphuions @f apmorignubepsampididate traby deateard cobalt

a3 e TR0 S0P A SRR ™A Wuion
li [ S 1. %] i . .
coffS op 4 Az DR XKL 4300 GR1 Yyt pcid vas
fornfedt By ﬁiiﬁﬁ)g%l%‘éﬁﬁﬁé agl oty bf theaCMIMoTAxed T8l sluticHsiwith a
of R7 (Co™+ M) was 4.8. After heating, the solution
solytieh ¢ontaisinki2d wils aflgiyoxylit atdd. Fhanpdler fatid OOR 7Y Cohi Mo)
exanple is directed to the synthesis of bulk

was 4. $re Adier iheatingsalve solatipniyieldrtp selid wasabqut8 i¥ocat al yst

was prepared by a controlled heating process according
OB SRR i85l ing 05 7SR M5, A4 0 Accr
an& 8pAr wt% glookyicssid wal fobmel bYorgixie wppropriate amounts of the 1
M Mo and Co solutions with a solution containing 50 wt% of glyoxylic acid. The
molar ratio of R / (Co + Mo) was 4.8. After heating, the solution yield to solid was

about 19.4%.

Example 1C

[0097] This example is directed to the synthesis of bulk trimetallic NiCoMo. A
bulk trimetallic NiCoMo catalyst was prepared by a controlled heating process
according to the invention. 200 mg NiO, 200 mg Co(OH); and 1 g H,Mo0QO, were
each dissolved/suspended in water in separate containers. A 50 wt.% glyoxylic
acid solution was added to each container such that the concentration of acid in

each container was 15 wt.%. The Ni, Co, and Mo solutions were combined and 6



acid solution was added to each contai ner such that

the concentration of acid in each contai ner was 15
wowredwe®he Ni, Co, and M sol uti ons were comnbi PELURVA7/023398

6mM 30% H2O2 added to the cadi ned sol ution. The

sanpl e was heated at 250C for 4 hours to yield the

bulk trinmetallic N CoMo catal yst precursor. Exanple 2

z

mI 0P 04 HIAEA S iR 361 flohe S 3 MUK 250C for
4 hoasewd vialdiheBullp tdwetalic NigoMiesataBet preearsdt.ng to an

enbodi nent of the invention. The resulting XRD
' ' Lqure 1. As shown in Figure 1,
=BT Ry eet has an anor phous XRD
spectrum It is believed that the organic
[0098)poundniigey DiffipnivanXRD) hhﬂrﬁ@ Maasosdr fdrytssd on a CoMo based

precursor interrupts the crystallization process,

catalystipracngsar syathesived eecerding tomeerubedimant of thiviyenton. The
ARG i Aot R Bl
ool HEUS fsb D Aol DBE1Y ARy bl e

org%%?&ééﬁg%ﬁ&bﬁ%@ccﬁﬁﬁ@ﬁéﬂt i AR @BM@@Jt@l"ysta}tﬂ‘écﬁl%BF interrupts the

anor phous character.” This is in contrast to the XRD

cryspatlization processh wdshltizggvin ar€odo eatalySopreeusdor tieat Goeanpshave a
1) that was prepared w thout using an organic

detectaplecsrysigllingophaseb dn anradternediye dimeat pf disadnuention, a
sim.l ar to the catalyst precursors of the invention,.
crystadlingohdssaniey bidefiotatie in B RS PEscHTore PEARY 25 a portion of

Bl PURHE 42 AT SO BB e LS Bhraccr
sorfé afiirBheus chipAdter. aTHisSs ki O tPASesitHIXRE §pietr@in of a bulk
Catal yst Precursor [0099] A tenperature programed

Cod4o dmterdal (CoRParativelatahyst dathdtevasqrepared iwitleous tugimg an
the nature, of organi c conpound-based congo_ne_nt of a
orgamM GFQmplexing agany bufithatwas othgrwise prepasgd suniardy to the catalyst

rocedu f.or t al y.st i\n anpl . Fi,gure 2a sho
preBers b MeRyryon f Bt RI3SPPOEB fa i bl Chippgrive oo
[ t I; i
malidlShofs & QEsiaRR ASIpHIGE, inAlgisR FERS HEl apfenr to represent
Mdé@ssndOoMeOfret ry characterization of the products
generated fromthe catal yst precursor sanple as a

Ex];r%?) é ggnl‘e?rflpetrgtu g ‘Fri(t)gelfglr%me-r({1 SXP({ait{(r)%rc}/f (?artgl%l'sjtc f’rsecursor

.
a e a o) L ol
Ci -, W

[0099] A temperature programmed oxidation (TPO) study was carried out to
understand the nature of organic compound-based component of a catalyst
precursor synthesized according to the procedure for Catalyst A in Example 1.
Figure 2a shows that the catalyst precursor loses about 30 wt% of weight as the -
catalyst precursor is exposed to increasing temperatures up to 650°C. Figure 2b
shows a mass spectrometry characterization of the products generated from the
catalyst precursor sample as a function of temperature. The primary products
generated during the TPO study were CO, and H,O. Based on Figures 2a and 2b, it

is believed that at 650°C all of the carbon has been removed from the catalyst



generated during the TPO study were CO2 and H2O. Based

on Figures 2a and 2b, it is believed that at 6500C all
W@toovke12emr bon has been renoved fromthe PCT/US2007/023398

cat al yst precursor sanple. Fh# TPO study, in

conbination with the Tenperature Programred Reduction

study described in Exanple 4, indicates that the
predutdR isampRIPPHE TPERs@dy CRIRRABINAtIOS waH R SRInSKrafire

| east carbon, hydrogen] and oxygen. Exanple -
Prd@apeiied RedudticongstadyddsdribdddhiBxangfle @aimliyates frae ther srganic

[00100] Figure 3 shows the results froma Tenperature
compoyn cepenédns apmppsedsof adeasbrprbom, hydeoggnyand oxygen.

precursor synthesized according to the procedure for

EX%‘% XS-tTe'?ﬁ%ifu?é’r afl ton of Catz

tﬁg}ﬁerature change rate of 100C per m nute. The )
[001909]| t s FagunerieshawsTihr resultsframea ‘Semparateredirggrasamed Reduction

an s D oD i b B S0 rl R pppodur
rotCRaRRTPLEUEARASTESANG | TR I e pAR oot in.o

5% B, /Hdhtny¥pheft, Wiftss ttigeraturé BRargd i bFPIC pePmimite. The

CO rel eased fromthe priecursor sanple. The species
resuéts ef sl HETRR shdysaephewniie Figlres3adnd br diigerecia shows the
renmoval of the organjic conpound-based conponent and/ 0[1
totabyyoiaht lass asmensuecdiey therargrayimeiris anglysis. oRY dag g the

B R
rerggﬂ%lgcggfsh%\%n 'Fé%@ljteh%’bg’mllk tvx‘;"cllél‘?tgrﬁg% Rus e tHERIMARA9© . €0,,

ase erred that

an@ 00 réladdedTrorh the padcnisdorsanple. SThs spadiesieledsed fivig Hisssample
in a reducing environment, should take place at a

aret etipyed to reprosent eemov alaof tho onganio 00mpopnéibasetbtgmpenent
t han about 3500C. For exappl.e, one preferred

and/or coagrsion afsems metyl oxidesdntojowss oxidation states.s -
Cat al yst Characterization [00102] A bul k catal yst

[00X0AGUT SNotePAlsh it FigiiRe Ra0Zb,S3arahaBbtifdicatehysiemoval of the
PreCursor A was subjected to bulk sulfidation. A

organghtympotund-basat esrnponemss nbnimal enitil Bitgmperaturstneas 400°C is
X-ray Diffraction Pattern for thg cat al yst precursor )
. aCl%iﬂ%ieBéﬁé’d‘?n this 1t !;Srl?fégeﬁb‘-‘rﬂj‘ihﬁbﬁé 613119%9 gatalyst precursors, which

als%uc;cfc{lpsaitnl aorrclt’dugﬂldg éviron aern%t should ke tprlalljcrer:] a fa tgrl“rlllpléra RiR%f less
than about 400°C, preferably less than about 350°C. For example, one preferred

sulfidation temperature is about 325°C.

Example 5 - Catalyst Characterization

[00102] A bulk catalyst precursor of this invention similar to Catalyst Precursor
A was subjected to bulk sulfidation. A highly active material was obtained. Figure'
4 shows X-ray Diffraction Pattern for the catalyst precursor as prepared, the
corresponding catalyst after sulfidation, and a comparative spectrum of bulk MoS§,
made directly from AHM and H,S. Figure 4 shows that the sulfided material is .

substantially amorphous and/or includes only small particles relative to the



made directly from AHM and H2S. Figure 4 shows that

the sulfided material is substantially anorphous
wa@rwbos120:icl udes only small particles rel ati veP@DUS2007/023398

theresol ution of XRD, as ceffared to the distinctive

diffraction peaks of the bulk MoS . This is consistent

with TEM m crographs of the sulfided catal yst, which

res%hﬁ%’éﬁldo@;gpél as'ch dﬁlre(ﬂozfﬁ dlét nc'tﬁleklﬁ fc‘fi%ﬂ J;s Al %Pﬂlﬁf&lk

S represent neta sulf|
MaSi¢ I THis idcomiaéntorith TEMhitesgraphs aflth@I swﬁdat ¢atglyst, which
enbodi nent, at |east a portion of a sulfided catalyst
shawed smal @rystalt dizesi. v enbelmved ahatrthm smalk cristalsiepresent metal
character  that |s det ect abl e by In such an,
sulfiges,assibly alspdneluding Iiﬂﬁb'i mb% lﬁeﬁahﬂrﬁ? aﬁswtlysne

em%?ﬁﬁﬁ%'g' /a8 DR os A S AGET cATRSP BREEPEIH I Blyeptipn can
ha\-)ré‘@rg@fa‘i’l‘ﬁ?éjéﬁﬁa&ter E%ﬁ@'f@diéieé‘ta C{ammﬁ{isﬁ&l ﬁﬁ&ﬁb@&ﬁm&lt the

'yst precursor simlar to Catalyst Precursor A

restiltirs XRDAbpeitrapnhay hasesomarydisihing ehatadest anyg sanie amorphous

phase sul fidation procedure according to an enbodi nent
chasiictehe i nvention. Figure 5 provides a TEM mi crograph

and stack hei ght anal ysi s for the resulting sulfided
Exnﬁl Stgyl Hﬁ'o-l;lEMé saverage stack height
catal yst of about 1.5.

@104] Fi gures 6a and 6b depict TEM data for two
[0G483] t i obl¢ progsdureosf Emmpl@eldwaatf@lﬂwcéto gencratgtacgajalyst

preéﬁgsfozaﬁga%;&g@%@g& Becirest 2 i cpal5pmReinaat ey Lhen Shifided

o B M DM B NR
D, PRV oy PN USRI 9o

resﬁﬁilng)ﬁlﬁded aatab,ddi The THM datdshoves arf heerage atagk theight for MoS,
corresponding to Figure 6b was sulfided in 10% H2S/ H2

stagks md)@@ufﬁ#edzlcaﬁ@iustsof gootds} The TEM data for the gas
phase sul fided catal ysts show an average neasured

[O(Flt(ﬂT k hFig%Pés &4 aﬂd 6b epict TEM %ﬁi B itwbrhdiditsiHa® tﬁfés%f@ulﬁded
.2 for e catalyst in Figure 6b. Additionally, the

catgl%ystso HEsecatalybisdmtrespordingtts Fsgumm 6a andi6huwers pfrepaed using
6b appear to be | ess honbgenous than the sanple shown

gas phasegulfedasionprosesses @Q;sul(tllge catalyst precursors prepared in a manner

similar to Catalyst Precursor A. The catalyst corresponding to Figure 6a was

prepared by sulfiding a catalyst precursor in 10% H,S/H, at 232°C for 18 hours,
followed by sulfiding at 321°C for an additional 12 hours. The catalyst
corresponding to Figure 6b was sulfided in 10% H,S/H, at 600°C for 4 hours.

[00105] The TEM data for the gas phase sulfided catalysts show an average
measured stack height of 1.6 for the catalyst in Figure 6a and 2.2 for the catalyst in
Figure 6b. Additionally, the gas phase sulfided catalysts shown in Figures 6a and
6b appear to be less homogenous than the sample shown in Figure 5. This effect is
more noticeable for the catalyst in Figure 6b, which was sulfided at a higher

temperature.



nore noticeable for the catalyst in Figure 6b, which

was sul fided at a higher tenperature. Exanple 7 -
waeempesdur e Progranmed Oxidation of Sul fided Bat/ab081/023398

[ 00106] Figure 7 depicts resiits froma TPO study of a

sul fided catal yst prepared according to an enbodi nent

of the invention. The sulfided catal yst was prepared

Ex ghé 71Uiﬂ@g%réPH%rﬂﬁ‘ﬁﬁ&f‘o&fda@ioﬁ%faﬂlﬂﬁ&ed’cfﬁ@gsﬁl0r
Sl ar 1o alys recursor A € tha e and
SCO2 peaks are both in the tenperature rang

[OQIAGC. Ko g depistsis B OTbG 1) Sl A aAdshegalyst
oL RS IR B T e

Pt B alon 3 s ol MG OB Bl (P s
Prédiesdr ¢ "Noit® tha® theaCOBrand BO f pelksph@both(iahb téfiperature range of
CoMbSxCy) where the carbon 1s structurally part of the
408 ui60DE. PMubeut Baing balsd by kay pagtieiilar thebrna dm thisterhperature
be associated either w't

tegg_er ature_ and rm\l; ﬁ .
ranggthisrhedigved that she bulk CoMas, ganverts exqibemmicaly & Co oxide and

MESTRRNER) Lonih R 0: U S0 AT CRbGodss sk fretore
wifdowas S is %B?ﬁﬁggﬁb{pﬂlh the F6trRatibi 6f @Eﬁ%ﬁ@l‘i’idierhhase (su,cg as

[
accordance w e 1. The ratio of glyoxylic aci

CoMoSuEl avher@thesearboi scsttuctiralleipattesf the sulfiledhasée Note also
solids content (weight of Co conpound, M conpound,
thag iy Ogisyrelepsedatduighl terapenature @ndimajebe nssogfated eslerswith

saol ution), was .either about 15 w % qr about 33 wt % T
rergeIniie BTEioRs b6 irsoeant saiepundshased commameabpnsuare SH
groU;) spray dryer had a 31-inch chanber with a 34-inch

cylindrical height and a 60 conical bottom A 2- fluid

nozzl e atom zation was used_ in all runs and the nozzle
Exepmple:8+ Gatalyist Bracyrsos Synthasis by Sprayddexingr i ent at i on.

The pressure at atom zation was between 1 and 2 bars.

ig7 oge s Sl e i9asid

O e oot o M R B RFOREI Were I sftint1 8 accordance

withl E}Cetm%l@ he@heratiolbfglyery ke agidtoanstalsedad sedectbditdbe either 3 or
through the ceiling of the chanber and exited with the
4.8 Thaisqlisiachontentt (wgight o € ceempeund; dvde ¢amppuiad, and glyoxylic

acitgm%éé g{égéhttohfeaq%)é&tlsl Q(%utdlgn){) &g\s/\gﬁﬂeraarf)doug 3 Wi%5 or about 33

wt%. The solutions were used to feed a spray dryer apparatus. The spray dryer had

a 31-inch chamber with a 34-inch cylindrical height and a 60° conical bottom. A 2-
fluid nozzle atomization was used in all runs and the nozzle was set up in a bottom
(fountain) spray orientation. The pressure at atomization was between 1 and 2 bars.
Nitrogen or air was used as the gas in the drying chamber, the gas being heated to
about 300°F by an electric heater. The heated gas entered the chamber through the
ceiling of the chamber and exited with the dried powder through the chamber
bottom. The temperature of the exiting dry powder and gas was between about
110°F and about 130°F. The dry powder and the gas were passed into a cyclone

and the dry powder was collected at the bottom of the cyclone.



1100F and about 13Q0F. The dry powder and the gas were

passed into a cyclone and the dry powder was coll ected
wa@roovker2bot t om of the cycl one. [ 00108] Under t heCT/US2007/023398

condi ti ons descri bed above,-Yhe spray dryer produced

catal yst precursor particles that contai ned about 5 -

5.5 wt % Co (neasured as oxide) and about 15 - 17 wt %

Th ' f S
Lo T e FeRG e e PR Ing Ry U pYccd
catdly@tPre@lurdor Particled 1At camtaiedi abdut S 5.5Wi96 Uo (heérdared as
(as described previously) was added to a solution
oxidey pad abowti 1 h—4d 738t%Me s dlhedsilk densityt of the catadyst preqwgsor was
the inlet tenperature was about 3000F and the outl et
frompabrut k- 0if to akeutdbbgicc1300F. The addition of the

bi nder increased the bul k density of the catal yst
[00A09F U SBY atRh&edroBp b Puik) etfier &h ARtigeLsr a N9AdIBindér(as
cat al yst precursor f or med by the above net hods was
desdnibedgrevieusly) wasddded 6o a selutionguiepardd stith a 38 dvt%s kelids
resulting sulfided catal yst was tested for

corfentul Inthesearunsnthednley temperature wysrabovh3 0P thard the outlet

SRR b L BB e o b ensty
| il

of B e BP0 E RN B (00 A B IeE 0 v

formed from precursor according to the invention )
[003,:16] bi t Thie aatalyist pyecursoyifagned bynthel ayoveomethods srastthen either

B Lot GTED, MR BR8P
el 58N 4 BB B b XTSI g, -

757™ Gl ol Abeiafle CithlyseEbmpany! THeNMokfarisbfWas
Concentration [00111] A5 liter horizontal plow m xer

convdrs@l avEX) psigiapded awempemturemfrabont 625f&t. gEhopdfidad catalyst
and 4 internal rotating paddles. The vessel was .
formedksompreetrsaneegordingdo dheinyention sghititedipstivity yarying from

G 5 B HGE S TR R S5 Shaurng
LB SRR R SR Pty o

actPABEb&lecHaBsr— { P5Y%sdfaBehctivitP bERIF-7§7.avoi d
coridensati on on the bag filter and consequent

| uggi.n ] . )
Exgmn egb —gCatalyst Precursor Synthesis — Plow Mixer, Low Concentration

[00111] A § liter horizontal plow mixer vessel was equipped with a top mount
charge opening and 4 internal rotating paddles. The vessel was jacketed hot water
or steam was used for heating. The off-gas from the vessel was connected to a
jacketed filter bag (3” by 6” cylinder ) and thereafter passed through a condenser
that operated on 80°F tap water. A filter bag on top of the vessel was jacketed with
the same hot water (or steam) in order to avoid condensation on the bag filter and

consequent plugging.

[00112] To form a mixture, 0.2139 kg of ammonium heptamolybdate, 0.15 kg
of cobalt acetate tetrahydrate, and 1.30 kg of 50% glyoxylic acid were added to the



[001 12] To forma mxture, 0.2 139 kg of ammoni um
hept anol ybdate, 0.15 kg of cobalt acetate

W@ aopabels at e, and 1.30 kg of 50% gl yoxyl i c acPdI/vig2087/023398
added to the5 liter horizont3 - pl ow ni xer. About 2.3
kg of deionized water were then added, resulting in a
total volume of about 3.785 liters. The internal

5 1&@:%&5011\651;@0@%&& @[bdu@?'.ﬁk% BPNLRhiZkA0wART Wete tHeR added,
raw materi als and dissolve alt the solids. The

resaltiny ined toval wlumeafeiboat 385 itesd Ther inférnal paddéss. were set to an
. Qﬁ{als were not visible in the mxture after 1- 2
intial RRMof 180ttermix thiemgwirnatetiglsrinsdidissplvepll theosolids. eie

di ssol ved, and t he sol uti qn s .cl ear. The vacuumwas . .
COMRERLION A IGAZFHNLS B mlﬁsd?%if@fmv% oAy iRl wFremes visible in the

il ROLP o 7 bAB ek el Bog L 15 RRuRRER sl R dissolved
and BIPQIIAG K Ha3RRRR! Thetvachas WEHMHIRE thAfd AL ¥ARE the jacket
tenperature and |ined out at a sonewhat | ower

tenygurprirabntke dhirert was redseelwithrhat iwaterc oiite spped Abt the paddles was
of the npisture,was renoved, the interior tenperatu

reduspd sad RARRMe Thecitariardempeeatuicappraredripes bel@inglithéuge acket
teripSrhliet Ba0inG Cuhal 4 FoaE VBRI TLLERETaTWE AbirDane Sfgporative
colf e SRR LA DAL B S0 Bpefr

ap%lfoﬁéﬁedjﬂl‘é”] G Qé'ﬂl?érahh@. TH iihb?@véé‘?i?giqg éffRRenciNehe dtSvater in

condensate collection only st to sl ow down
thegjitlest was2reptacell widastieam foP¢he fidalodryagitep. Theteafitre the unit was
that the condensate was acidi¢c (pH of about 3.5).

coglgd ideyyn wethdap wadersanddisehagged.qui d becane thick, |ike

nmol asses, at which tine the steam was used to heat the

[Odtlﬁgh(et ot ohdéhsHeRis %ﬁbk[f‘é’ése%d‘ﬁma §}Eﬁt £1a5¢ 8WAstedam of the

m xer expanded to fil'l about 100% of "the m xer

chitiedwwater rapl. The rateafwondessatoesllgutionadly sthuedtto slow down
deconposi tion of the glyoxylic acid. Prior to the |loss
aftexf ~ eduinfrheating. Periodiersamplehindieaied dps threeondensase twasaaeidic

(o R bty S TraParing e diying S e Rand R dhiske iR Hiotesses,
at a’}l@kﬁﬁlg t%n{: gtegﬁ[d\ng?ﬁ to'H¥at .eijElB tHaRY ﬁ'gxetl.J RQ"that V%(TiPt, the

cooling, 't mat erl al became Triabl'e and broke up
conteh® of tHé nlikyr &gawided eh €l dbvat 1003 6f the reixet vylungs] ahd the

a rotary calciner or a second horizontal mxer for
vaaain iweatlostrprabably dugiterdecomposition of the glyoxylic acid. Prior to the
loss of vacuum, the pressure within the chamber was between about 15 and 50 mm

Hg.

[00114]  Upon opening the mixer, the dried material was formed into chunks
and some stuck to the paddles of the mixer. However, upon cooling, the material
became friable and broke up well into a gritty consistence that could be easily fed
to a rotary calciner or a second horizontal mixer for calcination at a higher
temperature. The following table and additional experimental details are provided

to summarize the formation of the catalyst precursor in the plow mixer.



tenperature. The follow ng table and additi onal
experinmental details are provided to sumari ze the

WO 20061201 of the catal yst precursor in the plBeI/US2007/023398
m xer. Table 2 : Run vari abl-é9 -and observabl es [ 00115]
Overal | mass bal ance Charged to m xer : 214gm AHM +
150gm Co- acetate + |,300gm 50% d A +2,310gm DI = 3,974

m total Soli [ x [l ected
O 084 gm (. clabEp! RufearTabee Al SBEALE 001 °F ) ©

Tih&EONObHRhEAE Ploskese TRaMKet || BedPf CEMET S| RPFIL V ATEERINP Jt
ev poration I O@qggé [[00116]] Aft ef,HrermvaI fromthe
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90 Cal c520er [ O001(1¥1.5 A rqtl87y qdll@i her sim 14y t p44he

1206 otfaggp cal ci ner depi gtigg 11 1Bsgure 12 W) usedlto

16 pr EPY~ catal y%5 pregyrgor . 15'66 cat al ys;z(pr echp sor

216’1?0]“]'} tre—catc ZT§T Wery SloHeTT ST ded—an 12000?;) :lﬁg_u'l for
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0Si ;i on de ysing an autoclave, and with a
[Omﬁerm&%eference catal yst. [00118] The
catal yst according to the invention was fornmed by
Chprgedaoimixen: 2b4gmi AHM onlidlgsa Coracatasatt |,300gmbe0%0 (mA
and glfsoxyl ic acid. The solution was prepared in a
+23dAeey DERd.Pa¢ embtatdle net hod described in Exanple 1,

hWth.arati f glyoxylic acid to total netals (Co +
SOW&” ?‘e%?cg?%%ﬁg"gol ution was then used to forntatal yst
CO?E tSQlldcled ¥2088 éhrrﬁa?gfqﬁtrqg%éldfrégﬁ) according to

e 1 nvention, about™ 3 e CoMo-gl yoxylic acid
Loso+UB78 gmviSomibagibn of decouyositidnupriodacts andghatcuwaingiut
stones were added to fill the length of the tunbler.
evaprogatgemmlasges)unbl er was then placed inside a tube
furnace and rotated at about 4 RPM The furnace was

[O(flillﬁgt hagee eerhovalfpsth tHOPRIW miReg i idridd powder wasleslcined at
1250 seem fl ow of nitrogen. The furnace tenperature

61 Wsintiitrogerel Thacoapositionoef the calcinediGoMo-Resatalystpgecursor was
21.7 wt% carbon, 3.4 wt% nitrogen, 15.1 wt% cobalt, and 53.5 wt% molybdenum.

Example 10 — Catalyst Precursor Synthesis — Rotary Calciner

[00117] A rotary calciner similar to the rotary calciner depicted in Figure 12
was used to prepare catalyst precursor. The catalyst precursor from the calciner
was then sulfided and compared for reactivity with both a sulfided catalyst of
similar composition made using an autoclave, and with a commercially available

reference catalyst.

[00118]  The catalyst according to the invention was formed by preparing a
solution composed of cobalt, molybdenum, and glyoxylic acid. The solution was
prepared in a manner similar to the method described in Example 1, with a ratio of

glyoxylic acid to total metals (Co + Mo) of 4.8. The solution was then used to form



furnace tenperature was qui ckly ranped to 3750C, and

then held at 375C for 1 hour. The furnace was then
w@bkdoomet9s o cool to roomtenperature in flow nBCT/US2007/023398

nitrogen. [00119] Catalyst -pHecursor was al so forned

by heating according to the nmethod in Exanple 1 by

heating in an oven at 3250C in a nitrogen atnosphere.

ca%[}ﬁ P%‘ggl'%?tm A6 WHy30Mn ah%ﬁwlﬂlemeﬁm&m‘éqg 65&21 gr{\'ention

prior to testing reactivity
ab&@ a3 inY bf thd €E6MA? APlyo&yl‘iEaEﬁV {olution &/as phaved if atqlaytzttumbler.
(avail able from Al bemarl e Catal yst Conpany) was used
Lighsweight stonea wardadded tofillitbe u:ngthn oﬁthh tumbler. ol'hérquarimtumbler

catal yst forped fromthe ColMo- lic acid solution.
was Reethaeesd b fl&@dfum%ce@n@r@ 9T Bt A IREM ofhe firmace was

el AL GRS bl LEbSE AP S350 6l P nivogen
Th@%*ﬁﬁ‘ég jetfipler hAfE v@é%'%é‘ﬁ H@R‘l A0 CTBP 2P Ph‘{)ﬁﬂ! 'NéQthe

about ppm nitrogen. Using the KF-757 value as a
furhgt etepieatuk1ovas alhﬁik\l%i‘axﬁp@cbﬁf 8759Q) andehery Reldundgsee for 1
nitrogen atnosphere showed roughly tw ce the
howy dFlueiBrnhéaiwasz theancallaveed to ¢opl 46 rein 1&Mpenaturedn floaving
catal yst prepared in the rotary cal ci ner showed
nitfQgePhiy 2.5 times the hydrodesul furization activity of
KF-757. [00121] The above preparation processes of
[001a93 ySCaﬂal}%*t pESRFSoravas b vornaal Bohedting ddcoeding to the method
exanpl es. Any variations of these processes and ot her
in Eyaraplsf 1 bydmasngsn ampven ab3 3% Qiea nitrogensgtmosphdre. The
tal yst precur udi ng but limted to
catplysf BlaguEROy lunse&hqsismsst cp éHHn‘%dd?rWrtg testineetRr
E yey dryers, conbl nations of spray dryer and fluid
Ieaguv err and ot her types of conbination dryers, fixed
bed cal ci ners, and noving bed calciners. CLAIMS: 1. A
[00120hod fFor remotivityitesting, AU K-7577#8 refekénce @atalpst (available from
VII1/Goup VIB catalyst precursor, which nethod

Albgnprle Qééa yst)Ccmlparn@ @S useedstp ma@eseadwrwr opp¢esl, in addition
to {;\eggfeﬁn%t%lg og%%h d‘?ogg él% of ?yoxyﬁlc acid ?(gugoﬁ ﬂd an

hydrocarbon feed was a blend of hydrotreated virgin and cracked distillates

fractionated to a boiling range of between 550°F and 700°F. The hydrocarbon feed
contained about 500 ppm sulfur and about 380 ppm nitrogen. Using the KF-757
value as a reference, the catalyst prepared in the oven under a nitrogen atmosphere
showed roughly twice the hydrodesulfurization activity of KF-757, while the
catalyst prepared in the rotary calciner showed roughly 2.5 times the

hydrodesulfurization activity of KF-757.

[00121]  The above preparation processes of catalyst precursors are shown as
non-limiting examples. Any variations of these processes and other type of
processes may also be used to prepare the catalyst precursors, including but not
limited to fluid bed dryers, disc dryers, paddle dryers, screw convey dryers,
combinations of spray dryer and fluid be dryer, and other types of combination

dryers, fixed bed calciners, and moving bed calciners.



for an effective anmbunt of tinme so that no solids are

present; ii) heating the m xture at a pressure |ess
w0 ban/0d1293 nospher e under effective conditions POI/DMOVE23398
substantially all water fremlthe mxture; and iii)

calcining the heated m xture to form catal yst

precursor. 2. A nethod for preparing a bulk binetallic
CIA®ME: VI11/Goup VIB catal yst precursor, which nethod

conprises: i) mxing at |east one Goup VIII netal

reagent, at |east one Goup VIB netal reagent,_ and an
or gani cl.conpimesthad ferpneparng adbulle bimetalliccGroruNill&3roup VIB

t so that no,soljds are present; ii) spraying the
catﬁlygf BFEUISL oW lc@HBﬁ%’é’% W‘%?Snt ains a gas fiow, the

tenperature in the chanber being at |east 145C, to

form catal yijt phixing sdeagidnei Glozp, VHDthotal reagapatdtasione

the catal yst precursor particles fromthe gas flow 3.

A nethod for piGnoeapiVig metalirkagsinteansl an erganisugomplexing agent

VI11/Goup VIB catal yst . precursor, .which nethod.

comprises: i) PLRMGHASYEamOURLRS g sp Ao SHlidspare present

reagent, at |east one Goup VIB netal reagent, and an

organi ¢ corp) exim&ggeﬁé nfiRfur@at @Ff&_@l@ﬂe\d%ﬁﬂi_ﬁﬂfltatﬂfosphere
time so that no solids are present; ii) flowng the

m xture into a notder affeetivaibenditions tooteaatel substabtially all water
containing a plurality of non-porous substrate
particles;iii) rigemithggixieerdidit abl e t ube while

heating the interior of the tube to a tenperature of

at |east 2QGH9C daRihidgthe Abaled ThixRireGHT8RA cafalyst precursor.
non- porous substrate particles; and iv) separating the

catal yst pr rsor fromthe n

particles. ‘g%lqu ad £k prsgagng éﬁ’gﬁlligrggfggt\;ﬂaj ?éﬁﬁaﬁ(gl@%ﬁ VIB
\/ I d, d
carssERtEurS R B e g bmirboesed i n o plow
i)  mixing at least one Group VIII metal reagent, at least one

Group VIB metal reagent, and an organic complexing agent

for an effective amount of time so that no solids are present;

ii) spraying the mixture into a chamber that contains a gas flow,
the temperature in the chamber being at least 145°C, to form

catalyst precursor particles; and

iii) separating the catalyst precursor particles from the gas flow.

3. A method for preparing a bulk bimetallic Group VIII/Group VIB

catalyst precursor, which method comprises:

i)  mixing at least one Group VIII metal reagent, at least one
Group VIB metal reagent, and an organic complexing agent

for an effective amount of time so that no solids are present;

ii) flowing the mixture into a rotatable tube, the rotatable tube

containing a plurality of non-porous substrate particles;



m xer. 5. The nethod of claim1, wherein the Goup VI
nmetal conmpound, Goup VIII netal conpound, and organic
wemplenrdhg agent are mxed in a conical vacuurPe™Uy®07/023398
6. The nethod of claiml, w#ein calcining the heated
m xture includes transferring the heated m xture to a
rotary calciner prior to calcination. 7. The nmethod of

any of clai; , | 5] ' .

caral yst pridurQERnEdhe HispEle RRERVAR ABRS the HhelBf of the
of claims 1 to tdbe {04 td@pera® oI ai RAst200°Ciofarthitatalyst
mul | ed catal yst precursor conposition. 9. The nethod

of any of cl ai psedursar ¢ theimoreporouk substtai¢ patticles; and
precursor conposition is sulfided at sulfiding

condi ti ons Vd seperatingshe gatalygkprecursor fram tha peptperous

any of claims 1 to 3, wherein the Goup VIIIl netal is
Su%%ﬁﬂ’a%nc?%ickel and the G oup VIB netal nolybdenum or

tungsten. 11. The nmethod of any of clainms 1 to 3,
wher ei 4t Taeangthod of ctaiml BxvingeaghetGriotipaVil miegd compound,
acid that contains a -COOH functional group and at.
Grpup MlIonetah gampioynd) arfd erganisreamplesing agenbategni¥edoma plow
.carboxylic acid -COOH, hydroxmate acid - NOH C=0
MIKCTdr oxo - OH, keto -C=0O, amine -NH2, Anide: - CO NH2,
imne : -CNOH, epoxy: =COC=, or thiol: -SH 12. The
met hod $f Tasynethod lofictamll,ovkereithihe €roupél miegdtompound,
acid is pyruvic acid, |evulinic acid, keto-gulonic )
Grauap ¥11lmaind compeund, andaeriganicicamplgsimgmasat aeermosed in@ conical
acid, ethyl glyoxylate, glycolic acid, glycine, oxamc
vagymy dryry oxyii ¢ acid 2- oxi ne,
et hyl enedi am netetraacetic acid, nitrilotriacetic
aci d, NoElhknetho df eluin L, viliréin daleintl tedicatedagindure
diglycolic acid, malic acid, gluconic acid, citric
inchudes, transfariogrthe haated mixhie éoh.rotady caleenargriondo oalcamagion.
of clains 1 to 3, wherein the organic acid is sel ected

; h L =l L . SSG
Lo 7, SR BRI B L S ik g
catdhyseprRUFOT iconosHionPyr uvi ¢ acid, ket o-gl uonic,

8. The method of any of claims 1 to 3, further comprising extruding

the mulled catalyst precursor composition.

9.  The method of any of claims 1 to 3, wherein the catalyst precursor

composition is sulfided at sulfiding conditions to produce a catalyst.

10. The method of any of claims 1 to 3, wherein the Group VIII metal

is cobalt or nickel and the Group VIB metal molybdenum or tungsten.

11. The method of any of claims 1 to 3, wherein the organic
complexing agent is an organic acid that contains a —COOH functional group and at
least one additional functional group selected from carboxylic acid -COOH,
hydroxmate acid -NOH-C=0, hydroxo -OH, keto -C=0, amine -NH2, Amide: -
CO-NH2, imine : -CNOH, epoxy: =COC=, or thiol: -SH.



gl ycolic acid, and oxal acetic acid. 14. The net hod of
claim2, wherein the nmethod further conprises
w@2000/06020%) t he separated cat zzl3yst precur sor parPCT/Ub87/023398

12. The method of any of claims 1 to 3, wherein the organic acid is
pyruvic acid, levulinic acid, keto-gulonic acid, 4-acetylbutyric acid, 1,3-
acetonedicarboxylic acid, ethyl glyoxylate, glycolic acid, glycine, oxamic acid,
glyoxylic acid 2-oxime, ethylenediaminetetraacetic acid, nitrilotriacetic acid, N-
methylaminodiacetic acid, iminodiacetic acid, diglycolic acid, malic acid, gluconic

acid, citric acid, or a combination thereof.

13. The method of any of claims 1 to 3, wherein the organic acid is
selected from the group consisting of glyoxylic acid, oxalic acid, 2-ketogulonic
acid, alpha-ketoglutartic acid, 2-ketobutyric acid, pyruvic acid, keto-gluonic,

glycolic acid, and oxalacetic acid.

14. The method of claim 2, wherein the method further comprises

calcining the separated catalyst precursor particles.



