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application clains benefit under 35 USC 119 of US
Provi sional Patent Application Nos. 60/984, 240;

60/ 984, 221; 60/984, 195; 60/984, 353; and 60/ 984, 363,
all with a filing date of COctober 3 1, 2007. This
application clains priority to and benefits fromthe
f or egoi Hydrodvavelstm Rrovesses BxiplaingtMakteMetallie fatadysss

herein by reference. El.EL 002] The

i nvention rel ates @%ﬂgﬁgpﬁtﬁ?gﬂgmﬁ§5?%ngcessing

catal yst precursor, processes for preparing the

catal yst precursor, nulti-netall] al ysts prepared
&R 'REEEBENQEVQQRﬁ@@@&ﬁ%éP?Lghﬁfmﬁﬁioconversion

pr ocgg% ii&ioh RRiMbdnkfin®idet 39 Gscatigloy 88Provisional
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try is
iPatenieApplivglign Nog. 6019§4.260; 168484, 22 F: PB4, 198 s U84 B apnd

sands as;:sSo f 0 -
30 2 A RUB LS 0q Ber SFEAD2CHRs b RERRRRESR, priorty to
and béretitsaen ticfaregbingdht diskisswlerdfwddcH are mcptpogated herein by
conventional crude oils, requiring a considerable
a7fBEAte of upgrading in order to obtain usable products
therefrom The upgrading or refining generally being
acconpl i shed by hydrotreati ng processes, i.e.,
ﬂE@&ﬂﬂK@“Mfﬂﬂlﬁydrogen of various hydrocarbon

fractiQps, 0L '
rac E@(}éﬁo %['ﬂ% i/nméﬁlio% BRRY YedeffS0 aq{ydfo%%f@%sg{égt‘(ﬁtalysﬂpkbﬁsor,

prese otreating catdlystsS to e )
@ocuesses faprapbring theealstyseprpoirsor gnulgfmetpléic taalkysts peeppisdsping the

nmol ecul ar mei%ﬁt g dr ocar bons . > metallic catalyst

RoaP SO i RSB P % P BRHG Lh A el et

conversion to innocuous or |ess undesirable conmpounds.

[ ¢k ?xﬂhgbreating is well known in the art and

t cg y requires treating the petroleumstreans with

hydr ogeeB]i Tht petrglews énlostrofs iscreasmghr tiedngoto hgasigspdast igeids,

catal yst at hydrotreati condi_tions é%

d:gtalépyi fag sapds a3 squrges sorctg%a}olcgse eeod?s{(])g s g&g(? Frgﬁlghese heavy
materials contain more sulfur and nitrogen than feedstocks derived from more
conventional crude oils, requiring a considerable amount of upgrading in order to obtain
usable products therefrom. The upgrading or refining generally being accomplished by
hydrotreating processes, i.e., treating with hydrogen of various hydrocarbon fractions, or
whole heavy feeds, or feedstocks, in the presence of hydrotreating catalysts to effect
conversion of at least a portion of the feeds to lower molecular weight hydrocarbons, or
to effect the removal of unwanted components, or compounds, or their conversion to
innocuous or less undesirable compounds.

[004] Hydrotreating is well known in the art and typically requires treating the

petroleum streams with hydrogen in the presence of a supported or unsupported catalyst
at hydrotreating conditions. Supported catalysts are usually comprised of at least one

Group VIB metal with one or more Group VIII metals as promoters on a refractory
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Goup VIB netal with one or nore Goup VIII netals as
pronoters on a refractorysupport, such as al um na.

WOoOR@po5a78ht i ng catal ysts that are particul arl yPGUUS20$/€81463

for hydrodesul phuri zati on, hydrodearonati zati on, as
wel | as hydrodenitrogenation, generally contain

nmol ybdenum and/ or tungsten pronbted with a netal such
as cobalt, nickel, iron, or a conbination thereof.
Cobal t pr onDt ed m)I ybdenum on alum na catal ysts are
sIppbIt vnudlehsyalumeﬂ Widrntreatiog catalysts gt eqsea@rtfcm@dmsr»q@l@%
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B ?rﬁ)l‘ytidéﬂﬂﬁ ﬁﬁd/bﬂﬁngs%rﬂrbrﬂbte&mm&tmﬁaI%tmasactdbalm, nigsl, iron,
wel | as ‘hydrodesul phuri zat | UnSfJ
@rmqanhmqtlonahme@ Goksl t\nrgﬂﬁ‘ég 51013%)&?%}’9 gpa “Eﬁ %ﬂgﬁ‘?%ﬁ‘%? most
%53%8 R»ﬁ)ﬁﬁ' ﬁ%ﬂmfugﬁ g egiéff&gtg(geh\é %Feﬁlﬁy‘@l?od@:ﬁlgﬁl?ﬁ&@ﬁorﬁ Neckel promoted
U S. Pa

31,0258)8;:18511 pn Blugdia @idystseard 88 ngs widslhseed $aydrygrpgenitrogenation,

860, 987
B?RIQ %%Tgﬁcbsﬁgoé} ohasg‘?/%ﬁ%)s gLO%gjlli) S s%&ﬁ’r 22 : Izrgc wer e
one ofooseUhiupportddanixediralp Viftarch Groap Villy nusdal ahtplysts and

t
Ig;f?t;lggt ng:grs%gsd V\g%{eﬁ‘g %g%%%g%%ogﬁgs a%%vwﬁ t}lﬁ ag as disclosed

Pat).c. Mok Nbs. 6988145, 5&aCes,; 4, 15wi6981 6,966,349 Eantied, 8405980 amvachgst
catalyst exhibit perfornmance superior to group HB

otheesl s based catal ysts. Hydrotreating catal ysts based

on gr @b%] ﬁ?"%ﬁﬁk’g §%§§tsg,§%etdg dh guaoggdnée@% %cﬂ%§ gt heek one

Uﬂ &i&ﬁbﬂrﬁa&dmﬂuabd@dr@'aamlg mlw@m@m@;b ang Beweqeaqubed in U.S. Pat.

a
g&is %2%,%96932 %@%S&ﬁg\éﬁ h&gé §g§l rﬁos e%g??é% lriisag\r@ib 'g%9§ H85 teaches that
z W %&m@t’éﬁ%ﬂﬁeﬂ?ﬁ%a@@ﬂg@%d peggm&nmwtshp}:rlfootmgroﬁp BRinesals based
u nmet a
O e T oL ST L ORST ver
%e?é@a@%% Ptk dessgwdragsmabiops, cat al ysts of

enum and tungsten are al so known
4, 696 [aws Unaaipoged mexqgr@@@gHB@md @awm‘dl%rr@tﬂl F%ﬂéﬂs Bid catalyst

Cat aI %\%”WRQ L n%/fbﬁoﬁs Rahiagi %Qa@ﬁ%eéﬂr&rm@éa%lyst

num or ungst en an ZlNC I N
tgﬂ&:u[ﬁoe Sﬁﬁ]&%ltﬁfns in the forogefioxaenbhia ﬁrrcmp Iaii metal gd molybdenum and
nsu

SRS ST 55 AR | LA 200 Bt o, s
tﬂ%rd%”eﬁatlom%ﬁt%ﬁys@ro@ niSBdedn®Bhd fafgsten are also known. U.S. Pat. No.
4,698,145 teaches the process of making a sulfided catalyst with ammonium thio salts of
Group VIB metals such as molybdenum or tungsten and salts of zinc in the presence of a
nitrogen containing additive. Unsupported mixed group IVA and group VIB metal
catalysts and catalyst precursors are also known in the art. These are made from the
chlorides and sulfides in a multistep synthesis as described in, for example, U.S. Pat. Nos.
4,560,470 and 5,872,073.

[008] As the environmental impact of effluents or water disposal from industries

has become increasingly scrutinized, there is a need to limit the use of toxic materials to
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ef fluents or water disposal fromindustries has becone
increasingly scrutinized, there is a need to limt the

use of toxic materials tothe greatest extent possible.

In the process of making catal yst precursors in the

prior art, chelating agents such as ethyl ene

dihagreatsst exteng pessivle. c Iretbe groc&SDAMakimg drkypepragurgmein the prior art,

di,am.ne triacetic id, ..and di.ethyl.ene ' 1 ne

SURIAE abd SR ikt o BRMelikFIRENE B LED TR Mroxyaghyene
adimf@rtriideﬁag@m,}anﬂ @ﬁamnfxﬁl tfigmble @E@gace{i@ﬁ)adl,_ etd1det empyed.
reacti on condi}igns enployed jn hydrotreating

p Wé@%@é‘,ﬁg@{ﬁ rg@{n BEreRspHyPe®ler time on stream

tends o agiERthk etdchOh ¥arditidha ERBIdyEE RS dbstreating processes,
especi al 'y when the feedstock includes the heavier,

nentadyst eenferatanesy overdimndg ensiream, tendiy todgedyamnfoulsdayith garbon deposits,
e int . T iy

SBEEIB L e (AERITROBATR il o G ROBUI BN,

Thydsocadmhalb ysd Napeariage thedrepereiadrudesoil. Ghe Geoimilgtion@€ skech deposits

to be rajse radual l.y. in_order to maintain produc
cafipy S s BEDRR i o R ST PREABG: QaGc T
PhcRds!Gtbe rdidad graa@u?ﬁn 6rdby ﬂS-meb&hfr\?yrdeiicﬁ@ﬁli@@ udhits ithd I Me

is defined as the touling rate of catalyst. [010] . =
ceanggnpation By the ppgiaded niehish dae sie af Gdinwhdicing rased pgsugit time is
F&Uﬁnﬁ@?@th@%uﬁi’ng%téof@a@anlﬁ{.gortam factor is the parti al

pressure of hydrogen e yed in the process. A |ow

pr ess uP&0lpriatays perdornascgdapends| dnya riwsher phiactosss Reasemgcatalysts,
a pr | n_60 i ngd |

S BERH Rt BREat TR PR B3 BeoeBP SO B0 e prgirsp, A low

| presspregs sdesecanybdrgenaaedsstibed@as badss a pessiee ofigssahar 6080hsig,

lti-nmetalljc catalysts in e.prior art, ha
idh pUSeRbadi ety banken oo G shlEiL e G londode prastye

Aty PGBV RSiBn bRACcEisHonRNASepHoRePmARRMSta(lRAGRAIYSE i8 ¥Mprior art have
psi g and el evat ed te_lr\r/i)(er atures generally ranqll

s A Eoqti B & abput VLBt thecaeRy iy & recaees sthieh prctswe process
L o2l 8 e s HLL BRgEral s ARGl s QMRpRER 16 50"
WuTheeellicsatlyssan tHeqrior ap arved stiiabileddessalit low prassutrreactors of

ﬁ@@%"&e"%ﬁ‘ﬁg %i@?%%’céﬁwncgr g@s? thavi ng the

[011] There is a need for improved hydrodesulfurization (HDS),
hydrodearomatization (HDA) and hydrodenitrogenation (HDN) catalysts having the
appropriate morphology, structure, and optimum catalytic activity for high yield
conversions of lower grade hydrocarbon feedstocks to higher value products. There is a
need for a process for making such improved catalysts. There is still a need for chelating
agents in the manufacture of catalyst precursors that are less toxic or more
environmentally friendly or biodegradable without impairing performance in

hydroprocessing catalysis. There is a need for catalysts with improved fouling resistance
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There is a need for a process for making such inproved

catal ysts. There is still a need for chelating agents

in the manufacture of catalyst precursors that are

| ess toxic or nore environnentally friendly or

bi odegr adabl e wi t hout inpairing performance in

hg}ﬂramrlsmss §ihnug isals@b periddor cptalysts that perfeera gatfséxctorily even in low

{j}?@ ers nrprr%ges(sjesf oul i ng

r@??ﬁ 5%55%56? F'cs. There is also a need for

catal ysts that perforn1satisfactori|y even in | ow

pressur droco processes. SUWMARY OF THE
&N‘? E% pect, the invention rel ates

t 0 a cjpgsPad-one HJpEé’t' the ﬁ‘ﬁ\@hﬁ@ﬂ rell’&@(tbl h ShdrgE&PhABAI Eatalyst Precursor

f the formula A o (L)"
wtnrisition p@ﬁleggqmq @ét,[i(lgqn) Q e(I@ t]a(MVILO@X'm:I/gFWonn sulfidation,

hydr

6 PR A A Ol B AR ROl Rl Ao, B o

omﬁirﬁxjeSulmermanmnamaritg,mhanan Aornmprispreeyices mqr,pmlogovalent cationic
| ect f I

L e A

O XIS HREJIIE, 101 s @@ 8finbre dxgasrdsontdivhg or@nath glamda;s MBis at
Group VIB netal, the atomc r

b@gmomylﬁ_% the gigmic (atio ogM CM, 1szbetw§gn*105 1 anﬂ 1; 10)9 v-2+

PZ‘ ){) Z+E}P>d 0 QU aild'(Pé?/f B o< s P 0K W<y ‘9<22 IrDone
. I n one enbo I 'ment is at Ieast C}ou
hd)dlm?fﬁtelvﬁ’ass atllgast a Gravpu¥ Elometpk Hwa:p@gl_sh@gfqrwr 1§ qharge -neutral

e Lo o el B el TROEMBANGrEREBE Thein

SCUT &S Can dont ai ncvar i ous anount s of
aS@rﬁxﬁisatr@dnt\svafwsom{uedﬁz]atefn one enbodinment, Ais a
nonovaleni ati on s

| k
armoni [HPE aln e embg lg}eagrﬁslgaagpﬁ%ﬁ u%cgﬁéf%ucﬁ 3L LPAkalPhetal

p@é}%hﬁpérﬁﬂbﬁlﬁhi @flon,dh ofghnfd dﬂxﬂﬁbﬂurﬁh@ﬁ@h@@hmphomhmmatlon or an
is a nnnocarboxylate such a s fornat

pprg@am%wwh@mual @figmr Iaé%@/mawagh%ﬁ‘a‘ﬁ“g&%ﬁaéf’%aw dcetate, or
} g)g?t;a?e or3 &1;5‘ te QJcHtaQE»@;lﬁe RelbiAd, @ucdi?ﬁlt@tgﬁuarﬁté adipate,

er enbodi nent, teeranﬁé 101 and
wnaﬁe ios ntahiatnedmafm‘thbr amUOCDmEﬂtlthelrﬁl%Eft albt higpetween 10:1 an

g Tebei jrl otFn e(gnn dlme%t t{\évlp % RWMB MSS{B l?set;e%@éﬂ Pi dnPS1.

asp €c e Invention relates to a
pr OC esw1f4@pr Iﬂmk:l aspeca the invention relates to a process for making a

hydroprocessing catalyst composition, the process comprising sulfiding a catalyst of the
formula A,[(M") (OH), (L)"]. (MY®0y). In one embodiment, the sulfur containing
compound is selected from elemental sulfur, hydrogen sulfide, dimethyldisulfide
(DMDS), polysulfides, and combinations thereof.

[015] In yet another aspect, the invention relates to relates to a process for
hydroprocessing oil feedstock using a catalyst derived from a catalyst precursor of the
formula AV[(MP) (OH), (L)",]. (MY'®0,), wherein A comprises an alkali metal cation, an
ammonium, an organic ammonium or a phosphonium cation, M is selected from Group
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sul fur containing conmpound is selected from el enent al
sul fur, hydrogen sul fide, dinethyldisulfide (DVDS),
pol ysul fi des, and conbi nati ons thereof. [015] In yet
anot her aspect, the invention relates to relates to a
process for F%dro rocessing oil feedstock using a

c X113) Group HEx Aoaroap d¥fang spmpmnaiiensdlredd, L is AR oxygen-
MMLQF%SMI gaﬁpTDIVles(a.'l')east%]Gt%u Mllg ﬂi:ta?l )the atomllc ratio of M™:

I nn prriisseess an a
cmvu‘Bombetmenammhamdn 1a(m mgmnmoammm MhisarGraup 1IB metal (Zn). In

phosphoni um cat ecte from G oupVi 11,

Cf’?ﬂsﬁ]gerlgﬁtb %Hb%“&%ﬁﬁég @l {a"k onbi nat i ons

thereof, L is an oxygencont ai ning organic |ligand, W1B
i s_at Iesta 8 VIB netal, the atomic ratio of M:

WRBEF?%QN\%Q@M@ THERRAWING. | n one enbodi ment, Mp

s a Goagp tikReTst O\QZ&)X-rdgHlﬁﬁgﬁagﬁat@m%.in%dm{gh ofa
is a group | VA neta Rl EF DESCRI PTI ON OF THE

DRty SUGrqcomsel inftheypries alt (Ns/l\’ép/}b’dmder X-ray diffraction

patter (

Phe prioaf! SARBERRNTE bofsDr o8 AlatioR bR 500 dbodiment of
pavatalystprecaysodcdrhpauat i(bHSe(Dm NeMo/ Wimaeatebodi nent of a

I
N1 ol BRI G hpgIET g%éaa%iﬁ@ﬁ%%spa&}swﬁ@ sgeqng ymbodiment

dbf 4 éa@dlyslt preciRblt @nipodhd BaSRCRCo/RIBPWaEhBARE). of a
cat al ystPrﬁrecursor compound (based on

Co/ Mo/ M el Kigyre ¥ shpyysa pQwaer gharay diffrapténnspagieinchdia crmpagative catalyst
?rfeéﬁrg&t\in%_upﬂ‘éfeﬁ:ra&ﬁs aachglgﬂ‘lg@‘gagghfa Cﬁgi]e‘a%k%f&/ﬁﬁ)/ W/maleate)

precursor W thout maleic acl elatin
(based[036] Adgwre/ S ﬁgtaehtce)apar[rfgz@q catalgy raeeraga tsrnaergtuaepfc AT)

cat a verage te el at u T.
pPrg)??ei ot%gfembﬁdlmr% H]?’ %?ta te m‘:Rl a)(lp% ¢ é:gttaiglst Rrpeursor
eaphmuhm of theénveatiad yrlsta dﬁta@fstlﬁ}&tﬁn mah@pmmchrtofrhmeA T. r;])roﬁle here
nventio catal yst systemin t ior art. The
A 6"r& Ap?o‘Fﬂ‘l"E@ r?éfF%“'PéO’i.‘ FEFaE R ‘ﬁﬂ'“‘P’é‘g’z’ ‘?‘Qﬂmo’i‘/‘éTPg?“i ifyghe
Oﬁbg$£c[e@ foduge. Mai ntain 20 wtppm nitrogen in the
upgr adediﬁr oduct. [02 1] Figure 6 is a powder X-ray

di f f r alOR1brFigere Ges hP@Win X-rayrdiffagtierdpatiers ofgfthigd embodiment of a

catalyst precursor compound (based on Zn-Mo-W-maleate).

[022] Figure 7 is a powder X-ray diffraction pattern of a fourth embodiment of a
catalyst precursor compound (also based on Zn-Mo-W).

[023] Figure 8 shows powder X-ray diffraction pattern of a fifth embodiment of
a catalyst precursor compound (based on Sn/Mo/W/maleate).

[024] Figure 9 shows the powder X-ray diffraction pattern of a comparative

catalyst precursor compound ( Sn/Mo/W without chelating agent).

DETAILED DESCRIPTION
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cat al yst precursor conpound (al so based on Zn-Mo-W.
[023] Figure 8 shows powder X-ray diffraction pattern

of a fifth enbodi nent of a catal yst precursor conpound
(based on Sn/ Mo/ W nal eate). [024] Figure 9 shows the
powder X-ray diffraction pattern of a conparative

cat al y¥R5hr Howing serpwuritl be ushd/thasnptrant thespecification and will

Cc TAl [ 025] The
£ Bt 3hs BofiEIndanind Wl bR RGO L
speci f 026} i SCF bBBL\(Dd def hbhl;aortsbﬁ) cfr(SIGF(BMrefgs e annin gBstandard cubic

upl ess ot herw se.in BBL (or scf /
bgP? fﬁasgn 20 S-SR a"FL?@P@ g %‘fidt of standard
cubi ¢ foopt qulsvaufseaﬁmq]m&rlﬁour aae wadcitharrel  of
hydrocar bon f eed LHSV neans |iquid hourly

vel oci 0¢8] [©26T- r@&ns ﬁhe CABRITSAERAEC CURRETUTE: BAS é(#arg@uﬁlple readings
tﬁﬁﬂfﬁﬁﬁly%%d based on nultiple readings in the

cat al yst [029] The Periodic Table referred to

her ei nl028] t He Praiotlis Tablsrroferdd tyher¢ipixahaable Aeproyveg by IUPAC and
Elfefl:: o %at%ﬁ e@lﬁe%f(% g@?e n,ga?]lteéi Exg{ﬁ@&%nocﬁcﬁhﬁgg of the Elements
Lapboa mos NaGhedthil abarytoB! sxd:lsemm;oﬂ@bmb@@a@%%()l

[ 030] rm"Q, P tal" refers
oo o B nfhetery bahnEr abaotn VB s fias sbmem,
t hely®aénunt) tﬁr@@ﬂeﬁ 30 BRBInAlionsGRFBSTUA their@lerh fd] CcoliPolihd, or ionic
[03 Theterm"Group I1B" or "G oup HB netal " refers

®r nc, cadnium nmercury and conbinations thereof in

t hei r Akrm @@H%B ll‘ﬂf’i”or OGrdelﬂrlm: n‘fe%rl MetdrPR%inc Ee?dmium,

term" HA" or refers to
bmescutyi maondvgnssma;mrechh theimglersentaneompeundy o i uqmq form.

radi u t|o 4 hek M
con‘pogﬂg drheq il c ?OSPEfA[B% ro%eﬂ[r@%}rgrq ersetmg ﬁ\m
" m¢ @e@iﬂlﬂq, bMéqum?Etad) itiufre battiem tradig ﬂi’&mdmhmdtlloﬁs thereof in thelr

elemental, compound, or ionic form.

[033] The term “Group IVA” or ” “Group IVA metal” refers to germanium, tin
or lead, and combinations thereof in their elemental, compound, or ionic form.

[034] The term “Group VIII” or “Group VIII metal” refers to iron, cobalt,
nickel, ruthenium, rhenium, palladium, osmium, iridium, platinum, and combinations
thereof in their elemental, compound, or ionic form.

[035] As used herein, the term M", or “Promoter metal” means any of: at least
one of Group VIII metals; at least one of Group IIB metals; at least one of Group 1A
metals; at least of one of Group IVA metals; a combination of different Group I1B
metals; a combination of different Group IIA metals; a combination of different Group
IVA, IIA, IIB, or VIII metals; a combination of at least a Group 1IB metal and at least a
Group IVA metal; a combination of at least a Group IIB metal and at least a group VIII

metal; a combination of at least a Group IVA metal and at least a group VIII metal; a
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or | ead, and conbinations thereof in their el enental,
conpound, or ionic form [034] The term"Goup VIII"
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rut henium rhenium palladium osmum iridium

pl ati num and conbi nations thereof in their elenental,
conpound, or ionic form [035] As used herein, the
term Mp, or "Pronoter netal" nmeans any of: at | east

one of Goup VIl netals; at |east one of Goup IIB
neqrabigatiogtof aklgast a gmeupiB masalpat lgrshaeOeup;1VAt metakband apieast a

Cgr%ugf\llﬁ elfzﬁ A%o%ﬁﬁ% i3n sI nae;é?ngg) g\?etté& 12{%1% Jdéﬁﬁtﬁphgl}fl being

nébml any oﬁGcmrprIrIthrmrp Id)B Gnohf»de]ﬁetand (}cmpdVIAVvAptaHA Il B,

or Vil tals; on, of at

orc ol AT LR Psd Beret Belsu o tapre " by s St e
aﬁselde@pxtefa@e GEREHD elehBn 3Bt alass@H6f @éméasichas ¥ Yudd Y drlX,-X,, Y-
netal; a _conbinatjon of at |east a Goup | VA netal and

ailn PrshérZa igntsagdedsp Ir?feh@taa?‘ng‘ea%lé'ﬁﬁ‘i‘tﬁﬁlﬁFtS‘ill frgm Xor Vo5 2
ac SRR @ﬁ%hﬁs s@ltectle@ ?r§1tn tﬁe SR ndnYéh H?srs%ucﬁ'agX?End Xa), as

| east a group VI conbi nat1 ons ‘at | eas

t weoll ap2 mmbanQnmftelwentsdal@ctddn fompdifferentoddsses (Buchres a(nsz and
oE )Group VI, Goup HB, Goup HA, and Goup |IVA

netal s. [036] As used herein, the phrases "one or nore
of or [087] | £asded boreimfhylieonuasidn’t o myetfoameessmgérsaheant any
el ements or clgsses f el enenhey uch

XPLOSGsS t}W IS cpffieq Oyt i t he/presgnge p QBEH: nguglgg,eq,ut pgt lgmted to,

SnehRatRh eWRBE gas 8hiECefdiohs, AP g&atidn, Wydbtredting,
conbi nati on of el ements sel ected fromthe same co

chﬁk@de@glnbwzagomhymdeW9>genatsomvbycir0%méalta§ﬁbuhyétqdwor@ﬁtlzatwn
¢ X1,
Jﬁ;ﬁg& i3 Fa(;j gg?mhémlﬁg ;@qumm&mgmu& n%;gbcﬂ%

used I n hydr oconver si on'
hybtwmi@@s@bmdmgsmmwpe aflyydporweesssing #rek the seagtanrqoedltlons,

Ofﬁﬁ]p{odalctts 8f R}[é‘?)ﬁ@g%gmg ﬁar}/ %ﬁ?ee ) Tcé\lgﬁ glhsléggtltler%e\élg 051t)r/] md1ces
hy-iirage b tén. ﬂothdp@imtbqirbMUeshy(dﬁtﬁﬂQS Hhcbdi‘ﬂpblaZlaiti ocmn etc.
hydr odeni t rogenaﬁjl on, dr ode

hy tallati
hydr od®4pbrat 18 FISH EERTD | Cg"%ﬁ prfgﬂrﬁcgn refers to a compound

hyda88paxiedd a Préinddhasr R6kien qrdnnemlglm[ &ROBCIB MGroup 11A,
hydr ocr acki ng. Depending on the type o

h{srupd VdcaslsioppingHans thercpia e+ PrAPrdeRTeg ﬁrplahXIH pgials, one or more

pb?&i%‘ﬁ@ m%talgqxgcf %%%ﬁiﬁ&ﬂ&%ﬁ&aﬁ AW ok %’Eé)é’}ﬁft{lp IVA metals, and
VI Scosities, "viscosity |

combinations thereot) at least a Group VIB metal; at least a hydroxide; and one or more
organic oxygen-containing ligands, and which compound can be catalytically active after
sulfidation as a hydroprocessing catalyst.

[039] As used herein, the term “charge-neutral” refers to the fact that the catalyst
precursor carries no net positive or negative charge. The term “charge-neutral catalyst
precursor” can sometimes be referred to simply as “catalyst precursor.”

[040] As used herein, the term “ammonium” refers to a cation with the chemical
formula NH," or to organic nitrogen containing cations, such as organic quaternary

amines.



saturates content, |ow tenperature properties,
volatilities and depol ari zation, etc. [038] As used

Whereiss783 he term "catal yst precursor” refers PCI/HS2008/081463
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conmpound containing at |east a Pronoter netal selected
fromGoup VI, Goup HB, Goup HA, Goup |IVA and

conbi nations thereof (i.e., one or nore Goup VIII

netals, one or nore G oup HB netals, one or nore G oup

HA netal s, one or nore Group |VA mstals and

conbi nE¥ilbnas vedrhershi), thegternh éﬂmp@n@nﬁhpfem 18 ayation withthe

I

oS ahie R LB St o CorE S P o BBRE Siomy can e

cat aI yfa4eal lee @ah b)l@nafntreferﬂulnﬁdndﬁierl@ px@dicds and polyoxometallates.

Ler m - RAT B% Hedpim fieteeh JmDhure Fistg s Ratentpimbmaton of o

cof ﬁbbéss*ubﬁﬂrfb@sl I BIRY “nGiRfukd 8an BE hGﬁbgd%@&dstdr\h@tlegeﬂ&g@Eﬁd/ A any
charge. The term "charge-neutral catalyst precursor

c Bhysihttte 9k soplingtisneH physicad s@ickpl y as "cat al yst
precur gl Tl[ne[)t%ml “fo3 éﬁﬁexgﬁel?se{oea' Aw rh &' d1 ffal nQﬁEIHQJ H{me

refers to a catlon e chem ca orrru
t oapwigetniecofitha catryest prrowrser afitimgineettioonsWheuaesed asconjunction with a

051%? l,..tﬁ%{%yr%t‘ % gi?r oe? tnrr?g’an[t zﬁille rg%%ents 13 mp-% fﬁagllc %orm but is

osphonru rsto
cbmmai;afrmdlmd)rﬁp&ﬂﬂd+0r to organic

phosphor.us- cont i ng catiaons 42] The term oxoanjon . .
" ef er SIS ndRb #ﬁete"bsbséwnoﬁgrba{iﬁatﬁ’}sr%§ ity fomppwd containing
[ Q@gr})oﬂﬁatb' %ﬁgarb(%cryﬁb ﬁcld?ﬂﬁlptlﬁ FHO dePiotdrdted or bR atedlstitéd

physi cal mbi nation of two or nore substances. The
" m xt uk0dé ] céﬁuwé hiaesirb deerfersn Sligand’ hepe bo iyed darshanggalbly with

Do PRYRLEA (Rf POl o BDAIKAINOL AWBIERtna? bk iR with

eter reagént ers toa raw materl a
c metaﬂ) engsegl, Group hélBraad ubaRtouroter afetdls doroangb Jesger complex, e.g., a
pretclurtsor of the invention. Wen used in conjunction
FEAYE PYEYEPT the term "netal " does not nean that the

reagenfo47p Apudcdtereni, #d tben FOgmic'hyéans SomMbiBERTarbds, éhd wherein
nmet al compound. [045]. As used, herein the term

" thercBbe] cat e fr?@fbéqlgglf% OFAYN-BISIASHFhEPUESHt ai ni ng a

car boxpd4§1 €A O lisc@ MR Y 1BrnRCbrParE eh-@oﬁtgﬁmg ligand” refers to any
deprotonated or protonated state. L@ 6] As use
8

heerepeund chmprigingrat Ipasyameicarhematdye, al st dnaweygehatayeapi gt least
WIor‘icbhydrogen atom wherein said oxygen atom has one or more electron pairs available

for co-ordination to the Promoter metal(s) or Group VIB metal ion. In one embodiment,
the oxygen atom is negatively charged at the pH of the reaction. Examples of organic
oxygen-containing ligands include, but are not limited to, carboxylic acids, carboxylates,
aldehydes, ketones, the enolate forms of aldehydes, the enolate forms of ketones,
hemiacetals, and the oxo anions of hemiacetals.

[049] The term “cogel” refers to a hydroxide co-precipitate (or precipitate) of at
least two metals containing a water rich phase. “Cogelation” refers to the process of

forming a cogel or a precipitate.



“chelating agent" (or chelator, or chelant), referring
to an additive that conbines with netal ions, e.g.

W@2@058788 and / or Pronoter netals, form ng aPCHD§08/081463
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conpl ex, e.g., a catalyst precursor. [047] As used

herein, the term "organic" means contai ning carbon,

and wherein the carbon can be from bi ol ogi cal or

non- bi ol ogi cal sources. [048] As used herein, the term
"organi c oxygen-containing |ligand" refers to any
conpouiddo]c chyuses herginathe terans thiasiegradahle oafess t@mmmmﬂ et peadily

e P’g{ % g%‘%f gérg% 68& g%?a%ﬁgoﬁglzctog(ﬁ Ee]g%épix qrrlg) - %@%{1@5 &Bacterla fungi,

Palgics aﬁi’ﬁ@k@mee nfi@borganisrglionattionrdidxide/theth&rep amt /aor water and
metal (s) or Goup VIB netal ion. In o

C lemssey gk Biier e s GRATT R AR SO HG PG BPdsfesuch as
r E{ﬂﬁ:ﬁ)gﬁr&r sﬁﬁﬁ‘m)@(ﬁ: Ofhee @R e deX ¥Rt ONbRExPoBge to ultraviolet

I 1gands 1 nclude, but are not limted to, carboxylic
abgt:tsaunbgtrtbtes:ogzﬂeratué@sg ang iperssiperctormplby fowad in the, Biogplisres  Ehe time

h%eﬁ,}uée(f) {or ﬁégqgcnx%gl? ?shnott hewelQ Ai&. f’%@ﬁ?b n?fdegt%ﬁgtﬂﬁlstakes glace

€ '0oX0 anions o aceta S
Tt;@cltlg after'axpgeird toreak orsndntal aommroﬁudeasooam%ﬂlpbqt&w if

f
Wg?é’ég a}%glla; tﬁﬁtggef al lé/raz?ﬁ%tgw%tw tlfnert%e %a?e?ﬁegdgikgg g>se Ronsidered

Oﬁm&ﬁgnh&ﬂgawaagel or a precipitate. [050] As used
herein, the term "bi odegradabl e'

e,
Chat 19841 145 Beegheis i OO Ca/he SEr BTG of e LD

cah @fﬁl &Qﬁntk Frebth® PMESR M thaP tlodae.t QEDSi) is ihen@hounfbUP@aterial,
and ot m Cr oor %ar” sns to carb

digoxn dléhh@tch,aaaeses ghrectleathef S0%t (ere balfl obp fof%’s"f tegt #HPalkgh LD-50
?P’Eﬁ%{}’k?ls‘g% %]"ont't%{'“ql QIQOIBS%SJtQIﬁ af QC(S}I 3 )25 Qr ¥ hﬁike‘{jlaP&hﬁ the testing

nnonl or su The term
| Beinpderse Wil sraali lamm@/suelxmmraedmdcwim maﬂigil et |ight,

sunlight, t ergtures and pre

the bi ggsgheﬁg‘ﬁ rein, ﬁglopégfﬁf: pf’g r‘iao’f"e?i‘e tt}"arhétt&%l%?&’n LBs0 of
n%l"eateli]%\S@D mgf/K e mr%[e&fr@lr@bé M) ra@Rgr adat ion takes

plface qui ckly er exposure enyi r onment

condi t (3% ég@ppdﬁrqnh ul;ngﬁatplnpqans ﬁlratge%\ﬁhlalf the hydroconversion
dedi.a ehﬁB@ ahik ﬁéed@cfﬁe faf38dp@ vnftitiicab.gaRP U 1000 hbiaBin order to

t A& hat erral can st be consi der ed 'readlly
blnmﬁﬁgxna@tﬂndly'dr({deﬁmpgemgnm@@ (g wiitrogen frvel igrthg upgraded products,
) gsplretd% drodemgggeern%tlct)nora]f hgtc.r).equi rements of the LD

[054] As used herein, the fouling rate is measured in a hydrodenitrogenation

(HDN) system with a single catalyst, employing a vacuum gas oil (VGO) having

properties of Table 3 as the feed, including 4.6 CSt viscosity at 100°C, 0.928 g/cc

density, 178-495° C boiling range, and 1.66 hydrogen to carbon atomic ratio; and process

condition of 370-425 °C, 10 MPa pressure, 1.0 h™! LHSV, and hydrogen flow rate of 5000

scfb, with the HDN target of an organic nitrogen level of 20 ppm in the total amount of
upgraded liquid products.
[055] As used herein, a layered catalyst system fouling rate means the rate

measured for an entire catalyst system having multiple layers of different catalysts. The

9



50 Oral Toxicity Test. LD nmeans "l ethal dosage." LD50
is the anount of a material, given all at once, causes

W@ b@gisgish of 50% (one hal f) of a group of tesPCT/US2008/081463
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ani mal s. LD-50 neasures the short-term poi soni ng

potential (acute toxicity) of a material with the

testing being done with smaller animals such as rats

and mice (in nmg/Kg). [052] As used herein, a non-toxic
material means the material has an LD50 of greater

t FeinisBORsyred i lnalsodeniigigenapion (HRD'S sunt with gacyym gaysd(VES)

u r

P Beiles ol e b el 305 bR ¢ o ibyt Y FocB.o2s e
r dersayl, [78r49G7(C boilingeange,.agd 1. %%ybmged&&&rﬁmwtmlc Irzmo and process

O D 8 A e S R RS e or s
detb,eich iy TN engdt LOBRMAL 4 MifroféH [8vel 8F @0)ppnl 3K upifaded products.
used herein, the foulln% rate is nmeasured in a

hydr od&ikpt ré@gﬁﬁ:gthp@,lp,@ CErHon A ngfegs tg,th@q:(gnversnon of vacuum
?ﬁ &5} Bk P 1e8s haE ‘7'?15“ 10@91 9t} b((lN oifi A AtBShls in a
properties ng 4.6 CSt

Table 3 as t feed, 1nclu
vhybo@nlvyrsan pm@s}CCOI@pls@Basg/lQQ%déml%yoﬂmz 8bay@5/00°F materials in

R 8 3005, RO BB B A e o0
prassidisén fekd)). In dned di®ddinaent, thg/@kroogmrgaﬁ bid (W GO EeditoSOON

scfb, wt eH et anlcnlt | evel
o Fropbriibo i Taele 1t e rap Tktine Jr CoSiadori 1 pEE o8 e
DH&QHWIS'S 4[9@5@]boﬂﬁ1gtt§@gé i}ﬁifﬁé@hyd@oéeﬂy@&ﬁ%rpﬁbﬁic\/ﬁﬁo The
Kstem ouling rate neans the rate neasured f

e

Ydreeonyersign paqcesscondition ingludgs meﬂamréﬂ%y‘é?ﬁscoko MPa pressure,
di Wheranty R AV aBES ﬂ&'?l?g\fbﬁsdoé spipasured in a

hydr o emtroge run wth vacuum gas oi l
(VGO Ha¥] niy qoe egrect, thesnaintidabilaedo asatalyst preedsor which can be

| ncI uae dqi%%cajﬁss&: ey scosla,diloa%ulf'{lg%q nl(}@é%h@éi‘r%%degrﬁn{agzation

c arﬂbam aal ﬁ;rdrodéra&nrf@atldmr(elimﬁ)oe gs Brov@utet rhétal(s) 0 Group VIB sulfided
370- 4250C 10 MPa pressu

£ Sial PRIEto fn SUOMSEBET it FOTPHY #WLFB\F{@&E sty jitgp VIB

sﬂﬁaé&gﬁgl da?a\fﬁlts @h b8 AdRRMBcESLshNEndPIRRERGsPEO Pri cter metal
[O used herein, 700F+ conversion rate refers to

t hbdr@ﬁd%seanéuoegan& oxygeueaniajaieg Hizands Vihy syribepis ofdhe eagalyst
g%?%%%g }\8?10(%11% l?g%%o&anlﬁgg la(l.icngveg %ggh% %g@rnilﬁ% St thb éfecursor into

ban xtngaebdvponADdiatiomotthe a:itslystrprecursor to form the active catalyst, the
properties of the active catalyst is enhanced with respect to traditional sulfided zinc or
cobalt molybdenum, sulfided nickel molybdenum, tungsten, and molybdotungsten
catalysts.

[058] Catalyst Precursor Formula: In one embodiment, the charge-neutral

catalyst precursor composition is of the general formula AV[(MP) (OH)« (L)1, (MVIBO4),

wherein:

10



feed - wt. % boiling above 7000F materials in
products) / w. %boiling above 7000F materials in

wo e@dp3j8783 n one enbodi ment, the vacuum gas oi | PR/ E3008/081463
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f eedst ock has properties of Table 3 as the feed,

including 4.6 CSt viscosity at 1000C, 0.928 g/cc

density, 178-495 C boiling range, and 1.66 hydrogen to
carbon atom c ratio. The hydroconversi on process

condition includes tenperature 370 - 4250C, 10 MPa

pr essuf®9] 1AGs pnejor gy moanvklen gatipénspetiow Ingne eobodigwat, A is at

S‘f{ ?tlonL QP4 alkhhi QIR %ﬁi%ﬁcén anlixﬂgeh@‘és{‘éﬂfg?ﬂe% BSB}%B%% by £

pr ecur sor
cph@dpymlurhocratmﬁe i n hydrodesul furization (HDS),

P R 00, Pk ST AR +2or

Wﬁ&ﬁﬁndiﬁ@bﬂhﬂcﬂl’mmbfbr aleel@bacd eBpibyed hm POdeRztddrodd Ghdig VIII,
Pr onot er s)./ Goup VIB sulfided netal catalysts

c SOyl %o@%’ﬁ? & Suerr/ Ay ﬁ@hcwhlvﬁtwﬁéﬂ@g@@f ofn @%ﬁ'o%h@fment M is

0 | |
e

c 7 inlsdsded omgGminm Y BaGeiupi Iy dsandsombipatipres theeef, ng of
Lhe pr RG] SPis i e Sl S8l SRR RUALL ERM ERuRb o

the cata pr ecur sof {ive ca
t hegapivepleargd es=0f;, the active catal yst i's enhanced Wi t h

respec adi tional sulfided nc.or cobal.t
ol vbaieal, MR Bt ot Ve AL i e fate g6 46:
ol ybd@gangss enrY Cadag by gibfhic x[a%%]:m@éﬂ a0/ B hindPr:€604r SOr

Forrmula : I n one errbodl rrent t he charge neutr al
cat al y§¥04precardbf zcsdposnt* |Yo"th§) @hdt he general

f or mul F}D6’§‘}/[6NP)<(}QF‘)6<(XL<)P Yl Zy MVIBa,4) wherein:[059]

Ais o re nonoval ent catlonlc speC|es In one
errbodl oot | Infonesmpodineat L io neleaséd ﬁwmahtlbakylammadboxyllc acids,

pﬁ gglg)hdg S &tr%ngglta}eoeﬁln’iafegt@m?sr %g &e%ygmg gs{pat% &g‘ms of kgtones, and

maémlacsthismndRombindadrisaheredfat e of either +2 or +4

O g SR o TR bR a5 b i

CofdPquain ) ‘am‘%%tiinﬁ‘ fink QR ganidyio8sHoniun cA1RAs, AIRAA Fhi® Rbtions, and

NEorlnginations thereof.

[068] In one embodiment where both molybdenum and tungsten are used as the

Group VIB metals, the molybdenum to tungsten atomic ratio (Mo:W) is in the range of
about 10:1 to 1:10. In another embodiment, the ratio of Mo: W is between about 1:1 and
1:5. In an embodiment where molybdenum and tungsten are used as the Group VIB
metals, the charge-neutral catalyst precursor is of the formula A,[(M") (OH), (L)" ylz
(MoW¢Qy). In yet another embodiment, where molybdenum and tungsten are used as
the Group VIB metals, chromium can be substituted for some or all of the tungsten with
the ratio of (Cr+W):Mo is in the range of about 10:1 to 1:10. In another embodiment, the

ratio of (Cr+W):Mo is between 1:1 and 1:5. In an embodiment where molybdenum,

11



at least a Goup VIII netal, M has an oxidation state
P of +2. In another enbodinment, M is selected from
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IS one or nore oxygen-containing |igands, and L has a
neutral or negative charge n <= 0 ; [062] MWIB is at

| east a G oup VIB netal having an oxidation state of

+6; [063] Mp: WVIB has an atonmic ratio between 100: 1

and 1:100; [064] v - 2 +P* z - x*z+n*y*z-=
otunaﬁdn [206 S#mmium predhe Broup \JB<mgtals, the clparge-neutrapeatalyst ppecursor

RO g e TR T ARk S s, ket ones.

the en tﬂ6al elnfae mnboﬂm&hd divyRtemotet metab MDlinstdedsoa GsouprIH metal

B Bkl heate A2 BB EDRL PR B RSB it A0V

CeOHRIE)" §}JQMV§®4NH41WB (vathep zquet er-ngryy BEYEBOj UM i ons,
organi ¢ Bhos honi um cations, alkali metal cations, and

conbi nEPhnk qng smbedimenbighgre the Fsprmotshimstal et 2 mvehig of two
be&&mﬁvﬁ@emmmtdﬁaw e Rt SR8 dmBSditdae, PFAVR cMhﬁnanon

metal's, the nolybdenumto turigsten atomc ratio (M
|9f‘ihrﬂetrh@alﬁalr@eisb¥l GhentFe10: 1 to 1:10. In another

enbodi @ﬁ‘j Jﬂ% eﬁ%&é&wgi W WH1§ a Rwﬂtﬁ%eoq t\%’ gx%g\p ts l%etals such as

and 1: I ment ere enum
t dngsd €d, the ehangsenleml tany BpeeprsM iB oﬁelbefbrsmula Ag(Zn,Cd,") (OH),

Aa?(]g Yia i al Cat ag,%/lSte(Tﬁw Curn?ﬁ{’l fslséﬁg&g{ngg?fg?%tg%e metals such

ea:bmllcﬂede cﬂiaf?@hﬁébﬁzﬂ%ﬂﬁ]ﬁﬂﬂeélum% dMhéfoemued as
t he Group \Y Qm um can be substituted for

s OnitZ i dgHpe b(fOH)héL)t ﬂn@ét e94)W| th the ratio of
(Cr +W iovB) | i dn em@m%ﬂ%h&gmwgta n%Qtuile (ngWg) erup VA metals

anot her errbodl ment, the ratio of (Gr+W: M bet ween
1suchazg @ej@ns SnJ the ghargqm@mqahmlymttgcersor is of the formula A[(Gey,Sny’)

gg(lt)ﬁfgﬁj“ eﬂf an%p1 qu{)oo Frqp e?eutl RF 192’1 ggrgbl\r{gtTiBon of three
charge neu F catal yst precursor Is
t BeoupdivVirLimataA\§u¢iVER) G¢, O) and R, jhe c}n}n‘ge-(nbﬁildl\ka@yst@@cursor is of the
formula A,[(GeySnyPbay-) (OH), (L)",], (M""?0,).

[073] Promoter Metal Component M": In one embodiment, the source for the

Promoter metal (M") compound is in a solution state, with the whole amount of the
Promoter metal compound dissolved in a liquid to form a homogeneous solution. In
another embodiment, the source for the Promoter metal is partly present as a solid and
partly dissolved in the liquid. In a third embodiment, it is completely in the solid state.

[074] The Promoter metal compound M” can be a metal salt or mixtures of
metal salts selected from nitrates, hydrated nitrates, chlorides, hydrated chlorides,
sulphates, hydrated sulphates, carbonates, formates, acetates, oxalates, citrates, maleates,
fumarate, phosphates, hypophosphites, and mixtures thereof.

[075] In one embodiment, the Promoter metal M" is a nickel compound which
is at least partly in the solid state, e.g., a water-insoluble nickel compound such as nickel

carbonate, nickel hydroxide, nickel phosphate, nickel phosphite, nickel formate, nickel

12



[069] In one enbodi ment, the Pronoter netal M is at
|l east a G oup VIIl netal with M having an oxi dation

WGe@veseI83 +2 and the catal yst precursor of theP€DDI0E081463
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AV[(MP) (OH) x (L)ny] 2 (MIBX)to have (v - 2 + 2 z
- X*z+n*y*z) =0 [070] In one enbodi nent
where the Pronoter netal Mp is a mxture of two G oup
VIIl metals such as Ni and Co. In yet another

enbodi nent, Mo is a conbination of three netals such

adumngrate Qrickeh sulphide, ngrke] molybdnie niakblodngatate, ndkel axidgo nickel alloys
aﬁ Mcﬁelo&ofyp@ éﬁg&oﬁggy%@ r?ilclg‘els&%xﬁlées%ﬁer?ﬂd Cd

ar ge- neu recursor
for nul wm]/[ Kan&Cejnibo)dlr(léﬂt-l)the( P(oh)o;e}rzne(tm‘ra@gelected fnomelhe group of

t h nbodj ment is, a conbination of thre
A" VIATRClals ﬁdSéE/rP CafRgmigm, ?‘ﬁ’é“‘?h&?ﬂ%a"h‘ﬁﬁ’ttfna‘?r lead, and
C abrabiyistions HRELHTSA nhélﬁelaﬁerhaecoﬁrq;"om @r fhiZReH8n HeBmbther
z (MWI B 072] In one enbodi nent

mﬁ%wwenﬁpﬂﬁeﬁj@n%&maﬁa urih&bcwmﬁﬁs peashpnepfdNisGete and

a ecursor S
of@ortgﬁgﬁ'fﬂ%rs F:?ufblr%otf he tmléiﬁe %uﬁ@%? i t;(/) (M1 BOA)

I n anoliét blrﬁnoam[lvedﬂmem&eeﬁrnmmr mtaacmpmlmda@ta gnc efmpound

c¢h
U588 IR, VOTFAPAIUTE s Sl v
Awjch@s biin lbarfBbadé, \zincBsiiroxidel 3in yﬂ@plﬁdleB@@hos;ﬂ]ﬁg Jlinc formate, zinc

BB i R T B ind PR BLAG Lo Al such as

S gintHmdybdeh@h @lloydl t h t he whol e anount of the Pronoter
nmet al conpound |ssolved|naI|qU|dtoforma
honmogelfd8Lisings embodiment, thealtremater metah s Gronp 114 metal compound,

S QLR & of oﬁ:f{ STRIAEsITRL @lcih, s?x%ﬁﬂﬁﬁf ahd Sm nds which
‘ P

solid and pa dissolved in the liquid. I'n a
eftigatileass rpartlm in thessObd) ﬁtpteec gly water-urtseh@tﬁl qompsum snch [as)ada}rbonate

-r;n)z({rg)glgg% £ra{geéll?05g ﬂec’t egﬁ@r om°l|¥ ﬁ?? 3alel ofle, or

hynilttates therdof.r at es, chI ori des hydrated chl ori des

sul pha ydr at ed. . sul phat es, carbo at es, forrrat es,
acet at ?51 olgzﬂ“%? odigyep Qteé’gomﬂtar pata gomwnﬁ.l%&@compound

PRARR NS eSast PHPORNAS ]id B, e%ncﬁ t1H eokripoBind ﬁ&ﬁ" I\\g@fuble in water

[075] In one enbodi nent, t he Pronpter metal is a
nfuck @f sté@%wﬁdlthogphate tin formate, tin acetate, tin molybdate, tin tungstate,

tin oxide, tin alloys such as tin-molybdenum alloys.

[080] Group VIB Metal Component: The Group VIB metal (M"'B) compound

can be added in the solid, partially dissolved, or solution state. In one embodiment, the
Group VIB metal compound is selected from molybdenum, chromium, tungsten
compounds, and combinations thereof. Examples of such compounds include, but are not
limited to, alkali metal, alkaline earth, or ammonium metallates of molybdenum,
tungsten, or chromium, (e.g., ammonium tungstate, meta-, para-, hexa-, or polytungstate,
ammonium chromate, ammonium molybdate, iso-, peroxo-, di-, tri-, tetra-, hepta-, octa-,
or tetradecamolybdate, alkali metal heptamolybdates, alkali metal orthomolybdates, or

alkali metal isomolybdates), ammonium salts of phosphomolybdic acids, ammonium
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is at least partly in the solid state, e.g., a
wat er -i nsol ubl e ni ckel conmpound such as ni ckel
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phosphite, nickel formate, nickelfumarate, nicke

sul phi de, nickel nolybdate, nickel tungstate, nicke

oxi de, nickel alloys such as nickel - nol ybdenum al | oys,

Raney nickel, or mxtures thereof. [076] In one

enbodi nent, the Pronoter netal Mp is selected fromthe

gsdtsef @hoqphguam agida, anpnerismsaltsofabosphaehromicheidspmolybdenum
CIM r natlons

¢ e o) AP b1 Dl oSS, BRSPS

I m(mdtdemnmtdtrbrde,enblqddemmmtrtdh,eahlﬁhmnﬁt rﬁﬁlyhdﬁt@lmd‘iddadlc acid,

B e re——

I Gdilhpou‘nﬁﬁ IW--PQZtE}opbryaﬁiﬂﬁ cOMPOHIFENL-S; B&&oﬁél?ﬁﬂ%rﬁ&ompounds Ni--
met al._conmpound js a zinc conpound which is at |east

patty PR A8ioR icamBe e, Car Mo--Wohesgrapolpasyigiownmepounds, or
pﬁf?{tlubés kP! b dinad 1dsbjé}nalﬁﬁd1§s'o%d CRspRNAL K. 21 NC

hydroxi de, zi nc phosphat & hosphite, Zinc

f or mat 5)81]Z| MWMQMJUIWeMbOdIWt rind galtedgstt precursor

ii&ﬂgp Jr?g( ’qucgﬁ\hﬁfb’ﬁsa oys fdjgbfg? bfng%mgr? x %o%qu?gmg ligapd with an
Pwﬁﬁme (amtrgle drsl dos€Xoau) sfgreméraharciOOpNYRY, 1nel secdned

E PR E AR Ao A St Pl s LD TOASERE > 700 me/K

seld (ﬂmﬂteﬂib@dmﬁmg orgaﬂlcV@(S/ ﬂddﬂ&%lh@&%laﬁﬁ\gﬁ?&ﬂ HaSHCD S rate of >
a_car bonate hydr oxi d umar at phospha

ph¥neKe, Asvisdibgesin, i toEtoa; toxign osansithe liganiddes amEDSO rate
Na¥ts ?%r&l%ﬁ@@fratsi ﬁ%atérQh&%O%qgﬁgpoun dseg}']n H\ the term “at least

Prono nmetal conpo
| amengapeprygenicantainngdigand’ meaas ¢he @ngpositian may havznmomnhbn one

BB R I R BRI, S v

t contdining figatdemayt have ax LB rﬁt]b of a|5[)@)’i%| /g@g;wlguﬁiﬁ ]Eélcs)t one of tl;e
tin-nol ybdenum all o 80] G oup V ta nponen

: OFBRRIC FYRYP OBt ﬁga“@&/B‘PSB‘)“ Id5fystsd © a0 we'kedded in
the so 08 , [A@dhnt blﬂbbdrﬁm@htsﬁfyo‘kg&m &hta%ﬁﬁé‘&ﬁe%métagérﬁ L ib Belected
one e | ment, the G oup VIB netal conpound

s@P’@élﬁ“e%FOFl? efAaRIPYis eegnnin acidaddition salts walyes farmic acid, acetic acid,
B‘EEBHQ%%PC‘ ﬂlgfé ngfgj Elﬂﬁﬁricodaﬁd E&%rn%) £C'1d %w 38% gfrlc acxah oxallc
co s inclu ut are not

oun
acid, glyoxylic acid, aspartic acid, alkane sulfomc acids such as methane sulfonic acid

and ethane sulfonic acid, aryl sulfonic acids such as benzene sulfonic acid and p-toluene
sulfonic acid and arylcarboxylic acids such as benzoic acid. In one embodiment, the
oxygen-containing chelating agent L is maleic acid (LD of 708 mg/kg).

[083] In one another embodiment, the non-toxic chelating agent L is selected
from the group of glycolic acid (having an LD50 of 1950 mg/kg), lactic acid (LD50 of
3543 mg/kg), tartaric acid (LDS0 of 7500 mg/kg), malic acid (LD50 of 1600 mg/kg),
citric acid (LD50 of 5040 mg/kg), gluconic acid (LD50 of 10380 mg/kg), methoxy-acetic
acid (LD50 of 3200 mg/kg), ethoxy-acetic acid (LD50 of 1292 mg/kg), malonic acid (LD
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limted to, alkali metal, alkaline earth, or anmoni um
net al | ates of nol ybdenum tungsten, or chrom um

W@ 2009/05878moNni um t ungst ate, nmeta-, para-, hexaPCT/U82008/081463
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pol yt ungstate, anmmoni um chromate, anmoni um nol ybdat e,
i so-, peroxo-, di-, tri-, tetra-, hepta-, octa-, or
tetradecanol ybdate, al kali netal heptanol ybdates,

al kali netal orthonol ybdates, or al kali netal

i sonol %/bdat es), amoni um salts of phosphonol ybdic

ael @t 13 yme/Kighrbedinis acifl (bRSHASOQUmstkizd, famadczgci@fk%:’rﬂ ofh0700
¢ Py Ry A ARRRBIEETS 2 Ea oo YRR i Blitere

C bhdming agentdeselecnl fydml dreigioupesilorgiaic smtfuyhgﬁmumis including but not
ni.tri al um num. nol yhdat e bdi.c .acid,. chrom c .
niied & st SeRuntg A EE 0.0l Bt St oo Ehleid LD 50
V\of S0 mgikey.opol yani on conpounds, WP het eropol yani on
conmpounds. WSi heteropol yani on conpounds, N -- M-W
het er o8 alfi Xsharashes Sheriy Bencenniainive Heandrlolssl pehorplate containing
c S, ,
SRR e LGS hES 80w S B ABEEN mer
Agtrhexylate §uqtignal groups. dneetarioter awhodimetethe ahioydate compound

p : L Qn s J east. a non-toxic .

o R 2O o BOTRRRK Tl TR B P 5 el Bk ppgonate
S butgtate, perethnodes end leexardasd andfdigrtely Bates tifdudidd) Gunipt Kenited to,

In secqnd enbodi nent, the organi ¢ oxygen containin
| Pepleie mlRuate, JPccinai Elkbarare iBate; oty Madpate, frmaraie g

€ BEIABInATRIAS thePdoFanh & FOIMHAMbIARMI tHé BFb&YEHALIbURS Ethpri
has an LD50 rate of > 1000 ny/Kg. As u(ggg‘l herng[%rlll, tﬂgpnses

t BRlgAtenon-t oxi c" means the |igand has an LD50 rate (as

si ngl ejo@s Al 105G EaiOoLy3ES Lorflin@bG3hs chh B0 mpad Wi

As use%l h]:_r el n _ahel ? e@%m ');%t Ipegs% ar? Cor gaﬁl?)gegovg%éég Promoter

congtahconitaiging isglaielt ommixhge,ttheGooppdsi hétaltontninascdutivnroe

t ne o ni c. oxygen, cont ai ni | & gand, . in me ..

e Ao S S PR P e S S el S

| pigaipiatem yolnavre, amixbis. rEieodrginicoyQéh mtdinikg lightds cal be in a
eqst one of. hE)(‘Fe %r%ani C O yl%;en cqontai ni ng |1 gands has

afPlytienstate, wath the gf 8 @mﬁ)ﬁptﬁg_t. 9 82)ic PRYSSA EO@WBB’&]’(%W%S, dissolved

t hen R8I GO Wa Rt "TROorg Rt 8tyde8 cé‘xﬁ@imng!-}igaﬁ'dssc_%h 8Eh&dally

fromthe gr oup of non-toxic organjc acid addition

saibtadvedigaf pagiakivinhe selid state deréng raixéing with the Bptroeterometal(s), Group

298 melMsf b Bdihnatl TRl fract 4. succinic acid,

tartaric acid, citric acid, oxalic acid, glyoxylic

aci d, [Q8phrRiluenh€pmiporshk aifbe uhfdiners neayitdsissdiinteréimngeably with

n@l%géarn eThseuulsg QP difuefis %ptional in the making of the catalyst precursor.

[087] In one embodiment, a diluent is included in the process for making the
catalyst precursor composition. Generally, the diluent material to be added has less
catalytic activity than the catalyst prepared from the catalyst precursor composition
(without the diluent) or no catalytic activity at all. Consequently in one embodiment, by
adding a diluent, the activity of the catalyst can be reduced. Therefore, the amount of

diluent to be added in the process generally depends on the desired activity of the final
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and ethane sulfonic acid, aryl sulfonic acids such as
benzene sul fonic acid and p-tol uene sul fonic acid and

W@roovo3878OXYyl i ¢ aci ds such as benzoic acid. | nPONES2008/081463
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enbodi nent, the oxygen-containing chelating agent L is

mal eic acid (LD of 708 ng/kg). [083] In one anot her

enbodi nent, the non-toxic chelating agent L is

selected fromthe group of glycolic acid (having an

LD50 of 1950 ny/ kg 6, lactic acid (LD50 of 3543 ny/kg),

t antalysi eompopidion. L DEpentfankm06 fnogm R4y winl of ¢heatotati cqnyiB0ion can be

5040 ngy/ kg),
b%%ﬁiéggéﬁﬁéeﬂﬂgb“ %a%ﬂégﬁ wﬁ88§annethoxy acetic
aCI d (D8] Ghe 3iRGAt cm/beglidedab himBromort ntal colpdreRlss), Plomoter

129 [ kqg), mal oni (LD5Q .of 13 10 [ Kg)., )

ol P e B Br P BRI G) meieh e Bimgab iyt yscsiher
OfsmilﬂtZQ&)uHQ/df Ohe afdddhdti@X Wiefnalildldy,aRe PontandiBl/ak@)Group VIB
In et enbodi nent the non-toxic chelatlng agent is

UGS GAR P%@r@blmﬁ&omthqsr fg»érwbsegwmlura dilppsambie added to the

'( @%tlnlgfgbg fgle%g%mﬁgrte $tn§ élgp?(ﬁ 519 J%W gf(': l{ﬂg %te?agnﬁ)(stures either

obinBd@nenysly gy ong @f&#]thel qthereto Sabwqmnlytal:ide thexdyigent and to finally add
c %trgét Q)'fﬁl% nllétg%rl]&tulf S e‘zr:hgr s(i:%rll a?n)ﬁ(gus?t gr OCI:])%;FtSIi tﬁe 8@% oFMermore it

npound. catb

c amilsa] mmbleeo O(Ismlbme mecdanaawihahaalfmmirmn athe ﬂ)ﬂuw pste ahfl to
yet. anot her , enbod he car boxyl npound

B‘r‘PaF‘iIL?BQY %@5%6%&@%@@ o3t partly Hgﬁle 5ol siie. | Kheiorgsgic oxygen

t Gonthifn@BBrd B pRIsaitan allERAPbRIGHiBe mBldf ¥0n@difing mixtures.
pentanoat e, and hexanoate and di carboxyl ates

i ncl udld8g] Inuane sabodiment, éhe dityentd egrapasiterwitb adireup VIB metal
S H&Pb%r%mo%'r Hji n‘gﬁrﬁ‘)’r 1M Pf&ﬁn& gﬁ%da\tvl‘lﬁ}] hg%k"our st precursor

funarate and I natt ons t
eﬂ@npnsrtmtanddoh er@ratp tboing ladded ducing dwmﬂepzaomon itiscesof. Compositing the

B S B B RS 8 o

SmlMdlmBnthlthhxieUﬁeﬂerldlhe G oup VIB netal containing
ur e, a conbi nation of the Pronoter

| ut t
et al QR D Bisit OrriBinslodeoRY aIAG sk e s en GSaly appied s

S U1dn® BSbinddr uﬂx?ﬁrb’ﬁt@&ssﬂ@ @atﬁ]&ﬂ%éc%rs@?‘sy Eﬁﬁnﬂ@@ﬂm@lﬁ@é §¥lca, silica-
i gands can be in a solution State,

affBiiRa, Gichap éowg%?ﬂabﬁbw@émlr@o‘ﬂh%a-matﬁg allurglamdmd alumma-coated
délﬁ&p L¥Gfind ucﬁ‘ag ggwﬂg%gﬁgltg%r g@%?'& . {1&1% %rc%%la Cationic clays or

oxygen contai nin s cdan
anionic clays such as saponite, bentonite, kaoline, seplollte or hydrotalcnte or mixtures

thereof. In one embodiment, binder materials are selected from silica, colloidal silica
doped with aluminum, silica-alumina, alumina, titanic, zirconia, or mixtures thereof.
[091] These diluents can be applied as such or after peptization. It is also
possible to apply precursors of these diluents that, during the process, are converted into
any of the above-described diluents. Suitable precursors are, e g., alkali metal or
ammonium aluminates (to obtain an alumina diluent), water glass or ammonium- or acid-
stabilized silica sols (to obtain a silica diluent), a mixture of aluminates and silicates (to

obtain a silica alumina diluent), a mixture of sources of a di-, tri-, and/or tetravalent metal

16



di ssol ved and partially in the solid state during
mxing with the Pronoter netal (s), Goup VIB netal (s),

W@rw90s8TRS nat i ons thereof. [086] Dil uent ConpoP@hniS2008/081463
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The termdiluent may be used interchangeably with

bi nder. The use of diluent is optional in the making

of the catal yst precursor. [087] In one enbodinent, a
diluent is included in the process for making the

catal yst precursor conposition. CGenerally, the dil uent
neicap aimixiyreged w@ml&altegﬁnwauw plomarpim end/gr silkean (to

t E%B%rgltat%%%(ﬁrtr? )? Eﬁ/(? d&} F]Jn(i)cgg }5@ nlﬁ?r%%{d\fglt alBé@rﬁ‘% ? (ffate or mixtures

atieteof.ty at all. Consequently in one enbodlnent by

ddi t he .act t the c st ca .
e aucou2hQiierbpusnafclihonsalsl hociitid e pheHeS ading oter

| metalfcaRbe GEER i aEticd othéledaiento aesrchsedm)lvé e hese materials
activity of the flnalcatalyst conposition. Diluent

atnslyde any material thay 1@\,@ ddeddpring ¢pmvensionpl @grﬁp&qeﬁqlwwt precursor
Dfrspil AP RCRR AL SRR, 63 Ko,

i catlon ent can be adde
Padshtinng} transitioh nuatatp oare mu(tls inetaf®; 6Hers.eor mistuads thayedfaiSnitatde

SR E N TR IR
Apliapinats seehpoundsh Pthﬁpbdsmt edSmlbﬂimaJ; canrtd addaliy awy Ragedfrhe process

R R Y R T N

| re] Sg.24heRURD Afthddin, rRo DI RRIND Rhfonflimt PfalBhelron, cobalt,
m xtures either S|nultaneously or one after thé other,

t Bickqhydes olsHovy. paladivme celialt eipt Imare erabadiment] e adiitioraémetals
r t I

B af TR b PSR E L AL T SRED il o

t additinmbl metalshaee alidedianthe rfrnrmrofrvmtalsohrbbctcumeunds tAlpert from adding

ut e t d to su se uent dd a netal co nd
o Pt e Ahn e ph el Sttt e 36 CorfdSi Bis PR BRY B
Cp’t'ﬁtr&i;drlcﬁ@pbsl@@’r Wede®ith tLIRSEHonal inAéridl L AB{s, © nE ep@ﬂ‘srbl&l@ impregnate
m xtures. [089] . In one enbodi nent,

ai ni ng
e Papl G PO SRS EPPH Ao h ah IFrogIoN 9 perpomprising any of

ainedeQiddRioRs1onRESils. net al , prior to being conposited
wth the bulk catal yst precursor co o03|t|on and/ or

prlor [083 b Ylethodsctar Mak g ey L sor:e dhe
o g e?trg)tn dﬂ%lé%dtqﬁ}og\'fs ngﬁ%aﬂgd &a&rﬁg}ff t‘?)]; c&gg s?t%cgman% f‘ru%tHre of the

s@itdlybt dickcursort bywiontroljing $e ratatier amdumts of the elements, the types of the
reagents, and the length and severity of the various reactions and reaction steps.

[094] The order of addition of the reagents used in forming the catalyst
precursor is not important. For example, organic oxygen containing ligand can be
combined with a mixture of Promoter metal(s) and Group VIB metal(s) prior to
precipitation or cogelation. The organic oxygen containing ligand can be mixed with a
solution of a Promoter metal, and then added to a solution of one or more Group VIB
metals. The organic oxygen containing ligand can be mixed with a solution of one or

more Group VIB metals and added to a solution of one or more Promoter metals.
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[090] Diluent materials include any materials that are
conventionally applied as a diluent or binder in

wWhyweosm7eEessi ng cat al yst precursors. Exanpl esPCTUb2008081463
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silica, silicaalum na, such as conventiona

silica-alum na, silica-coated al um na and

al um na-coated silica, alum na such as

(pseudo) boehm te, or gibbsite, titania, zirconia,

cationic clays or anionic clays such as saponite,

bent on{Q%] Keawlinge Presipitatelor Cogdnvithy@roop MIBi/ Peymaier Metals: In one

m Xt ur.es t eof . I n,ope. enbodi nent., ..bi nder terials.
b Rn A< gssst i B SRE R tefh PE S eaBRRh G fich
alitvoiviesl Faactiigd ih @aniatuderihe @rordteingral compod&litG) inZdoliidRiaad the
or nixgﬂges Lhereof.,%OQl, These .di l uents can be
appyreYitmeta] cqmpanentrip splution jojobiain gprecipitate or gpash The
Pegiphbford & BRAAYorE BAHES QlitSt tenl B8 6 dhd PARISCH (A8 Promoter
during the process, are converted into any of the

apwiad corapamd gad thei Group V4B nBitdl campeundrpseaipitiby & famea cegel. An

9 Pr aﬁilc lﬁﬁgéein%}lﬂni %\%ﬁﬁ%‘%&ﬁmo@' of 'J} gk ﬁgrtigfl)o inos%hm.orr} i&fen
a na uen ) er gl ass or anmmonl um- or
acomdsihedbvith tedradipitateaorsokd t¢ farmodnt embodanasit bf tha catalyst precursor.

obt ai oL Regifomens o Flnerpgre & iRk B Gagpobtees
Oformediis betwéen-50 -RFEICOT If iRt tEApahRRL is BEHHM tﬁéJBJIliﬁ?pcﬂnt of the protic
m xture of water-soluble salts of magnesium al um num
aliayidrsugh lP% th’nC c}% the ﬁ;ﬁ@éﬁ@t% IBEPWO_G?ﬁS as &qnfsa;&ﬁ@m@ out at
aBinf¥3plerie' pdbaure CAB e i

m xt u# esr tpheruergf | 092¥%{Hﬁg}lﬂqgﬁ% ?%gq&%o%pgg%w%&rr?edloﬁt at
dinsteasad presstrer sugh eini aalagtoclane| uldiong embbdimeng thal catatyahprecursor

b [ Lt t conponent escribed

a ot@g’?e%%%g ée%gn%% é%ti%gf'%sgltonc g glga(r)]l;r} 4 0en(rgji enfoofijgnt,;bgtween 100 to
adletddpsiltir i ng conventi onal hydroprocessi ng catal yst

pr ecur pr.e arion.. Suitable exanples are

phosph@_%]s TR B8 i s Shas nergaRgiof destese the rate of
t prRBipithticAbrEBEAtFon, AdPefdiRBbH theRbifddharfabel &1c8 of @& product. In
m xt ures_t hereof. Suitable phosphorus conpounds

i ARq areRodimerthe miprEIpkent at itgwbspldt duringdheireagiion step(s). In
. _P
OhR éenggaﬁEané%l-ﬂg"ﬁpego ﬁ{?ﬁéd in tHngQBP@- ?2“@%%?%%1 can

at any stage € process steps. e
acidbadiment] batweanst +il on Ime fiather ehhbedimant, the phlddegkstbetvicer 7 - 10.

prpcess stens._include ar .g., rheni,um r.utheni um 4
PEBER 4 PR B oofictha i fine Sosk arabUp e Rt iOh i br acding
Ned@R@iundg which debéhpare porPRhipa@tudeincEalainto hy@ikdkidd iBnPHEH" ions
egpodinent, the additional netals are applied in the

f BRhreEtec R e TR S Prsase ShgpRfthn B¥amples igplydsea, nitrites,
eﬂ@@l@hiﬁﬁfﬂydrdm, mineral acids, organic acids, mineral bases, and organic bases.

[098] In one embodiment, the reaction of Promoter metal component(s) is
carried out with water-soluble metal salts, e.g., zinc, molybdenum and tungsten metal
salts. The solution can further comprise other Promoter metal component(s), e.g.,
cadmium or mercury compounds such as Cd(NOs); or (CH3C0O,),Cd, Group VIII metal
components including cobalt or iron compounds such as Co(NOs), or (CH3CO,),Co, as

well as other Group VIB metal component(s) such as chromium.
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additional nmetals are added in the formof water
sol ubl e conpounds. Apart from addi ng these netal s

walewvnasg7she process, it is also possible to cor@DER1088/081463
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the final catal yst precursor conposition therewith the
optional materials. It is, e.g., possible to

i npregnate the final catalyst precursor conposition
with an inpregnation solution conprising any of these
additional materials. [093] Methods for Mking

Hy dr op 98k sk ang ebpdimest, therreantios of Pronites mptalpamponant(s) is

I
TP 5 P o R SRS b i
t ban fuethertdovpriacrothet Groap IVAenehlenmpbsent())e.gt lepd sompounbesuch as

r | engt ver of t he varjou

- BRI S Chechady AoneLadpber Cos kel aapogis Sich as
agitohingh c&hpddpgs.r eagents used in formng the catal yst
precursor is not inportant. For exanple, organic
oxygenlU8Ak Bheieagioniiyeasdecdwith the appiopiiate oyl saitsgesulting in
oPlEgipificOF o0 PO kLR B 4l AP LRAHP, LA kblybdenum
oxngsen, ZoTet/ annoiyhﬁgmllm,gamd/ topgstdnetimi soelybderuim, sing axlngsuem,mr zinc /

of. P ter and, t ded sol ut.j on of

olin? s RERLS BEb o aPfigkdy BRI G figfte® St

C el ybid e tuniggan) dudkah/ nb@lymex;eﬁi iickd / aungsibnltcobalt Ohol§B&enum,
re Goup VIB s and addedto a sol ution, of

oﬁ@’ggr/ tRSSIEN. Y GRS Elr ﬁ%‘f Amelypdryum /HuRgseRg An organic oxygen

PE@rﬁélHinE ENg@noO&an(B@ glﬁéiedv}ﬁrfol? tdBHfRr Meap{tatﬁfnmg)?é'lathﬁt@ ki

: I'n oné enbodi nent of the process, first stepis

aPpnetérpnetaltcompowrdsaodler GrdverV 18tragsal aanipohndsnyvol ves

react i Pr, (

el Gﬂom rﬁhé@&é@%‘?&a\? 'E‘a&e%* ﬁo?ﬁér@b%ﬁg%%?@% sShution,

S&lspensmm dra oobﬂ)manomtl‘npreeﬁllbsdildﬂesm atw((jdéd asTsueh, they will dissolve

pr itation . or ¢ |s carrie

P it Reab S pff S v RO et oraphei® o b spliion can be
an&témtl&amnub&mraho @M%B@lt&ﬁ(ﬁmmleb th of eevater.
cogel . An organi c _oxygen containing lig in solution
or at [W8ZkABarRreapitalion ar eapelatipbihg %at%lh%ﬁreew Gfadpe dried to
Wednbbve Rud?T Brr) IR%EQ‘F te &Efoﬁﬁ&?undepat%%ﬁeﬁe c@ﬁﬁ?ﬁ’&is'@ 'ﬂﬁdéi’ an inert
t he catal yst Ppreéecursor. I n an enbodi nent,
t etmw@plmrwt@h ast niglogorh atgwe, Qra»taallty@t Dm@wémrefﬁested @trawtenhperature
Ibg’u lClﬁl\’llﬁg 661‘% veo»}/ajfefr%gnotg%m%veﬁ }‘orlg lcgugr euélléis 1@@%@%I%ermg 18
t perfarmae andbowal 20°C uhhlea wn@t@emengls ogemefaaﬂ)lsypmarrsoredreached.

out at . .
[0103] Forming a Precipitate with Optional Binder Component(s): In one

embodiment with the use of a binder, the binder components can be added to the reaction
mixture containing the metal precursors in solution, suspension or a combination thereof,
forming precipitation or cogelation. The precipitate is subsequently dried to remove
water.

[0104] In one embodiment with the use of magnesium aluminosilicate clay as a
binder, a first reaction mixture is formed comprising a silicon component, an aluminum

component, a magnesium component, the Promoter metal compounds and/or Group VIB
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at nospheric pressure. Above this tenperature, the
reaction is generally carried out at increased

WEe@9osR783 such as in an autoclave. I n one enbPCi/B8200§/081463
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the catalyst precursor is fornmed at a pressure between
0O to 3000 psig. In a second enbodi nent, between 100 to
1000 psig. [097] The pH of the m xture can be changed
to increase or decrease the rate of precipitation or
cogel ati on, depending on the desired characteristics
ofnetdh eorpp@mdst In dne eorbedierent dhenfigstt reactioe nirktateuis éothsd lnegdr

B A e SRR e g nr

oh pEbssurdsZranglﬂg &oot DObaesdod? BRNEnd Deinpeaturdbetwééh abolt BC and
Eﬁ@% r enbodi nent, the pH ranges between 7 - 10.
i'ng the pH can be done by addi ng base or acid to
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deconpose upon tenperature | ncrease into hydrox
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bawesnunanstfidrig i pmodcsasdsthe {n@%} inventinan@udeo dutraeanihaot lintied to,
rea tioP of ProgPLer onent&%% is carried out
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apsmbitaMgmb eierdvE! dHxampleb Sf mIﬁ’qﬁ:sﬁlﬁ{ sUmpdReabsefiurih BRMprocess of the
conpri se ot her PronDter netal conponent(s), e.g.,

ca@ﬁ%fﬂvswlcr?el%'uiiey bt Bk traited e magneg N lomagnesium
EJ{;&%&@&% %%nes@irﬁ lﬁ@ll(}élslrhaéﬁ%gla sh 0003859%25}2113&{1 lﬁma@@ In one

't or ITon compounds suc
( apBTOREHCy sulfisienignouatofzntaeid l@adﬂﬁp td/the nmistuad containing the metal

Cﬁ{g@&}g&@ Eu(c??he %&%Er @o%nlg%%lﬂerﬂn} dI]LlSP%%] &k tfi)e( X%P ?% g}oruQiao about

e reaction o conponen
o6t fowninp aiattecaction mivtteret i n, nol ybdenum and tungsten

& oup TR B8l 5 rsLrehetonaniten b= js#ided t
aform(dEdhddeftioh Mtﬁ:@z)E&EQpI@M MRALL baae iRIRR! busaRUfdbt }'ﬂn@ted to,

metal conpounds such as chrom um conpounds. [0100]
r FREPNYA hygrfe(aqiep seiuphydroxide angprtagsiumbydrerdde | S@ﬁcnp@t alkali

/r S“fsng :1s§/ ddﬂg% fuogh@f' tlesg l;]eggtﬁcgihﬁlxﬂfre ﬁ?glﬁéoprlg gg@% E%nh ;tﬂg%c%fng #daldfion

zinpgure bmveym d@mtl ihto abhaue 12. Thangstrelreadtion niixtwed iy lﬂnbenremed for

t élf?ﬁéleéttf% o su%c:lenthmperature to form a catalyst precursor incorporating at
least a clay as a binder. In embodiments, the time is at least one second. In a second
embodiment, 15 minutes. A third embodiment, at least 30 minutes. The temperature of
the second reaction mixture can range from about 0°C to about 100°C. The reaction can
be done at ambient pressure, although higher or lower pressures are not excluded.

[0107] In one embodiment with magnesium aluminosilicate clay as a binder, the

ratio of silicon to aluminum to magnesium can be expressed in terms of elemental mole
ratios: aSi:bAl:cMg. wherein “a” has a value from 3 to 8, “b” has a value from 0.6 to 1.6,

and “c” has a value of from 3 to 6.
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tin / molybdenum/ tungsten, or nickel /
nmol ybdenunt t ungsten, cobalt / nol ybdenuni t ungst en,

WO R@RO58783 ol ybdenum ni ckel / tungsten, cobal BCT/US2008/081463
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nol ybdenum cobalt / tungsten, or nickel / cobalt /
nol ybdenum / tungsten. An organi c oxygen contai ni ng

i gand can be added prior to or after precipitation or
cogel ation of the Pronoter netal conpounds and/or
Goup VIB netal conpounds. [0101] The netal precursors
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subsequgn Ig, v 4 .
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c Hefined dy aritirigaul edsorraion] 0fs2-5¢ sanotrietns. Miatsecondiembbdinteat an average
c on n I um num conpone
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the fi 3& reaction mixture i s forned under anbi ent
pr essuk’d 128 g apapdimspiewitly digiingleirn ofimagsptium aluminosilicate clay
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from0.9 bar and 1.2 ba and a tenperature betwee
apldyiplaiats-and  1000C. [0105] Exanpl es of silicon

conpo n@rﬁ 33] éﬂﬁﬁinﬁﬁocepﬂtln (e erﬂ%di}niem, Ih% %attaglstsﬁgciulf'srgr composition

can generally be directly formed into various shapes depending on the intended

commercial use. These shapes can be made by any suitable technique, such as by
extrusion, pelletizing, beading, or spray drying. If the amount of liquid of the bulk
catalyst precursor composition is so high that it cannot be directly subjected to a shaping
step, a solid-liquid separation can be performed before shaping.

[0114] Addition of Pore forming Agents The catalyst precursor can be mixed

with a pore forming agent including, but not limited to steric acid, polyethylene glycol
polymers, carbohydrate polymers, methacrylates, and cellulose polymers. For example,

the dried catalyst precursor can be mixed with cellulose containing materials such as
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silicate, potassiumsilicate, silica gels, silica
sols, silica gels, hydronium or ammoni unstabilized

W@ R00003878D| s, and conbi nati ons thereof. ExanplBGI/082008/081463
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al um num conponents al um num useful in the process of

the present invention include, but are not Iimted to,
sodi um al um nate, potassium al um nate, al um num

sulfate, alum numnitrate, and conbi nati ons thereof.
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3/ o allg(élme earth metals can require an
additional separation process step to remove the alkali- and / or alkaline earth metals
from the spent catalyst.

[0117] In one embodiment, the sulfiding agent is ammonium sulfide in aqueous
solution, which aqueous ammonium suifide solution can be synthesized from hydrogen
sulfide and ammonia refinery off-gases. This synthesized ammonium sulfide is readily
soluble in water and can easily be stored in aqueous solution in tanks prior to use. In one

embodiment wherein the sulfidation is with an aqueous ammonium sulfide solution, and
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surface area neasurenents, average pore size
di stribution, average pore volune. Porosity and

WG obassIsar ea measurenents can be perfornmed usPEyUSRDBB/081463
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anal ysis under B.E. T. nitrogen adsorption conditions.
[0109] Characteristics of the Catal yst precursor : In
one enbodi nent, the catal yst precursor has an average
pore volune of 0.05-5 nl/g as determ ned by nitrogen
adsorption. In another enbodinent, the average pore
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eéiﬁ*ﬁmhgns in-situ. In one embodiment with the sulfiding process being done ex-situ, the
formation of undesirable compounds in the hydrotreating unit is prevented. In one
embodiment, the catalyst precursor is converted into an active catalyst upon contact with
the sulfiding agent at a temperature ranging from 70°C to 500°C, from 10 minutes to 15
days, and under a H,-containing gas pressure. If the sulfidation temperature is below the
boiling point of the sulfiding agent, such as 60-70°C in the case of ammonium sulphide
solution, the process is generally carried out at atmospheric pressure. Above the boiling
temperature of the sulfiding agent / optional components, the reaction is generally carried
out at an increased pressure.

[0121] In one embodiment, the sulfiding can be carried out in the gaseous phase

with hydrogen and a sulfur-containing compound which is decomposable into H5S.

Examples include mercaptanes, CS;, thiophenes, DMS, DMDS and suitable S-containing
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the dried catal yst precursor can be mxed with
cellul ose containing materials such asnethyl cel | ul ose,
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rati o of between 100:1 and 10:1 (wt. % catal yst
precursor to wt. %cellulose) and water added until a
m xture of extrudabl e consistency is obtained.
Exanpl es of commercially available cellul ose based

pore formng agents include but are not [imted to:
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fromthe group of anmoni um sul

pBibyeayent (Y] (oreyrply, thefsorerinat #hoss Lﬂoftat2é0°c (212°F to 482°F),
I
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a and / or alk I|n rth metal sulfi
b PP s s HYr GopHIMGRRSPTRARY ERbe the
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s uI f i diongdldgent embodimentnthesukidhtiondie camiedquien tie liquid phase. At
first, the catalyst precursor is brought in contact with an organic liquid in an amount in
the range of 20-500% of the catalyst precursor pore volume. The contacting with the
organic liquid can be at a temperature ranging from ambient to 250°C (482°F). After the
incorporation of an organic liquid, the catalyst precursor is brought into contact with
hydrogen and a sulfur-containing compound.

[0125] In one embodiment, the organic liquid has a boiling range of about 100 -

550°C (212 - 1022°F). In another embodiment, the organic liquid is a petroleum fraction

such as heavy oils, lubricating oil fractions like mineral lube oil, atmospheric gas oils,
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sol uti on, which aqueous anmoni um sul fide sol uti on can
be synt hesized from hydrogen sul fi de and anmoni a

w0 edovss7g3 of f - gases. Thi s synt hesi zed amoni unPGUIUS1008081463
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is readily soluble in water and can easily be stored
I n aqueous solution in tanks prior to use. In one

enbodi nent wherein the sulfidation is with an aqueous
ammoni um sul fi de sol ution, andalso in the presence of
at least a sulfur additive selected from the roup
t MhyeBzass €8s, strajight rye igasoilst white spitgsdddle wm&a}%sﬁdspésesel jet fuel
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into alP1aslkinvet ensther pabodipsht, dersutdidetioq inthe liquid phase is done as a
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5000C, ron1 mnutes to ays, under

H2p tothteaiveicksy i. gast lpase% bmess Ilri th’ush%ovs ptq‘ccsgam omtactmg between the

tenperature IS ow. 1 g

yst precursor in orgamc iquid with hydrogen and a sulfur-containing compound is

done in two or more steps, with the first step being at a lower temperature than the
subsequent step(s) and with the temperature being increased slowly in increments, e.g.,
per hour instead of per minute as in the quick start up. The gaseous mixture of H, and
sulfur containing compound can be the same or different in the steps. In one
embodiment, the first step is at about 100 to 375°C (212°F to 707°F), preferably about
125 to 350°C (257°F to 662°F), with a temperature ramp rate from 0.25 to 4°C (0.45 to
7.2°F) per hour. After the first step, temperature is held constant for a period of time
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boi ling point of the sulfiding agent, such as 60-700C
in the case of ammoni um sul phi de sol ution, the process
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Above the boiling tenperature of the sulfiding agent /
optional conmponents, the reaction is generally carried
out at an increased pressure. [0121] In one

enbodi ment, the sulfiding can be carried out in the
gaseous hase wi th hydrogen and a sul fur-containin

c drppoR o Akruesh thes refapeshiroionticsedond stepiais: ragxtior|Sde 20°C (9 to
S ?%t#g% CPLANERbodiant, thb 'S&Bﬂkf Fk@;? is cQM%d 0M§b&ﬂ%oo to 450°C

contalnlngre I her
O(B2%F &l 834’2éF)| sndspréferabﬂ)emout 22560 dﬁﬁ‘lCa(dBV%go @e2%een t he

cataly cursaor SEOUS hase with h dro

o2 oo F I g iR i Teding BoBbhin MEmsRer i Wherei
a&h@suﬂfﬁmeﬁ@wﬂrﬁe@ﬁﬁd\ﬂl@@o%%@fﬁefcﬁtal@/@m&u@%&? fHthis®rocess,
8420F) in one enbodiment, and between 2250C to 4000C

( &emepip! pdfup somippd with dhosaralyst eresvapTR AR amppntdim 2 to 15 wt. % of
emw@sﬁbnecﬁ@@r ﬁ&%ﬁt' zg%ttérﬁﬁbrétﬁre%ww i nfin g DOt o sulfyr. In one

period of "time wt tenmperature being Increased in

i ﬁmbefflﬁmwt; thegmiging ig ﬂtolr&OOO 8146 (3w PP'QD. tS@thermaerpr per
1 éﬂ?}u(%%ﬁ&goulggfl \Qﬂ] e Fnu@ilnggf %rg&r?%f%g?ﬁﬂsegtﬁg%‘ u emmil'xtttlrg is brought

c antp kedtaa withfa hi g\lebcslmg odaric tiguigr dﬂtesmlxmrsshdﬁmhteato a

ast 95%.0f stoic fur. gyant neces r,
¢ SRR (e iredrS) ol F S et kS atitrouen
WhZodubiing $BS afd fetal flafiddae eNontsS@tbodimert A Slgahio lidtidtiH®ected
enbodi ment of sulfidation in the gaseous phase, the

s 4o WaeryR cpasidigget pﬁﬁpwawmw@eﬁ@www eps thsemmeral lube
fbfigtandWhRe BRE. NG at a | ower tenperature than the
subsequent step(s). For exanple, the first step is at

about [0G0} In aEEDGOdREAQR it ound Zl@F\;atalusteﬁldﬁéd:d fyorabmlbbdnments

1%?th% %at%égt &Féﬁﬂ{’/ﬁ{% gﬁ’% gll\:/ t( ut {he saf p&’r Fi cg?veﬁlo%rate

enperature ke
p va&nt:ﬁnﬁﬂs)ulﬂdléklallasme gatosd Hase anintie Hquid pRabe @slh “qiicleiRbdess. In

225 to, 45Q0C (4370F and referabl about )
280° ¢18P {lhﬁgé akeBo gel oh e Spreipcissies B Pt 25% with the
dusd (ﬁgzaiab,@ts%mffd'e@j & tlh@ Nq&iti $nasré%ﬂd PR thet IR NpBELDSH 'E hl’fother
and about 10 ba (1 MPa) aseous ni xture of

s embmlméeﬁafh&?ﬁ?@ rFq “@6?1?5@)‘9?1 dowbéw With 2 pasaly s yelfiged via the slow
dh&kg&ent in the steps. The sulfidation in the gaseous
phase can be done in any suitable manner, including a

fixed BHalpUsweiskheAratalyst nbhdé myltbmdtaicoselyst greparedhfrem the

t Iggcalyst precursor composition can be used in virtually all hydroprocessing processes to
treat a plurality of feeds under wide-ranging reaction conditions such as temperatures of
from 200 to 450°C., hydrogen pressures of from 15 to 300 bar, liquid hourly space
velocities of from 0.05 to 10 h™' and hydrogen treat gas rates of from 35.6 to 2670 m® / m®
(200 to 15000 SCF/B — or “Standard Cubic Feet per Barrel” of hydrocarbon compound
feed to the reactor).

[0132] The hydroprocessing process can be practiced in one or more reaction

zones, and can be practiced in either countercurrent flow or co-current flow mode. By
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catal yst noves relative to the reactor, e.g.,
ebul | ated process and rotary furnace). [0124] In one

wepdomassTeht, the sulfidation is carried out i nPETES2008/081463
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liquid phase. At first, the catal yst precursor is

brought in contact wwth an organic liquid in an anount

in the range of 20-500% of the catal yst precursor pore
vol une. The contacting with the organic |iquid can be
at a tenperature ranging fromanbient to 2500C

( agmizryurrenf flesy mode is Meadt porosess yrhersin g fepdptrane flowgui d,

o

hgcg.lrngegéetﬁ#egts% th gﬁ\{é ﬁwdégﬁpgogﬁm Cﬂ(r)%% asC 'Fﬁf[al%‘d (é%r&n:ssmg also
omeludehdairyemnt sbutlatengded :h_mdmtrbatupglpuodewss 'éor Ithsl leinogal od mgéur and
of. about 100 10220F) .. I n,another . .. .
o DR omo s MO gh T atompig o B Bidsent i g fossi
sfiehy sach figrviyle0ml Bid-disthiates 2. &Nl dedtreafifi @8 héan Dillertploying a

m neral |ube oil, atnospheric gas oils, vacuum gas

F'F%‘lat'é‘ﬁﬁh‘ﬁgﬁﬁta}yﬁhprﬁ%{gs% s, white spirit, niddle

di stil jpasgsTid lﬁ@rdﬂ'@cﬁﬁm ﬁr@&es§ Sl be%ﬂ%lé“ﬁ@éeﬂ RY nfitlple-staged. In
napht has, "and dasol i ne. %n one enbodinent, the organic

| pwr@bqeimm the plogess i hiave stapewystemyowhgreinthe fisst@nd second stages

2%{@@?5’ men eﬂt t%ﬁtélyétg,l Idgvaht\é@em %’ leelspa\?e@f tllnenc ?zr')?sts use%l hn the system is

Ion (or "start-u
| pgpared fromabe caalga peecasoacohtpositioh oﬁﬁmcmsuorvm th the

sulfid Iace over a period of |ess, than 72

rour s BRI ddoRu S it o fsRBE PRFere gt St prepared
OfrbmttRe &4lydt Brelulsdr can2ndlide He@blelintind hﬂerﬁc@l&éémtﬂ)cks such as
enbodi nent, the quick start- fj%)_]pt akes | ess than 4

helgfias, radyced qrides chydrtssrrkaten rallinaies hydraieaiod w&u?@ospherw and
[ Qtidth daBofid)Qoicty! :g%mfsuiltfﬂogﬁ{eh@ And @zﬁﬁuﬁiqgstl@ac Héa@ﬁhalted 01|'l]s

bet ween t he cata recursor in organic
hmwénnlan@cbwgmsf Emschetriftcmseh waxes @ mmures:ﬁwrd@é ﬂlmeﬁc

in ne t

RGP SRR L DT ERRR o G AR FRph Bocks such
eadwhblererutde pd:trblgimt rahmt:maiudsnbaz:dum&nmm’eslﬂm popphickdeasphalted
sul fi ion | s done i

dat ul fi '
{Cél&lga %ngﬁfofk’é’yf: leodlp, | P“ﬁébﬂ&% 835 qlla\A%V\éSudo rrlg oker gas oils and

t Q4BReMAlal bBs, UBAPhAHRE r&sitiE AR BMkr IKaPORS. - [T 6He eMEBARhRL, the
the first step Is at about 100 to 2500C (2120F to

48209k iop Ch-ofedstaski d mRYBCEpSATOR. fiaiviop is saegted from
e
33(}"@ mpedingilf mydtdu@atgé oid n@c@tfeﬁgrabe)gracteﬂ lubmcatb @ aibstock and
t%grcdlgtdlélgeotl: aCEIOH 84l%ose)pburap%(¥nt%1r1§ f\,%{:(%k{ ¥)r preR[n csn geSd to %e maintained
within certain specification limits.

[0135] In one embodiment, the feedstocks contain a substantial amount of
nitrogen, e.g. at least 10 wppm nitrogen, in the form of organic nitrogen compounds. The
feeds can also have a significant sulfur content, ranging from about 0.1 wt. % to 3 wt. %,
or higher

[0136] The hydrotreating processes using catalysts prepared from the catalyst

precursor can be suitable for making lubricating oil base stocks meeting Group II or
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4000C (4370F to 752Q0F). The tenperature is maintained
from1l to 36 hours, after which tine sulfidation is

w@oploss7es [ 0128] I n yet another enbodi ment, tPEI/US2008/081463
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sulfidation in the |liquid phase is done as a "slow'
process, with the sulfidation taking place over a

period of time fromfour (4) days up to three weeks,
i.e., at least 96 hours. In this slow process, the

cont acting between the catal yst precursor in organic

| Caendlllase ot yeguisgraentanky ane smbpdiment thelatal ¥sgpreenrpuunsed in
bglreggrnlg%éght{llgﬁ V\é‘&l{sgﬁ{p g}rl}z%‘%;'}&es%%%pr&ﬁ&@ gtdb §1§1 ZJJr}]]t%Q oils. White
She'pe(rsl)oibamdtlled whit¢ bids, teervpborlats,itrenspariemnty onlylhqtedss@niamed by the

rrent per hour instead of per
mr%llﬁv"t‘%g‘gg“f 8161‘,'1'85{%?95@?135“ up. The gaseous mi xture
of H2 gndnsghtmyms E%pﬁ@dﬁﬂoﬂ@h@@ﬁl@@ﬁrﬁeﬁlﬁm bh B ppEed® any
or dlfferent in the steps. In one enbodi nment, ﬁ

f Fgagtor Bipep I Qe ambogippgnt, ib@caﬁ%ysz mehfdztfzofmé&ed' oeptes. | In another
Pembediaizhy tv@cp%or%gg‘a&o?s gfﬁlg?&né AR Qh d’sPcaﬁQ)%QJF%d indefids arhe

tenperature ranp rate fromO to 7.20F)
peatalyeypan bafisedras aishuryiin gn ussueportqdefnm pamwrseppcs'teldemadnx such as
c ), @ period of timefrom2 to 24 hours, then
rgfrer%}euzﬂgrsglfor the second step at a rate from5 to 20Q0C

(9 to BAOE) Inper embodimeht) tieneuldarmbaaliireattlysttpiepaseiciesinl the catalyst

step i s .carr.i.ed bout 200 to 45Q0; 3920F to

o RyrsOuf BB ARaE P B ocsBang BeiOIDCe o o patts:
751213561meﬁtoﬂr1%%ulilfﬂnéﬁélﬁc @d@?ﬁhmr&bnjuha%nﬁﬂm Atdéa@ﬂa different catalyst
done with elenmental sulf wherein the sulfur is

i Hedhyskbed aepctass whareia ﬂpfoqaéaéysbsfarf prekedingd gﬁ@qked “bed manner. In one
pEﬁBwlﬁleﬁtSthe'nﬁhlﬁ RhSaliE &ﬁaﬁgs? is GhRORAtRkL 1§yéké‘dt}f reléi%g g}ﬁ@‘i’ with a

t he Cata ySt precurs I N an anount
Wﬁ.rSt bayerf catdhest bamting larger poresize sand theesegdtd lagdr baing an embodiment of

t t . t mel ti.ng point of sulfur. In one
e%‘ﬁe@‘{‘shgﬁie&%‘f?ﬁ‘f et 50 1o 2 100F (82 to

990C,) . [(3BYuiartni ahﬂbydlﬁfenS@vm:élhaﬂirﬁﬁuﬁlLMemilib Ratalyst preparébfrom the
recursor and sul fur, the m xt

f
Ef%ﬁaﬁtprﬁcmsar Roeine TR bedt iyt Mo st gatalyst comprises at

| iedsti10.vol be of'ﬂh&ftdiél%atag/sf han se&mt @ehbb&infent, ﬁmﬁﬁlﬁtﬁétﬁlhb Ratalyst
the range of 250 to 390 OF (121 to 19900)

pFUBRIHeRatdeash Yol glarpl ﬂ'}ﬂ’(‘@mt BiStaHR gn@r{alr@gmhq)dlment the multi-

Aoy SIS 8 BT, 103

gasbtbdlment thia |mtétl-$mta1h¢ catalyst sehprigast least §0 voi. tiesfal layeandakbed

og}lsﬁe‘m afi \Pfﬂle %o&ment the multi-metallic catalyst comprises 80 vol. % of a
layered bed system.

[0140] In one embodiment, the multi-metallic catalyst prepared from the catalyst
precursor is characterized as being less susceptible to fouling compared to the catalysts of
the prior art when employed in hydrogenation processes, i.e., having a lower fouling rate.

[0141] In one embodiment wherein the multi-metallic prepared from the catalyst
precursor is employed as the sole catalyst in a reactor system, the multi-metallic catalyst

has a fouling rate of less than 8°F (4.4°C) per 1000 hour, i.e., that is, the catalytic reactor
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[0130] In one enbodinent, it is found that catal ysts
sul fided from enbodi nents of the catal yst precursors

W@ oposEsngl y gi ve about the same 700F+ converBEDOS2088/¢81463
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whet her sul fided via the gaseous phase, or in the

liquid phase as a "quick" process. In one enbodinent,

it is found that the 700F+ conversion increases at

| east 25% with the use of catalysts sulfided in the

liquid phase and via the "slow' process. In yet
atemph@turentnddltmbmmcremé nP 0Fe- thon BVEPesi 18P0 biaurisn erdeniotrhaintain a
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Bapm énh the apgiagett prodwdton conpound feed to the reactor).
0132 h d ' . . ' '
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etdthiest, tho uniltehretl licesatal ft byy Dfouline Gt ofders tHanAIFD®AEC) per 1000

Bycount erc t.fl ow mde i s neant p S erej

hRr da B4 ERASIGHstE SRHIING Felf 5 ESSDAE-2 Flet 9 %P&f 18bo hour.
hy dr ogRN4 Myt MHoftkr bBadim@ASwhehtenplyyd @Rk B&ES8ddH droprocessing
al so includes slurry and ebullating bed hydrotreatin

prqaetersb@gng hrectlapers driypatlifisrens catalits andgwith theélgéh-metalch catalyst
C SRR bei\p@en e émli f&fmfan pﬂ@{?nﬂ{agﬁﬁl T ©F Ws€han 30°F

resent ht foss as pet r eum
rr(hfrﬂ(& pérl 1089 heur aga @rget IN/chmo¢ntragion nf2Gwippenin the Upgraded product

sl urry catal yst, precur
580y VR Rt o5 Bt Blsp S CRURLLR ¥ Eofi@ibodiment, the
stagiag r¢ isMess thapl 26-°F t(&g&ﬁC ) pdt 100€ h@If’[f&ChhﬂE?m whd’ian the catalyst
process is a two e ereint Ir
sé%msegf“é@@%m}r apgfalrﬁr% heata g QYWS M@P@Fﬁm 3
at:atﬁl??e%&stélﬂ %oﬂPrn&ﬂ@atQéﬁs@kS’ 4194 U e Iﬁd]tl-liﬂé@alﬁ(y @Jtzﬂ%t 'h§s a fouling
prepared fromthe catal yst precursor conposition of

t rege pflossiibanol? “F[(60.64¢) vh@lqﬂéélegr figthe sagee Njarget (20 wippm N in the
hYALRABRESSIRD. B QPSR RGBT M, NG aRRE Y% cIM RS least 50

vol.% of the multi-metallic catalyst has a fouling rate of less than 10 °F (5.6 °C) per 1000
hour at the same N target (20 wtppm N in the whole liquid product).

[0144] In one embodiment, the multi-metallic catalyst based on the precursor of
the invention can be used for hydroprocessing under low hydrogen partial pressure, e.g.,
a hydrocracking process having a hydrogen partial pressure of lower than 600 psig. This
is surprising in view of the prior art teachings concerning the adverse effects of low
hydrogen partial pressures on catalyst activity. In one embodiment, the multi-metallic
catalyst is used for hydroprocessing under a hydrogen partial pressure of less than 500

psig. In a second embodiment, the multi-metallic catalyst is for use under a hydrogen
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fromthe catal yst precursor can include petrol eum and
chem cal feedstocks such as ol efins, reduced crudes,

woydposa7dtkat es, raffinates, hydrotreated oil| SPCT/US2008/081463
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at nospheric and vacuum gas oils, coker gas oils,

at nospheric and vacuum resids, deasphalted oils,
dewaxed oils, slack waxes, Fischer-Tropsch waxes and
m xtures thereof. Specific exanples range fromthe
relatively light distillate fractions up to hi

boartipkpyessurgdrBVesn dA0 tes6afrsige 1o e died gebadinentnthe gwgg@d)artial
A RS URY O o JEERER S RAPPILARS empicving
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?f‘é hal t ed rest ﬁ clc)i ter heavy oils. In one
erbBdiHERD " ORETMCEYAI U LESO0* feedstock. In

anot hefo 1eﬂpmcbnaeﬂibodﬁxf¢at 6&6@@1&@@kvdrﬁmﬁpﬂoe&h afddr mmimgen partial
distillate stocks, such as gas oils, kerosenes,

f pepre ol AbepA00instg. themuy e a1y §IV£66\780°f3*(§@@’er510“ of at
heati 509, & ths 70RFA LI VeRASEshtfhdd a?tta‘?ﬁ/ﬁvogen partial pressure of about 600
furfural -extracted lubricating oil "stock and ot her

dpsigi In agesond emhddimentwHIOSIE prayersigoirate abm by drpgenagpgitia) pressure of
Y

AR 553 P 8 e TR LAL A LU BGPAARNA g potcne
f ﬁardaltmmtsare(ocb‘ abaut 60@psgbshigikri aln atmird rtmbodlimeint, tled@i F+

pm nLtrogen int form qf or. 1 C. ong

nrhaRion BB Ao DHSETHE'S BBAGR af e L R rdowe O ek sov
S t@moh e Icadyinvérsioh @btaﬁreataemydrds Panthl preSsitEERABbUBOD pélg.or
%to 3 Ww. % or higher [0136] The hydrotreating

®¥sses using catal ysts prepared fromthe catal yst
precur Fﬂ%]cﬁ\rbn@ embHiihRAl & aﬁ@ﬂr&@lﬂle@gor{ ?\%Eéﬁ @B&e@g hQHllogen partial
base stocks neet |®% G oup or G oup base
r eegedureimghe wnge of g0 éﬂ%mjg rrélntmulmwtadlaﬁ @ﬂtq)xttt based on the
Y 9 A a
RSSO B BAELE 0 Sl o
rrt:mpeahblocdmhtmla,l Huedt hyldrdgen parkisl, presserecd Ign:rateeﬂmn 2000 psig.

transp t ' i gy ds . obt ai.ned h efining.o
cr ude” TRFPLEREMBLEs T b buSn B DS il SiaeleS it iilo ve
f hewnliivhgeat al yst precursor can be applied in any
reactor type. In one errbodl ment , the catal yst is

1 e M A EQ a S

appl i eIt B 2 HEO. o Al YsEprecursor of
LR fﬁ’rrmd??(}@fﬂ)%@%g((ﬁiﬁ ?ﬂb‘?ﬂ{{@ m% od] Qﬁloﬁ% |6}(§4t)2§q§g}g lf?ﬁ))a}red as

used in seriés can be use | '
i follawsudds Mg rameepnfium hﬂaamolwb@ts@ﬂ;bdal\ﬂ@z@mﬂklu@ xas diskplved in

43 4L of deionized water at room temperature. The pH of the resulting solution was
within the range of 5-6. 73.98g of ammonium metatungstate powder was then added to
the above solution and stirred at room temperature until completely dissolved. 90ml of
concentrated (NH4)OH was added to the solution with constant stirring. The resulting
molybdate / tungstate solution was stirred for 10 minutes and the pH monitored. The
solution had a pH in the range of 9-10. A second solution was prepared containing
174.65g of Ni(NO3), 6H,0 dissolved in 150ml of deionized water and heated to 90°C.

The hot nickel solution was then slowly added over 1 hr to the molybdate/ tungstate
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alumna or silica. [0138] In one enbodinent, the
multi-netallic catal yst prepared fromthe catal yst

WQe@ensser is used in a fixed bed hydropr ocessPeiyUS2008/081463
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reactor by itself. In another enbodi nent, the
multi-nmetallic catalyst is in conjunction wth at

| east a different catalyst in a fixed bed reactor,
wherein the catal ysts are packed in a stacked-bed
manner. | n one enbodinment, the nulti-nmetallic catalyst

i solatipit- ol;l@creswhtirw migfuse s heagrdta 84°G i ewpingantinged for 3¢
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['ayere tem | nen
mahd theaetragd pare siat aflasl&bumxbﬁmnl ses 80 vol. %of a

| ayere syste O In one .e odinent, th
rru|>/t i - ﬁﬂa]?gf L ] Hal /%Féi}gltyst precursor of

PHIRCOFrglh (N&)O{'ﬂ@é@gww % %dﬁz@ﬁoﬁ/ﬂrtmdo emo 6§@43£}e\msl péffired as
to fouling co he catalg?gsts of prior art

‘@n%p@yé@ﬂqlﬂc pSid Mag é’ﬁ%ﬁlY%‘d“ %g:%%d;efgﬂzeﬁ V@ter ahEoPMg
a ténqy&a&mfewﬁe ;ﬁ@ofﬁﬂs eesu{t%éélmémwmmm%dﬂaﬂgéufzwthwsg of

the nmul ti-netall prepare fromthe catal
P RBOIPNS N h¢p§,are¢fpbd§tyee@%;ést@zzséH@ pawddr yes disvsplaed in the above

r S ‘
¢ SRR, FIITy aplioM B} 24, 6 TR Arh it vRlakitesiBA ok W00
| xBLO (+6a5%IV8). THeq;H:ajltaé yersulongaﬂummw:ﬁmmmathﬂmngeeﬁdss 30ml
to.be incre nor e, t ha er 00 hour. |

b Ptiemer e RNy R Bstts e BR Wb FERs iR S e pesulting
t R 1yHAelcadaibs@tcQdHiibs wak sﬁréayfdf OF RivitdsQE e ﬂﬁipw&oﬁk@w The

process. As described in the definition section

f selutipyhadza pH in the range gf Hotahriogmﬂgnp?%s‘ew wag f\%}é@ mﬁ0°C A

055 0Pl i 28 e 56 s o

r deigeizechwalten.. Be qucpbagenlmon vas then slawdnadgded avér@S min to the hot
molybdate / tungstate solution. The resulting mixture was continuously stirred at 90°C
for 1 hour. The pH of the solution was around 6. A dark purplish brown precipitate that
formed in the process was collected by filtration. The precipitate was dispersed into 250g
of DI water at 70°C. The resulting slurry was stirred for 30 min., filtered, and the
collected precipitate vacuum dried at room temperature overnight. The material was then

further dried at 120°C for 12hr.

[0150] Example 3 Co-Mo-W catalyst precursor. A catalyst precursor of the
formula (NH4)Jr {[Co331 (OH)s62] (Mo0o3W0.704)2} was prepared according to the
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The process condition includes a tenperature of
370-425 0C, 10 MPa pressure, 1.0 h 1 LHSV, and

whywoosssss f | ow rate of 5000 scfb. The HDN t ar geCT/S2088/081463
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nitrogen | evel of 20 ppmin the upgraded products.

[0142] In yet another enbodi nent where the

multi-netallic catalyst is the sole catal yst, the
multi-metallic catalyst has a fouling rate of |ess

than 5 OF (2.8 0C) per 1000 hour. In a third
eddisaiingprocedurgs 1f 3 phgmmaniem @pta@@éybldht& NP EMOFO(: 4H20
oS0 BB sob W3 b 8 A0S LT Rt
hadditign of24e6g afypemsoniim tﬂ’etaamgsﬁafef(bllfh)aﬂzww(hb w31, @h6l5% W).

it h mul ti Ilic cat. t co etvvenlO
g e e e G SR top e Sy Bt ST RE £ BT h Sheing ejfflon was
| @Ecpaiel @btk f(8mg7)@@baﬂl&ﬁtraﬁk@Q&ah@dtﬁte&lﬁss@lvécﬁfnﬁOng deionized
concentratl on of 20 wtppmin the upgraded tﬁr oduct

UG e\rt&yfftéesesagmaé%lewrb\%s %ﬁfax}éhe(rav%ecp et 39 am|of concentrated

3Nk )@)I—Pwﬁ?&@@g t(ﬁﬂf@ Q8L fT® Mvith E&%tafnpéﬂrhﬁg fnﬂaﬁy'n‘?bsk green in color
than 26 OF (14.4 0C.) per 1000 hour for a system

V\Iﬂ?eqcmltﬁtetWﬁé fermed|Igtet tugimginiose? layer hisiwre wW2th agseenishspspension at

oA PO )25 BlokRlonEH e b echliyfife ERRGH R Blen oy

maﬂdeid orvet Iai hirctoclt mbhybdatéiamgaatk colutigatrradre tofipdrasie. The pH of

an 1 10.6 0C). . per 1000 the sa o

et ol 3 e A e R PE 1 P et o 80°C and
f@uﬁttdao@gmeiitda&ei 1 héurC &t rp{l$§h ¥B4uUSPanGidHWak FiltB&d Sbhile hot. The
| east 50 vol . % of the nu tallic catalyst has a

f @tﬂcw@tervwéh&pﬁm%w 2 ﬁbﬁf Db “@r-cr pis/ BCodhe peérlltmee@nwmﬁ stirred
aty tj@%§n§ﬂﬁ~?‘l6} "ﬁ'itgl%ti &%Qhé"éo@ﬂ%&‘lpfeelpﬁtgl@ v%Rllrr?dlllédod‘t' lrcg)m

product) I'n one enbodi nent, the nulti - net al
caetnateymre @asr@tghb nTheheatgrid ovas ghen forthar ldeied ANVKSAET dor lélhn

be “SGFOIS?LEQ‘"}{Q@QR{E‘% 9533 A g”%§8s@defn thﬁ‘%’xﬂ}{ﬁlr 098” o? ahidd Ahatyst
pressufe

h]bdffc()@&ﬂprp[airréd al pepemqﬂdssel o8 Wammxedtvhlﬂno GQGf msuhgcel Jhi s

i's sur of .the i or art hi

oSt Rl pflls e anEhifor S GREgMTRiess pogymer
prﬁe&spws:heﬂu@ataxhqya{y) %Ei lagpro¥imakdly 05 6f Bniva@t Weidded h&nother
mul ti-netallic catal is used for hydropraocessin

uri@ef watenyay ggwly a,slé\%c{ bl therraixdyss wag et 4@@9%%0%696“0% The
P$iSturd voasathéﬁé@ﬂﬁge@mqgieﬁ%ﬂger hig 1 504t ﬂrldﬁg ahfidig
catalyst is for use under a ycfr ogenart ial pr es%ur e
bet wee D 14dDExam@e6 SpHidgtio D di phasho diheeatalyst precursors of
hSLRgRn B B {ac@J 72 %Hﬁﬁ%rrrgascgo%tr 158 00 AR 5085 room
temperature to 250°F at a rate of 100°F/hr under Ny, at 8 ft'/hr. The reaction was

continued for 1 hour after which time the N; was switched off and replaced with H; at 8
ft*/hr and 200 psig for 1 hour. Light VGO oil (end point below 950 °F) was pumped over
the catalyst precursor at 250 °F at a rate of 130 cc/hr (1 LHSV) while the hydrogen gas
rate at 8 cubic feet an hour was maintained. The catalyst precursor was then heated to
430 °F at a rate of 25 °F / hr and dimethy! disulfide (DMDS) was added to the light VGO

at a rate of 4 cc / hr for approximately 4 hr. The catalyst precursor was then heated to
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enbodi nents of the nulti-netallic catalyst is
particularly preferred since it results in |arge

W@ 200008583 N constructi on and operating costs. POWUSI008/081463
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one enbodi ment of a hydroconversion process under a
hydrogen partial pressure of about 400 psig, the
multi-nmetallic catalyst gives a 700F+ conversion of at
| east 50% of the 700F+ conversion obtained at a

hydro%en partial pressure of about 600 ig. In a
s $00 b, aadithsaiateeod DM @Rdition ingepasiddn Srcat ar. aTheetem;'@rmgeewas

P Sl Rye hERR E Sy n R iler SRRAR Do Rl b B

parti al0lpBEEsamgle 6fSuifatation 6@6 DD pas pliusghéatalylsn’pra:ursors of

third di ne t he 700F+ con rsi,on

yPBBER L ERAR R eI SRErte et doe BB BrcPeutie

| $erdperdt@@ShasP%ed 6@ STYOL 4 rat0 BY CUCPF R uRdr N0 8 fﬁt’/ha The reaction
hydr ogen part| al pressure of about 600 psig

[ me?ntm%mx Iehonbefisraiichgimethes N ee sritehed qﬁﬁe{rﬁrrérgle@eg with Hy
urasﬂsf ﬁ3/ﬁr madlro@cgﬁ@ leaf hdd! TRE F:?Sp%és%uﬂngJs RgeniR0E e@to f@g)SIg and

psig, the multi-netallic cat base
pmwumgoi fopiess then il iw.eatitet which éimewimethy dhedﬁde CHM@& wahadded at a

A rlgé BE% e hGUFANG thel 'Pé’a%{lor%:&lf%%ﬁ%’ t%cge%%ha hpggl&oo%yatgs?precursor

rogen  part pressure ter t
[ @\Zhéﬂjen Fﬁmwmmo “Fhandftbé fama/wfrlgl\/liﬂsl addttroanmoreased(ar&)&odshr The

are intended to be non-|im.ti 014

N G ai e e SHepL S et et ol plidation was
pcempleor of the formula (NH4) ([N 2 (OH) 208 (GAH2O4

2 )O 0(1)1 & 035W)6504) 2} vvas reared as foll ows:

52. 969[ 4 hEnasmple i cls grispy  lHth examples,

i ls 350168 btglgt ﬁecu%ﬁsd@ér@ Qi &Qeaﬂ@{deao rerdﬁ’imudmg

nperature e resu t|n sol ut'l on
VVICOIFMCnUleeCath@E(Mf-ME-Oﬁ alupgng Sp-fo- Wmnd |N1tM¢D W unsupported

bov
so%t%&%ltn%tdq; ﬁo | Fr e lrhl\?i oflo{ﬁs? %uqﬁ%er Acure? r%ﬁl{arscgs fCo-Mo-w-

Pon and
C arpdact ee:hmpmzss?oLMedN o9 exdmpié 3,camd NMﬁ&V&ﬁhléaNﬂ;)aﬁiﬂldMa)S The

o e SR M oSSR LG TS o

f UGN ferdqiewitRA Bofling pBifk MBI 700¢da sl content of 31135 ppm, a
nitrogen content of 31230 ppm, and other properties as presented in Table 1. The reactor
conditions were at a pressure of 2300 psi, an H, gas rate of 5000 SCFB, and an LHSV of
0.75.

[0155] Ni/Mo/alumina is a conventional supported catalyst. Ni/Mo/W is an
unsupported catalyst along the line of the catalyst referenced in U.S. Patent No.
6,712,955 and U.S. Patent No. 6,299,760. Ni/Mo/W/maleate, Co/Mo/W, and
Co/Mo/W/maleate, and are catalyst precursors made per examples 1, 2, and 3

respectively, and sulfided as per example 6. Results of the evaluation are presented in
Table 2.

[0156] Figure 1 is a powder X-ray diffraction pattern (“XRD”) of the
comparative unsupported catalyst precursor Ni/Mo/W. Figure 2 is a XRD of the catalyst
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solution had a pHin the range of 9-10. A second
sol ution was prepared containing 174.65g of N (NO )2
WGE@RDYIsH7830l ved in 150m of deionized wat er aneCTiEs10881081463

to 9O0C. The hot ni ckel

over 1 hr to the nol ybdate/ tungstatesolution.
resulting mxture was heated to 9 10C and stirring

conti nued for

in the range of

30 m nutes.

5-6. A Dbl ue-green

precipitate f

sol ution was then slowy added
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The pH of the solution was
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mal ei ¢ aci d VaSs@haRlIWEd 1T 8007

at

W. The pH of
range of 4-5.

to the solutig

nol ybdate / t

m nutes and tl

t he range of

room t enper
was W thin the
hept anol ybdat g
in the above g
of ammoni um MetELE

p§5 giei oni zed

A hened WL HH OF T1E

AU ting s

wat er
| uti on

a %~

01305 amorni u

JNEAGRNEAGRS ofwu p

DYOET Was di s

of ution, fofiowed Uy

additiomn of

wt@l € (I\II‘I) H

N 2040 XHZ0 <

W5 r esul ting sof utd

OZhOYERS Wit hi

3@y of concentTated

Tite O was

oW T constant Stir

8g60. 1he TEes

Ngeoat € sof utTom wWas

SohpyEd o

sl TONT tored. _The

sol ved
24. 679
>66. 5%
t he
added
ul ting
10

hAYgeT had

=10 at ToonT tenperat

re and was

a pHin

heat ed

to 9Q0C. A second solution was prepared containing
58abl8g of cobalt nitrate dissolved in 50y of deionized

wat er. The hot cobalt solution was then slowy added

over 25 mn t (rebdd@ciimoRRmyBIRAIAN| Mo Séatd/NA BbMEAWmaleate

Theoaresaldrsiang| m xt ure was cgnti njously stifred gt 900C

(Wt-%/wt-%) 34.1 30.0 30.0 20.7 31.1

Temperature (°F) 725 700 690 700 700

No Loss yields, Wt %

C4 minus 0.0 1.1 0.9 0.5 0.6 1.0

C5-180°F 0.0 1.0 0.7 1.6 0.6 0.9

180-700°F 6.5 36.2 3277 32.05 24.35 33.43

700°F+ 93.5 62.2 66.0 64.1 74.8 65.1

Sulfur, ppm 2.7E+04 7.5 8.3 8 281.4 126.8

Nitrogen, ppm 1.2E+03 <0.25 1.2 1 17.4 4.0

[0157] As shown in the table, when the Group VIII metal was nickel, the addition

of an organic oxygen containing ligand to the synthesis of the catalyst precursor
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for 1 hour. The pH of the solution was around 6. A
dark purplish brown precipitate that forned in the

W@e@eesssias col |l ected by filtration. The precPi/Us1068/081463

was di spersed into 2503 of DI water at 700C. The
resulting slurry was stirred for 30 mn., filtered,

and the collected precipitate vacuumdried at room
tenperature overnight. The material was then further
dried at 1200C for 12hr. [0150] Exanple 3 Co-M-W
a:raptalvo;cttﬁle patekyuc 8aivity by l@mraigyclaq 3¢9 @@mmn f@mp@tﬁé‘re from 725

(%Oé%%{}tlé)a&zlzﬁ O, L[mm?) an? lglv(\)llg h d‘rp T art e (ﬁ%]}/} ~thaleate).

Wheﬁigﬁ@gﬁoluﬁrwgﬂ Memmay bd&llteth(e IkEhb ﬁrhﬂm?\%dev‘ﬂdéﬁo)vpb wd:eeased

was .di ssol ved in 800.0
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PRdcalsongephtfon( NHA) 6H2ZW 2040 xH20 (>66.5% W . The pH

of the resultlng sol uti on was vvlthln the ra tge of
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g 8 2 g te E‘L‘{S% ??’F‘s’fli\lrﬁ’d e(%fl?{m@ist d de etmgplaqsz\évﬁ? : y%?si ol;'ﬁevt\".rgt I'l‘ayer

Rb@pHifs Latvel. wast t@fa[f,@dA] aii&ﬁﬁmét‘dfally agailablethigh-2ctivity eaitalyst for
m xture with a greenish suspensi on

at t t a
thydroprasking gwtmw@?hcaﬁfﬁ@ fxgp & FVf@BM%WﬂS@O‘?ﬁ? g% e, CA of
E&%E%%&&Wt% ARGk AL B0 &P1 08 MgdtdmA). The second layer comprlses 80

ate/tungstate solution at room'tenperat ur€.
p’lsll &ﬁ of dnetheeserhmpreiplly avaitablsrhi glactivity ptalystfer h}édﬁ@féa%fng pretreat
2 ?llc%tlo e, {] ra?sov%ﬁ'n I&T\@frgﬁj LR ot AvigPRLh AP PSHe%ize in
SPPYFE for our grey suspensi on was
fihd taggeest fidm 7@t A. The precipitate was di sper sed into

gt ISrL r i@l(ﬁﬂ)pa es{.r‘.ﬁ)%te(ng e%pé(j-l;geaplr ren'[%giit I ng%ff? Plﬁl Yn&aiTic catalyst
QRink @i h1 Rk E&b\lﬂ%&ﬁh@ | ARSI 6’[11@&5% ra@ammmeym wW1.€% of

e material was then further _dried

ht
over o ?\@fhemlﬁﬁlle Igy91 camprises A V-2 opialyst Brang rt'afc‘&‘é’m layer
o egnge% 3%%!113) L 612 &al n‘gﬁtgt‘epglrehq nf ik M@gt REGRWE 5@Exampne 1.

ared as per exa was m xéd .
met hod@161] The catmlwﬂrpmcatsms lawlas bmpée wenehylﬁsiéqi P-‘EJPS)Q éqwd phase

an ro opyl net.h I

SR BB LTl BB IRp! EPTEs cd o5
B ethdicish fidniatdisel of gightf VEBtatin E/ﬁamlslb Gy\ht}abauidé'd QAoH,

the m xture was .of an extrudabl e c%lgal%&;i}cy The

followed by slow ramping of reactor temperature to

[0162] In both systems, after sulfiding, the system total pressure was increased
to 1500 psig and changed over to a straight run light VGO feed. The reactor temperature
was increased to 620°F and held relatively steady for three days. After that, the reactor
temperature was increased to 700-780 °F, and the system was run at 1500 psig total
pressure (1400 psia H; at the reactor inlet); 5000 SCF/B once through H; feed, and 1.0 h'!
LHSV. A petroleum feedstock having properties as listed in Table 3 was processed
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whi ch 160 Tatik ﬂilida&h@yieM@Sndlmmcepmpel[ti@iSﬂt]le BDivimine c¥mparing

- Catalyst /

talyst” P
Sy el o7 a0 b AP yEEan

s (Ni

g?alyst

S TSGR s, ey

-Mo on al um na,

gja(a@%t

Ve D oR R iz bR LR L

Afle a0dyaanaRMah anl e'i’qiﬂoldﬁhdihﬂ oﬁme\tﬁ@ﬁybm&dursor demonstrates
-Mb-Wand, N - M

@hleagipor'F mrwﬂap U @m@rod%rmr@ma% aetivi than tﬁ catpfyst

%’s’tm ?a%& §7 Q)f)%ﬁprhﬁ"ogen in

ate

exanpl e

e stifpyer bottoms product with a C.A.T. of 731°F at 480 hours, wherein Comparative

Catalyst System I gave 17.5 ppm nitrogen for a C.A.T. of 751°F at 504 hours.

[0164] Figure 5 further illustrates / compares the fouling rate of the two catalyst

systems, System I with the prior art catalysts, and System II comprising a catalyst made

from an embodiment of the catalyst precursor.

As shown, Comparative Catalyst System

I has a fouling rate of 32 °F per 1000 hours as opposed to Catalyst System II with a

fouling rate of 26 °F per 1000 hours. At the end of the run, the C.A.T. of both systems

had to be raised to get the same desired HDN conversion rate, i.e., less than 20 wtppm N
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eval uati on included hydrocracking, HDS, and HDN
activity using a vacuumgas oil (VA feedstock with a

whikiosgI8Ppoi nt above 7000F, a sul fur content oPCBLIRHS/081463

ppm a nitrogen content of 31230 ppm and ot her

properties as presented in Table 1. The reactor

conditions were at a pressure of 2300 psi, an H2 gas

rate of 5000 SCFB, and an LHSV of 0.75. [0155]

Ni / Mo/ alum na is a conventi onal %Ported cat al yst.

i YW WP Bor Siystemd U st e \wtrausgckno 41l SR gt §38chonrsries. 6 °F at
at a f referenced in US. Patent No. 6,712,955

s B b ahF o, 6, 299, 760. Ni / b/ W nal eat e,

Co/ I\/b/[W65aEdalﬁﬂ]/e|Vbll\1‘DNdeaame emalogtingroatabat: aPeyformance of a catalyst

pre urso e xa es 1, 2, and respectively,
TS b am e o (5 B Tyeorl o Sl S

%‘jféllo'déhtr%bnﬁﬁ(ﬁl @IReERLRAH. i N Table 2. [0156] Figure 1

IS a powder X-ray diffraction pattern ("XRD') of_ the

conpal @66y Eompaiappoietelrsichrsiemyke mIﬁPléséM’P§@ferN| Thefjreglayer
F:hglﬂf\ll?c}ség'/v\% @, F)q:{%a%ﬁys; Re 9&5@@6?&"119 LeHbRMYI gﬁJ Qﬁﬁ/ﬂ;(@%algfst for

te o Figure 3°1s a
dydmcoking pirtdatrapplicatibng fiem |(]1neenon iLemmus QiabdeOf/ §an Bamer] CA of

on the Co X I
O SRS S R B T s
Gol. ¥b bW¥rdthebxafipkiadly alvﬁllaibtbﬂn@@ﬁhlvﬁﬂygamamt fot hgdrocracking pretreat

cat al yst sanpl es we eneral | y was
POP el aPsrd ATEE AR COFT ORI Aot ek D s PPy size in
ttgeltahgegmmﬁgmg)}‘ Tabl e 2 [0157] As shown in the

abl e the Goup VIl netal was nickel,

e, th
add| t d@}ﬁ%ﬁa@&vs@ﬁm H empjepsrin corbedimenhef 4 mglamet@tbwtcn@lyst
I 0
Ca[ﬁg?@eﬂa‘?algsft Pl;elegrs&aib% }%"edpsryﬁ&lﬁtr ﬁg{%tg&iag' F(%rﬁd?ges 20 vol. % of

omer onversi
tGglgst A, titeem fddbriay‘/ez 501(191011&5! & tzolo’%ﬂcbf (Mditaljty Bahnchtbe b))ttqm dhyer

(ReeGrtsay ol 1 ookt kerbpa e MR B PRkt e 1

evi derfo168 tﬂﬂe cAsIy S &!ﬁrs@félh\ﬂhl& b’x Swal sQH‘QlaﬂlhﬁngJXMQQH phase
containing ligand (mal eate) was added to th

ﬁpﬂ”@mgsmcqsirl@pa? aNigded pentaste EQ%‘ﬁﬁP‘élYSt wit al;f t"érf%ed (c-g.,
&IRLAY QSlIG&L @ISt or 12N VODRAE BxdMpld5 LAELBOWIYS — 250 °F,

followed by slow ramping of reactor temperature to 550 — 700 °F.

[0169] In both systems, after sulfiding, the system total pressure was increased to
1500 psig and changed over to a straight run light VGO feed. The reactor temperature
was increased to 620 °F and held relatively steady for three days. After that, the reactor
temperature was increased to 700-780 °F, and the system was run at 1500 psig total
pressure (1400 psig H; at the reactor inlet); 5000 SCF/B once through H, feed, and 1.0 h'!
LHSV. A petroleum feedstock having properties as listed in Table 3 was processed
through both catalyst systems for a hydrotreating (or HDT) target of 20 wtppm N in the
whole liquid product (“WLP”).

[0170] Table 4 lists the yields and product properties of the HDN runs comparing

the two systems after 480 hours on stream. The results showed that the system I1
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enpl oyi ng an enbodi nent of the catal yst precursor was
eval uated in a hydrodenitrogenation (HDN) system

WO 2S387€npar ati ve Catal yst System | enpl oys PE@DUS2008/081463

| ayers. The first layer conprises 20 vol. % of
Catalyst A, a commercially available high-activity
catal yst for hydrocracking pretreat applications from
Chevron Lumrus d obal of San Ranon, CA of a pore size
in the range of from80 to 100 angstrons (A). The
smpbrydlg thy eatalasimdueszeﬁl ®@mbhoHimayg of the g@alysiprecursor demonstrates
Leloal | |
fmset 2@ £ o¥neg &\F‘)?e r? gla)ﬁ @B%da’ﬁ (!) h£t¥onéa%tg{lt§§§anéﬁé gﬁtzél%st
fsyswm WMrtwpmmrmw Fofkxinglle, G&tdl)h;t Sysemll gave rbbr’/ PP/ HEogen in

fpctdener POt 9L oy DBe Y bF Sh A ReFRtn Comparative

Gk Y SYstf il Rove h7e5 ith aldogtn RrQ@ASOLS i731F 4t3Y8hes.
system " The top |ayer conprises 20 vol. %of Cataly

At héOlifisarq Sfpsheribppratesd sompargoihe dpulingcate of %ttwscatalyst
%Pgeﬂ‘lg %g?tg&tl%m}@é’ ?fnolc 198 aRPSYsdm IIO/é’ogfpr@ng %tcﬁllamlt made

epare rom-t at a ys récursor of
[fﬁﬂnﬁa:] embaimentalf yetcapilyst preswss. iAs shoivg, @wangwevw@atdyst System

Sllflngs a g Mg?{%ggf %O‘J .tpa Etlﬁ(hoawglfsea*sso })(f)sle? t({I @at?fygt%g{éhlll with a

SbllhlLrigdhtB@f De&fipdrel0g0 howts.nAt thy |endi bSﬂhb furd ¢hel (EIAdT @ bbthaystems
t VGO as in Exanpl.e 5) ut . 175

Ftbbseralss@ tasgeb fhersamp #ﬁsgree%ﬁ}s“é ﬁ%‘TVSFS“l“erﬁﬁe‘r%t %f\éﬁpPBI W gpthe
WLﬁOIQF SyE@hGRlthd 0.4 Nass¥BELIEA4 19, tRBSSHOrE 0d. M6 Ft he1008
systemtotal pressure was increased to 1500 psig and
dlenrsderSystesr 1.t o a straight run light VGO feed. The

{:lagi G6617‘:2 TR YOS uRELHONCK g&’iﬁﬁ iogirZ-Q%aD@ﬂ u ¥ tse. The
rce&@tsOpretLesmeoﬁExar@lwhél\li Mo Wasadate 0atFIgg-pT&0rson, wasmdhced in a

e.s s.run t 1500 t ot al [
Ry, TG ety AR rafs o P BPRARI & 4R e of
HRofeRindaiN, gas Qt & fil/hi-ddQry ok mewta:yg lpmcﬁsetist@ﬁé« about 1 hour, at
havi ng properties as listed in Tab]

priveledme dherovviished efhend nga@y‘g%ﬁg at?%ﬁ”‘g and 200 psig for 1
r%ﬁf obru%élt»\/&q:u(‘lﬂ;ed U%)thé @a‘c&l?& pRefcun%Qr a\’t@'@m Nairfe b €30 cc/hr (1

whol e 11 qui d product . Feedstock used
fIFIS Y )ouhilathe hpdregancgss raﬁg af b ) feqtaam@umwas wpigtajrigd. DMDS was

yaldgecf:i actae}gtg o?qucldgﬁlr R g.Bﬁ‘l(’)glll’r%%Cl}Q ho B&ﬁs,'ﬂ}l iht483ked to 0.8 cc / hr,
conparing

while the catalyst precursor was slowly heated to 600°F at a rate of 1.88°F / hr.  After

reaching 600°F, the catalyst precursor stayed soaked in diesel/ DMDS liquid phase for 12
hours, then heated up to 700°F at a rate of 25°F/ hr.
[0173] Example 11 — Evaluation of Catalysts by Different Suifidation Processes:

This test was similar to Example 7 including evaluations for hydrocracking, HDS, and
HDN activity using a vacuum gas oil (VGO) feedstock with properties in Table 3, and
reactor conditions at a pressure of 2300 psi, an H, gas rate of 5000 SCFB, and an LHSV
of 0.75. Performance of the catalyst sulfided in Example 9 (“slow” sulfidation process)

was compared with conventional catalysts (Ni-Mo on alumina, Co-Mo-W and Ni-Mo-W
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the two systens after 480 hours on stream The results
showed that the system Il enploying the catal yst nade

wawaok/osa18Enbodi ment of the catal yst precursor PCT/US2008/081463

10

15

20

denonstrates at |east 20 OF nore active in HDN

(hydrodeni trogenation) activity than the catal yst

system| with the prior art. For exanple, Catalyst
System |l gave 17.7 ppmnitrogen in the stripper

bottons product with a C. A T. of 731 OF at 480 hours,
V\mnmquted:@atpla(sta): andeembadimepistof tyeseatatyst Prsaieors sulfdeghising a
nit QU8 )

= qélur - \glﬁ]d r&:e’% -{Co ﬁoa?\géla%'azlte%tf exi Slggﬁféa\’ }\Joll\{l)dl' LoAhaleate of
r edagnptd 1)t he tvvo cat aI yst systens, Systeml with the

' t d System | .S o
Cot o D P4iaths F i o Bondl e mee by Rlel 3t EgBpre o Cstow
PELGAHEDR procéss) FROIWt-00 W3k at 6956 T e @ppysdd tSyRt 30 B5 hago/wt-%

a fouling rate of 32 OF per. 1000 hour S op osed
CAnPSioN ragselipingd frWtCHmsenﬂ%rml F%‘Y?‘éﬂi"@f) g W“ﬁyeéo Mo-W and

11QPQ/IohWJLLr§gpp%'i'teg laﬁa | se fd ehibBdintéis Jritee c@tagfsl—pre@ﬁrsmtsﬁlﬁded

systens to get the same desired
cusivges S‘qmnk’?mlféﬂatlpn procedselsee TAPAIRH convrsinarresult in Hiablep.

F 7

Sy g B TSI B ol 0.5
ExveNphsopposedttibbiiesy b pemavteNrinl Exantpde Z.allaik ymibunts to a 10-15°F gain in
e L oL R RS ™
hydr odgyny gy}%emé lan&dﬂQan SY Diffsient [HY 166l Gesxpat atlh wes

Cat al yst stemT enp two | a ers The first | ayer

c@’wp‘m]ﬁs dhe %@l)(ﬁbiimﬁ%ddfl aleyl§t(“show asuiatienLyvas qVﬁ'uated for
ﬁrh&?&k@nﬁé% gﬁ %I}'%\I %/ t19fn?$/ %{M@B Vglch{l mhp4d 69&(/@@5 'f&ﬂstock having

reat ron Lunmus
Sme pRepedies sigAvroin Tabedt. €Tt czalyShWaﬂw@’ah@t@geméﬂ tfvpdrﬁffscﬁt reactor

y qn]dlt%na,frg%&%tpﬁesP&rgg %B:de Se%%g \?ngaIff éﬁ&;ﬁ?&g&@g@ {egeelc lyely,

C itA lthesdamle OH, Basdate of a0d0 SQFB),raﬁﬂ ae BHSYP@ (.75t Aothe low pressure of
ULl L UEVL 0 SRS 2880 1 P

[ Gwﬂ SRR oSlateDIabEIN 30V, AP PYIHBParGiTHastsureNt of a

multi-metallic catalyst using the catalyst precursor
i hallepPayer ed system The top | ayer conprises 20 vol. %
of Catalyst A Préb Al ddte |dyer COTHRELsREE 90 val. % of

Catal yst B, angpiiggnApttomtayer 500

N, ppm 1100
S, wt % 2.72
Carbon, wt % 85.6

22 compounds

Aromatics, vol % 35.0
Naphthenes, vol % 27.8
Paraffins, vol % 13.5
Sulfur compounds, vol % 237
Simdist, wt %

0.5/5 640/689
10/30 717/800

50/ 866
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conprises 25 vol. %of a catalyst prepared fromthe
catal yst precursor of Exanple 1. [0168] The catal yst

WQe@o0sss8s s in this exanple were sulf ded usi NBCEUS2008/081463
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l'iquid phase sulfiding procedure, i.e., extended
contacting of the catalyst with the sulfiding feed
(e.g., dinethyl disulfide in diesel or light VG as in
exanpl e 5) at about 175 - 250 OF, followed by slow
ranpi ng of reactor tenperature to 550 - 700 QF. [0169]
In both systeng%9@fter sulfiding, [t9&1@Ystem total
pressure was il@®P®ased to 1500 psildé¥Hhtf8changed over
to a straight run Ilght \KI)feed The reactor
t enper @ 1¢]1eExampld Mg % A . A catalyst precursor

r gtl tﬂ kOI'l%LJy Zd{il;z é\gﬁ 2. HRCdﬁXﬁ “ t(l@foﬁlz% ng'ft)zl? Qvas prepared as

reac or te creased t
t fdlosyst.@hy wﬂmalewracat wdsshGolysd in 3096 qﬁdelgsluccbwetmﬂ@oom

N e
haﬁmaglumm@%ﬁdlﬁﬁla&m4§moi4mﬁmmdar was dissobvelss e above

t hrough both catal stens for a hydrotreati

Fﬂ’wt'q“af Jouedy 2B S 8P RGN BeioCiE ag Dol Wiz
XIWCEI(Q% o) W)O]Thz$ﬁ & the tebRliSg §dM&ion vdsattamthe RAREWEY-S. 30ml

properties of runs conparing the two systens
abf @ncmteldduﬁs)qm vm a@daﬁhto thegoluben Mth cgw»é girfingt Thegesulting

e?‘(PSL@F% nlfnrggtfape%/sﬁg’glg Ialltg‘g‘ P 3@%&! %P 10 HRfes i heAfH monitored. The

precur sor nnnstrates at
| eglationhdQfpHrinrthe sopé vES-il 0 awm(tmmrmmnﬂwwgén@tcd worP0°C. A

ggqtclog/cli:t ut ha%}pggpaézcgp i{ing;%ﬁs %S‘Zgnth zlmcd\étv s%emf: r)}d?é{te dissolved in
n BQ%QQ&Ebﬂlikdtvlv'h‘i‘erS trhé B@@ﬁncﬁ@ldt@l’(ﬁva@ Itl&dlsﬁiwlyvadidtda)v& 25 lin to the
31 OF at 480 hours, wherein | ve g:ai.ae%stl.
spgtt@wdag%{\uagswe ST NGB (e & B o bopt Sof ek ne
Atk \D&%L&roﬁtl %1? Yiréd zg%eC RorfiUduhes WHlﬂe%§§ﬁeﬂ§16}Swés filtered

conpares th e rate of the two catal yst systens,
Sydiile hot. "Khemcum@tqwasohsmrs@d ﬁm 3Pl of DI watry a{S e rhhe resulting

co r| S] ng?% ﬁ’?é@}r}{" k,sl_[m}ﬁeﬁ e'}mmg?ggl?é\%ﬁg& a;ﬁfatet\tb%uum dried

S&iﬁﬁoﬁm dtbmbaswae clf\muh ghg Thatrmtemhl @é’s tﬁ& @mmeadm@ athﬁ°§ fas12hr.
to_Cat |l

2 he Pryictrigop ehiLhe Feonp ng et gt Ty 1B ey RO {iflgt pBle votume

Cvfds droufd 0001y, By&Y £ aRd hedvéragdpore sizs eds imu@ﬂainrﬁ he
sane desired HDN conversion rate, i.

t he W.@17gbThsfXRPraaftern af te ceta,hysﬁ—prewgorrpé?%agtsggxyrhTnFlgure 6.
OF. at [(?1%%] B%ﬂaﬁle \2 (an%ﬁlgpgn-l\% whHAReic catalyst precursor). A catalyst of

the formula (NH4)+ {[anj (OH)2_3 (C4H2042-)0‘05] (M00,51W0_4904)2} was prepared as
follows: 17.65g of ammonium heptamolybdate (NH4)sM07024 4H0 powder was

dissolved in 800.00g of deionized water at room temperature followed by addition of
24.67g of ammonium metatungstate (NH,)sHa W 12040 xH20 (>66.5% W). The pH of the
resulting solution was within the range of 5.2-5.4. 30ml of concentrated (NH4)OH was
added to the solution with constant stirring. The resulting molybdate/tungstate solution

was stirred for 10 minutes and the pH monitored. A second solution was prepared
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hours for System | . [0172] Exanple 10 Sul fidation -
Slow Sulfidation - DVDS |iquid phase . The catal yst

Wee@ensser s of Exanple 1 (Ni-M- Wnal eat e catBCT/ES2008/081463
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precursor) was placed in a tubular reactor. The
tenperature was raised fromroomtenperature to 250F

at a rate of 100F/ hr under N2 gas at 8 ftVhr to dry

out the catal yst precursors. After about 1 hour, at
which tine the N2 was switched off and replaced with
Heonggtinigg £9.3phef zirginiraie hexdhydrats dissolygd in 5 Z%esef|deigaized water.

pyupped_over .l

b OB SEmEfE ackd %o i b, RIGTE K18RYn Hla FRORE Bhi? THR PR of the
8resultihg sdletixin was wichin theasngewif 0t 1aiThe dinc BANDSnwmas therdgddwhtadded
a rate of 0.4 cc ./, hr for approximtely 40 t her

"ot ol et 4 e vy datdfuedlar SRRT B RO B Emp el B e
Wah$x t Srle QVis Yedtediosmhot and 08dnuaislyostirat €oroff hour 8B0khite suspension was

After reaching 6000F, the catalyst precursor sta
Cbliscedinlc B Tbr promisesei s RS Hbel 7 55 OLDY st 8 e he
h { 3} 36 AR, iMd thé BdIF3 ipi
E‘Zeg‘t’n‘gﬁ%k’?"f& o f D BF SO AP T, R by DT 1 fedled precipitate
Swacinatried at Pomdempersture avsimghte Jhe waterig] yig then fugther dried at
I i ncl udi ng eval uations for hydrocracking,
HDS, afﬁfj?%l'f)N activity using a vacuumgas oil (VGO
f eedst @a koM e PR D pettérh @ the mestiftingea@]ystprelcurgsias gown in Figure 7.

condit t a ssure. of 2300 psi,,. an rat e

of 50001 SepBxaniuE] £ BHtnGigh anocsss o 17 iy Pl kg covalys
C pleBhrySiprepakdd A@er Exantpie@plie, Hd(14shaewiixedivith dBEiodmethocel, (a
process) was conpared with conventional cat alf)lﬁt S

( emmprcisty availaoleamettdoolislaae andihygronmranyhasipisetlelgse polymer

C | i . S

TP 5 < CSRERTRRA bt oo o bkl gt ot
W gaf wattewar slexlkamdied unti e mixtunpwas/gfresl cxtrudablst congistepsye The
1). ..[0174]. The 700F+ .conyer si :
el NS B RRIBRR O PRI

43 W - f#18W E£angile 66 SSARdatim DidpPSdepid phabde TROcdtaly8 precursors of
wt - % Wt - % conver sion rates aobtained fr onveqtional .
Cgf(gpglgsi 5 1(3P\ﬁm 4 Were g[aﬁ e tubyanpeaglor, (516 FMpefatire was raised to

UBSHHRRPL t86 o £ FI0RFMB hisder ADY a£8RYBE MERE feadfont Wi coAfirled $6r 1 hour
precursors sul fided using a "quick" sulfidatio

D nioedcl e rOBR¥assHGhako b plarackwithHrals & and 200 psig for
Additi ™ . .

yﬁlgllogée gvngb%l O@Erbglp%g{lj g%éf\?vl:iet %&%&% g%g%& 403869 £ aPate of 130 co/hr
(1 LHSV) while the hydrogen gas rate at 8 cubic feet an hour was maintained. The

catalyst precursor was then heated to 430°F at a rate of 25°F / hr and DMDS was added
at a rate of 4 cc / hr for approximately 4 hr. The catalyst precursor was then heated to
600 °F, and the rate of DMDS addition increased to 8 cc / hr. The temperature was
maintained at 600 °F for 2 hours after which time sulfidation was complete.

[0182] Example 17 - Sulfidation with DMDS gas phase. The catalyst precursors

of Examples 1, 13, and 14 were placed in a tubular reactor. The temperature was raised
to 450°F at a rate of 100°F / hr under Nyg) at 8 ft*/hr. The reaction was continued for 1
hour after which time the N, was switched off and replaced with H; at 8 ft*/hr and 100
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N, as opposed to the ~ 1 ppmwt N in Exanple 7. This
anmounts to a 10-150F gain in 700F+ conversion and in

wWOoRNYAsE78Y/i ty upon sl ow sul fidation. rOL751 ExeepUg20082081463

10

15

20

- Evaluation of Different H2 Partial Pressure : In

this exanple, the catalyst sulfided in Exanple 10

("slow' sulfidation) was eval uated for hydrocracking,

HDS, and HDN activity using a vacuumgas oil (VGO
feedstock having the properties shown in Table 5. The
chsigfarsthopnsTha/ldi peaseute wasiten ingeeagids to 3P@ psgi apd mattained for less

PR e ke whER SR iMERIHGARIO o Rl PR BRGLAIMBR and then
geeacticaat atlookd SORNOcSAFR; 4 lbind lmmaﬂal*ylﬁliprerfur@r Was thah hedted tooW0°F
PERBF cite DU Siidaitiseaty 8 LR The joipiude wes maintained

C B0V 61 DRourfeer Mhicahd s&f?&@uah walQorpleteH2 parti al
pressure Table 5 0176] ]Exanpl e 13 (Zn- Nb- Wmal eate_ .

Cat al y@t Sﬁr NG 1y Sptalyst Preenrsgr{omparisqn, oln this
9}[4@2!%(/%} éatﬁlb\%\g é gag%%% ?F%cgrs))rs(v%mlfate% a%@ Qéﬂnpared including

nacbrezlemlcal@l @talms ahdgswmpatitive cBagsteeplayingtbe eaialzetwrecursor of the

\Q’gfltpgtr[\l (;1%1]0 &’ggna\}ﬁafﬁ:@; r?él%rls gncaén%gfaﬁig éath?% V‘égu%ﬂ t%ie ﬂgand (Example
amp andne e pit @nploy bthainesn{bivtid) ool 102 cathid pp@mbr ofiths invention
I
XHEN éa:i@ﬁy 29mPh va&mﬁh guslogf(v‘dm fEISIoL With a%ol1ligi patht WBdve 700°F,

within the ran% of concentrated (NH4) OH
wasulfidgenfentof @%mnrmtanénnmgﬁn et &h? 180ippm- nide reaseor

f Sdlitdnd %P@%Wﬁéﬁé LEBSSRE AL, %n%glggg RO R80 SEFR! S a‘noLHsv of

m nutes an nmoni't or ed he solution had a
|ﬂ76he range of 9- 10 at roomterrperature and was

heat ed A second soI ; :
cont ai holtlgélgggﬁg%u A Hhe T gés)ltrg é‘}gﬁ"%‘f gﬁgtg%ﬁgl'Mo on alumina,
d'l\Eli/MH/V\Bi@ ah ﬂnéi@owefd cdalllﬁ;nbﬂtﬁd tyspﬁti&;blosaam UISI Paténn®os. 6,712,955
sol ution_was the y.a r 25 nto he ho
rerdbelaft THgMony am e Zaoho- Witeatess. aof G MG Are st

aBRULrsérs mHIe E%Hﬁléég M3 36h4 1 §, HESsubRIYdiad Yerkskhple 17 (sulfidation
stirred at 98 hour. A white suspensi on was

f MithddBS\gas pleaswotT hewﬁ@ltppfetbﬁ quleat@nmr@ﬁesﬁsé i Eeble At o
2qkie@f DI water at 700C. The resulting

Ni/Mo/ Ni/Mo/W/ Zn/Mo/W/
Feedstock | alumina | Ni/Mo/W | maleate | Zn/Mo/W | maleate
700F+ conversion

(wt-%/wt-%) 34.1 30.0 30.0 19.2 42 1

Temperature (°F) 725 700 690 700 700

No Loss yields, Wt %

C4 minus 0.0 1.07 0.85 0.48 0.75 1.37
C5-180°F 0.0 0.96 0.72 1.57 0.52 1.64
180-700°F 6.5 36.2 32.77 32.05 22.88 42 .84
700°F+ 93.5 62.16 66.03 64.11 76.21 54.69

Sulfur, ppm 2.7E+04 7.5 8.3 8 1.6E+03 11.63

Nitrogen, ppm 1.2E+03 <0.25 1.2 1 95 0.3
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slurry was stirred for 30 mn (pH-7), filtered, and
the collected precipitate vacuumdried at room

W@ 209p@s&Isiir e overni ght. The material was then PCr/Uk08/081463
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dried at 1200C for 12hr. The BET Surface area of the
resulting material was 101 nR/g, the average pore
volume was around 0.12 - 0.14 cc/g, and the average
pore size was around 5nm [0177] The PXRD pattern of
the catal yst precursor product is shown in Figure 6.
[0178] Exanple 14 (another Zn-M- Wnal ei c catal yst

(o 2 BB TBIAhE R bt B ety it 80 sddfon o

aﬁ o genk o gerl don€bing figardno tliewsynthegs afthé yasalxsterecursor improved

M7 R4, 4 d i
bt s%q chuieeby s e W eraEtie Fopr it ey o ¥
qeslivieh@haPRi-Rb-£vRinaf arT0RF mmmtwtpmgsﬁ)ab@ow (Ni-Mo-W-
(NH4) 6H2W 2040 xH20 (>66.5% W . The pH of. th
rrealedte)iang apRrP¥iMagHy G Fwior AR ﬁmP‘l’fEmFﬂaIr‘Pé ghegpveption ZyMo-W-
%QgthfAﬁ&ﬂ&%ﬁgr@E@Qwﬁmﬁﬁﬁ@?hwﬁﬁsﬁ&QﬁQmHQh@h&wﬁﬁhﬂEW@WF+

constant stirring. The resul
nohydrsian et ubtgme@foe oghet qattalmis e &t Mgﬂé’dmﬁl@ate tayalyst yields a

O3 BB o SRR B s
d&ﬁsgbuﬁdﬂBmuﬁﬂsOZg of delonlzed water. 2.0g of maleic

d .
?8: | ywa 989 k0 thg 2 l ut! o)‘r‘m%\éa%dly%tﬁrecursm

f&ﬂﬂ@fo%ulgrﬂkloﬂ{ﬁrém@mpé (@Hsm Wos] (Mg 5 V) .60M)3} vaddgeebared as

over 50 mn to t dat e/ t un tategolutlon at

rioHaws:EfFes ot meleic Ay vk dissp Wethig 690008 PEIGRRIZEMR I fopm
tgrglge@{ﬁge %@Hr&ffﬂ?@eyul %A%:?ﬁﬁfé)nfv% whthiYPHE raPe WD 13€17.67g of

suspensi on tere hot. The precipitate was
darsmemsmdlepﬁatml)ébdﬁtb (SHsMovRe e Qtpondler wathdissobgd fin thg gbove

f
ﬁﬁ)zutlf)\é' %N@B‘{VS%B (idgtlo&oéf &%%6@ é’g ar&% Zl}ri rareﬂa uﬁlggtgtg (Nﬁr)dHZWIZOm
tﬁﬂg@(ﬂdﬁ% Vo) €THe p3hbf thd Resulniag ecrlutadn wasswithie meframgemfrﬂr -5. 30 ml

dried at 1200C f 0179 P RD

{2 W etaficonsratratsy AN IOHpeLaed o R sEa ih bl ireine. The
[ Qg'ulglq)é Eﬁ@ﬂﬁk@un%@tafe BN Wa@ﬁlrFHd%leE(Bmmuldﬁ ahdlite pH monitored.
exanple, dried cat a%ggt precursor prepared as

pEhe @Mwﬁplh@é apH inzhe rapgf of p- QIR EINREFAIWE@NG @/a%heated to 90°C.
gec‘ho%glsolugl&l &fggﬂ;@h%hﬁ&}rﬁfalfﬁrghb 95} &r t'f@@.mﬁé{eccﬁés'()%@ﬁ?ZSOg of

roxXypr op | 'ose” pol yner
delomzed water. 91.0g of 50% sulfuric acid was added fo the mixture in order to dissolve

tin sulfate. The pH of the resulting solution was within the range of 1.0 to 1.2. The tin
solution was then slowly added over 40 min to the hot molybdate/tungstate solution. The
resulting mixture solution had a pH of about 2. The pH was adjusted to about 7 by a slow
addition of 43.5 ml of concentrated ammonium hydroxide. The resulting mixture was
continuously stirred at 90°C for 1 hour. A product was filtered while hot. The
precipitate was dispersed into 2.5L of DI water at 70°C. The resulting slurry was stirred
for 30 min (pH~7), filtered, and the collected precipitate vacuum dried at room

temperature overnight. The material was then further dried at 120°C for 12hr.
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from Dow Chenmi cal Conpany), and approximately 7g of DI
wat er was added. Another 7g of water was slow y added

W@ pioplsa7ee m xture was of an extrudabl e consi SREENU§2008/081463
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The m xture was then extruded and dried under N2 at

1200C prior to sulfiding. [0181] Exanple 16 -

Sul fidation DVDS |iquid phase . The catal yst

precursors of Exanples 1, 13, and 14 were placed in a
tubul ar reactor. The tenperature was raised to 2500F

at a f@tsg] dhe PERE pattermafahe rylgns @atalsstpfesnﬁpr is ppavn in Figure 8.

[ 2act i pikefRS ERANLIHEATI050 1 SAOVE Wich dr B R of the

N was 'S
Foanuld CNHST gl Shoy (QAHhQU(Moy{sW oQ£(D4)2\I}/a&asgnmnamd as Y& lowsh&7.68g of

catal recu OFE at rate of 130 cc/hr 1
ShiPesmRl bie PgeR s HHER P Sa Susoo FELF e broi

h&%ﬂé MS fRb P hadini@ ot ZHNES e GRbAMbSIunPmeRtingSite WH, s HEW ,0

heatred t‘g 43%0Flat % ratg of %}gu/nphr ar?g e ‘Jé 120w

adheI>46-5% Wit €hepH of the ry:suhmgfsg],utlalbma%wtﬁ@ttgq {pnge 1)#5 -6. 30 ml
E’? 1?%&5?(«%55%%@%‘%% Wasadabe th@%l&%nt»@nt}ﬁ%sﬁl% stm The

at e i'tion increased to 8 c
tremlmrmmhybdabdwngmtn seluviguwag stiged fgH Offmﬂu@S W@Jb‘hs Ph‘frtl@‘rltomd

| n
SR I e B iRLchipmisc.
PeEsHidrsa ukisn Ofas foepanpd eﬁltémmgg,'z 98g df MsM&teedlpsioa@édi 2¥Dgof
g e Bt ST P e Ry BEedeS BR Pt R o
rGa6ive®in sWise CORIJHGRHe Feliiltidg Bslitioravisawithih tlﬁhaﬂigemif 1t3h;e 1.7.

N2 was switched off and repl aced V\/Ithe}e-h|2 E}qq 7’3
dhe tiroopsiog wa then sialy addpd@veps yn e th Lybdats ungstate

S%ﬁ[ti%?s e | Vﬁ%ulﬁﬂg ml?)?tgf'e ds‘a ﬂﬂhdqﬁ BHQ)? dbdu@n. TIRSSH WagAdjdsted to

di sul fide was added at a
rafhbet bby 4slow/alddmuon aﬁ éIZ 8he nf mmmtramd ammevie hydropidscBagd

The cat rec
BB as Sy PR ERUGE O P 1 N LRRMFE i flered
hwme hoTP ghé ﬁ'\;\"ﬁ‘?ﬁﬁb Wae dtspasemanmzasmemhwmemomw.orhezresulting
ours after lch ti i datiqn wa cQ | et e, .
G St B e S S ST Bl g vauum e
CRP&Eh keeraturk BvéMight. el‘l@"fﬁilt@ﬁal W e UBrtigar tdeiby 8t 120¢C for 12hr.
catal yst ‘precursors were eval uated and conpar ed,

i ncl udoh8P]ckhePSrRD patiam ebtharspultios sprPaaliys gyt prduct based on

PR PR e L e

wi t hou0190 &Exampds : Al-Siamdleate cathyshprecursor: A catalyst

eﬁgéq?%é%ﬁa%ﬁﬁa@ sCcord 1ng to thetflgﬁo&%gél V)%d(pé{leﬁg osf%ate(l1 glass (27%
$i02, ~14% NaOH Aldrich) to 70 mL of de-ionized water. Stir for 15min. 2) Dissolve
12.69g of AI(NO3)3 x 9H20 in 70 mL of DI water, pH=2.5 at 18.8C. Adjust the pH to

~1 with ~ 1 drop of conc. HNO3. 3) With intense agitation slowly add the water glass

solution to the aluminum nitrate solution. Adjust the stirring to obtain optimum mixing
without splashing. Stir for 0.5 hrs. Keep adjusting pH to below 6 with concentrated
HNO3 to avoid gelation. Adjust the pH of the final mixture to ~5.5. 4) Dissolve 52.96g
of AHM (NH4)6Mo07024 * 4H20 in 1000g of DI water. pH~5.3@21°C. 5) Add
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(Zn- M- Wnal eate in Exanple 13). The eval uation
i ncl uded hydrocracking, HDS, and HDN activity using a

wa2oe0mm7gas oil (VGAO) feedstock with a boil i ngP@DURL008/081463

10
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30

above 7000F, a sulfur content of 31135 ppm and a
nitrogen content of 3 1230 ppm The reactor conditions
were at a pressure of 2300 psi, an H2 gas rate of 5000
SCFB, and an LHSV of 0.75. [0184] N/ Mo/ al um na is a

conventional supported catalyst N -M on alumn
Ni3/9%g/0NAMT mthe n&ygpokuﬂem Mias &l yemplete digsalutign ésolutlon clear).

%f~%§@%{;F2£)’ﬁt&%? Lwﬂmé? gcg(% tglt]: %bg(%%%ﬁlﬁgn & %%%dr@ G of step

catAl Adjustphepl mdéthreoncentated emrrﬂ_-mamphyetomde muthmnd ~22$ Stir for 10

then ed

A e s B
pFS@? anbedateR pIRBI(Eat 8.1 °F.abd)er & Q1Hgof Mg(Nmdetbehe above
tab when the Pronpter netal was zinc, éjlddl ti

@pltﬁnﬁndwg{almt@ ltdg(%@ﬂetgldﬁiﬂsgplﬂp% é\/lq:qsgrgﬁlbe Q% { at the solutlon to
hl%? Sﬁ)\ﬂ;' a&dqt%e géﬂxﬁ%ry REmRIBAY S 2 SolufidH R¥RtehR]~10 min). Stir

catalytic activit % ower i ng the 30% conver si on
tfer® hrsammref thoan7 ASFF{lteohat dirg ues;ﬁtamg Moyt amaist flier caled 14)

R AT 10y g o
| thy sx8p 7 Gito t@nmN’Blc avitfsblaebe frochi $tep)81 allbyHeathlee f00fng slurry with
cearrapan e Lkt B haerlrrab e ST [T pthe fesuing
Z8ludVBre¥l SREre 8h®d§Hnahy finndliaRIunderhiaglen ovdthigh. t18) Diathe

any conventional "catal yst consisting of group VIII
m@lcsafc@%@ﬁé@ﬁmﬂ%h@roup VIB netals. [01861 Exanple

19 - Sp14f | eal &, by ﬁMIW f El Rise. ?‘éﬁ;b%taﬁ!g&%recursors

precursor
Hﬁ@kaﬁ‘lp)e@m ahd QMveB3Madedin A)La)}xlama@cpr e7|513ﬁ f@mpa@t%wamssed to

tzae@te\ﬁjtlgp&é/ﬁ upggrl\fﬁ;((gé?rpiisf?@l{ \J?@e I c@QQ ﬂf?zg?orﬁ nued for 1 hour

reﬁ&uk\mdﬂguﬁmmz s WRRChA tolff armdtré]ﬂadedmgﬂa H)gfatB f8/hr mﬂd Bypsig for
dl gggwgiéj F)nﬂ f‘}\t%gtggrgg bv%gh]%ﬁéﬁugl t prf:%r:fo(s\gg%goﬁoaé F: a?tF "‘@230 cc/hr
of1 134 $P@hied tha RYMOLNBaTBI@hLEEbicAcet dnNourdyvadiaiihddd. The
catalyst precursor was then heated to 430 °F at a rate of 25 °F / hr and DMDS was added
at a rate of 4 cc / hr for approximately 4 hr. The catalyst precursor was then heated to
600 °F, and the rate of DMDS addition increased to 8 cc / hr. The temperature was
maintained at 600 °F for 2 hours after which time sulfidation was complete.

[0192] Example 23 - Sulfidation with DMDS gas phase. The catalyst precursors

of Examples 1 and 21 were placed in a tubular reactor. The temperature was raised to
450°F at a rate of 100°F/hr under Ny at 8 ft’/hr. The reaction was continued for 1 hour
after which time the N, was switched off and replaced with H; at 8 ft*/hr and 100 psig for
1 hour. The H, pressure was then increased to 300 psgi and maintained for less than 1
hr. after which time dimethyl disulfide was added at a rate of 4 cc/hour and then reaction

allowed to procedd for 4 hr. The catalyst precursor was then heated to 600 °F and the
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w@oweest7sat ed (NH4) OH was added to the sol uti oPCTS1908/081463

10

15

20

xH20 (> 66.5% W . The pH of the resulting solution was
within the range of 4-5. 30 m (27.06g) of

constant stirring. The resulting nolybdate/tungstate
solution was stirred for 10 m nutes and the pH
nmoni tored. The solution had a pHin the range of 9-10

at

sol ution was prepared containin
dits 96 DMIAS pddideOgcrshseddr 8¢ £bid

Lo it AR S 0o Pl

42. 999

room tenperature and was heated to 900C. A second
of tin sulfate
ttgppergmrewasdpalgt@g@d at 600 °F
feure in order to

e resulting solution

was W0 113M Exhaple@dge Catalyit /CCetta:lvst PrecuipeCoinparssohutlh gnis

was t

B

Gen sl ow

RSB AN

er

SRR,
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e resul

were evglu?tf:cri] gﬁd rﬁ:o)grtlpared The

%thléhﬂl&ﬂnﬂﬂﬁb@)ﬂl‘ibcﬁfckﬂﬂgoldbSZandT}HﬂBNralchvausatg matceaintgas oil

about 7 b
AV feeds

?_Hﬁgas odte DF SQA)QtSé}FBataW a0
Nl}%qo/mugmg?ol gzmve];]h!)rtaﬂ@pg
te vacuum

stirr

P
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reci

39 54‘?

a sl ow addition of
ki etk achotlingrpoing @beye ;

F&geﬂléBHt%htyof%ﬁ b3d ﬁﬁ*n a’fhé?,@%&)rf QhdiliohPWEre afa PreSslive b 2390 psi, an

I;f-)lr eci pitate was dispersed into
SYrd OF8sul ting slurry was

f&, GPUbAR ESh

room-t

Oﬁng Riskt

i onteaso

of

nper at

ort@d‘@at&l

concetns

u

tlrl ?g ppm, and a

cntsnpsp'og:hdl catdlpe ammgehe lie ofalse ¢abedyst faferemeed inlbiSe dPatent No.

%éi’fa%{s%dié?;ﬁ Rbi ednE e NaREha
[ 1 8&8dm o MaAd allfidet @p@ﬂ@laﬁ]
precursor A catalyst of the for

B

RinUPNB R

sol ved |

e

wat er ,

Ofl%:g h gst Qrecursor made
gt

ManNMMOANC mbiehty Shtalyst precursor

nﬁﬁgﬂaﬁgﬁg@gh%ﬁfb«f@ pes

(iorichtalys] Prequses snme BYFxamphe 20wt

1&@@% A (s %@(ELHES%

Sm%ge ( NHO6Mo7Q24 4H20
of " DI

fol | owed by
addl tif Oh9ijf’rh24mﬁga1@fpr%snmt9dnm7fﬁbﬂm¥ at ungst at e

H2W 240 xH20 (>66.5% W . The pH of the
ing solution was within the range of 5-6. 30 m

(2F++g)—et—econcentrapted—{NHOHwas—addeg—tothe -

; . / . Mg/NyMo
olution with constant stirnypg, [The respliwmdd | mwsial
ol ybdat e/ t ungst at e|hddckPRILMRE SNiMsRd| fnRiea maleate
*d&r—‘-r‘é%xérg.gn 6, N, JrONi TOT Bd 34 1N€| SGhWET PN dgad & phsay
ou .00 Tenperafurgs; and wag heatgg 10 9056,

nnn'[\e,mﬁperature.( F) 5
A—secohd SO G VST epared coftai mi ng 42, 99¢ of
tfi-a-StERLE UrSsbived—p—26ey pf ALt i RS
5 stH-fut+e—ae ‘v’\‘lﬁ& a orthe-nixture
N StH—+tH } ? q 0
In_or derCEB ssolvi+ 20 sh-thd e | THE pH ot Lhe :
rlesul t i HgoZe’ Fit L on hasOhi t hi i02hel rinle bi 3305 (o 583
The tin 8Pt on was tR¥EN sl &&{2\/ ove®ds i 1 |
tlhe hot nol ybdate/tyngstate

Sulfur, ppm in 700 °F" 2.7E+04 7.5 8.3 8 0.01
Nitrogen, ppm in 700 °F" | 1.2E+03 | <0.25 1.2 1 1.45

[0196] As shown in the table, when the Group VIII metal was nickel, the addition
of 11A metal (magnesia) and the silica-alumina to the synthesis of the catalyst precursor
improved the catalytic activity by significantly lowering the sulfur in the fration boiling

above 700 °F at about 30% 700 °F conversion from 7.5 (conventional Ni-Mo-alumina) or
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solution. The resulting m xture solution had a pH of
about 2. The pH was adjusted to about 7 by a sl ow

W@epnssesss of 42.3 1 g of concentrated anmoni unPCT/US2008/081463

hydr oxi de. The resulting m xture was conti nuously

stirred at 900C for 1 hour. A product was filtered

while hot. The precipitate was dispersed into 2.5L of

DI water at 700C. The resulting slurry was stirred for

30 mn (pH-7), filtered, and the collected precipitate
\Ba?C@{lfMQHW etiorart)os §1Ni-MeBr-melente caiplystprggirsor phExample 1) to 0.01

e e i U

cat al y&197p E@dnglb 26 asfedataiysttblamdmneh@Ns-Mo -Wamgleatargatalyst

& ufsgr oﬂ# 8'5)? arg@{ %'Ing/)%ﬁ? VEPh]]gMﬁ\éggas per exanP ael 6 w?s evaluated in a

ﬂl'yﬁl%'dbrﬁ@fsw’iﬁﬁoﬁ’.rs@ Pahe evagtioh tonglet @ydlberaéldhé QW)EBlgtﬁd HDN

Add 41.52 f t | 27%
Ac@vnrydmng?aoyayemg%erl @Zéﬁs)’bfw iﬂ‘g@bﬁt bm%?s POIFWQ&%FH%F a
%Llﬁg c%ﬁfém’&" 3]133538}%1 of m%é\d u)slt%n?(ofgih@@ t)ﬁ}n 7@1d'8&he@ﬁro@bmes as

wat er , t the
dropnted ?rc&bée 1. Hmzareaqyr qmdlﬁoan@rﬂ§éa Hgigtsrateg S8P@HfYB, and an

T9 BEQ AL, BRerS A B phefal Ao WTLONTSED bR catalys

I on. J ust tain optinu
weihbaedtat maktam% oitthe fitrogerf mmo@ecﬁuﬂdesconhqmqbla@qudstqnﬂg)upﬂ
to below @ with co cen zfﬁ ed. HNO3 to avoi d gel ati on.

Afipgen Pﬂ“@almfsaweto 809Ul A LSO RSt ure to -5.5. 4)

Di SSO'[U@S@EX%ERQ% AliambldDHaMeepeitdd, exddpR (Rat the |h9&}ﬁgen partial
of DI water. pH-5.3@1C. 5) Add73.98g of

apeTere 695 b 450 M‘& Bvep pt lgHisT '@tdéogﬂ@%lam%we the multi-
(RQAHE l:z%‘lygtl sﬁﬂ émo@'d"é?’lést @)%Qg(ghe SroMint Bmb A% dro gen partial

agltatlona t he above solution to a mxture in o
girespur8 of ?aﬂ)ouAa} QanSlg, iathpithaniptdsesspatsaretarabaing eompatablen

hydr o 8,

the sof (B 38 5 ool og B nsiopincnipy B el s

Ntlﬁdiﬁ&): &&caﬁedbﬂ&mmbel5éh)raﬁln@lquamines pepkhidges®r atopartibﬁs and
Add 42 26 of (lgldés‘% he abov sol,ut b

Wller ghimercal voiies e PRSP 5 PP s being

lddifiepih alihfstsRbLbY B8 tdr "A6&at." M):Ol‘slr%w le@ﬁﬁnﬂlhﬁed to the

solution fromstep 11 to a solutiagn from stetp
reoRYyary She pumesicappapetergesgisiorts in the fpligwinggpegificpiign &H’étaﬁached

ttbaqmg p&io&%ﬁioﬂ% fhat fa‘ﬁ \@t)’@p@ﬂdlﬁé hédﬁfrh& @é@?red ﬁﬂ)})emes sought to

SSO eic acid
1®)obtan®|déwsbe pm@ennmvsmtnooaklelsrnom thﬂeasstsecbmﬁhis rspwf{imon and the

r%lgeldtced lCa%rr(%I ﬁ1 s%gW?a? ﬁé&n%%t' hfn 'Sén%p'tlige ! l}lalldé_ﬁﬁhﬂ H?grences unless

urr
expressly and unequlvocally limited to one referent. As used herein, the term "include"

and its grammatical variants are intended to be non-limiting, such that recitation of items
in a list is not to the exclusion of other like items that can be substituted or added to the
listed items.

[0200] This written description uses examples to disclose the invention, including
the best mode, and also to enable any person skilled in the art to make and use the

invention. The patentable scope is defined by the claims, and can include other examples
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agitation to 700C and kept it at this tenperature for

30 mn. 17) Filter hot the resulting blue-green slurry
W@ eeodssrsdbn t he funnel at RT under vacuum overPCTH$2008/081463

18) Dry the product at 1200C oven for 12 hrs. [0191]

Exanple 22 - Sulfidation DVDS |iquid phase . The

catal yst precursors of Exanples 1 and 2 1 were pl aced

in a tubular reactor. The tenperature was raised to

2500F at a rate of 100F/ hr under at. 8 ft3/hr.

Thee opcun st these skilled doHieiartu Sych @therlexnasla%s aretiatendgd e fpe pithin the

%%}:E& th\agﬁc? n%\ggttﬁgﬁl% ?gtfru g%ﬂ?ﬁéﬁ%%g% clm Ad dhl?er @ltomsthe literal

dangnagetvd thﬁadlaht)%sdr 1blheja unrchae equivalso Stlﬁctaltal dememte W(lih insgbstantial

figjgetrerg% %8@Fl§%t§r glfat:ghe ig%g Ei.l%%r? ga ﬁ%ltc[it c}n(:s\ ra{érrcgd l?elﬁcgl] Gre

\WasretsNechipatatd HeitBPrefdrerak. a rate of 25 OF / hr and
was added at a rate of 4 cc / hr for

approximately 4 hr. The catal yst precursor was then
heated to 600 OF, and the rate of DMDS addition
increased to 8 cc / hr. The tenperature was nai ntai ned
at 600 OF for 2 hours after which tinme sulfidation was
conplete. [0192] Exanple 23 - Sulfidation with DVDS
gas phase . The catal yst precursors of Exanples 1 and
2 1 were placed in a tubular reactor. The tenperature
was raised to 4500F at a rate of 100F/ hr under N2(Q)
at 8 ft3/hr. The reaction was continued for 1 hour
after which tine the N2 was switched off and repl aced
with H2 at 8 ft3/hr and 100 psig for 1 hour. The H2
pressure was then increased to 300 psgi and nmi ntai ned
for less than 1 hr. after which tinme dinethyl

di sul fide was added at a rate of 4 cc/hour and then
reaction allowed to procedd for 4 hr. The catal yst
precursor was then heated to 600 OF and therate of
DVDS addition increased to 8 cc / hr. The tenperature
was mai ntained at 600 F for 2 hours after which tine
sul f dation was conplete. [01931 Exanple 24 - Catal yst
/| Catal yst Precursor Conparison . In this exanples,
various catalysts / catal yst precursors were eval uated
and conpared. The eval uation included hydrocracking,
HDS, and HDN activity using a vacuumgas oil (VGO
feedstock with a boiling point above 7000F, a sul fur
content of 3 1135 ppm and a nitrogen content of 31230
ppm The reactor conditions were at a pressure of 2300
psi, an
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H2 gas rate of 5000 SCFB, and an LHSV of 0.75. [0194]

Ni / Mo/ alum na is a conventional supported catalyst,
WOR(MOSSM3 s an unsupported catal yst al ong t he PECTHESINS/081463

the catalyst referenced in U S. Patent No. 6,712,955

and U S. Patent No. 6,299,760; Ni/Mo/Wnualeate is a

catal yst precursor nade per exanple 1 and sul fided as

per exanple 6: NMy-Ni-M-Wmnmnl eate catalyst precursor
is a catjallyst| prieqursjon pade per| exanplie(2 1 mfith 3
di | uent) an%then sulffifded per {exanmpl g (28 |(gul f|i daf ijon
wi th DMOS gastphiage)s k3Gl BhE (Flesultis| are—ptleserit e |a
in Tabl e[| J&F e |75 61663 |ops|Hn i [ |Phe/ R e |~ Wh & |5
the G oup |VIT]l |netjlal mas| ni ¢ckell, | the additian|of |HA
nmetal (nagnesia)l and it hel silica-aljum pa to| tthe
synt hesi[sTof [The| dqatalryst [precursor |1 ffar ovied thie
catal ytijc |actlivity byl significantlly |l pwetipng the
sul fur|in |y firatiion bolllingi-aboyve 700 OF_at | about ~
30%70}:§§fn§£zisi§§ﬁr§n§i.§${§ﬂhﬁm@§na§§2 an§§
Ni - Mo- al {unT ()| oF 878 |+ N WP (Dl |aft)) | o |8
(Ni - Mot W na| elatie| gat all yst |pnecursor |of |Example 1) toO
0.01 ppm /NI VA WIS Al gat el ¢at dl-yst precirsar
of Exampl e 20). [Q197] |[Exanpl e (25 |A|catjall yst] based| gn
the N i Md-| Wmal eate catallyst| precunspr| of | BExanplie| 1
and sul f|deg|th |BMIS gas opers @xampl (6| was~evalldat et S
in a hydSEQENRTsi o prepasss THesevalst i 6n=iic!|dyee | =
hydr ocr acki g, [HDS, |and HON|agctji vity psing| 3 cyu
gas oill (VAD| fleeqstock with @ (boill ijng [poi nt| above
7000F, ra—sutfutr—rgntent—of—3—t335ppnT—jantiroger
content loff B1230| ppm | and |of her{ priopert|i es| as
presenied ih abl g 1.| The reagorl\ccnjitions ere atl a |
H2 gas|r@&|8| 568|006 SCHB|S @ | iR | £ RSV| Bk | Ol SIS 700 (S| S
Under a Iydrdigen| niticar | PiFesSsyres OF apoyt | B50°psrg?| " S
the catal yst [renpved @at| | east| 10% ofl { he |n| tir pgen
renoved under| copparnapl|e| cond| tli onjs,| but |af |hydr agen
parti all priessjurel df {apbqut [210D [psig.] [ 0198] |Exanpl e
26. Exanplle| 24 |i 5 |[repeat ed, |exgept| tihat| the |hydr agen
partial priessuiel vas. ghgut| 420, R$b0.| Evien ati & | qwer “
hydr ogén|Siars [Eall| pressiiee itgﬁ EEE i met | |els kY 2|3
still nepoved at|ljeast ?)%o( T|Re™ hilt r ogen| rlemrolved| alt
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pressure of about 2 100 psig, with other process
paraneters bei ng conparable. [0199] For the purposes

wW@Roovks&sspeci fi cati on and appended cl ai ns, unPEBES2008/081463

10

15

20

25

ot herw se indicated, all nunbers expressing
quantities, percentages or proportions, and other
numeri cal val ues used in the specification and cl ai ns,
are to be understood as being nodified in al
i nstances by the term "about." Accordingly, unless
indicated to the contrary, the nunerical paraneters
g&ht orfh in the follow ng specification and attached

PR Cay d%prOX|nat|ons that can vary dependi ng upon
the destaglglstpransot t(ﬁﬁp(ﬁmtbg hbmbﬂmbg ao leastione df b;netalh eompound

present inyenti ted t used n.th
sis@eﬁefi. o SEP Y- P alfﬁyé?f AN §r¢+&’6} ds‘iOH&wa&P“S thereof,
f 21d¥8t orof a Gbup 'V fhetal U&mpouhﬂ‘ OJnHQL@leﬁit Wh @ggahﬁ:fcﬁ&gé’iﬁ&ﬁltammg
unl ess expressly and unequivocally limte one

rlegfand Enwhergin the eigatie prygen cpmfémtr@rllﬁanﬁl hépsaelDap mts o> 500

| r re intended to be non-limting,

gmg/gétaan;s %%\e&%d?ﬂgﬁa%f itens in alist is not to the
excl usi on of ot her I|ke itemns that can be substltuted

o/ add to the listed itens

scri EF‘? Rl 85“&5?8‘}1%51“8’&5‘%‘8“ 8F i f“? @ CP?? F'gl pgijeasta
| SiGdodFomPoRdhE abREét afRUEin@N @oﬁb@&nt, and Belbdse aamgnpﬁnmon
skilled in the art to make and use the invention. The
pEeNeM| e scope is defined by the clains, and can
i ncl ude ot her exanpl esthat occur to those skilled in
the art. Such other exanples are intended to be within
the scBpeatalyst precurbaricomppfitietheficldiane whiereiftthg pegcursor composition
el%gﬁntgbthat do not differ fromthe literal |anguage

Pdi ms, or if t hey include equival ent

st r uct fofraing alfesreedcomirtittuierhaving thapht frerh ablotflap ebaw §, the first
fromthe Jiteral |anguages of the clainms. All
C|tatﬂﬁﬂ§mP§W§VW%ﬁf "HEPE¥n are expressly incorporated

herein by rgé gnencembabtangddhakele@ediramdup VIII,1Grodp IIB,
cat al yst precursor_conposition, coqgsﬁflng at | east
one of GepupekAaiGrewmbotaed cumbipations ¥ ‘Group VITI,

Group HB, ?&Hed‘s‘& G%\%U@Id Méa%pbgﬁ@' nations

t her eof ; east one a G oup VIB netal conpound;
and at Ieasheaﬂmntq&nﬂgmnwygﬁmn@@M@mhmlh@mﬂigand L,

wher ei n the 4 BC ISTE %/{gceo%sp%gg hglanga+ b aRhi &unb@&n@d?lent and

LD50 rateo e oral dose to rat

2. Thetheat lahsy&tmggnes:umsmmpommom tion of claimi,

furt he_r Corgélrci*nsgl arl)gasw alkaﬁ %grtnpgnent to form a second reaction mixture having
a pH between 7 to 12; and
- reacting the second reaction mixture for a time sufficient forming a

precipitate or cogel.

4. The catalyst precursor composition of any of claims 2 - 3, wherein the silicon

component is selected from sodium silicate, potassium silicate, silica gels, silica sols,
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silicon conponent, at |east an al um num conponent, and
at | east a magnesi um conponent. 3. The catal yst

WEe@e0ss58F conposition of claim2, wherein thePCT/US2008/081463
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precursor conposition is obtained by - formng a first
reaction m xture having a pH from about 1 to about 6,
the first reaction m xture conprising: the at |east a
net al conpound sel ected from G oup VIII, G oup HB,
G oup HA, Goup | VA and conbi nations thereof t he at
| stlégatgels, l@‘dmpumsglbﬂmeélsﬂl@@mi%@WOW%S@P'IIIZ%%‘(ICW@ and
0 o?rﬁﬂia‘ﬁof?@%&%@f containing ligand, the at |east a

con conponént, the at |east an al um num conponent,
and the at least a magnesi um conponent; adding a basic
al kal i . _co nt to forma .secend r Lon ,m xt

Vi nnge %&%P&%Eﬁ"%w%o“ gﬁ%f]y Of%gaérgfl ng’ t“f)hhg}éénet(}:lgﬁl minum
r @fpoh &t idRerdcteddrdn®Sodturh blihigdsd, ookt afuatinategléninum sulfate,
precipitate or cogel. 4. The cat al yst precursor
c%wwgmnlsﬁemdéﬁvbwﬁ“@}%hﬁﬁo2 - 3, wherein the
silicon conponent is selected fromsodiumsilicate,
potassiumsilicate, silica gels, silica sols,silica
g@| s iﬁwmﬁmmwﬁm ¢ampseition of any eflaims 2 — 5, wherein the
S

OGRS Shihi SERIRL U B8R o R AR B
Olﬁag)ieallummaﬁdes, fhagndsamesulfaten maghasivimuitmaeoarploverbinatisns thereof
sel ected from sodi um al um nate, potassium al um nat e,
al um num sul fate, alum numnitrate, and conbi nations

ther eOThe c@talthgre@@B&Icﬁﬁ@oﬁﬁ@cw@mm IG VIR the Oﬂmp(ﬁsnafnyis
of clains wherei n t he nmagnesi um cowonent

seliteinedsly wwmlﬁﬁ@}w&qomweg m‘x'“&ﬁbfﬁ%“éioﬂ GPRIHPNSP é%rm a
n?rgagﬁé H?&%je! des, mmgnesi um sul fate, magnesi um

corrbl nations thereof 7. The catal yst
pr ecurthont leastpostal conpaindstlasted fromihegiep of Geoup VIII, Group 1B,

08%%%&'(%&15 PVA and combinations thereof;
the at least a Group VIB metal compound; and

—

the at least one organic oxygen containing ligand L, wherein the organic oxygen

containing ligand has an LD50 rate of > 500 mg/Kg as single oral dose to rats.

8. The catalyst precursor composition of any of claims 1 - 7, wherein the
composition is of the formula

AJ(MP) (OH), (L) y]. MY™B0y), wherein

A comprises at least one of an alkali metal cation, an ammonium, an organic

ammonium and a phosphonium cation,

M is at least one of a Group VIII metal, Group IIB metal, Group ITA metal,
Group IVA metal and combinations thereof, M having an oxidation state of +2 or +4,

L is at least one organic oxygen-containing ligand,

MY'Bis at least a Group VIB metal having an oxidation state of +6;

MF: MY has an atomic ratio between 100:1 and 1:100;
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obt ai ned by co-precipitation conprising m xing at
reaction conditions to forma precipitate or cogel:

W@ b@oass7Brast a netal conpound sel ected from t PET/HR2H0$/081463
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of Goup VIIl, Goup HB, Goup HA, Goup |IVA and
conbi nations thereof; the at |least a Goup VIB netal
conpound; and the at | east one organi c oxygen
containing ligand L, wherein the organic oxygen
containing ligand has an LD50 rate of > 500 ng/Kg as
si ngl evoRdl P 86s& tot ndtys* 28.0; B cat al yst precursor
conposht 7, wherein the
conpospttil}gn I?Isl 6'1 Qf) deoTékr'm%BZa]OAVf(l\/P) (OH)x (Lp ylz
(M1 BO4) , vvherel n A conprl ses at | east one of an

al . kal i tal ., cation, an amoni a [

S0 a ITESRRbAT R ey FORPONL i e HbFRE" Bt s 4 Broup
Gval pnevl] M Ha® ?'an ofddatish stegetal , G oup HA netal,

G oup | VA netal and conbi nati ons thereof, M having an

oxi dation state of +2 or +4, L is at |east one organic
oxygen | t P VI B
O 9e AT oMU Ry Lk R RV E
atomc rati o between 100: 1 and 1:100;v - 2 + P * z -

11 z +1‘616 cataX/st @écu%?r%ogposlltlon of clralerg{i;r gzlac%eglol% 1S atgeagt one of a
ot}rmlpsi“lmr&;al vmﬁfoap vV Mmétsl, aid doﬁﬂﬁﬁatnanﬂhempf ‘M haivm@ﬁrad)xldatnon
M havi n an oxi gati on state of +2. 10. The catal yst
thé??L?rf§ TdGMbd8ition of claim8, wherein M is
ni ckel. 11. The catal yst precursor conposition of

claim8, wherein Mp is at | east one of a Grogg
mbtal , The @tallis Progursarsomposisian o yHAliskime s/ @ Be\télrerelmM is

QYL IAGH 25 e b2t S 218 Qb BibiiRkichureatd 12. The

cat al yst precursor composition any of claims 3, 7,
and 8, wherein M is
13.  The catalyst precursor composition of claim 8, wherein M" is zinc.

14.  The catalyst precursor composition of claim 8, wherein M" is tin.

15. The catalyst precursor composition of any of claims 8 - 14, wherein M¥'® is

selected from molybdenum (Mo), tungsten (W), and combinations thereof.
16. The catalyst precursor composition of any of claims 8 - 15, wherein M"'?
comprises molybdenum and tungsten, and wherein the molybdenum : tungsten ratio

ranges from 1:10 to 10:1.

17.  The catalyst precursor composition of any of claims 8 - 16, wherein the

molybdenum : tungsten ratio ranges from 1:2 to 1:3.
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selected fromzinc, cadmium tin, |ead and
conbi nations thereof. 13. The catal yst precursor

W@ 09posi783 on of claim8, wherein Mp is zinc. 1BECT/Uk208/081463
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cat al yst precursor conposition of claim8, wherein M

is tin. 15. The catal yst precursor conposition of any

of clains 8 - 14, wherein MVIB is selected from

nol ybdenum (M), tungsten (W, and conbi nations

thereof. 16. The catal yst precursor conposition of any
ofl8.c| ailhgcaalyst pEecuigheganipesition Bf eongsclaias 1 mdFyMslkrseinthe catalyst

Bt H0S ERon PR o Py VAR en o 8 £

I'0 ranhges ‘Trom e cata
precursor conposition of any of clains 8 - 16, wherein

G TR e biach D inibstio o wlr I aTh s o T8 (W Bern ghe catalyst

c bﬂ-k:ﬁﬁﬁorlhas af GverditeNuffac drifb@Réal Absht 1 MALR0S &1*/d & measured by
nmesoporous Wi th an average pore vol une between 0.1 and

0 B3Haaplysis mder%Tc@fragwswé@m@éwoeénpos| tion of

any of clains 1 - 18, wherein the catal yst precursor

has an average surface area between about 10 and 200

m2fg air."hmémst@obcbgsommmhﬂoysf snyefegaimpl E.1Y, whdrein dhypearganic

adsor pt i on. con 2 h fecursor

cShaisE b G aahg BOPs arbipad Me SC5FobRiuREr T he

orggglc ?ﬁygeglco$aaln|nglllgand L has an LD50 rate of

>

aﬁ;, of L ] stfiecuﬁgrgq%{g)ﬁépﬁo? I rcgagr 9 llé élgnhe organic

Ceﬁyg@r&h r&bmamhﬂgqagaﬂd £ Hagan BD56-BROof at1©omng?=1<g'1000 ng/ Kg.
he catalyst precursor conposition of any of

claims 1 - 21, wherein the oxygencontaining chelating

. %Snt hd éat@y{igﬂ:chg&' &mg{ogﬁl%h of atdidd da\ﬁ?ls sehechfdeih rtﬁé”&xygen—

€ group rmc acl acet|c "acid, propionic acid
mabdaioingchelatidgagant Ic isax:riaﬂ tosig ©ocganicadditivel seltcaed o ¢he group of

2oty Fad il pechiR i R RS s siinig e, i

S ldl:lg odiiric C.'IaaﬁlL d)lcaalla dge; Q?@)Eylﬁ labﬁipmp@maet]d, alkanglsuodié a¢idcsuch as

aC| and aryl carboxylic aci catal ys ,
e S st AL o ol i aiaeionic 2 S prikarteic

tggdprganlc oxygen-containing ligand L is nmaleic

aci d.

23.  The catalyst precursor composition of any of claims 1 -22, wherein the organic,

oxygen-containing ligand L is maleic acid.

24.  The catalyst precursor composition of any of claims 1 -21, wherein the oxygen-
containing chelating agent L is selected from the group of glycolic acid, lactic acid,
tartaric acid, malic acid, citric acid, gluconic acid, methoxy-acetic acid, ethoxy-acetic

acid, malonic acid, succinic acid, and glyoxylic.

25.  The catalyst precursor composition of any of claims 1 -21, wherein the oxygen-

containing chelating agent L is an organic sulfur compounds.
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24. The catal yst precursor conposition of any of
clains 1 -21, wherein the oxygencontaining chel ati ng

W@o®ansd783 s sel ected fromthe group of glycol i BCEHUBH08/081463
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| actic acid, tartaric acid, malic acid, citric acid,
gl uconi c acid, nethoxy-acetic acid, ethoxy-acetic
acid, malonic acid, succinic acid, and glyoxylic. 25.
The catal yst precursor conposition of any of clains 1
-21, wherein the oxygencontaining chelating agent L is
an organi c sul fur conpounds. 26. The catal yst precursor
c OSi rai .
e genc e el RS} bR LT i of BT Cot Yhprey he oxvgen-
mepotajping-chalktnnagenal wbe&ntd:dtftmomdtcgpty{sobmmc acid chnd2thio-diglycolic
The catal yst precursor conposition of any of claims
T wherein L is at | east one of carboxyl ates,
enoIates and conbi nations thereof. 28. The catalyst
precursor conp05|t|on of any of clains 1-21 and
wiér ei ThE cptalyel REgrupok erapasitionef amnef dlajmy 1y \Mb@@a Asigpt least
C%HP Qﬁéatrﬁ&gla%fs HYatQf afd @niPBnationtherefierein L is
mal eat e he cat al yst precursor conposition of any
of clainms 1- 29, wherein L is negatlvely charged. 31.
g%@ \?ﬁg?lexgtgl?/%é)?ec%rs%p rﬁpOnR%%IOtf l)g:% OfoCéae%lnf or rlnancli % msherem Lisa
exhmbuxdite. 32. The catalyst precur sor conpOS|t|on of
claim 31, wherein at |east a cellul ose containing
material is added to the catal yst precursor
CQUPOSiThé @ﬁalg&'p@é’cuh@r &fmlﬂisrtfoﬂ oB ¥y Sidifms 10r N0, RBeRh L is maleate.
extrudat e he catal yst precursor conposrtron of
any of clains 3 1 - 32, wherein the extrudate is dried
aloa ! GHPEAAL MR AR s BoPnd O FAMIG— R wnlllfh L is
cat al yst pretursor conposition o any of clains
33¢cganvelyshargehe extrudate is sulfided resulting in a
catal yst. 35. The catal yst precursor conpositions of
any of clains 8 - 34, wherein the netal conmpound M is
a 3hat efMhs cdtalptgreviucsoetor@isitiontotienyadf dldms tl -a30GwheReinth8
met al conpound I.B i.s sel ected from ammoni um

hEXRRBIYHHS £2rY RgdmetRiYRgst ate, and

32.  The catalyst precursor composition of claim 31, wherein at least a cellulose
containing material is added to the catalyst precursor composition prior to prior to

extrusion forming an extrudate.

33.  The catalyst precursor composition of any of claims 31 — 32, wherein the

extrudate is dried at a temperature ranging from 50 to 200°C.

34.  The catalyst precursor composition of any of claims 31 — 33, wherein the

extrudate is sulfided resulting in a catalyst.
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conbi nati ons thereof, and the organic,
oxygen-containing ligand is a carboxylate. 36. The

W@ 2009/058583 pr ecur sor conposi tion of any of cl ai PEI/LS208%5081463

wherein the catal yst precursor is sulfided formng a

catalyst. 37. A catalyst prepared by sulfding a

catal yst precursor of any of clains 1 - 35. 38. A

catal yst prepared by sulfiding a catal yst precursor of

any of claims 1 - 35, wherein the catalyst has a

BSul | Afe Fatalystoredueses carositionepf gy of c@ng 8 pa4, vilpogn the metal
P Wi r

'381% atgngag\rd ’g‘rs%%a%r ?fubf% H@! %?t g’é aﬂvé\:hgt a%rggq ﬁ(lﬁ gtae?iélxgﬂw?ound

M‘§B & sleoted lﬁgrrraamaomﬁml resamlymtez aﬁlrr@)ﬁw(m mewnrﬁg;tatpemd

hour. 40.. A C; taI St epar
camaingStnssheesh, Sf P relng. $p el aminie Read € fefyec
the catalyst is enployed in a flxed bed
hydroproceSS|ng system having at |least two_| ayers

Skt al yHeseatoRisHPARRR P CAMPRBIIOIRG/aNY AT E3ims t/s€>55\y'sﬂtr%ﬁth?af§talyst
ﬁ;réc%t,t ﬁgurf@t@f&&utgﬁé&t&l n 300F (16.7 OC.) per 1000

our wherein tthe catal yst conprises from10 - 80
vol. % of the |layered catal yst system 41. A catal yst

d | § I
B ol B L0 R A SRSl s’ 55
fi xed bed hydroprocessi ng system having at | east two

Pt o s Sofepln by R narttebEL B 55% el 135

RéfferelP e cB@Nft hal ok r8le Bf IRSthaR Al Y58 °CHPRY 1098 hoar
| east 25 vol. % of the |layered catal yst system 42. A

catalyst prepared by sulfiding a catalyst precursor of

XAy o zﬁ&%@ Cf:})ﬁreg %g sulHfIR ea' J&ta‘iﬁ?pt%@ﬁr%r%ﬁtanﬂf §f (955'91'5‘:13’ 8sl

in a proce S|ng syst em havi ng

Iveia&tm tfxxe caaiyst lmscaffou;latgabbﬁstf fess thlae R&i W (1 HeC)) Well()@@ hour.
catal yst systemhas a fouling rate of |ess than 190F
(10.6 0C.) per 1000 hour, and wherein the catalyst
NI issesaladt ptepagt b3Suliding Leaeilyst prechrayrerf anly ofdlaingdt- 35,

system 43. A cata s . pr re sul fidin
ey e aiobicussoplse iy FER G gothopipeessing Syt nay e o feast
e 18R alhlysE, ﬁﬂ'ﬂlf}fé\/é'ﬂ tHeNayrdd c48llysPSFtem has a fouling rate of less

hydroproceSS|ng system having at |east two | ayers of
dhanalYE (15,7 \ﬁ.h)epeq 0P heur, apdybrrein dbegalalyst sgmprses fram K - 80 vol.

(pgt{hgqﬁ{sﬁetd .l s g}gﬁmt han 10 OF (5.6 0C) per 1000

catal yst conprises at |east 50
vol . % of the

41. A catalyst prepared by sulfiding a catalyst precursor of any of claims 1 - 35,
wherein the catalyst is employed in a fixed bed hydroprocessing system having at least
two layers of catalysts, wherein the layered catalyst system has a fouling rate of less than
26°F (14.4°C.) per 1000 hour, and wherein the catalyst comprises at least 25 vol. % of
the layered catalyst system.

42. A catalyst prepared by sulfiding a catalyst precursor of any of claims 1 - 35,

wherein the catalyst is employed in a fixed bed hydroprocessing system having at least
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| ayered catal yst system 44. A process for formng
catal yst precursor conposition having a fornul a

WOUoONF78X OH) x (L) " y]z (MVIBO4) the process PCT/US2008/081463
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conprising: formng a first reaction mxture having a

pH from about 1 to about 6, the first reaction m xture
conprising: at least a netal conpound sel ected from

Goup VIIl, Goup HB, Goup HA, G oup |IVA and

conbi nations thereof, at |east a Goup VIB netal

cb‘rq)kamm of @ataly%asfthemﬁetheﬂagamd@a@bvg@ﬁtewm aifpiling rate of less than

Q’%Q&’@ 68&2)h’p §21%0o 01§IJ !a df;x%]er?lgql?eo&? st c&ﬂgljls%ggttlee?spﬁ vol. % of

um num ¢ onen
cﬂwpmmdtc,ata@ddsysg:na baS| c al kali component to forma
second reaction m xture having a pH between 7 to 12,
and reacting the second reaction mxture for a tine

syd fi chenfalysoprapdred By ﬁﬂﬁcﬁh?h tAbEstPrectRBebE athﬂrcl%hlﬁs A- 35,
is at | east one of an al met al cati on,

athersinghs Caéﬂ}’%ﬂ@gﬁwleyegﬁﬁ@,ﬁxgﬁp%l@/d&oqgﬁqgﬁ%wsm having at least
Cald lgpers M%dta?yﬁ@ k&%%;e?rgt(qufe'i R sMykdem a6 Qlfgull’vg%]tg é)f less than

Go nmbi nat 1'ons t her eof,

2H0 Seiscic) e Kl0gthew Anéhhersin thocasalyst4omprises ahteast 583701. % of the
0 en-containing ligand, WIB is at | east
aﬁ%er%ﬁ@ﬁ@?% ﬁé?lg havi ng an oxi dation state of +6,
I\/pl\/k/lBhasanatomcraHoof 100:1 to 1:100, v - 2 P

* 7z +n.*y*z=0 and 0 <y.<:-Pln; Ox P
O ‘ﬁ Vv Qpiocew fgr Q)rmﬁg catlailyét Brleslgé(g'goglpo% figf) l}ﬁvmga(%ﬁrgwéi AY[(MP)
t fBHRIL)" I MEBOROmE Brock S compAGh@d from sodi um

silicate, potaSS| um silicate, silica gels, silic
sol's, siliclRry@es firshieactinn witeicdBy g 2dl Gpmiabaut %0 about 6, the

first reaction mixture comprising:

at least a metal compound selected from Group VIII, Group IIB, Group
ITA, Group IVA and combinations thereof,

at least a Group VIB metal compound,

at least one organic oxygen-containing ligand,

at least a silicon component, at least an aluminum component, and at least
a magnesium component;
- adding a basic alkali component to form a second reaction mixture having
a pH between 7 to 12; and
- reacting the second reaction mixture for a time sufficient forming a
precipitate or cogel;
wherein
A is at least one of an alkali metal cation, an ammonium, an organic ammonium
and a phosphonium cation,
M’ is selected from Group VIII, Group 1IB, Group IIA, Group IVA and

combinations thereof, M has an oxidation state of either +2 or +4,

L is at least one organic oxygen-containing ligand,
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sols, ammoniumstabilized silica sols, and
conbi nations thereof. 46. The process of any of clains

W@ 2009/08683 wher ei n t he al um num conponent s sSePEDUSH08/081463
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from sodi um al um nat e, potassium al um nate, al um num

sul fate, alumnumnitrate, and conbi nations thereof.

47. The process of any of clainms 44 - 46, wherein the

magnesi um conponent i s sel ected from nagnesi um net al ,
magnesi um hydr oxi de, nesi um hal i des, magnesi um

sul f at 8 niaghleas tarﬁrﬁlmv metahhdvios ap oridatirate RETGOf |

48. A RIPOKPSS ecur sor

corrposiwtil on h}é\a%%ﬁ afo%?ld?% OI(%&H)@V%{&?\/I!’?G X

(MW BOxkeZt*hE*gr-occ*éz;g nc‘bnpm=s£bsanﬁhe step of

co-pre in e dltionsforrringa

preci plra’fea%P g 1<'E)Co P’lfrs? ngg at | east a netal

compound sel ect ed fromGoup VIII, Goup HB, G oup HA

Group VA and cqnbj nati ons thereof at | east a G oup

VIR rretT he PROSERS ggﬁlalm 44, wheggin t}@ﬁélcap Gampenent is selected from sodium

O%Nids8; &)@A@Elﬁfﬂ@ll’i&té kigenghls, Wes 8418 sfhch%el@thyldmm Qn8i1Ld silica

an alkali netal cafion, an ammonium an organic

a NP rANUMeTHYIT- Sﬁibﬁﬁf@@ piliensakmandedrobinatidns thsresf. | east one

of a Goup VIIl netal, Goup HB netal, Group HA net al ,

Group I VA netal and conbi nations thereof, M has an

oXbdat Tbepstessef axiy efi didimg 44 2 46 rwhedgin thei askumilnuin&mﬁtpoﬂmm is

or gani £.oxy ntal ni and, WIB i s. at

e LA S L Gr feplarsofh A, BT, o fpinum
Wltﬁtdjaﬁdadinmamqgtﬂeadofo of 100:1 to 1:100, v - 2 + P
*zZ-X*z+n*y*z=0, and 0 <y < -P/n; Ox P

0O v 2, Oz. 49. A process for form ng catalyst

c 0S [

; g\'?/"f’ ng 'Tgé ?%?%%u %gé\{ c';l\)afl:l)ﬂg‘(il@ g6, Wéﬁ’ ’Ehezch%(g% Bl cQHlponent is

p selecterkirom mmgnesigm nmtﬁl,pnmepuméwdmglcm magraa@tunohrahdes magnesxum

gg&?aité,in%’a%%es'ﬁﬁn bRk, BnPESHHiRIAL freflor, CO9E! Precursor:

ylz

48. A process for forming catalyst precursor composition having a formula A,[(M?)
(OH), (L)",]. (MY™P0y)_ the process comprises the step of co-precipitating at reaction
conditions forming a precipitate or cogel comprising:

at least a metal compound selected from Group VIII, Group IIB, Group IIA,
Group IVA and combinations thereof,

at least a Group VIB metal compound,

at least one organic oxygen-containing ligand,

wherein

A is at least one of an alkali metal cation, an ammonium, an organic ammonium

and a phosphonium cation,

MP" is at least one of a Group VIII metal, Group IIB metal, Group 1IA metal,
Group IVA metal and combinations thereof, M" has an oxidation state of either +2 or +4,

L is at least one organic oxygen-containing ligand,
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| east one Group VIB netal conmpound MVIB, at |east a

nmetal conpound Mo selected from Goup VIII, Goup HB,
w@@aos54483 G oup | VA and conbi nati ons thereof , PERUS2008/081463

| east one of an organi c oxygen-containing |igand,

wherein the precursor has the formula AV[(MP) (COH)x

(L" ylz (MVIBOX), and contacting the catal yst

precursor wi th hydrogen and a sul fur containing

conmpound, to sul fidate the catal yst precursor; wherein

A is aM] dagtleate GspumMIBamgtal.ihavigg an oxidatisrstatgaf +6,

anmoni | ¢ - anmnn| i dnghosphoni um

cation?éfFl i;&ég ggﬁgggﬁggﬁﬁgggﬂglg?@l, Group HB,

G oup MAZ P dup xIVA+arfdy temdl; i ons thereof, L is at

| east Qqn rgani,c oxygen-caony.aining ligand, MIB is at

| east Q%g' n’\/Pé ’?’rée%al 6,15 N/t{im/%é has an atomc ratio
s of 100: 1to 1:100, v - 2 +P* z - Xx* 2z +n*y?*z

= 0; and 0 < -P/ln; Ox P, Oy 2; Oz 50. The

pA8cesé RIPCeEs gﬂr dRUrdng Gty Pﬁm?wgl%mr?paaﬁf oA agrecpiser

CRbpdsHionHa® figraBFmiIa RS M® PESH), (h()@)ﬂ J ) MMBAES the plocedd @mprises:

process of any of clains 49 - 50, mﬁereln_the

sul fi dee-Pessipgptingt reastion genditppns tfoss @ pregiuitaty ereegel pageursor: at

4 our viel aj [

ot e ran 1B PR ESREARINN . oF b Hnerli 28k Eolind 0 sglected from
10 9&romuVHI, EFoup HB, Grapdbs, Gug IN'aA amd 2ombinatiais therdod, and at least

catal yst prepared fromthe.sulfidati t aki ng.at .| east

6 8RBT B AT NI, Uend; WhETpin TR Bipcuot has b Ty

hiagh®t) tdiay (Lite), (O0Pe,;aader sion rate of a catal yst

prepared froma sulfidation taking | ess than 48 hours.

54. ThEOrsRgdle atalyshpregurser withyydiegen anda sylfi cantainingompound

pq@gﬂﬁwgthie%tgrwggurgop;to contact with hydrogen and a
sul fur contalni"ng conpound in the gaseous phase. 55.

15 Thenepiocess of any of clains 49 - 54, wherein the
sul fur ,cQn [ nd .S H%ﬁ. 6, Ehﬁn [OCES: .
any ofAE g{%%£2899ﬁﬁgﬁghﬂg?§ﬁﬁ‘ gngogrhc Vﬁbqbglﬁﬁﬁlnomum
cahdih phdsphoreerar eation W1t is stiyciedfrem Grodp ¥18uUGoup 1B, Group 11A,
C%ﬂgt% R}/{] gncF go%qgar%%ng %%ree%f,&l 2% 1eadt one’ grgeslrtxig %x?gtengzontaining ligand,
MVY™®is at least a Group VIB metal, MP: MVB has an atomic ratio of 100:1 to 1:100, v - 2

20 +P*z-x*z+n*y*z=0; and0<y<-P/n; 0<x<P; 0<v<2;0<z

50.  The process of claim 49, wherein the sulfidation of the catalyst precursor takes

less than 72 hours.

25 51.  The process of any of claims 49 - 50, wherein the sulfidation of the catalyst

precursor takes less than 48 hours.

52.  The process of claim 49, wherein the sulfidation of the catalyst precursor takes at
least 96 hours.
30
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tenperature of about 1250C to 4500C (257 OF to 8420F)
W th the tenperature being increased at a rate between

WQ@2®9058740DC (0.9 to 7.2 OF) per mnute. 57. ThRCPUSE$631463
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of any of clains 49 - 55, wherein the contacting of

the catal yst precursor wth hydrogen and a sul fur
cont ai ni ng conpound takes place in at |east two steps,

with the first step being carried out at a tenperature
which is |lower than a subsequent step. 58. The process .
oB. cl dhepBBesswifielabn A2 wleerdin thet catal xsppriepared fromethie Biifidagion taking
a tenperature of t 125. QF 0

3 s TRE B R a PO st b e QR b er R 7007w+
tconpedial takccofaf cataidyatiprepa8d fromAbOldaliB® 2B gtless 8HDOI8) hours.

59. The process of any of clainms 49 - 58, wherein the

catal yst precursor is first brought into contact with

& Or gRBinfockdsUiiafly Bf d18imsU9 -GANkRGEInE: frecliragenbranght ihe

sul fur contai ni ng conpound. 60. The process of an¥ of
spataptsvitohydrexen apgh a selfys cop@ingiefampeung i heis3seousdinaset e
fromthe group consisting of gasoline, white spirit,

di esel, gas oil, mneral lube oil, and white oil. 6 1. )
Hie prihepssessfofany obflaipisaionmS45@hereigghe suhiiir eoniacting compound is
ﬁg tacting of the catalyst precursor in an organic

I'f¢qui d wi th hydrogen and a sul fur containi ng conpound
takes place in one step at a tenperature of about

1250C to 4500C (257_0F to 8420F) with the t.e at ur

61 ng 1hG oreeAsea AT OB RS sootbsiol e oot P ety
TordouPot Wit hyBoBeH £hd Hstilfurl Bshedihia g @smpélindaikes @face InpineBitep at a
éb - 60, whérei'n the contactin he cat al yst

t of t )
Sewpermisisrofihowin 25106 (2N BT A2RF Xyl g dsimaiguss being
sul fur Il o) 0 ihiteat | east two
JHsed ST RO ERAC 10 DS T2 B TSl ot s
tenperature which is | ower than a subsequent step. 63.

The prqcess of claim 62 ejn. t ' . [
PG o A SRS Ll SR
(Rd@R%r WathdF3Rigkn aidsul fue carsdining tempowtdapkes placair atdehst two
out at_ a tenperature of, gbout 225 to 4500C%&A37 OE to
7TEeOFYith fhelististie heugsaried oPEABdPABEPHE WHER B QY A"hE e
b&bWREEtQtep. to 40C (0.9 to 7.2 OF) per minute.

58.  The process of claim 58, wherein the first step is carried out at a temperature of
about 125 to 350°C (257°F to 662°F) and the subsequent step is carried out at a
temperature of about 200 to 450°C (392°F to 842°F).

59.  The process of any of claims 49 - 58, wherein the catalyst precursor is first

brought into contact with an organic liquid prior to contacting hydrogen and the sulfur

containing compound.
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64. The process of claim®62, wherein the first step is
carried out at a tenperature of about 100 to 3750C

W@ 20208878 7070F) with the tenperature bei ng i PCF/ES2081081463
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at a rate between fromO0.5 to 40C (0.9 to 7.2F) per
hour, and the subsequent step is carried out at a
tenperature of about 200 to 4500C (3920F to 8420F).
65. The process of claim®64, wherein the tenperature
is held constant for 2 to 24 hours after the first

sb@p, Theprotess phanyed chimad? afD vherain Sletoog@@d@w@iswected from
3 E) r W
Sgggj co 8H¥“§poq§g£0ﬁlk¥§¥@%e Lﬁf‘}dgﬁﬁ%éo b rnguétgrgls lhﬁe oil, and white
hyxﬂr ocar bon f eedst ock whi ch conprises contacting the
feedstock with a catal yst under hydroprocessing
condi tions, wherein the catalyst is derived froma
cgt.al yshe Ro&ssbEaTy TRIENASHY | 60) vierdiNthe At of Y &M?})st
x (L))" y]z (M/IBO4) wherein Ais at |east one of
aﬁrealvrwa] in apdreanicdiguidowith bdregersnd amfunsopiatping empound takes
1&% gﬂ% Ialﬁill féﬁg}éﬁlﬂgg g‘J%BSB?HS@@ to Q%°C§2§‘7t °F l t@ %@i"F?aIﬁh the
n’@nmerat@ﬁ beipg mmam;!taal'a ratp detwvoab.Ado rldfné) 9 1@e7r2:d:f) JpeMpinute.
has an oxidation state of +2 or +4, WIB is at |east a
Goup VIB netal having an oxidation state of +6, L is
ab2.| eaShe moeesoufggrofchathaini 6@ wheghmnte comacting dfdis @talyst
neutral .or negatiyve. ch 1B.has an
aP§RireoTin an greppiciarid Vi‘gbl%iif‘é%ﬁ’a a!l‘? 16@%&0“@2‘”‘# qempoynd takes
Xplacezm"at Reast tio Steps, with thé@nft Qepbding carfédout@ X tenfPerdburs which is
0O z . 67. A process for hydroprocessing a
hWbé’éPBéhbSF@@GEFt%k whi ch conprises contacting the
feedstock with a catal yst under hydroprocessing
condi tions, wherein the catalyst is derived froma
char geTheeproeeat oLdsial %I\thleé’cmp $iont step mposiigd am aiof tetniperature of
) epar.e a)
f SR A QbR Pt i Mt bR SRR R
atempbrajluré of #oau22 G 450% (BT St torFsath)) \@nh thexémipeature being

c ri sing: .
ickeased al & rate between 0.5 to 4°C (0.9 to 7.2 °F) per minute.

64.  The process of claim 62, wherein the first step is carried out at a temperature of
about 100 to 375°C (212°F to 707°F) with the temperature being increased at a rate
between from 0.5 to 4°C (0.9 to 7.2°F) per hour, and the subsequent step is carried out at
a temperature of about 200 to 450°C (392°F to 842°F).

65.  The process of claim 64, wherein the temperature is held constant for 2 to 24
hours after the first step, then increased at a rate from 5 to 20°C (9 to 36°F) per hour to

arrive at the temperature of the subsequent step.
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at least a netal conpound selected from Goup VIII,
Goup 11B, Goup HA, Goup I VA and conbi nati ons

w0 b@pess783 at | east a G oup VIB netal conmpound, PEE/UF®a%081463
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one organi c oxygen-containing ligand, at |east a

silicon conponent, at |east an al um num conponent, and

at | east a magnesi um conponent; b) adding a basic

al kali conponent to forma second reaction mxture

having a pH between 7 to 12; andc) reacting the second

r é&ct i dn Pracrisu e fdropropessings af hydspeaphont deeditagk awhich comprises

ggcﬁ*& %"illlieefe% t&c‘ﬁ%lth aacﬂgl rygf]ﬁﬁcfér Wla/é\fobﬁoc@gsﬂée&ﬁaltﬁﬂse v%erem the
amtzd,mst ushdeaiveld &opmpﬂiyﬂu ptcnunsaltqomposwpn pEthe édrecdaed from

G oup H 18) A G oup | VA and

conbi ngt bé[n)s(gt}ﬁé{i@ % ( (ﬁdgs BXI dation state of

ei t her A4 a0kastdne bf s alkhli hRas Calite ap b@i@idnfum, an organic ammonium
oxygen-containing ligand, MVIB is at |least a Goup VIB

met al aqﬁlé\lﬁh‘?ép@ﬁ‘uéklcﬂl%% on state of +6, Mp: WIB has an
at om CMlP 3I§ Iy le%%t_ énQ:OOfla tCﬁoﬁlp ilv’(i)l(-l)'mé(al Ggoﬁ'p HB r(r)létaf G(rou%zHA metal,
oG{ou;p I%@gnemh@digog@gggomtﬁqngf MP }@IS an mgldqmpn. wate of +2 or +4,
wher e IUIVMP éﬁea@l EogmzatVI% r%tgluhng lh o QFa‘é\ﬁ deMyI B is

sel ected fromnol y num ungs natl ‘ons
t her eok is # $eastldne opygmeataifingligands, ‘and &itras a‘ﬁéutral or'negative charge
vvhe<3r_ in M is at |east selected from G oup G oup HB,

—§ I VA and conbi nations thereof, and the at |east

one G oEMYPRaset @bmeoanevatebs 1 el &&t BUOd,r om ammoni um
hexanol ybdat e, ammnl ym net at ungst at e, and

conbi nat £ ors* £ndrdof n * 70 2 The 2pf ocess for

hydr opg @Gesindy 2 xhyslr ecay kon (fegdst ock of any of
claims 66 - 67, where€in the ¢contacting is in a

reacti on zone haV|ng process paraneters of :

67. A process for hydroprocessing a hydrocarbon feedstock which comprises
contacting the feedstock with a catalyst under hydroprocessing conditions, wherein the
catalyst is derived from a charge-neutral catalyst precursor composition of the formula
AJ[(M") (OH), (L)"y]. (M"™®0y), prepared by
a) forming a first reaction mixture having a pH from about 1 to about 6, the
first reaction mixture comprising:
at least a metal compound selected from Group VIII, Group IIB, Group
[IA, Group IVA and combinations thereof,
at least a Group VIB metal compound,
at least one organic oxygen-containing ligand,
at least a silicon component, at least an aluminum component, and at least
a magnesium component;
b) adding a basic alkali component to form a second reaction mixture having

a pH between 7 to 12; and
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tenperature from 395 to 842 OF. (200 to 4500CQ),
hydr ogen partial pressure from 217 to 4351 psig (15 to

w@o®058783 | iquid hourly space vel ocities fronPQI/0S2008/081463
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10 h 1, and a hydrogen rate of 200 to 15000 SCF/B. 7

1. The process for hydroprocessing a hydrocarbon
feedstock of any of clains 66 - 67, and 70, wherein
the feedstock is selected fromthe group consisting of
whol e and reduced petrol eum crudes, atnospheric and
vacuumtt esi Eagtingthe pesaed treeitqstaixtusel far edinpua{fiiend [ferming a

ils, [5ta c bot t , ils, light
oils Bk/&l%&%hg%%gﬁg%’%&\wr ottons, gas oils ig

to heav i sti rocrackates, hydrotreated

oi | s, deinaxdmstoinef aglaflek mexlestioniapcineneniuropacorganic ammonium
waxes,  ra fi.nat eﬁ napht has, and m xtures thereof. 72.

THE ﬁPlé%sg g2 %r oprocessi ng a hydrocarbon

f eedst sk ikeladiyd dfone| Giotp BAlL,- Glohp HBJ GOup 1TA, Group IVA and
vvhergjn_the contagting is at a drogen parti al

h
preBBRptonsdhsednMaotes 28 OB@Bﬁ‘b’bﬁtﬁ%’/ ofrgjthenfigohithcess for

hydr opiqe &984sPenco é/rﬂ&@%%‘%@-@ﬁ thiagdalark of any of
cl ai ms - 657,nanrg 70 -7 772, r\l/\/neﬂran(eéiqng(ﬂt he contacting is

at a h)Mir dgenlegtpGreaup YHessiahdaving an oxigstiorsdge pEig.

74. Thesp I ol hydr ocar bon
feedstg/(l:k of o§ aé%{?’"ﬁ?%‘?gﬁfﬁr@&w E‘Qg@ and 70 - 73,
wher ei m-2heP ¢antxatt +mg* y $ zat0; aandydr ogen parti al
pressure of at. t 450, psi g, (5. The process of claim
73, a2 %’l?’ﬂeﬂoésdﬁéct?ndfg%’ qﬁé- hi gh- boi | i ng

hydrocarbon feedstock and the catalyst at a hydrogen

partial_ pressure of at nost 550 psi,gMjlg,e,suIts in a
ni%Br ogdh® PRREV AL amf ofeffaime 44 1077 9direstn Vhels af leasg &isoup VIII metal,
r GRPNEE ik Qel@ct&?ﬂgﬁ‘a'n@lﬂ%&ﬁﬂ&n%n S1dhy MOGHRbiRAohd fereof.

pressure of about 2100 psig, wWth other process
paraneters being the same. 76. The process of claim

744 Whey e .1ng,of-t | Qi hi.ng
h;%? 3'r oc gpggﬁc%%gg g’?}g@ﬁ&%}ﬁ% g? hfg]’c‘gfeé{“)}gy gtat !lae aﬂy?frleoc éeéi nfrom Group
p&roupllBpGeap VA anfl cambimaténsdbdeqfsargl the stukdss onenGup VIB metal

ni trogen.renoyal . of at |east 70% of, the nitrogen

- SRR RS DA BB Aol G Taglatungstate, and

peembikorRftheaégiut 2100 psig, with other process

paraneters being the sane.
70.  The process for hydroprocessing a hydrocarbon feedstock of any of claims 66 -
67, wherein the contacting is in a reaction zone having process parameters of’
temperature from 395 to 842 °F. (200 to 450°C.), hydrogen partial pressure from 217 to
4351 psig (15 to 300 bar), liquid hourly space velocities from 0.05to 10 h™!, and a
hydrogen rate of 200 to 15000 SCF/B.

71.  The process for hydroprocessing a hydrocarbon feedstock of any of claims 66 -
67, and 70, wherein the feedstock is selected from the group consisting of whole and
reduced petroleum crudes, atmospheric and vacuum residua, propane deasphalted

residua, cycle oils, fluid cat cracked tower bottoms, gas oils, light to heavy distillates,

62



10

15

20

25

77. The process of any of claims 74 and 76, wherein
the contacting of the highboiling hydrocarbon

w0 ewdosei8k and the catal yst at a hydrogen par tP@il/US2008/081463

pressure of at nost 450 psig results gives a 700F+
conversion of at |east 50% of the 700F+

conversi onobtained in a reaction zone having a

hydrogen partial pressure of 600 psig, wth other
process paraneters being the same. 78. The process, of

ﬁwﬁgﬁgl?_teaj }ryﬁlr(inaaad @il3,lewakralradisrsladievaxen Fascberntyopehiiges,
[ oilin ydr,ocar bon. f eedstock and the catal ys

&‘fﬁw?%@% é’rai“figf‘x%Feéégeﬁ?ogqof at nost 450 psi gy b

results gives a 700F+ conversion of at |east 75% of

t he 700F+ conversion obtai ned | '
Aawvi nghepiegess @Mdf?ﬂ({)‘ﬁe%ﬁﬁg%@é%?&’oggg%%{g%gf ORL clajms 66 -

pr’ocesg 0 ’an%/r of cl a?drrsgné;% aggdy%%&ammg;ae?n iuhgbetween 400 to

©ohpsigt i ng of the highboiling hydrocarbon feedstock

and the catalyst at a hydrogen partial pressure of at
nost 450 psig results gives a 700F+ conversi on of at
l78ast TROYwootsstfbrehydfpFacesumpehwirenartstfasdsiogk phany of claims 66 -

reaction zone havjn hvd ; )
R M e
3ﬁg$éi80. The process of any of clainms 66 - 79 and

n the contacting occurs in a fixed bed
hydr opr ocessi ng system having at |east two |ayers of

cat al @%?r(%c\égeﬁlﬁteﬁfﬁr&ﬂ?gceﬁﬁﬁ?b Y§idro 6@BaR fesdssock b6 0T dry of cBms 66 -

vol . ayered catal yst system

67, and 70 - 73, wherein the contacting is at a hydrogen partial pressure of at most 450

psig.

75.  The process of claim 73, wherein the contacting of the high-boiling hydrocarbon
feedstock and the catalyst at a hydrogen partial pressure of at most 550 psig results
in a nitrogen removal of at least 70% of the nitrogen removed in a reaction zone at a

hydrogen partial pressure of about 2100 psig, with other process parameters being the

same.

76.  The process of claim 74, wherein the contacting of the high-boiling hydrocarbon
feedstock and the catalyst at a hydrogen partial pressure of at most 450 psig results in a
nitrogen removal of at least 70% of the nitrogen removed in a reaction zone at a hydrogen

partial pressure of about 2100 psig, with other process parameters being the same.
77.  The process of any of claims 74 and 76, wherein the contacting of the high-

boiling hydrocarbon feedstock and the catalyst at a hydrogen partial pressure of at most

450 psig results gives a 700°F+ conversion of at least 50% of the 700°F+ conversion
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obtained in a reaction zone having a hydrogen partial pressure of 600 psig, with other

process parameters being the same.

78.  The process of any of claims 74 and 76, wherein the contacting of the high-
boiling hydrocarbon feedstock and the catalyst at a hydrogen partial pressure of at most
450 psig results gives a 700°F+ conversion of at least 75% of the 700°F+ conversion
obtained in a reaction zone having a hydrogen partial pressure of 600 psig, with other

process parameters being the same.

79.  The process of any of claims 74 and 76, wherein the contacting of the high-
boiling hydrocarbon feedstock and the catalyst at a hydrogen partial pressure of at most
450 psig results gives a 700°F+ conversion of at least 80% of the 700°F+ conversion
obtained in a reaction zone having a hydrogen partial pressure of 600 psig, with other

process parameters being the same.
80.  The process of any of claims 66 - 79 and wherein the contacting occurs in a fixed

bed hydroprocessing system having at least two layers of catalysts, wherein the catalyst

comprises from 10 - 80 vol. % of the layered catalyst system.
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