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correspondi ng catal yst precursors conprlised of a Goup VIII netal and a
Goup VIB netal. BACKGROUND OF THE | NVENTI ON [0002] I ncreasingly stringent
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this decade, maximum sulfur levels for distillate fuel will be limited to 10 wppm in

Europe and Japan and 15 wppm in North America. To meet these ultra-low sulfur
requirements without expensive modifications to existing refineries, it will be
necessary to design a new generation of catalyst that has very high activity for

desulfurization, particularly for distillate fuels at low to medium pressure.

[0003] In one approach, a family of compounds, 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



WO 2009/ 061295PCT/ US2007/ 023398 - 2 - trinmetallic catalysts for the renoval
of sulfur fromdistillate fuels. The preferred trinetallic catalysts are
conpr i sedwof2oddiosM9sW and are prepared from a vari ety of PCatuskysi23pecur sor
compounds. [0005] Wil e sone of the abeve nentioned catal ysts have net with
varyi ng degrees of success, there is still a need in the art for ever nore
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bimetallic Goup VIIT1/Goup B catal yst precursor is provided. The nethod
i ncl udes catalysigprecurbemeampoundsy oup VI |1 netal reagent, at |east one G oup
VIB netal reagent, and an organi c conpl exi ng agent for an effective anount

of time t n ' St ) | t a
pressureig?ﬁﬁss mfri:é 5&2%' %rofglﬂ)ﬁége unggﬁf@@%&&l&%@ H@?ﬁﬁ%ﬁ@%@% nove
subst ant iRlgtees Dflsud@dss! thereridistiflea Mted inthe afthfer beat Bdrevaotive catalgsts ien
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f or prepgroducearimsportation fatls hav&ntrelow ldvely oflgulfirBparticalaykyt fopl@rur sor i s
provi ded. The nethod includes m xing at | east one G oup VIII netal reagent,
at | east PsRsSurg hygrotreptingicas. & bydrosen partinl pressuis-of lescapSORinsig agless for
an effect'velﬁﬁq)unt of time so that no solids are present. The m xture is
t hen spréb@?}l BS'& chanber that contains a gas flow, the tenperature in

t he chanber being at |east 145C, to form catal yst precursor particles. The
cat al yst SUCMMARY OIRTHEINYVENEIQNen separated fromthe gas flow.

Optionally, the catalyst precursor particles can be further calcined after
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organic complexing agent for an effective amount of time so that no solids are
present. The mixture is then heated at a pressure of less than 1 atmosphere under
effective conditions to remove substantially all water from the mixture. The heated

mixture is then calcined to form catalyst precursor.

[0007] In 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
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



- 3 - present. The mxture is flowed into a rotatable tube, the rotatable
tube containing a plurality of non-porous substrate particles. The

r ot at abl ewoub@/ies295hen rotated while the interior of thecTaseon’s2izeated to
a tenperature of at |east 200C to form3catal yst precursor on the non-porous
substrate particles. The catal yst precursor is then separated fromthe

non- porous substrate particles. BRI EF DESCRI PTI ON OF DRAW NGS [ 0009] Fi gure
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Tenper at ure Progra d Oxidation (TPO analysis of a catal yst precursor
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provide data related to a Tenperature Progranmed Reduction (H2-TPR)

anal ysi s psecursera@mthesnomperous sybstease padiales. t Bhepatalysbpresrsor i thepe

i nvention. [0 Figure 4 provides XRD patterns of a catal yst precursor and
sul fi ded SEB%I&?Q%%O%%SMP' roys é'ﬁbsé%%ﬁglﬁi@iﬁs of the invention. [0013]Figure
5 provides a TEM of a sulfided catal yst according to an enbodi ment of the

i nvent i orBRIEF DESCRIPTION OF DRAWINGS

[0009] Figure 1 provides X-ray Diffraction (XRD) patterns for a bulk CoMo
catalyst precursor according to an embodiment of the invention and a conventional

CoMo catalyst.

[0010] Figures 2a and 2b provide data related to a Temperature Programmed
Oxidation (TPO) analysis of a catalyst precursor according to an embodiment of the

invention.

[0011] Figures 3a and 3b provide data related to a Temperature Programmed
Reduction (H,-TPR) 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.



[ 0014] Fi gures 6a and 6b provide TEM inages of sulfided catal ysts according
to enbodi nents of the invention. [0015]Figure 7 provides data related to a
TPO st udywof2o@/®su9si ded catal yst according to an enbodi memiUSedo7/023398

i nvention. [0016] Figure 8 schematical F# shows an apparatus for form ng
catal yst precursor by spray drying. W) 2009/ 061295PCT/ US2007/023398 - 4 -
[0017] Figure 9 schematically shows an apparatus for form ng catal yst
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apparatu cursor-using a Figure 11 tically shows
an appar grésursor by flash decomposmon

[0018] Figure 10 schematically shows an apparatus for forming catalyst

precursor using a plow mixer.

[0019] Figure 11 schematically shows an apparatus for forming catalyst

precursor using a conical vacuum dryer.

[0020]  Figure 12 schematically shows an apparatus for forming catalyst

precursor using a rotary calciner.

DETAILED DESCRIPTON OF THE INVENTION

[0021] The catalysts of the present invention are different than conventional
catalysts typically used for hydroprocessing, such as hydrodesulfurization (HDS).
The conventional method for improving HDS activity of a catalyst involving a
Group VIB and a Group VIII metal, such as a CoMo catalyst, is to deposit the
Group VIB and Group VIII active components on an alumina support. This can
increase the dispersion of the active components and generate additional HDS
activity. By contrast, the catalysts according to the invention are bulk 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



precursor using a conical vacuumdryer. [0020] Figure 12 schematically shows
an apparatus precursor using a rotary cal ciner. DETAI LED DESCRI PTON OF THE
| NVENTI O\wbapo%wr2vsng cat al yst for form ng catal yst for PCoruskeog/oeamsval yst

[ 0021] The catal ysts of the present invéntion are different than
conventional catalysts typically used for hydroprocessing, such as
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enbodi ment, the Group VIII netal is a non-noble netal. [0022] Based on X-ray
di f f r act ibyrtheiorgameeamplexing agemd. G oup VII1 netal s and

[0023] The X-ray Diffraction data provided in Figure 4 of this application was
generated under the following conditions. X-ray powder diffraction analyses of the
samples were obtained using a PANalytical X-pert PRO MPD, manufactured by
PANalytical, Inc., and equipped with a X-Cellerator detector. The 2 theta scan
used a Cu target at 45 kV and 40 mA. The diffraction patterns were taken in the

range of 20° to 70° and 20° to 70° 26. The step.size was 0.2 degrees and the
time/step was 480 seconds. The remaining X-ray Diffraction data and patterns
provided in this application were generated under the following conditions. X-ray
powder diffraction analyses of the samples were obtained using a Bruker D4
Endeavor, manufactured by Bruker AXS and equipped with a Vantec-1 high-speed
detector. The 2 theta scan used a Cu target at 35 kV and 45 mA. The diffraction

patterns were taken in the range of 2° to 70° 26. The step 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



the Goup VIB netals in the catalyst precursor after heating do not have
the long range ordering typically found in materials that are primarily a
crystal | iwe 2000/@#2951 nst ead, in sone enbodi ments it appe&C3/ushat/orises met al s
are conpl exed by the WD 2009/ 061295PEH US2007/ 023398 - 5 - organic

conpl exi ng agent in the catal yst precursor. The netals are conpl exed by the
organi ¢ conpl exi ng agent when the netals and conpl exi ng agent are m xed
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Nanocryst a catal yst or catalyst precursor refers to tatalyst or

cat al yst gf"GsMossxidéshat ahematioels anly séeakly shidw theiérysiallmeeCgMo oxideze of
| ess than 100 nm This determnation is made using X-ray diffraction

spect ra ghamcttre Withoot bking bound by anymairticwastheersyrit isdeligwed that theadeni ng
of X-ray osx'gaGrﬁE: rc%m%ie%?lgg ag\e/\ill% azn0 (?r/ t glrgsguﬁtﬁ)rcl:g /oygsazn?g Zér?l]z)gggg-bﬁsgd component
interrupts or inhibits crystallization of oxides of the Group VIB and Group VIII
metals. Instead of forming crystalline oxides with long range ordering, it is
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



increasingly as particle sizes shrink, such as when grain sizes are < 100
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After sulfidation, it is believed that at |east a portion of the sulfided
netals are still sonehow directly or indirectly bound to the organic
conpound-weazew/mse9sri al (e.g., carbon) in the catal yst. PCWDS2007/023398
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acet onat t I+ ) i t j 0 car boxyl at es
(in part |(§§{Ht{§rlal %&%ﬁym%?a(?r&% @I gfe'?arlatég?&%grlgl Iﬁgtg?igng,e&%%&?art rate, Co
gl yci ne, cemplétihglagentOt is ppéfehedah® botk tiexGraie VIR ohgioiideandahe Grogpur es
t hereof, including ammoni umor am ne fornms of the above. Preferred

ol ybdenMBlac%t(rjlpawgi;b?Nvmreﬁnllmb;lorsagg)hpmr@prd)miﬂtqaee@ltefminedret al or

t ZITE Rdect g%p%rgwi{o%t%%ﬁ%h%yﬁgh%ﬁéd golasalphahaicptianed aBoVE.  BhoiHo: gnggt i ¢
id Moup ! 4 . ,

Co- - RET SRS TOLR TN B ARECO D) Wig LR IBh A hreRIRAL 2t es

(al so ”E%efer%l??fhe @@ﬁ?[VIIP ndtsls YRGS nBbR) me@dE! Yhe ﬁf(ﬁ'é PRALRRd GO

m xtures thereot In sti ot her enbodi nents, any suitable G oup VIII" or

G oup VI B/IBeingtals ergefot aBW, beithi déslbeingithe passe pfaforrpd VNon-kmit@gup VI B
metal solutions. WD 2009/061295PCT/ US2007/ 023398 - 9 - [0031] Or%ani c acids
are a pr ekamples of siteblss Co premvirsorcompaids gnelyde carbrpates, nitratasnspléatesmpl es

eval § i Go8EIa; SRR JURERICSh i PIORS. B BHFSe Mo ATPBRRIIR aci d.
| evul I'ni €GB CHOREFpUIE . b MU FDE aci
4 oo b el adiy Cpocprndl FANGE CRORTY ol O ydn A0 oRIBR0R 2 15

4-0x0 perhfiytatdS(ifl pafiéiihr GbWﬁét@%, ey Mﬁfh‘té,@@gidéon%ye@%_ﬁmﬂé,}@é ne,

oxam c acid, glyoxylic acid 2-0xinme, ethylenedi am netetraacetic acid,
ni tril ot rglycine,i Co davitate, CowiaphthenatepCoanmldte, @o fokmatea) aradinkctatdschercod,
di gl ycolic acid, malic acid, gluconic acid, acetylacetone, and citric acid.
Pr ef er r edn¢Jpdg ammeniiym Hr amyng foxpns of @@ia@PV@x%neé?!&d mobyhdenum and ogul oni ¢

acid, alpha-ketoglutaric acid, 2-ketobutyri cid tuvic aci.d,
et o g1 uURELET, Bk Br cammpugHs melfleakal ial i Amarhuin meSBuss (e, r o
are ol yoxukb i daniaX et bbtaaChiderk8RAR1PbARG), ARsIySERARA®Nt . the
organi ¢ conpl ekl ny abpent Ts an’organic
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.



acid that contains a -COCH functional group and at | east one additional
functional group selected fromcarboxylic acid -COOH, hydroxi mate acid

- NOCH C=0,wbydoamen2950H, keto -C=0, am ne -NH2, anm de: - CBCHHA2007/023308 :
-CNOH, epoxy: =CDC-, or thiol: -SH Pr&=erably, the organic conpl exing
agent is a bidentate |ligand. [0033] The process for preparing the catal ysts
of the present invention conprises nultiple steps. The first step is a

m Xi ng st er ej icl ARt ar@ A6 etHA Yhds! Ny Blinc3beh€Abn0NE
IR N e e B i R
combi ned lieiigheXamples aﬂo@ﬁhhﬁﬂdmﬁlbxir%f‘?e@ts suiradleofortulde hemdinlindledgent s and
organi ¢ conpl exi ng agent can be provided in the formof solutions, such as
aqueous yruvicacid, l¢vulimoacids 2 debeglilomictacidyketeglueonic adids thiogheealic r eagent s
and organi ¢, conpl exi ng, agent_. can be provided in . the formof slurries. In
Sti 11 andeibr-egbdTigis acidnb S Bceinedicarbam Cr?@!‘ial-q"?’é%ﬁé‘?%o%l@r‘bani c
conpl exin nt .can. LQvi ded in.t.he formof a.sol.i erjal. Those of
SkiT T n e PERoi€ A B EH DT wiediriCBeie STn iR 6 BT i ng e

or gani ¢ GRARINGX! AAdAGRYE cBRdy RS AlyvEARARM, ALSoROBBICHE oxafifc héial any
ouit abl e PF RO g R e S e AR HUCosRO Bt oxaftie nll ey,
solid, etglygxylradi¢2usdthef othybamdiamitietatchaactic scidemnitriodaceticaicghMN<

conpl exi ng agent in a given synthesis. In this invention, the term

"m xt ur e'méthyhstinadiacetic neid) iminodincetic epid, diglyeoliccacid amalio acignglusonisr t ype

of mxture,suitable for use.i.n formng. a gatal yst precursor according to
the | nverf6idhaceirssiqnenand it apish o Brttertsd erenmia arkls atngbexy g saent ar o
e o R EEE Bof LD RARIBHHI R0, AL REGpni e BB ikcie one o

nore of t get orgdni€ conpFexing-agent are provided as a
sol ution g@"ru\ﬁb%fd{ ,kefﬂ-gldwnﬁ%bid,rt}ifﬂglgccﬁ%di@,l éfri’(‘.lg%l%éﬁ’d adi@agdpits and

organi c npl exi ng agent to a single vessel. e or nore of the netal
r eagent s preféredgre gty oxyhiplaeid agd axlatetar acighr ovi ded as sol ids, m xing can
i ncl ude heating the organic conplexing agent to a sufficient tenperature to

| h | exi . Thi il | | h i | exi
ol vat o ARSEo 1 o T aBdRe: cmbBifudiy insupii SRl Re AR Pr e hg s
oref er ablyid A GRRIRY O TAMIdal BrcupRl g oRe'liiRnal RiycHRhKEN

The preparation can be perforned 1n a | e way. For exa

enbodi megrsup seletted feora ehrbioxyiie aei/COOH, HydresimaepeidaNOHoCH0, ons (or
slurries) can be prepared fromeach of the catal ytic conponents. That is, a
G oup VI hydnexeatOdokgtouks-Q,ramineuNEd | amide! #e@tNHRdiming:oc(INOHBepexyl in a

suitable s ent gan b d.. Non-limtjng exanpl es of. sujtabl e solvents
el ade B aRGTIRG S, dyeablye Bt Eaniererp SRR Reat s 1 DIURTEtE ar

i ncl ude nggﬂp sol vents such as al cohols, ethers, and am nes. Water is a
preferre ofvent. It is also preferred that the Goup VIIl netal conpound
and the G oup VIB conpound be water soluble and that a solution of each be

formed, d8033]si ngl Ehespiagessofer poepaxing thg cetalystsref thesprosert anvendionThe or gani ¢
The: t i c808BH REh I BRISHER ol EaHrSS8Sh RS PANEAFPSLRTEIA lean aneicog) |
e € e AT n G PRI Tl b JSRRoBE ARG 7L
oLl OB R AT ARy, 1 bt ot

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



- 11 - [0036] The process conditions during the mxing step are generally
not critical. It is, e.g., possible to add all conponents at anbi ent

t enper at LWe 2009/t6®s5r natural pH (i f a suspension or sol BCiIras2608/0e3398 i zed) .
It is generally preferred to keep the- 1@nrperature bel ow the boiling point
of water, i.e., 100C to ensure easy handling of the conponents during the
m xi ng step. However, if desired, tenperatures above the boiling point of
wat er or dif f.ere : . j t

or gani o (UG Salf, REE) SRl GodibRy cal Rl ISTRCRATEN sl Gobllf o
the pH ofcohdifleXinylageft it \gRen 3ghthesiRd Th ¢hid ihvehtioRS tiRClefthDRsinaevid 1 bri um
toward a desired form For exanple, if the organic conplexing agent is an
aci d, t halefidedto indudosaltutions, shnribs, andicremhyt athelr fype of meixéurgisuitbbliedor t owar d
formati on of nore of the conjugate base. If the regction during the m xing
step is A8EIR MIDE aRatalysh RracWEOr aspording e dke invgatilspensi ons and
solutions that are added during the m xing step are preferably preheated to
an incre t enpaat [ Lab ! Imiked tbeeth&aet | on
Femper at 0 G0 R e e ng
agent i n foha alprecngosingpugd1olil sh bmbsdimeriteshdre onelvrenerefahentetal rati os of
metal to organi c conpound-based material in the catalyst precursor after
heat i ng. rEagenés pr efgeniceedmpleking agestipre providegisya salutigr opslukrys Mixingst s.  For
exanple, the ratio.qQf organic acid to total .netal .in the m xed.sqglution (or
ot her mi ¥ARARVYYC ﬁﬁalé’lg t&‘géﬁf‘éﬂ]t@aéﬁgsap Qﬁg%‘llﬁﬁﬂﬂp&‘%aﬁﬁ‘g‘ Py Sﬂ‘éﬁl d reach

a mninmu e i i {1 | n an
enbodi ne rrlvtel,S&;{h Zf é@negérn{n%géj l)?)?hge arﬁle%_l E%a%béxaﬁl?gérég%%féo Eljlsﬁed gillnﬁ z{ﬁ%é@%ﬁex ed

sol uti on ¥hoidkd a9 8oRA YARin ca MEhER: [datin@ahé ofkRid cdﬁpl’&x%%)fig@ﬁg@ﬁ! c
conpound-based material in the catalyst precursor formed after heating, or
at | east sabficient2@mpetgture toamelt ¢hes tomplexting sgentt %I'hos wall allewsthe abgantic 30 wt %

I n anot her enbodi nent, the anount of organic conpl exi ng agent used in the
ni xed solcomplexisgagent torswlyate ang selid matalisagentso wt % of or gani c

conpound- based material in the catalyst precursor fornmed after heating, or
| ess t hanoggeut 4G Hteehpefattu@Sdurt jﬂﬁg\lil'ibpl?e'i’eﬂ%f frefn AfibRent RApahaé 30
wt % Preferably, the anbunt of ordanic 2009/ 061295PCT/ 1JS2007/ 023398 -
12 - combebe beilingguintstitieisolviehe Tha peepmptivri cam be perfornyéd troamyr ovi de

bet ween about 20 wt % and about 35 wt % of organic conpound-based material in
t he resulsuitablecuayl Fer exampler inoembediments iyobving selusions ageier slurries,
conpound- based terial in the catalyst precursor, c be achi eved based on
t he amuﬁﬁp%‘?t%i'r@%?'%s @ﬁgf@f?%@al‘a%eeﬁﬁep?%dré?% eaPth?gh‘? FBRYCH xed sol uti on
and base n.t t I ! 5] sed.: tal yst
precursor .o%ﬁ]ogr%‘ﬁ%sr Eﬁ{%?% gﬁ‘?@%’%@ Elrlégggdsrég : Lma% g‘r?a 1}29)} %? @%ﬁt{%fﬁe car bon
contal ni r@ro%?”@l]}'?&tﬂriﬁ?aesﬂﬁtablk fVaRcah R forhady NonPligkting exammplesiofheat i ng,
or in the catalyst after sulfidation. The organic conpound-based nmateri al

i s deri vadithblensolventoirghudecwaterphé tha @, ég€3talcdhots. athebsutatde sobdntsue t o

heating of the catalyst precursor and/or sulfidation of the precursor to
forth theandneluge polausolventasuchias alehalsisthersrandamings. Weashisa

"o bani c-pretaieq el alsif Five PErte s Fflne Geab irHelal Rifpepg R fer o o
COWOUM'@?O%?FVW%S{@%EP? %%Mgf SolaPRSUd st 28dMitibh ?)tfgﬁﬂfbé FHRNY, W2

derived origfna _ he organi ¢ conpl exi ng agen or another organic
car bon SCS*M%I@ sHREdN ddnt4ihigSoth ieeta Bt fosined! mr(ﬁrganic[c@ﬂgﬂé)ﬁng agbnts

i nvention, the weight percentage of organic conmpound-based material in the
cat al yst qandmeuprsparedds adwiitable sodversypreéerablynwatgr.a Thie three solveat Pr ogr ammed

Oxi dation on the catal yst precursor under_the fq]low n opdi tii ons.

Tenper at (ROMPIHEFARRE MEXehin 1Y iﬁgiuﬁgcerclh%&é@w F%’P ﬁ%gpeé‘ﬂe ried and
heated s | es. The TGA/MS data wa ] r t her mal
bal ance %ﬂnggﬁemtsttﬂleﬁ?g\’eftggg’omvﬁ% an Eggaﬁﬁ%gﬁggr}n%%se @%é&?%@e@%qui pped
wth as lipfd pre ol fiist Bfix HREEWE et AQ oRifsbnéRts T Y aiRBls € Was
heated at 4C fr’rr1§‘err1{f}’f1r orr‘? a[ri?‘orf@e&nt tesrrpel)r(ature to 700Cin flowng 14.3%02 in
He (77cc/rikdih, tancidd the wegatie compidxdhg pgastsure. I n the TGN M5 experiments,
the effluent gas was carried over to the MSinstrunent via a capillary line
and specific me fragnents such as 18 (H20), 44 (CQ2), 64 (SQ2) were

anal yzed as markers for the deconposition products and qualitative

correlation wth gravinetric / heat effects. [0040] The wei ght percentage of
material |ost during a TPO procedure



represents the wei ght percentage of organi c conpound-based material. The
WO 2009/ 061295PCT/ US2007/ 023398 - 13 - renamining material in the catal yst
pr ecur sorwp0@esisdered to be netal in the form of sonePCyas2@f/oedsvgle. For
clarity, the weight percent of netal plésent in the catalyst precursor is
expressed as netal oxide in the typical oxide stoichionetry. For exanple,
wei ghts for cobalt and nol ybdenum are cal cul ated as Co0 and MO03,

respect i yabYs) [ 004hkhrstiklBhaiftns thiie e SALSBEMLEaRI Proiciia e ¢ he

wei ght percent age of “organi ¢ conpoun ase catal yst

fornmed affi gy e.?U,' pssidlé enadd it eongpanbntstah @mibiérhémperat@retat Pheipha@ardl oH
conpound- based conponent is determ ned by TPO according to the nethod

descri bedifabsuspensibe or sohitionrig utibizedit It s gdnerallyt plefered tir keepthads t o net al
in some form such as oxide, . oxysulfjde, or sulfide. [0042] The %m)unt of

organi c demprekispeleu ihe betling prinhef yatesd.-& ol 1°Cote ensyie easyi hwadiag @ough
to formnetal - orgsa\ﬂi ?1 c.orrghexes. in tt he,sol uti OP ur}dq%r reaé:rt ' (%n gl(?)r{%i ti ons.
In an ent8UFAEHR § Auring dhe pHXing Stery HOWRVer It 4RSI, [eMRTAMIes ahove | o1 o
of carb w186 Chi f i ' t I t

Sbout. 50 (e beiIf Shift 6 Watcr o (iFRAORH (oI Oh R, Shan@ibdiinihr Ca0 |

met al at oyikeraitie PraBENEompRKint agent $d artheidtorbas@havinglaeaafjughrout 3. 1n
anot her enbodi ment, the ratio of carboxylic acid groups to netals can be 12

or | ess, base/acidothd pld of the nxiawre can be afpGLEs] tordrivecthh @cidébassdiquilthriumhe
nolar ratio used i.n e mxing solutjon of organic conpl exing agent .to
metal s i OWB gSSIEF e oEor Ghampls i the erasniq caruplesingagsa 1SAHAGH: hess, or

about 4. 8;,0r.l,ess 0 4 6,05 1) o ln. ' , nol ar
Pot0 e bhT PRUES SRS RPHE rels L o s aebirmRl Haw AAE R of B ¢
about 1. %f9he EBHiBgateba3OO ¥ the reActiBY &urirf%t}ﬁ%%n s%g% cBRIeR qutfat about 3.0
or nore, or about~3.5 or nore. WO 2009/061295PCT/ US2007/ 023398 - 14 -
increased temperatures, the suspensions and solutions that are added during the
mixing step are preferably preheated to an increased temperature which can be

substantially equal to the reaction temperature.

[0037] The amount of metal precursors and organic complexing agent in the
mixing step should be selected to achieve préferred ratios of metal to organic
compound-based material in the catalyst precursor after heating. These preferred
ratios result in highly active bulk catalysts. For example, the ratio of organic acid
to total metal in the mixed solution (or other mixture of metal reagents and organic
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



0.33, or at |east about 0.5. In another preferred enbodi nent, the nolar
ratio of the Goup VIII netal to the Goup VIB netal is about 0.9 or |ess,
or about WoGimvosi®mss. [0045]1n the next step, the sol utipom/USsdoane3sss or

m xture is heated, dried, and/or formed2into a catal yst precursor. The
heati ng can be perfornmed in any conveni ent manner, but preferably the
heating is perfornmed using a comercially viable preparation nethod, such

as | ar aq BaLeReNaReasah @ FAREA BYBHEN B RAR: 1 ABORI M RReF IR ont

i nvol vi ng a ‘cont Pn&ous pr ocess, cur'sor can

spray dryjiongt%fandh®oadB55it9n of @f%aﬁﬁ@télﬁpb@ﬁl-b’ﬁée@l' Mattfidl &1 dikYesuleagp! exi ng
agent. In spray drying, the solution containing the netals and organic
conpl exi ngtaygsmprecursaprAydesired aohoapt ef ergantncampanrl-basedtoateridl in n?lg chanber
contai ning a heated atnosphere. As the droplets pass through the heated

at nosphercatal st preeursey Gan hﬁwaqme\@daWﬁémdhémunF@BOI&@@I%WH X al yst

ot ent | aiagLia s sty irotpednixef solisi st omBn mr gbE e, i ng
chanber fafqf ngldgg%&@?o&?a{ee&tagw&%sr.' ’fggtét}ﬁg"t‘&gﬁnicmﬁ&ﬁfd%%h%

cy_cl ones can be use O renove S partic re entrained In a gas

stream Thystefial réfers @ tieoddrBol abhtailifg comipouhl preseat neitorehe taralysot t om of
the device, while the gas flowis renmbved fromthe top of the device, along
wi t h any precursod aftertheatingy er intthe lcatalyst afteesulfidatioe Jhs ofganic compennds of
cycl ones can be used to .inprove the efficiency of parﬁ)ivcl e rermva] by

havi ng t hasedhmaterialus derived frophtherrzanigicomplesingagenk byt may bevdodifisg: " 1 ow

to one or re cycl ones. 048] 1 n t he embodi nent.s _described herec liquid
dr op! et < o eatEe B9 sy ChrePytsnt abHar SuFRlife SRR prESIEIT fopd %' G
to the dryj Refie | J A f aTRTE) | Vi tthin
the dryi r%é gﬁtgﬁggr, |?gﬁ‘|‘§“‘?n t%lgal r‘é’Bldg?é\é ?@ngﬁlﬁhg&%%bg%egp@?tzﬁimon,
| eavi ng hady ftladecedrboy aiot raditionalty cohsideredns ‘oagaiy’stsuplans gedphitioons, the
droplet is likely to remain entrained with the gas flow In enbodi nents
wher e t hamerphdehearbonnd herdernorganic sgmpounddas¢d maggrial wsed hereespgodicage
rma catal yst

time need%{cll V\DégOQl 061295PCT/ 82007/&21 398 .- 15 -, to fq
parti cl e 9Ny Hhat the earben wasderpied asranally fromyhe organic soaplexingdgensed t o

t { . el 0049] |
erbod, redergrioiet SreBHE CURRR s RRSC biedih oRd B ARfyaphealfion PO TN an

[0039] For this invention, the weight percentage of organic compound-based

material in the catalyst precursor was determined by performing a Temperature
Programmed Oxidation on the catalyst precursor under the following conditions.
Temperature Programmed Oxidation using TGA/MS was performed on dried and
heated samples. The TGA/MS data was collected on a Mettler TGA 851 thermal
balance which was interfaced 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



at a convenient tenperature, such as at |east 20C, or at |east 25C The
solution may be passed through the nozzle at roomtenperature, or the

sol ut i on waypodaemmat ed prior to exiting the nozzl e i ntoPchasdeoyiongpoghanber .
Due to the higher tenperature of the aldmsphere surrounding the nozzle,
sonme nodest heating of the liquid will occur. Optionally, the fluid may be
intentionally heated prior to | eaving the nozzle, so that the tenperature
of the Ii.guié€.: . Idet | t at
east - 1000t pqtEi AR IaE iyt piechtedr 48 Shaciltred B bEmCERR e Torm BF B\
sol uti on saind tyPe BFOXIdE. Foriclasty]l HRGreight peroenpof el peésehefittheWatal PiC or

| ess. [0050] The nozzle of the spray dryer sprays the solution into a drying
chanber tpre¢ursamis @xpeesaeh anmetal axides phthe ¢y pieakdddaltoichiometye xer at ur e of
the heated atnosphere is at |east 145C or at |east 200C, or at |east 250C,
or at | egxampdpoveightsdapcabalt andmalrbdanum aee qaleplatediase0@rnd MMoReat ed

at nosphere is.4%@C or less, or 350C or less, or 300C or |less. The | arge
tenperatJFﬂxﬁPV? rence for the solution prior to exiting the nozzle and
after exiting the nozzle allows for rapid drying to form catal yst

pr ecur sor{00#t]ef er @bsimilar cgbeuldtioncarsbapadopnedendeterminedhelmeigly chanber .

The droplets fornmed by spray drying can be entrained in this gas flow,

whi ch r edgeeentagecolorganic mnm%hwdwmwntmtap@talwé@m@%@ﬁﬁrart icles.
[0051] I n anﬁ) her odi nent, the ﬁha elﬁféihe nozzl e ma%i be &Jsed to

conpl enerft! 141N e RGFAEaRy BF WS '&fgﬁ? of Qrgamg compaipflbased component oy
attachne &ﬁ@; ﬁﬁgﬁﬁﬂ& d engt h of
t he nozzP%q&%ﬁﬁgftu t?ggg5b ere eg??ﬁggg?aﬁﬁgxggpﬁ%%gﬁ'gﬁgﬁggﬁpggéprior to
| eavi ng tWeighOimzthe catilys ¢ohespéid’ 8@yl Rrvbese forhd) shelas bxidel bxydulfide,t he
solution to spend nore tine at an increased tenperature. This increased

t enper at wrsulfadd.d be due to heating of the nozzle fromthe heated

at nosphere, or additional heat can be added to the liquid in the nozzle

20001 0614088 USTE Al orb it SomdBaLEY aBCTIRRIEA el solution oz o

various Whyald@Yo BE cHogsh i@f&hpﬂﬂegﬁ-&gﬁlié%bﬁ{ﬂl%s% thd§ol08A uadexi t . For
exanpl e, the solution exiting the nozzl e can be atom zed using a wheel

at om zer redotiyn ¢onelitéornise Iatamémbodiarent wherswhd ¢ampleaingrgeat istan otganitg a
wheel atom zer, the nozzle is in the formof a wheel of outlets arranged
around t leidithe ratfoceleearboxylia aeid grpens of the ogganic aeids o medels can ke at he

| uti is deli d t. . the wheel ' h | uti
o oxit it heu T URPatRg g aROGT s bRy of SR SRH A R S ol ut  on
0 the Qg e tindhrliuAIZhOPEESEIAS oA 2! HEalbhst BByt o BRGhE; The

pressure erentlal rnsi‘de versus outs the nozzl e can nore than
1000 psi engsodiiiet, theratRPO0c4rbbxylTvekill Igedibstezatlsedabe B2 bplesss@si(® second
fluid streamto provide atom zation. In an enbodi nment, one or nore of the
fluid strozdess, onfl obdessn i nert stream such as a flow of N2 gas. Atom zation
occurs by causing the flow path of the two streans to intersect. In an
enbodi ne he s f exitl : b . can be
any. convaup4an 1 Bfohcr bABoULRth i mBr B, Bled Y e Bl s li6AEF
correspo Qﬁiééﬂlc tcBtpiexiha a8eRf todme@Neis abbat 6.0rdraess, of aBowyd.5 e edss, & any

ot her convéni ent shape that allows the nultiple Streans to interact and
atoni ze eabbatiOval lgss, bD@b3iiH4.§wrdes8, echlwomtdi.€ at logs.s hmasothar empedimers,
suitable for form ng catal yst precursor according to the invention vja
spray dryhegolamratiocisedtin the@ixingselianofmrganic @mploxingagest o metalsisy st

begi b i di Mo t ti 801 t
o ut 1 on 8980 1 arr Brofko Rt aPBt S Pr BB atouh e raGR PO BosD Q5iifanal 1y, a
sol ution &%bat 95% lﬁgﬁgénder 807 can al so be provided. These solutions feed

a m xi ng vesse re the solutions can be m xed and aged to all ow
conpl exes to form between the netals and the organi ¢ conpl exing agent.

After thd08d4lit i odnapreferredgmbediment.the molay wtiofdhe Graup MdiLmetd tean be
d 82 ' h 825. ddj tion .t t] t ai ni
Phe’ cat o e Ctpie L BRI B asabour 1B RHlsaShbiole D% of B s (hebP e wi i

gas flow of hot air or inert gas 827. The drying chanber produces a powder
out put 831 corresponding to the catal yst precursor, and an output gas
stream 833. The output gas stream 833 is directed to one or nore secondary
cyclones 835 for recovery of any additional WO

2009/ 061295PCT/ US2007/ 023398



- 17 - catalyst precursor entrained in the excess gas. This additi onal
material can be added to the catal yst precursor exiting the spray dryer
chanmber. wWbtermmiiosel y, dependi ng on the residence tinePoff/ush@70eisps et s of
solution within the drying chanber 825]4the majority of the catalyst
precursor may form and/or be separated fromthe excess in one of the
secondary cycl ones 835. [0054] After exiting the spray dryer, if the

cat al ySt (P12 Glaf Rlast B0dlitloeS! iPadoth bieflrfel ebolfticthl YR ratidir et al yst
precursor cdn be passed to a nulling operation 845. Additional materials

such as a@@roaptViDhaletdlitodies G3éup VAB metahibdstsbut 0.9 beleps, st wbsat 0.8tortlbsss poi nt .
The mull ed catal yst precursor is then extruded 855, resulting in catal yst

(O dy f i i nt t al yst. | fi.datian.
A tornat 10045] o I e Bhot Slepg FRAOIGH SR 8B, inptitis RépR, St
tal vat . . . .
ot ary cAPELinEa SRy ShrobiSsh Tone Reinheal OPbRSARRR By Gorifients, 2,
pr ecur sofmariree, mtpi\éﬁeraﬂyQh@ﬁéatir%]ialp‘éefo@m@uhﬁﬂfg AtdmnteréivH9Rissis feed of a
suitabl e gas such'as N2 or air. e sweep gas ailds in the renoval of

vol at i | e prepyration metlsad; lsueals agadags batchsprocessaorch emvetpmoas edocessl deconposed
organics. In an enbodi nent, the sweep gas is counter-current to the powder,

From roc APSAEr ci HEef selpRiEh{inaBhagea FhubPhd pdbfy, HRHRe, Sae may
enter th ' o ' ' ' 1 ' t he
power TR S e O e A O e b e
then be pagatdcompleNihg agempdnaprayndididg, fthe solutih vontainingxthe nwtals and
descri bed above. [0055] An alternative process that operates under

princi pl @sganigcpmplexing ggent igspraygdias droplsts foem q in@ a drying| ash

Secos | e L B BB T R
| nner noééjg8§%}ﬁtrt9 &cteéfs??u@&? %%?Pfadt&? a@vﬁp,el'eg{/ilfnﬁﬁge‘ﬁ?i(ggz?tfllgghﬁg{gﬁfsopOZZl e

can be u pass €O air or c Inert”ga conposition
tube aropagidlee NaoUnt osf CoRimBiaONID NS aiptbeideP 0Ff pb@ntigllpkaitasle s%)fa?,' sol ution
frompremature drying and deconposition and solid formation at the nozzle.
The fl askirgesonposition tube is then heated to have an internal WO

2009/ 061295PCT/ US2007/ 023398 - 18 - tenperature of up to 400C in order to

heat, dr d/ or Ssi . i C i | exi ng agent
in the cﬁ?%mst ppglguc_r é’g’%x‘eﬁﬁ%ﬁ%ﬁ%}ég’%@mg Ffl‘épﬁ?@gr%a@gglgﬁ%?gi tion tube
is heat e@trﬁﬂsﬂlﬂ:?eMéyﬂﬁn@.yc%ﬂv@ﬁ‘ﬁ(ﬂ{aml ciﬂﬁ@hess@dﬂ bCudcd 1d repioRersalidr € of

bet ween about’ 300C and about 500C. I n”anot her enbodi ment, heat can be

provi ded partidlesthiat asherieainepinsa gaostréande Typicatly atheaolidglargclepygxivltlysi s or
conbustion reaction inside of the tube. In such_an enbodi nent, as the

sol ut i on cpelosedram thehattemeofithe devisecwhe she gemflowns removed froanthedapoxi dant
are also i.ntrqoduced. By controlli.ng the amoupt of.fuel and oxi danf and the
Mte of abs,device dlam wilkanarticts tirtip st engeinedin BOE RN A fube can
be mai nt gj [ :

D e 1t ARl 5 S ARBRRLP U FNERALY o PREAE i by

sui t abl e haQingPthe A5 ol T Hivim ﬂ{eed?xiyil’ﬁ%éhaﬁﬁw_rs‘éwﬁ)aé Metifiput QM6 0AB -

Synt hesi s of catal yst ‘precursor begins by providing a G oup VI netal
reagent solmereaycBies. a G oup VIII netal conmpound or reagent solution 903,
and a sol ution of organic conpl exi ng agent 905. Optionally, a solution

cont ai ni bi nd 0 ] [ . | Yt m Xxi ng
vessel 018088l T i b RarRe d Al HerE fanid BPIGS olh KRB E I TS T
form bet weg#iddéhambed! Shefdn theinpueam ﬂowth@&mﬁfg@ﬂmtber ¥4 Réatédgas
solution is sutfficiently mxed and/6r aged, the sofution can be punped 921
to a fl aflowledsrthesiquidravelbevithih theltwyifg elsdmbler tigpigsint themroplbts 19 285t
includes an external heating source, such as_an external heater 923.

Opt i onal Idpe taievaperatipneleaviag behind deajphst paricle.oUnkb thergasalystrpasticlene f1 ash
deconposition tube to provide sour.ces of contraqlled conbystiqgn,, which

orovi e dopnn.ahe ArontgL kR KSR Shuraineitiith e 838 A ehPOdERSon. The
flash de hd i WHEY: I excess
ot gas. oL Ra i3 UeKE Akt BLME Ty AR M op 1 feRt Ingiihe aRGralE e Behad Sy
ot her separator 937 for recovery of any additional nmaterial entrained in

t he excess hot gas. The high density (solid) output fromcyclone 937 can be
directed into nulling operation 945. The |low density (primarily gas) output
943 from cycl one 937 can be passed through a bag filter or other separator

939 for further particle renoval prior to exhausting the excess gas. WO
2009/ 061295PCT/ US2007/ 023398



- 19 - 100571After exiting the flash deconposition tube, the catal yst
precursor can be passed to a nmulling operation 945. Additional materials
such as awmoapwwwon®s bi nder 947 can be added to the prec®CTarS2@7/02339% poi nt .
The nul | ed catal yst precursor can thenlbe extruded 955 to produce a

catal yst precursor that is ready for conversion into catal yst by

sul fidation. 100581l n anot her enbodi nent, a plow m xer can be used in a
bat ch pr iAk: Qat t ' i; i Xi ng
vessel "t oF TP aRaldIp GRUQEHRN A BpRE ik mblk AdtifRI R Rohes e OF" 11D
conpound,uséd es!epdrate thetatalyse pRubr panicledfronr grias saeaml exi ng agent is

t he chanber of a horizontal plow m xer. The Goup VI and Goup VIII netal
conmpound t he organi.c chel ati ng .agent are directly charged to

ot sont 40081 mikafl ipdimend thinsRiShis Shiadrridiio deuaRcfons edleor vea.
The m xi i ' [ ofy M. X] S pl ow')
e X! AR RERERPIHER e s R0%: Rbs I, B! Mseaid ond Ligof! o) |
a vacuumpgy BPphised thRucheh&hsesle abfodh empaanie! J)lsth@fsold”ti%)d"m&%b@nt al plow
m xer are Heated up to at |east about 250F, or at |east about 300F, or at

| east abdightedgiitor tb @xiting themozaleuintmthe diyafgechamber. ue toi thg highdr t he m xi ng
paddl es is continued during this drying procedure. After a sufficient
period oftempggature pfithe atmosphere siyreunding the rerzty veme podess heating of hied. The

anout  5oguics Pl ot El CBpGnBly, She Ruld Hagiod SRR ReadtiBriof o Renihg

hori zont ] Lper I I/ & | k
Conto- & o ahe Roge: S Bh e (bRt A e Mol Bt B Ho R A sfRast I3 M Sou
750F, or gk st V50 GHoRUdast 9062C [ QR W45t UR0C. 10 aedtBEREMbalinerhdes an
apparatus suitable for form ng catal yst precursor that includes a plow

m xer. | nefperatwre i the sblation b @R ndMelexidisd] 3F0Bomnlesnwrfl@O°Crarressyot i on of
various solutions, slurries, solids, and/or other m xtures into plow m xer
1025. | n 180ferasdessve enmbodi nents, the number of inlets may vary so that,
for exanple, all reagents are introduced through a single inlet, or so that
mul tiple [poselt S CahekRzURESE thespRYSIryERERAYs thENDI R init® B WryidlcWhiahfter
solids, and/or other m xtures are"m Xed usl ng paddl es (not shown). After

t he sol utthatrconsainy\@h2aRe/Ambasld?ET P2 tibly AR8 3G@fiperafifie of she heatednt | y mi xed

and/or aged, the solution can be dried in the same vessel by ap%l&éiong a
vacuum t @tmpsphese ieat least 4G eor afdeas|2PORE, orpideastd SHroy pradeastddldh- a hot

l'iquid ci | gt i in.the j t ed | 1.1017 of th .m T

L eriper at 0P @0ier REROBi R A Weaieatireo el mEsRR G 1L AN0T of Bisoy

ermer at U angf OB SR T ;
it ongh DR ac e nb qb37 ob s Ay EifaE et RABRNE PCC Lo R

sol vent . sOhfifon pidr rexiing tHaidzzl9snd sftéhaditie® ik R6zAl0allows Yotrapfdippl i ed to
the plow mxer to facilitate the drying process. A free-flow ng powder 1031

cor r esponitying todottheatadystiprecurpore Rreferablyng gae flowt i alsapresentiia theit put
product fromthe m xer. [0060] After exiting the plow m xer, .if the catalyst
pr ecur sordryingghagmber o Theglipplets tosmed byspsay deying gan be eptramgddn yRis 838 ecur sor

can be pgssed 10,a |1 operat on ,1045... Addjtional materials. such as an
opt i onal dhibgedices R atREREaT AR abet SRha pERRE0, Brficlt

mul | ed catal yst precursor is then extruded 1055, resulting in catal yst
precur sor[00SHt i s Inaadthef embodimentts thrrshape of ¢led mdzzde nay teubdeddat i on.

Alternatively, after the catal yst precursor exits the plow m xer, the
cat al yst compement thedieating andsdsyingpracessi &on SKABRIG BFEFA GBNLEEh as a

t | Ci 065 f h heat t t.. | dditi h
cat al yst A5PERBPRGHT carkeereyt i himant i e aar B yenl i B SRS sveep
gas feed 406k qf u?H?ﬁ@Wh@r@ﬁéaéﬁlﬁ%ftﬁﬁ sOMitidh i&lesire i&"‘f‘oelea\gﬂg the ds in
the renoval of volatile conpounds,” such as excess noi'sture and 8vapor at ed

and decomRsky adodalkiwith aAextdhdet path fength will @llowhhe Sukeiongaspend more
counter-current to the powder, entering at the end of the calciner 1065 at
i nl et 10@ime ahan bereased demperatineorbhiinmrgased temperatureaduld bodue ta  1069.

Al ively, th h | ci ner, 1069 d i

AL AR N IR T
| i t . i { j ti
R Y T T e e

process that operates under principles simlar to a plow




m xer i s conical vacuumdryer, such as a Vrieco-Nauta dryer. Figure 11
schematically shows an apparatus including a conical vacuumdryer that is
sui t abl e wWo@REB9H61295PCT/ US2007/ 023398 -21 - for for RCmgISc@rabk3ses
precursor according to the invention.-[16-the enbodi nent shown in Figure 11,
synt hesis of catal yst precursor begins by providing a Goup VI netal

conmpound or reagent solution 1101, a Goup VIII netal conpound or reagent
sol ution , - an t. L W= ionally,
2 sol ut 1 J83,, o7 in Rdafiof iodivile PHORIL S FRIR S Hef SE RN 0Bonfit | o

are fed tthe solfiohGdthe/Ac2léreLity Bor érafple, tHe2mlutibieegitingahs abiile @an bean be
m xed and aged to all ow conpl exes to form between the netals and the

or gani ¢ corpizedi usingg aviteel atongzer, highspessureatomizatipn; e tava flyidri xed and/ or
aged, the solution_can be dried in the same vessel applyjn vacuumto
the vessdtomizalioRoSInsa Wae) atamizep dhe nozale dvindba fgﬁm%gh\waeqa@? ouflgtsi d
circulating in,the jacketed |l 11 of 1t he.sconical v r. The

t enper at lﬁr%ng]ed@ﬁ%u 0 tc!lr(gHrr}vfﬁge!nag o%’ ﬁée dVrV b%eﬁ g%ﬁlsgg)rccgﬁﬁﬁgﬂ ggsvt&? adj usting
t he te”p%BﬁIt}Unq]svaeVg}/P&dCtbrtﬁé'kﬁ%’gﬂghé WhideLrotdtes Qilgsﬁﬂ&\%ﬂlesscdlﬁ%r} iPiHel ¢S

al ong the vesse to provi heat exchange en the wall and the

sol uti on,wkeed. Highpk@stiieatonlixRitn relipooa fecling dapsoluton betifeuidzzaleat aThe
vapors are renoved through the vacuumline 1127 and nay be condensed if

desired thigherquessure thangbe wutside atmipsphere: The pregsuraeliffergatial imistdearersusl d or

hot , be . lied to th i cal .d tq facilitate the dryi

b ocess, ONTHIAS B! IeeHHie Fmbemors Shan HIUtLEH o9 Amese Ten 00 Ay Tpidetu Sor
b t ai . f iti

Th cont dutellioRirhhad B RPHHE st Epld Bityie FominliiE M AET ! 11 0

suffici endmi¥difRat,'0ad dred6ie of!the fRAd Hr¥ahs BALBE af Pherf S iR, ARHSRG flowa
mul | i ng operation 1145. Additional materials such as an optional binder

1147 can df&Naglbe dAtomitzhigomp becurs dyrcaasingithe flooi path ofttke tub krdamsital yst
precursor. is then extruded 1155, resulting in catalyst precursor that is
ready f orinesseebr b1 amembodinentathesthapg of the flawiexating ane eF mare wéthe after the

catal yst precursor exits the vacuum er, the catal yst.precursor can be
it ect od STERESAN e SrvERis SHARE. dintiexamnie. B sfspecoq Bf TV ety o
further t I il : C e rotary
cal ci ner Q%gr? Oge_ggtg ﬁ%trhgvspgggg\?\n?% %Bg&,?&éggrfggésatéggllﬁq%,]lﬂ%?&g%ﬁg?t abl e gas
such as N@nQéniehf shapeehsRvOME muliiple strédhs fositiact £4d ateid | € conpounds,
such as excess noi sture and evaporated and deconposed organi cs. As shown in

Fi gure \Mffe2€i08ly061295PCT/ US2007/ 023398 - 22 - 11, the sweep gas is
counter-current to the powder, entering at the end of the cal ciner 1165 at

inlet 11 nd bei. ¢ £ L.ner . 5 4 | 9.
At or nat 100 nE eI R PRGNS il abBuRh b P ot Tty o
1167, WhigzBeiirSorCRcording b the infvehién RAVSHRAY diY1RgC 3 Me/Shbbdipsent SRoEwRqHAer

| eaving the rotary cal Ciner 1165 can then b€ passed to nulling operation
1145 for Rigute 8)gyatisixifroatilpst precutssichégirsibypoonadingOBR] teagent dolutiomt her
enbodi ment, a rotary calciner can be used tg dry_and cal cine a catal yst
pr ecur sor80lnaLasreagent sabetien R0 andsa sglutiom of geganig cemplexingagent $0Reat

i d.to heat.the walls of.the.rotatable tub i di.ng i ndirect
heat i ng OPIGIUY, ASORItAN GntaRuE §binderab7 o ARaetoyitsd cHisting &' be of

S| MONORRMNTeAPRSSTg SUSD! 86 RS O AIROROLALSe FikidnaRbEl &5 O

beads. eres provi I'ncrease ace area or mat | of the
catal yst AioR¢eomplexed B¢ foruPBetwieehithé atbtals anld thd8tRniSorhpRiimbagdne. t ube
rotates, the spheres, solution, and/or catalyst precursor wl ravel

t owar d t heftexthe sofutidmeisdnfiicieftie mired dedioe agedighofolution sah beippmped hi n t he

rotating tube can_be nodified by adjusting the tilt angle of the tube. The
spher es e&&lttpr?gdl’b’mg?hﬁi@b@r@ie%ﬂ @omio thersobufias coiaiang Hsicalysr s t he

LUbe A e et ARl it A8ihy BRamb PR B Bl PRR a8 howt BESPAFHE O
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



conpound, Goup VIII netal conpound, and the conplexing agent is introduced
into the rotatable tube of the calciner. The rotatable tube is rotated and
heat ed, wWiOchovmu®es the solution to be m xed with and ©OomiUSee07/023398

non- porous spheres under heat. The nofé&7vol atile portions of the solution
evaporate as the solution travels through the calciner, resulting in
formation of catal yst precursor. The catal yst precursor forns on the

avai | abl i o f e = spheres
and the et 3FERmsA LRI 8 Sxbbi T aBlinibhd AalrRPLRK B °P TP 2 o
the non- padedso BRNGRATstprebuseNEXifing th@spﬁaz\tﬁyeraélﬁhﬂ)drh‘?\lt@ﬁﬁﬁ%ly’,f the
calciner as the calciner rotates, due to the angle of inclination of the

r ot at abl elepemding fFenrtht nesidericel tyme of the dropdets ohisolutionveitlin thédryiagl s of the
tube, a chain or_other W) 2009/061295PCT/ US2007/023398 - 23 - object can
be i ncl udbambsspae. theanajetity abihe qatalystinsepaormay daem aad/nbeseparésd sor
from adhg{_i ng to the.walls ﬁOOGS{,@fter }ravg}?ng t hrough the length of the
tube, th %tl&‘f %‘Eesf)r“égﬂ?%F SIE° ncé’ﬁ-odl(f’F "spheres exit the tube and
pass through a sizer. In an enbodinent, the sizer is a series of screens

wi th operfD0O§4] of deferexdtimgthei speay diyree, i6thetdtakyst preeussor exdiseda i n t he
sizer are also agitated. As the catal yst precursor and non-pqrous spheres
pass t hr sufficienteorsdesited level, thgicatalydprecuiserscantie passed (o2 myHbBRr sor

adhering to a. sp e, tq. be knocked off. Due to the.small .size of, ¢t

ot al yor QpPERiaurS. paf el Mafsiizls Sich LA pplots Bides 8473ah e adsH To e
screens | j . . £0 i rexented from
traveli néﬂ? é&[%#ggogglifﬁelgp ?gﬁ \T@?g{g?ﬂﬁxﬁﬁ’%{s&%gﬁsﬁ@ﬁ%ﬁ Eggﬁlﬁ? ﬁeggg’pher es are
recircul %ﬁﬂtiﬁ%%cé@%}‘shﬁr&h% tI0dt i8 RéddyFer cBhvdridnliftréaslyst bybe of the

cal ciner. [006b] For formation of catal yst precursor according to the

i nvent i osplfidetione okterantivelyi afierthetcatal ysilprecqursor exitsithé spmlyldryert, theeast about

250C, or at |east about 300C. The tenperature in the rotary cal ciner can be
| ess t hafalEbyst pregursisean; beadiregied  to a galcinatioarappamtys suoheastdrgidiyat ur e wi t hi n

br ecur solseerdidotos dutthercht BRfmentc A anditintae The ohBrfPiclrert ol o7
cat al ySt {Bfe0 U RRlor's ANB Aot REAYA §BGERLE: AL R R IR Y, the

rotary ca er can 1nc ree separ eating stages’ rst

st age setoraiir. ATREHPEEPEAY £id9in eGemdviakof eclatitt sdrapeursd) s@th & &rper at ure
of 250C, and the third stage set at a tenperature of 400C. The at nosphere

Wi t hi n t eoistire andevaporated and devempaged osgasticsasinrrin erohedimdntit thetsheepgases

such as air ,can al so be used. The residence tinme w.thin.the ciner is
pr ef er abl&AS AT GPHMELEHITAR (R;t ,PEWdeh CRISSIRE azthsarlé of fhﬁ)@a}fmﬁéggié Wlétce time

ac ust i g ongnd bz ehidNEd TR AieF Bhic e 88558 offtes €88 Aft¥fah ByRaE L o O
i ncl ude weleg g%glnlﬁzi}ﬁ%l\zt?{ fiRc@1Ghett ABAVHR eSSBS WHiEW N So-hirrént WitRL | NG

spiral shape s on the interior surface of the tube can be used

to eitherthppowidde Thecarbist picryesoryWowtlen l¢dving theerotary dalciperd6 deanmthen
uni formtransport tines WO 2009/ 061295PCT/ US2007/023398
be passed 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



- 24 - for spheres and catal yst precursor in the tube. A damcould al so be
created at the end of the tube to dictate the height of the bed of

non- por owsopvaseswi t hin t he tube. [0068] Fi gure 12 schegmitise@7iog3zshows a
rotary calciner suitable for form ng €b8al yst precursor according to the

I nvention. In Figure 12, the desired Goup VI netal reagent, Goup VIII
netal reagent, and organi c conpl exing agent are conbined in a m xi ng vessel
1215. Th ' | | 4 t | & : cal ci ner
1225 al e REAYE SR AP CER drel €l d3; SMDGF pdsRy pARAY 117 Asthe

tube of rdetampos@ihel diganitLdmplekiabesent incthe @atadyst prscupedrt iches and t he
m xture travel along the length of the tube toward the exit. To prevent

cat al yst eptexliment, the 8ashs decdmpesition tube indieateden thaeutsade byan exteroalai n 1233

gas 11 owhéat SUGRS10 & (kmpargti of Repyecgaabas DG aad aovt B Tnaneyne.

length of the.rotatabl e tube frominlety 1267t t.l.et  1269,. th

catal yst SEGEHE rALcamEe R il b8 R e SuBPUliEh PRC AT he

r ot atabl 2ohttBed HFLIGES Br LB MURSAGH LaRtioR isiA0 BT AR S, BAShiEheS 1ow Into a
f. e zer al es (c

sizer 12 ows smaller partic atalyst precursor) to fall

t hrough ietibdiment, lagehé sSolution passed Froughhhé Satihdecuanpesition sutippatfuell es are
returned to the beginning of the rotary calciner. The sizer also agitates

t he non- podemsoxidantiare akso introdhead. By ebpiwollimgsbeagwungof futh@nd oxidant
non- por ous pgrtic he separat.ed ,of f Si z r{ﬁ recgé:l ed

le will in the r,,an
into the angt Wte&?@pmu,stl?@ lapinsids Has Wbe, Wedieahiasel fodertabe £
sol ution j l. Ul i NG ' r ¥ b i er of solution is
sprayed &ﬁgiaé&lh&ej%ﬁéé dgglf?%%éﬁé%h&géggr%ﬁ?‘gh@ rgldr%glk% her suitabl e nethods
for drying the solution to formcatalyst precursor will be apparent to
t hose of [8856] i nFigwere& depifto@ncixBopdeloda flakk daeempesitibnapparatisut i on and
the type of heating/drying used, additiona(h heati ng of .t he catilal yst
pr ecur sosuHablerer peeparing|cataly st PIEGHEPIAFLOTHBRLP iy yepiian.r Sntbesip

The. add crEE edisdrpaiint B bETe £GP0 Y P GaBp BRI S, 2 0 e
2009/ 0612996 A QAT ordSagert 8RO 900 ER UGN IGHHE Ggafc af ter the

heati ng proc yst precursor can be mu or uniformty. The
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powder, or the catal yst precursor can be in a paste or other wet state. If
it is degroededo These solbtiongfeeda mining aesse) 91 5Spwhererthesolutionsisander can be
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can be pumped 921 to a flash decomposition tube 925. The flash decomposition
tube 925 includes an external heating source, such as an external 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.



extruded. The extruded catal yst precursor can then be heated again, or the
catal yst precursor can be sulfided to formcatalyst. [0073]In contrast to
convent i omal20éwwiz9pr ocessi ng catal ysts, which typi cal | ypraraseampeidsed of a
carrier inpregnated with at | east one-®eup VIII netal and at |east one
Goup VIB netal, the catalysts of the present invention are bul k catalysts.
[ 0074] Wt hout being bound by any particular theory, it is believed that the
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anount ofCOBP@rél‘ﬂncm %3 & -géglgf g SHponent that is | ess than the desired
range, the activity of the resulting catalyst is |ower. [0075] A bul k powder
cat al yst [p088jur soin anothes embodimentpa plow ntiset ban beussd inanbatobpadcessl af t er

any of the above nmethods, can be directly fornmed into shapes suitable for a
desired der makingcatakysuprgcumor.elndhisiprocesscthgunixing ersel tarfopuingithed with a
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Nyacol 2034 DI, available from Nyacol Nano Technol ogies, Tnc. of Ashland,

MA; or a agentasidirecychassed@o22486izontall pdowanixeo anonix€d untihthe solidsare
potential binders can include titanpia, zirconia, carbon, polyvinylacetate,
met hocel completely disselved The upixingis agsamplishedusing ongfor MYrednixing above. | n
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catal ysts Invention 1s a su atiron step. Ion is generally

carried Qukizbitat plovaeiikepareltteacal @ Jsit 14 QBOEDLSE PP At Ieadmabyut BOGK Ul f ur
cont ai ni ng conpound, such as elenental sulfur, hydrogen sulfide or

pol ysul f i@t leastatiaud 3508k, toalry dhe solutionaPréfetabdyitstirring veith theunikipgase
utilizin onbi nati o f.a polysulfide, .such as a dijyrethyl disuylfide
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the. adar cPghdse 18 IGRELAEE CBMA-TrBYYs: F DML TER TERIL R N el <
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600°F, or 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



preferably carried out subsequent to the shaping step. Sulfidation my be
carried out ex situ or in situ. For ex situ sulfidation, sulfidation is
carried owD2009/@m1®8parate reactor prior to |oading the earfisdedoecsval yst
into the hydroprocessing unit. In situ28ulfidation is preferred and for in
situ sulfidation the sulfidation is carried out in the same reactor used
for hydroprocessing. 100781l n an enbodi nent, the sulfidation step can be a
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enbodi ments, the catalyst fornmed after sulfidation is believed to have at
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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
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



a sulfided form In particular, the Goup VIB netal will form stacks of
sul fided netal believed to have a MeS2 stoichionetry, where Me represents
the G oupwolzBowvesi®ms. For exanple, if Mo is the G oup VI BCrasad07/0833a8ks of
MbS2 will be forned. In catalysts foraRli-according to the invention, the
average stack height of the WD 2009/061295PCT/ US2007/023398 - 28 -
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flowing powder 1131 corresponding to the catalyst precursor may be obtained as

the output product from the dryer.

[0062] After exiting the conical vacuum dryer, if the catalyst precursor is dried
to a sufficient or desired 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



di spersed catalysts in adm xture with a hydrocarbon feed are generally
known. For exanple, U S. Pat. No. 4,557,821 to Lopez et al discloses

hydr ot r eawOngoszrsn®avy oil enpl oying a circul ati ng sl urr PCtasSa00ym2339x her
patents disclosing slurry hydrotreating2include U S. Pat. Nos. 3,297, 563;
2,912, 375; and 2,700,015. The slurry hydroprocessi ng process of this

I nvention can be used to treat various feeds including md-distillates from
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of about ciRfert1d 63kAuhleBINE7 und HEigg semesed from whaytcaldiner BIfosthglees (506
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descri be reitn may vary w dely depending on the feedstock to be treated.
Thus, as the boiling point of the feed increases, the severity of the
condi ti od8063] | allwstill gppthgr embpdiment, p sokany celgisies car boased & firy and r at e

typical copditions,for a ranqe of. feeds.. FEED TYRI CALhBO| LI N%.RA GE C
TEMP. C PRRSHIC gapa g\eéecursor n a singlé€, continuous step. In such an' embodiment, a

heat source is used to heat the walls of the rotatable tube, providing indirect heating
for the interior of the tube. The rotatable tube contains a bed of small non-porous
spheres, such as glass or non-porous silica spheres or beads. The spheres provide
increased surface area for formation of the catalyst precursor. The tube is tilted at
an angle, so that as the tube rotates, the spheres, solution, and/or catalyst precursor
will travel toward the exit of the drum. The residence time of the solution within
the rotating tube can be modified by adjusting the tilt angle of the tube. The
spheres exiting the tube are replaced by a flow of beads that enters the tube at the

beginning of the tube.

[0064] During operation, the solution containing the Group VI metal
compound, Group VIII metal compound, and the complexing agent is introduced
into the rotatable tube of the calciner. The rotatable tube is rotated and heated,
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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object can be included inside the rotatable tube to prevent the catalyst precursor

from adhering to the walls.

[0065] After traveling through the length of the tube, the catalyst precursor and
the non-porous spheres exit the tube and pass through a sizer. In an embodiment,
the sizer is a series of screens with openings of decreasing size. Some or all of the
screens within the sizer are also agitated. As the catalyst precursor and non-porous
spheres pass through the sizer, the agitation causes any catalyst precursor adhering
to a sphere to be knocked off. Due to the small size of the catalyst precursor
particles, the catalyst precursor passes through the screens in the sizer to a .
collection vessel. The spheres are prevented from traveling to the collection vessel
by the screens. Instead, the spheres are recirculated back to the front or entrance of

the rotatable tube of the calciner.

[0066] For formation of catalyst precursor according to the invention, the
temperature inside the calciner is preferably at least about 250°C, or at least about
300°C. The temperature in the rotary calciner can be less than 425°C, or less than
about 400°C. Preferably, the temperature within the rotary calciner can be staged,
so that the mixture and/or catalyst precursor are exposed to different temperatures
as the mixture and/or catalyst precursor travels through the rotatable tube. For
example, the rotary calciner can include three separate heating stages, with a first
stage set at a temperature of 120°C, the second stage set at a temperature of 250°C,
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
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for spheres and catalyst precursor in the tube. A dam could also be created at the
end of the tube to dictate the height of the bed of non-porous spheres within the
tube.

[0068] Figure 12 schematically shows a rotary calciner suitable for forming
catalyst precursor according to the invention. In Figure 12, the desired Group VI
metal reagent, Group VIII metal reagent, and organic complexing agent are
combined in a mixing vessel 1215. The mixture is delivered to rotary calciner
1225. Rotary calciner 1225 also includes a bed of non-porous particles or spheres
1231. As the tube of rotary calciner 1225 rotates, the non-porous particles and the
mixture travel along the length of the tube toward the exit. To prevent catalyst
precursor from sticking to the walls of the calciner, a chain 1233 is used to scrape
the interior wall as the tube rotates. A countercurrent gas flow of a gas, such as an
inert gas or air, also travels along the length of the rotatable tube from inlet 1267 to
outlet 1269. When the catalyst precursor and the non-porous particles reach the
end of the rotatable tube, the catalyst precursor and non-porous particles flow into a
sizer 1251. The sizer allows smaller particles (catalyst precursor) to fall through
into a collection vessel 1257, while the non-porous particles are returned to the
beginning of the rotary calciner. The sizer also agitates the non-porous particles, so
that catalyst precursor attached to a non-porous particle will be separated off in the

sizer, and not recycled into the rotary 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.
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wet state. If it is desired to add a binder to the catalyst precursor, the binder can be

added during the mulling step. Inert materials or diluents can also be added at this

point to control the activity of the final catalyst.

[0072] After mulling, the catalyst precursor (plus any optional binder) is
extruded. The extruded catalyst precursor can then be heated again, or the catalyst

precursor can be sulfided to form catalyst.

[0073] In contrast to conventional hydroprocessing catalysts, which typically
are comprised of a carrier impregnated with at least one Group VIII metal and at

least one Group VIB metal, the catalysts of the present invention are bulk catalysts.

[0074] Without being bound by any particular theory, it is believed that the
organic complexing agent and/or the resulting organic-compound based component
plays a role in the unexpected high activity of the final catalysts. It is believed that
the organic complexing agent and/or the resulting organic compound-based
component either assists in stabilization of the metal particles and/or directly
interacts with metal active sites and prevents the metal from agglomerating. In
other words, the organic complexing agent and/or organic compound-based
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



Exanple 1 - Catal yst Precursor Synthesis [0090] Bul k CoMb catal ysts were
prepared by a controlled heating process. A 1 M M aqueous sol ution was
pr epar ed W9 20099®0198i ng t he appropriate anount of ammoni eeTIESpacamddybdat e
tetrahydrate (AHM in distilled water-26-1 M Co aqueous sol ution was al so
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result for each catalyst precursor was a b Vi scous substance. The bl ack

vi scous shbsatirfige used forhentiesding tHecatalgse grecmsont ure wherein it
solidified. The solidified black substance was ground to a powder and
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2009/ 061 7 - : | L hen heat ed
at 2 tomperE ek TR0 is Blneraly BRI R e S o oo
the two Gréalryotcdhpssition withoawgifer deit&intigicdinponrid, Quéh as élewsontal salfuggat e

mortar and pestle. A portion of the precursor powders were sulfided to
produce dydadvgestsybfide or pob@OH‘K]eiheSU%atmctaamis@beaaamﬁl euirindhe bguident wer e

and Cat alRfSte pHeiEdroabisBligh of oy SHDASCUN 35 Adimpd | HSLIRE Sk epar ed
imlarl but I t t th f ' lLyst 1).
The 1 osulbaraGarB, m: L8 oin ST sl oR ol e CRIE Bl A hab MY bt
sanpl es b the'BropdtdticiAth¥ BullPERaH/s eghpBlitibABuPpASPY theiAMidPBF Mo ©

anor phous in h racter, an 0 not ex |B|t t he ng range order typically

obser ved pindetRIF usegn | arge particles of crystallized phases are present.
The X-ray diffraction pattern for Conparative Catal yst 1 showed

crystalli Mb03 d 04, which are typically . regarded a ndesi rabl e
ot al yot TBPZHT s ot e satalyeheomibsttion sdhest aa S duceh Heatorgs, SDadatits
resi dual I-As r o] : ' tion
interr uptpgé{e%gng rcgé‘;i%f?l?i%}) ?%ﬁ]@g%C%}%bﬁgﬂn?g%é%oé?w&tﬁtl%mg}gg? gﬁ%rayst al s
ei t her arguteRisitA’@9R8BItuOFoRks shiSaHatidn, Sulbidaticn yséaatisd bhain & sépapsiece
little or no crystalline character into XRD spectra. Table 2
reactor prior to loading the sulfided catalyst into the hydroprocessing unit. In situ
sulfidation is preferred and for in situ sulfidation the sulfidation is carried out in the

same reactor used for hydroprocessing.

[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



Cat al yst BET SA (nR/g) Carbon Content(wt.% Catalyst Precursor A CoWb-6-Gy
15.6 23.8 Catal yst Precursor B CoMb-4.8-0y <1 21.9 Conparative Catalyst 1
CoMo Pr epaioedodiciissout Organic Acid PCT/US2007/023398

=27 -

(329°C). In other embodiments, other conventional methods of sulfidation can be

used.

[0079] In another embodiment involving liquid sulfidation, the catalyst can be
sulfided using temperature and pressure conditions that are more severe than the
expected eventual processing conditions. For example, if the sulfided catalyst will
be used for processing a feedstock at a pressure of 150 psig, the sulfidation can be
performed at a higher pressure to reduce the time needed to achieve sulfidation of

the catalyst.

[0080] In various embodiments, the catalyst formed after sulfidation is
believed to have at least in part a structure involving complexation or another
interaction of metals by/with an organic compound-based component. The nature
of the organic compound-based component in the sulfided catalyst may differ from
the organic compound-based component in the catalyst precursor and the organic
complexing agent used in the initial mixture to form the catalyst precursor. Note
that in the Examples below, the carbon and sulfur species in the sulfided catalyst
appear to oxidize and leave the catalyst at a similar time in Temperature
Programmed Oxidation studies. One possible interpretation for these TPO studies
is the presence of a complex (or some other type of interaction) between the
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



20 0.22 WD 2009/ 061295PCT/ 1JS2007/ 023398 - 32 - catal yst precursor
CoMb-4.8 has a surface area less than 1 n2/g. After heating, both catal yst
pr ecur sorwoaho%dsii®si nventi on contai n substanti al anmount CofUSec@ribessoef about
22 to 24 wt.% The carbon content of t+B&-catalyst precursors of this
i nvention is a function of the heating conditions the catal ysts :
experienced, i.e., the tinme and the tenperature of the heating profile, as

MEelis as ts@@f‘%&%%f@p%{ﬁ'rﬂ&éﬂvﬁl‘fbé“f}dri]l(l%M?ut*l.?i{) aBBhed - Ln}'xgotﬁé’{ bon content in

t he bul k precursors | uences the norp gy of the CoMb in

such precilssdimenfdhé Berags slack M@igdht vitldrsat!1East 1 28tor @0 least BBY bt 8t lagdti vi ti es
of the sulfided catal ysts. Exanple 1B - Additional Catalyst Precursor

Synt hesi d.6xamllesst [| 50 9| stilMarsathert érobediofent,the av eragh stackriwightdaikkbe 2.2
tetrahydrate and cobalt acetate tetrahydrate were used to form additional
cat al yst 95rlesuPsdilsor lass or di§ ehlessardi-iondess. Withoythging hoendpyany Acet at e,

d 17.3 wt % gl |i ' f db L X iat.e,. t f th
TRTARt ot R e e e S
aci d. Thfiné?%h%’da{&fvii of R/ (Co + M) was 4.8. After heating, the solution
yield to solTd was about 8.6% [0096] Separately, a solution containing 12.8

w% AHM 9.1 -wt % Co Acetate, and_ 39.1 wt % gl yoxylic acid was forned by
mi xi ng adPO83k i at dhgratalys compasitionsiafivbe prrseabinysniien aresparticnlaslysol ut i on

a6, aft otitgeletophyorabro e Ospen s Bo et bR SR s il o1
[0097] Th @@gﬁﬁ@@@&&g&@ﬁ@%ﬁmatwk9 % @ésumh%aﬂ;aﬂ metallic N Colb.

A bulk t [ a st was prepa edo y a contrdlled heating

process asdesdini@ogchatidg, hydodta@matz@fomanlinild B9@rottackinOHPreferred 1 9
H2MoO4 were each dissol ved/ suspended in water in separate containers. A 50

wt . % gl yaxe hiydrodesul ferizattoncandizdraderatiogenationh Connentional kydropracassinge
concentratign of .acid in each container was,15 %, The Ni, Co, Mo
sol ut i on€ondiions ineglude teraperagires from about 250° to 4\5,\6°C,0hydrogen pressuresf’j1 SP

from S to 250 bar, liquid hourly space velocities of from 0.1 to 10 h”', and hydrogen
treat gas rates of from 90 to 1780 m>/m> (500 to 10000 SCF/B).

[0084] Feedstocks on which the present invention can be practiced are those
petroleum feedstreams boiling in the distillate range. This boiling range will
typically be from about 140°C to about 360°C and includes middle distillates, and
light gas oil streams. Non-limiting examples of preferred distillate streams include
diesel fuel, jet fuel and heating oils. The 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



WD 2009/ 061295PCT/ US2007/ 023398 - 33 - m 30% H202 added to the conbi ned
solution. The sanple was heated at 250C for 4 hours to yield the bulk
trimetal IWO 2bb9@oMY5cat al yst precursor. Exanple 2 - Cat alPgStUuSBieoes3sor
Characterization [0098] An X-ray Diffra2®ion (XRD) anal ysis was perfornmed on
a CoMb based catal yst precursor synthesized according to an enbodi nent of
the invention. The resulting XRD spectrumis shown in Figure 1. As shown in
Fioure 1dilfisSiafoRaH aaptiRture ifll SRYRRAYITeRN aR BURPARP KNGS BB L T um

is bell e organic conpou conp

Cat al yst exafiplé,901S. Pat.alé.unss7 BBFt@L)bpéiihi alZdiédlcﬁbsﬂf)@@@@éatlrfg%héd\Jyﬂﬁll n a
CoMb cat al yst precursor that does not have a detectabl e crystalline phase.

In an al teenplayinge eirtwdiing slurnf catakysi. Qtbert pajantsahmlwnglslunye phase may be

detectable in a catal yst precursor, but on ortion of cat al yst
pr ecur sorlydrelseat mgnlgcy udethsS. Eﬁbéﬂ%%&%ﬁﬁ%ﬁ@?ﬁéﬂﬁ. %0Q>HA5a r and

Con e SHoiay By AR Eineprones bR iR R pIR O BT PR BeBh g an
or gani ¢ GALRlfY MEd-AesMaresHOm! 381 AR ﬁf&l‘ne({svﬁ%g cRfaFPRe Sgt1e 'cch'kﬁ{% yilg o the

catal yst precursors of the Invention. ectrum for the
conpar at (L€CON material shows a crystalline norphol ogy, including peaks
that appear to represent Mb03 and CoMb04. Exanple 3 - Tenperature

oxi aat | oOpREy s By ShertioR R e B UG At R A B TR P BRSRtant o
he’ pr ocabne PGRRERERY f°°é.aﬁﬁt§s¥§%%e°fﬁ&éb§§ e BB G 1

catal yst H%e)ra&ﬂ{osgﬁa% (?@996@9 %fen"‘ﬁir%lﬁm%?e tmeto%tsadtm Rérgg ur sor

i s expose to i ncreasing tenperat res Figure 2b shows a nass

spect r omg1 JO1 3t w2 KT kPapin @hetehﬁaqalﬁmducﬂxe t@egemmeds in thra tahge cat al yst
precursor sanple as a function of tenperature e primary products

gener at edncludinggl 80F€ a3 20 Wdgnduheepressuira nsiintbo ramgsmn¢lwhngil §98kF2za and

2b, it is believed that at 650C all of the carbon has been renoved fromthe

cat al yst and3 032fbkBe hydegaen; The bydragsnsogeed volumegati e dhg re&ﬁ?ﬂSl‘@ ®The TPO

desct | bed ARk GAAIBORS (916 JATOSDRAE RFBUERIJEH GPLoHBIaneE DRt ponent
s comossfh, i WaEdeinfig AR ww.%egen andoxygen.

[0087] Process conditions applicable for the use of the catalysts described
herein may vary widely depending on the feedstock to be treated. Thus, as the
boiling point of the feed increases, the severity of the conditions will also increase.

The following table serves to illustrate typical conditions for 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



Exanple 4 - Tenperature Programed Reduction of Catalyst Precursor

[ 00100] Figure 3 shows the results froma Tenperature Programmed Reduction
anal ysi s Wbl2eRIg)296f a cat al yst precursor synthesized aecon$eong/oezzos he
procedure for Catalyst Precursor A in-Blanple 1. The H2- TPR anal ysis was
carried out in a 5% H2/He atnosphere, with a tenperature change rate of 10C
per mnute. The results of the H2-TPR study are shown in Figures 3a and 3b.

Figure 3 s wel ght:.- I - .getric
anal'yei o oS} g Bk Bb R AEAAic e XCoRT aJBRR B eI p Il U1 F o1

t he preciyeserib&bhgreh Wals be @B dn foedssdvaidining ol wiko@éh andsfivehsdt | oss
was in the formof H20, CO2, and CO rel eased Tromthe precursor sanple. The
speci es rveilkEas patticnlanyt yee fislcorpfeedsihighbiml nitogent o represent renoval of the
or gani ¢ conpound- based conponent and/or conversion of sone netal oxides

35, 1 caP®8Thar ASRGUPOGFe exdnBRaatSed Al hPus A UM e S i e
unt i1 2 LRVRRIGH UELaripRS 1409 debaritRedyriass oPARRshsQtdI st prebirsbfs didef err ed

that sulfidation o al yst precursors, which also oCcurs in a reducing

envi r onneipalysisheflidataly stksrephsoeprspettid¢se rreamaples 8 -010 dessibiehrmmbruisl 400C,
preferably l'ess than about 350C. For exanple, one preferred sulfidation

t enper at wealeiproe¢sses f@aBoducing sptle cgalystpresugsors @rordingdpivasionsn [ 00102] A
bul k cat g{‘%/St . recurtﬁt%r .0f this invention simlar to Catalyst Precursor A
was subj NSNS QNS JMYSIEON: on. A highly active material was obt ai ned.
Figure 4 shows X-ray Diffraction Pattern for the catal yst precursor as

pr epar ed,Exangple Ar - €atabystiPiccueedraBwihesad t er sul fi dati on, and a conparative
spectrum of bulk MbS2 made directly from AHM and H2S. Figure 4 shows t hat

e B S Al el 4

resol uti r I Skl Y/ ' j of the
but k. oS3 Micieols sSRERAFE, biRphlif il Goditine e Aprdft ARaRAELF

cat al yst ,anyfibfifuns hepRehs1yBddte edtihydrate i(ASEM) in dissilled vawedAtinet Cbhese snal |
crystals represent netal sulfides, possibly also including netal

car bosul faquesus $alution ataselstapicparediiyodissalming the appropiriate paountef eobadt
sul fided catal yst according to the i nventihlgn can_have, crystal line character

t hat hi s deewadg aéYQ?ﬁlltRR[ﬂlsFl ed yeaterar drb Ml hioxylicagid sQlatieR W38 XRD spectra
t i.ne. ch d h h . EX le 6
TGl 11 aarperredy el 4 o uf A \bBR oF sA% ey 68Uk ARG s i 6 1 v

fol | owed L fignerate a catal yst

[0091] A mixture was 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



precursor simlar to Catalyst Precursor A This catal yst precursor was then
sulfided by a liquid phase sulfidation procedure according to an enbodi nent
of the i nwereas1295i gure 5 provides a TEM m crograph ane@Cstuset7ioeisght
analysis for the resulting sulfided cadhryst. The TEM data shows an average
stack height for MpS2 stacks in the sulfided catal yst of about 1.5.

[ 00104] Fi gures 6a and 6b depict TEM data for two additional types of

sul fided jeahal ¥Sotn ?Tg?ﬁoﬂsa\s@eiy@%ﬁ heafed %t eqaﬁge&tﬁ& ﬁ@gg%z% {9& wer e

prepar edusi ng gas % ase su ation processes to sul e catalys
precur soRbopf£paurd in a manner simlar to Catal yst Precursor A The
catal yst corresponding to Figure 6a was prepared by sulfiding a catal yst

j 0. 10% H2S/ H2 232C f 8 h f ol l db lf.i di t 321C
For an_ ad8flonal Sl sluhe Fio caliiustReeeirit neRins age lnshbg il s
| fided,d % H—&t t . ,,{ﬁl}/sl h
;ﬁasia guldtsﬁﬁjaag1 ac%éﬁg ystag aggg%%%og ?@ggr%gésg%ggs%g%k el gﬁ%é%‘;lﬁ?.e% 1? O?as

t he cat altyprodutefdatilyst foavdrd 2.2 for the catalyst in Figure 6b.
Additionally, the gas phase sulfided catal ysts shown in Figures 6a and 6b

t | t han t I in Fi Thi ffect
S mor o A00FHean! ATRHC] AHiaeR iependi o LA RO g MeR AL e Ine | dod ot &

Tenper at GPE B B ST A oLt PRERRAA I Codfuepkagit B 7 -
depi ct's resulf 8 for A CEMbEAtHllySrehrsor ﬁt@p{aféi’ieﬂnﬁﬁ}@', pat witheeghedisa@gor di ng

to an enbodi nent of the invention. The sulfided cafal yst was prepared by
liquid phaseganiclacith(Compadatiae Catallyyist). pFlecresskts arei shiohar int Pable2iejaw.
Precursor A. Note that the CO2 and SO2 peaks are both in the tenperature
range of Xtoay dif6eotion vhewed thasbotlysaseples objhabylksatalygpresursersefyhe i n this

t t it is believed that the bul k" CoMyS2 t
ex0! hor mREEIEN] TUgTHAN CNTa QTGRS BATAEATFt: ADG 981NN CpICHH g doe Fnge

N . . ( : h
the. for marfie Vhealld dbBERRTE XSO Hre B ritelized SRBRGEN. 100
is str UCtpr'és'éhi.yTHélM-ré}{j diffifcion patt@nIbACOmPIRAteveCaRlYshatshbid@di s rel eased

at high tenperature and may be associated either with renai ning portions of

t he or gamrystalbizpd MaoObasd CoddoPgnehichare typi¢abereghtdpdaspmdetixabipl e 8 -
Cat al yst Precursor Synthesis by Spray Dryi na [001_07]§0I ut i QHS of Co, M,
and gl yosplalystpeeeursers dophydratieating peressicgadt s believed that residual carbon

inside the catalyst precursors of the present invention interrupts the crystallization

of CoMo oxides so that CoMo oxide crystals either are not present or are present as

small crystals that introduce little or no crystalline character into XRD spectra.

Table 2
Carbon Content
2
Catalyst BET SA (m‘/g) (Wt.%)
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,



with Exanple 1. The ratio of glyoxylic acid to netals was selected to be
either 3 or 4.8. The solids content (weight of Co conmpound, M conpound,
and gl yoxwybi2eossindsver sus total wei ght of aqueous sol ut ipomusa@s/oessvher
about 15 wt % or about 33 wt % The soluB2ens were used to feed a spray dryer
apparatus. The spray dryer had a 31-inch chanmber with a 34-inch cylindrical
hei ght and a 60 conical bottom A 2- fluid nozzle atom zation was used in

o et ar ARy e ARSS ColiftRs SasiPairfack 0 IQIULAPRY. ABRERMing, |\

ori entation. pressure at atom zation was between

or air WapthisgElyrs Ftémg% of thi§ evefitivh tOnelid slisstantidl antamtdef ogbbeared to
about 300F by an electric heater. The heated gas entered the chanber

t hrough tabeut22 ko 24 witf%t Réhecdaabiue content efkiheadtalystipretwsabsiofdhisowder t hr ough
t he chamber bottom _The ten?er ature of the exiti nig dry powder  and I(%as was
bet ween dpvgntiomigr fnetian ef theihgptingeadyignsgbagatalstuenesicgsed. wer.dhpassed

o R S Rt S TR D Bl
cond: | ORiqeR) 5] Rg o ARyoRBHH HERIKUSRt SRR eS0T

15 - 17 %ﬂ’@léﬁbesTH@nﬂﬂbKoldg?ﬁfftHe CoMdin aushapresirsorseid e resing r om about
0.07 to about 0.1 g/cc. [00109] 1 n another group of runs, either an Actigel

or a Nyadyldrddesuburigaisonleatahyiticettivitinsi afube pulfided catidgsis.t o a sol ution
prepared with a 33 wt% solids content. In these runs, the inlet tenperature

was aboutEmeqlgj_ Ataﬁit?dﬁ'allﬁatélsmeﬁﬁ&e& eﬁ?%nﬁgg The addition of

t he bi nder—tncreased the bul K gensity of t1He catal yst precursor to between
0.09 and 0.18 g/cc. [00110] The catal yst precursor formed by the above
net hods {@89%hen di utsensf ofcamimonium deplanalybdate seirghydeate amdeobakul t i ng

Wih a conmERImhyCmes ne i rpaddtierd s S piscbindrs A B bensr | o
Cat al t . o i t %) j

Conper at (PRI ] M8 AR HIPRUACOFAME i1 . Do BRIy AE Sel s
accor di ngohfied BY %&Y%?%@?pﬁé\%" Ahbaitts € the/ | M Maanll T $d10AdAsLAYht0 200% of

the activity of "the en a binder was included during synthesis of
t he cat alsphitiga esmaining 25 ha%s efglyoknlic acidi i Tredmokdrahtis of R oiCaedMan
activity between 135- 175% of the activity of ICF-757. Exanple 9 - Catalyst
Pr ecur sorwdyhBheifiter heatingythil sedution yeldosongdick was akout[8ep11] A 5 liter

hori zontal plow m xer vessel was equipped with a top nount charge opening

and 4 int[pw ro Bglfa%]lg;agg@ﬁonzpﬁta\rﬁa g2 g%god AHML 04 WPk R ARER, Steam

was used Tor ‘heatin gas fromthe vessel was connected to a

j acket ed dnidl3%1 wat@glydxyliy abid wys foreiesd By mikinglappeariate apmpanedofithedugh a
condenser that operated on 80F tap water. A filter bag on top of the vessel
was j ackéviddowandHCo kelugions witht a splution containiag 0 wiomf@dyoxydicaacid.d The

condensatrlng ar %]ti(g QF Rb/a(%of-ll- g)rwgsn QSC OX?tgrqueanngP lt}yegsgc;hrft?én 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



WO 2009/ 061295PCT/ US2007/ 023398 - 38 - 5 liter horizontal plow m xer. About
2.3 kg of deionized water were then added, resulting in a total volune of
about 3. A6 2be%we12®5 The internal paddles were set to anPCmtusato7BRsbef 190
to mix the raw materials and di ssolve-3BF the solids. The conbi nation of
reagents was mixed for 15 mnutes. Crystals were not visible in the m xture
after 1 - 2 mnutes. After mxing for 15 mnutes, all solids were dissol ved

and the sgf %%%%ﬂ’aédd;(eldf’cﬁ\rkg% I?@bgwt}(@ﬁofrﬂﬁg%ﬁgpwﬁﬁs H&teégf’gor t%,ac ket

t enperature on 't e spee

paddl es \akgours €6l gRAd tiee BRIk tRRMtallio NiQUMG icatalyst pessuadotl € appeared to |ag
behind the jacket tenperature and lined out at a somewhat |ower tenperature
due to t . m)st of the noisture was renoved, the
i nteri or SXAYEE atalyst Precursor Gharactenzation o herat ure. To i nprove drying
efficiency, the hot water in the Jacket was replaced with steamfor the
final dry0098]st ep AnTKefagdbifractidom €XRID)tanahsicwas perfonmed voh alfCoNlp basedr and
di scharged. [00113] Condensate was qui ckly observed in a sight glass

downst r eaatadysttprecursor Sy@dﬁmedracpoabng Then eamtbedirhentoridba daventionl ITdet i on
only started.to w down aft

.2 _hr of at Peri odic sa
i ndi cat edC$HHRE SHREIEMBAE éﬁ%% ip kiighre l(p/&s%o‘gﬁéﬁ igurgl, ﬂ[ﬁﬁ%@ t he

St Lam wabiaes gy ok B Ut SR S i phoR RITBRRARE, 135 bBIbGH teflhe o o o

of the Mgteiniexs ﬁdllféséd H) BREMt iAIRYCRIMS Qﬁtal’?s%@fecﬁ?édﬂﬁterﬁig@s thige

vacuum was I ost pro due deconposi tion of glyoxylic acid. Prior

to the Imst@mlzuﬁcmpmcetsmeewlaﬁgma@meldatdlm peoaurber thatdodsatothane about 15
and 50 nm Hg. [00114] Upon opening the mxer, the dried material was forned
into churdetectatle stystallinephase Inkan alteraative embedisnenit,of the inygatien, a upon

cooling, the material friabl.e and .broke u to a I’Jtt
consi st eﬁaés teliige phase @ay}eﬁ@m@ﬁfeé{a ey Sy Pt ARl &4 ooasty

h t I

0 2n e B Al BSOS B GRS Ul M
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Ti me' Condéoidatmatktiab(Compahfi®€ Catalyst 1) that was prepared without using an

organic complexing agent, but that was otherwise prepared similarly to the catalyst
precursors of the invention. The XRD spectrum for the bulk comparative CoMo

material shows a crystalline morphology, including peaks that appear to represent
MoO; and CoMoQ,.

Example 3 - Temperature Programmed Oxidation of Catalyst Precursor

[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
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precursor sample. The TPO study, in combination with the Temperature
Programmed Reduction study described in Example 4, indicates that the organic

compound-based component is composed of at least carbon, hydrogen, and oxygen.

Example 4 - Temperature Programmed Reduction of Catalyst Precursor

[00100] Figure 3 shows the results from a Temperature Programmed Reduction
analysis (H,-TPR) of a catalyst precursor synthesized according to the procedure
for Catalyst Precursor A in Example 1. The H,-TPR analysis was carried out in a
5% H,/He atmosphere, with a temperatufe change rate of 10°C per minute. The
results of the H,-TPR study are shown in Figures 3a and 3b. Figure 3a shows the
total weight loss as measured by thermo-gravimetric analysis. By the time the
sample reached 700°C, almost 40% of the weight of the precursor sample was
removed. As shown in Figure 3b, this weight loss was in the form of H,O, CO,,
and CO released from the precursor sample. The species released from the sample
are believed to represent removal of the organic compound-based component

and/or conversion of some metal oxides into lower oxidation states.

[00101]  Note also that Figures 2a, 2b, 3a, and 3b indicate that removal of the
organic compound-based component is minimal until a temperature near 400°C is
achieved. Based on this, it is preferred that sulfidation of catalyst precursors, which
also occurs in a reducing environment, should take place at a temperature of 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
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resolution of XRD, as compared to the distinctive diffraction peaks of the bulk
MoS,. This is consistent with TEM micrographs of the sulfided catalyst, which
showed small crystal sizes. It is believed that these small crystals represent metal
sulfides, possibly also including metal carbosulfides. In an alternative
embodiment, at least a portion of a sulfided catalyst according to the invention can
have crystalline character that is detectable by XRD. In such an embodiment, the
resulting XRD spectra may have some crystalline character and some amorphous

character.

Example 6 - Sulfidation of Catalyst Precursors

[00103]  The procedure of Example 1 was followed to generate a catalyst
precursor similar to Catalyst Precursor A. This catalyst precursor was then sulfided
by a liquid phase sulfidation procedure according to an embodiment of the
invention. Figure 5 provides a TEM micrograph and stack height analysis for the
resulting sulfided catalyst. The TEM data shows an average stack height for MoS,
stacks in the sulfided catalyst of about 1.5.

[00104]  Figures 6a and 6b depict TEM data for two additional types of sulfided
catalysts. The catalysts corresponding to Figures 6a and 6b were prepared using
gas phase sulfidation processes to sulfide 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.
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Example 7 - Temperature Programmed Oxidation of Sulfided Catalyst

[00106] Figure 7 depicts results from a TPO study of a sulfided catalyst
prepared according to an embodiment of the invention. The sulfided catalyst was
prepared by liquid phase sulfidation of a catalyst precursor similar to Catalyst
Precursor A. Note that the CO, and SO, peaks are both in the temperature range of
400 - 600°C. Without being bound by any particular theory, in this temperature
range it is believed that the bulk CoMoS, converts exothermically to Co oxide and
Mo oxide with evolution of SO,. The evolution of CO; in the same temperature
window as SO, is consistent with the formation of a carbosulfide phase (such as
CoMoS,Cy) where the carbon is structurally part of the sulfide phase. Note also
that H,O is released at high temperature and may be associated either with
remaining portions of the organic compound-based component or surface SH

groups.

Example 8 — Catalyst Precursor Synthesis by Spray Drying

[00107] Solutions of Co, Mo, and glyoxylic acid were prepared in accordance
with Example 1. The ratio of glyoxylic acid to metals was selected to be either 3 or
4.8. The solids content (weight of Co compound, Mo compound, and glyoxylic
acid versus total weight of aqueous solution) was either about 15 wt% 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.
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[00108]  Under the conditions described above, the spray dryer produced
catalyst precursor particles that contained about 5 — 5.5 wt% Co (measured as
oxide) and about 15 — 17 wt% Mo. The bulk density of the catalyst precursor was
from about 0.07 to about 0.1 g/cc.

[00109]  In another group of runs, either an Actigel or a Nyacol binder (as
described previously) was added to a solution prepared with a 33 wt% solids
content. In these runs, the inlet temperature was about 300°F and the outlet
temperature was about 130°F. The addition of the binder increased the bulk density
of the catalyst precursor to between 0.09 and 0.18 g/cc.

!

[00110]  The catalyst precursor formed by the above methods was then either
sulfided, or calcined and sulfided. The resulting sulfided catalyst was tested for
desulfurization activity in comparison with a commercially available catalyst, KF-
757™, available from Albemarle Catalyst Company. The comparison was
conducted at 220 psig and at a temperature of about 625°F. The sulfided catalyst
formed from precursor according to the invention exhibited activity varying from
110% to 200% of the activity of the KF-757. When a binder was included during
synthesis of the catalyst precursor, the resulting sulfided catalyst provided an

activity between 135 — 175% of the activity of KF-757.

Example 9 — Catalyst Precursor Synthesis — Plow Mixer, L ow 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
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5 liter horizontal plow mixer. About 2.3 kg of deionized water were then added,
resulting in a total volume of about 3.785 liters. The internal paddles were set to an
intial RPM of 190 to mix the raw materials and dissolve all the solids. The
combination of reagents was mixed for 15 minutes. Crystals were not visible in the
mixture after 1 — 2 minutes. After mixing for 15 minutes, all solids were dissolved
and the solution was clear. The vacuum was then turned on, and the jacket
temperature on the mixer was raised with hot water. The speed for the paddles was
reduced to 120 RPM. The interior temperature appeared to lag behind the jacket
temperature and lined out at a somewhat lower temperature due to the evaporative
cooling. After most of the moisture was removed, the interior temperature
approached the jacket temperature. To improve drying efficiency, the hot water in
the jacket was replaced with steam for the final drying step. Thereafter, the unit was

cooled down with tap water and discharged.

[00113] Condensate was quickly observed in a sight glass downstream of the
chilled water trap. The rate of condensate collection only started to slow down
after ~ 2 hr of heating. Periodic samples indicated that the condensate was acidic
(pH of about 3.5). During the drying step, the liquid became thick, like molasses,
at which time the steam was used to heat the jacket of the mixer. At that point, the
contents of the mixer expanded to fill about 100% of the mixer volume, and the
vacuum was lost probably due to decomposition 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.
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[00115] Overall mass balance

Charged to mixer : 214gm AHM + 150gm Co-acetate + 1,300gm 50% GIA
+2,310gm DI = 3,974 gm total

Solids retrieved = 515gm

Condensate collected = 2084 gm ( clear liquid, colorless)

Loss = 1375 gm (Combination of decomposition products and vacuum pot

evaporation losses)

[00116]  After removal from the plow mixer, the dried powder was calcined at
617°F in nitrogen. The composition of the calcined CoMo-C catalyst precursor 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
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catal yst Degfted in the rotary cal ci ner showed roughly 2.5 times the
hydrodesul furization activity of |CF-757. [00121] The above preparation
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fixed bed calcjiners, and noving bed calciners. -41 - CLAI MS: 1.
A net hod F¥YWeparing a bul k binetallic Goup VI11/Goup VIB catal yst
precursor, conprising: mxing at |east one Goup VIII netal reagent, at

| east onq0EH2M]p ViBrrehctivityetegeing, a Kid/ SiTMakefaonce cnalysefavagdablgdramso t hat
no soli dsAl%E:r%a‘r)Iree(?aﬁglty;st Company) was used to process a hydrocarbon feed, in addition
to the two catalyst formed from the CoMo-glyoxylic acid solution. The
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.
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gl yoxylic acid, oxalig¢ aci.d, 2-ketoqul.oni id,  alphaketoglutartic
2T 6. 2t ketobui yr o 01 o misiedt G aar aouey B b abi et f Iragion Citirg,
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netal reagent, and an organic conpl exi ng agent so that no solids are
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non- por ous substrate particles; and

iif) calcining the heated mixture to form the catalyst precursor;

wherein the organic complexing agent 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.

2. A method for preparing bulk bimetallic Group VIII/Group VIB

catalyst precursor particles, comprising:

i)  mixing at Jeast one Group VIII metal reagent, at least one Group
VIB metal reagent, and an organic complexing agent so that no

solids are present;
if)  spraying the mixture into a chamber that contains a gas flow, the
temperature in the chamber being at least 145°C, to form the

catalyst precursor particles; and

iil) separating the catalyst precursor particles from the gas flow;



iv) separating the catal yst precursor fromthe non-porous substrate
particles; wherein the organic conplexing agent is selected fromthe
group consisting of glyoxylic acid, oxalic acid, 2-ketogulonic acid,
al phaket oglutartic acid, 2-ketobutyric acid, pyruvic acid,

ket o- gl uonic, glycolic acid, and oxalazetic acid. 4. The
met hod of claim11, wherein the Goup VI netal conpound, Goup VI
net al conpound, and organi c conpl exi ng agent are mxed in a plow

m xer. - 43 - 5.. The net hod of claimlI wh reiﬂ the G oup
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7. The method of any gf.al.8LiBald KaBredddcider comprising mulling the
cat al yst precursor conpositi on. 8. The net hod of any of

clains 1 to 3, further conprising extruding the nulled catal yst
precur sor conposi tion 9, The t hod,. 0of. an f .cl ai l1to
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sul fi di ngacOnRdplet@ts, tampisaguce a catal yst. 10. The nethod
of any of clains 1 to 3, wherein the Goup VIII netal is cobalt or

ni ckel and the Group VIB netal nol ybdenum or tungsten. 11.

The nethod of cl ai m 2j) {HELBSH 169BRE GRIPO BRGNS NE1eSE8AE ARG
catal yst precursor particles.
VIB metal reagent, and an organic complexing agent 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;

iii) rotating the rotatable tube while heating an interior of the tube to a
temperature of at least 200°C to form the catalyst precursor on the

non-porous substrate particles; and

1v) separating the catalyst precursor from the non-porous substrate

particles;

wherein the organic complexing agent 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.

4. The method of claim 1, wherein the Group VI metal compound, Group

VIII metal compound, and organic complexing agent are mixed in a plow mixer.
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5. The method of claim 1, wherein the Group VI metal compound, Group
VIII metal compound, and organic complexing agent are mixed in a conical vacuum

dryer.

6. The method of claim I, wherein calcining the heated mixture includes

transferring the heated mixture to a rotary calciner prior to calcination.

7. The method of any of claims I to 3, further comprising mulling the

catalyst precursor composition.

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 | 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 claim 2, further comprising calcining the separated

catalyst precursor particles.





