WO 2007/070394PCT/US2006/046947 METHOD OF MAKING
vHYRROEPRBOCESSING CATALYST CROSS REFERENCE;%(}Qfg;Ig}lag,g46%7
present application claims the benefit of Provisional Application No.
60/714,545, filed December 14, 2005, entitled Method of Making
Hydroprocessing Catalyst, the disclosure of which reference.
BACKGROUND [0002]This is hereby incorporated herein by foraminous
carrier and methods for preparing such catalysts using stabilized aqueous
compositions.In particular, this patent relates to agueous compositions

containing eatalylisaly-activermetal sompansaisand subsiantialyswater

- soluble acidic components and to the catalysts prepared using such
Roasq%e%ﬁg itions for impregnating foraminous carriers. It is desirable
{0a6 Tbnverthiravy hydrmweatbondeeds, dacliiding thdse havingadoilibgpefitt  of

prdglQy about 1200 F inte lighterand mosevaluable, hydrggarbons It i§pney 14,

200also desirable to treat hydrocarbon feedstocks, including petroleum

BSidTEY: SS Rn Wi a8 Tesid fdeuStodks M GraBr o e R/ ot for talyst, the
di sxbawple chydrotleswifurizationi(#H D Shdwesgdenitrogenation fHON) herein by
re €a4hon.residue reduction (CRR), hydrodemetallation (HDM), including the

Ba reg}({)c\)/al of nickel compounds (HDNi) and vanadium compounds (HDV).

e cé{lgﬁlsts of the present invention are particularly useful and effective
(04§ e hydiBeiesulfarization, hyeicdenitrogenatior; Mydeddemetalintion,stc. on  a
fo0f Petieleymcompasitions aingluding dighshailing petroleym, capesitions.1 et s
us19%O3§€§§§§§%§%“@ﬂ%ggbggm%§5gggé§§§'Qﬁ”“ﬂe§¥u particular, this
patent relates to agueous compositions containing
catalytically-active metal components and substantially water
soluble acidic components and to the catalysts prepared using
such aqueous compositions for impregnating foraminous

carriers. It is desirable to convert heavy hydrocarbon feeds,

including those having a boiling point below about 1200 °F,
into lighter, and wmore wvaluable, hydrocarbons. It is also
desirable to treat hydrocarbon feedstocks,.including petroleum
residues, alsc known as resid feedstocks, in order to carry
out, for example, hydrodesulfurization (HDS) ,
hydrodenitrogenation (HDN), carbon residue reduction {CRR),
hydrodemetallation (HDM), including the removal of nickel
compounds (HDNi) and vanadium compounds (HDV). The catalysts
of the present invention are particularly useful and effesctive
in the hydrodesulfurization, hydrodenitrogenation,
hydrodemetallation, etc. of petroleum compositions, including
high-beoiling petroleum compositions.

10003} Catalysts comprising at least one CGroup VIII metal
component, at least one Group VIB metal component and a
phosphorus component, such components being carried on a

foraminous carrier, are known in the art.



component, at least one Group VIB metal component and a phosphorus
i i foramino ier, are
atysuch components being carried on a (ﬁﬁgz 140
‘ﬁgbv?r??n the art. WO 2007/070394PC/US2006/046947 [O(L)J}ggl g Kinown
that the metals of Group VIE of the periodic table, for example, tungsten
and molybdenum, and components comprising such_ me_\tals, for e_xample,
compounds such as the oxides and sulfides, are active in cat_alyzmg a
wide variety of reactions including among others., hydrog(_enatllon, o
dehydrogenation, oxidation, desulfurization, denitrogena ion, |sqmer|zat|on
[oarigt Erackingt: However satalytican |‘ e_t%i@n%%lgrygfgneggsr gpéggjzﬁ,%emof the
ively ly and have a relatively small surface
pe\?\:/rgigﬁ%so t%%%%%ey are typically Tot Used WSt $8soft 6 caffdrybdenum,  and

COMBHEHAER: THRBEH Ry Ihese Catatytichlly adtive metale be compopenisds such
asareusuallyiappiecking ailltedders) tothe surface, of %@f%@ﬂgéyggoré wide

jal. The f inous support material is usually of a lower order o ‘
zaggﬁ%/aw%egn c%%#alﬁ]é % th:éggaﬁfaﬁgﬁly%ﬁﬂ%%oﬁ%‘éﬁts, G¥stigpenation,
€

TERSaT eVeR be catdlpidaly compltdlfindctiveion, denitrogenation,
1 s{p0o5jFRathermore itimetakeantaining campRRents 0fé§'€'§1‘¥éﬁ% metals and

et ' ination wi ts, result in

els $,Such,as ysad in combination with the_components,
COﬁnha,ncedsiatalytic activﬁ%.T%r}e%én Group VIIT componiehts &8 Shnefiigs Have a
re

reterdd 18 aSERAN st Promoters Howerer, prablémseasiresultavhenhat  they
@rtheseprorndters are attempiiethio biedmpregaatad intoA carries Alongwith, 5 41 ¢ -
cotheseatalytieally @H&%&O@Qﬁ)ﬁﬁ}@i@ﬁﬁoﬁrj?é@t 3 S'mp'gég‘f direct

lon techni using ;a mixture’o “componetits typicafiPreonents
impregnation techniques using ;a mi
ar%a%ﬁ%%%aéh%pﬁo@%&. ex&mple, &dothbifatibaot cémporientssasédon of a

fogghuneraickelsats mohdicdenum or tungster SORPORSALS RSB+ material

tsresils nynsiadla saltians, &g solutong hject jo e formationof | -,
caPEﬁCi itateﬁ.impregnation of a carrier using separate solutions comprising
1C

components of Group VIEAHE BPGH 911 I8 oS Acsepiabkraitentativeven be

cakeetthatdaryresattid ebsfly, inactive.

[oo05] Furthermore, it is known that certain
metal-containing components of Group VIII of the periodic
table of the elements, such as iron, cobalt, and nickél, when
used in combination with the Group VIB metal-containing
components, result in enhanced catalytic activity. Thesge
Group VIII components are sometimes referred to as catalyst
“promoters.” However, problems can result when these
promoters are attempted to be impregnated into a carrier along
with the catalytically actiwve components of Group VIB. Simple
and direct impregnation techniques using a mixture of both
components typically cannot be employed. For example, a
combination of components based on cobalt or n.ickel salts with
molybdenum oxr tungsten components typically results in
unstable solutions, e.g., solutions subject to the formation
of precipitates. Impregnation of a carrier using separate
solutions comprising components of Group VIB and Group VIII is

not an acceptable alternative since that can result in costly,
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WO 2007/070394PCT/US2006/046947 multi-step processes and
waelfestivgQr non-uniform metals distribution. [0006]Rather }gostl and
involved processes have been devised in order to obtain a LRiFOHRRO00/046947
distribution throughout the available surface area of the foraminous
catalyst carrier material when using components containing both of the
catalytically active metals of Group VIB and Group VIII. It has been the
objective of these methods to prepare solutions containing metals of both
Group VIE and Group VIl that are sufficiently concentrated and of the
mafROuISle Stabilty o oy subseausnl uplom. INPTEANAIBR AN corry meta1s
_distribution of the metals throughout and upon the surface area Sﬁﬁe
1 2RI FhESe methods typically include the use of high concentrations of
[0 phesphoricacide Typically, the catier is impregaatedpyitha dilute salution veen

aeFRRIeing alnesphats sompanent, ANQHONSOMe ApRICANIORS IO NOL 7,00y
use a phosphorus component, and components of metals of oth Group _
Ehgy B GRUD VAREBS SppRiifthe Soltlien foaTaicetF fofambyst carrier
macarerimatetanand:themdryiagranskealeiaing dig.eamposite toreotvert of  the
the ca ically active matelri .other farms a\gﬁ% :Iarl o the gxid
s Hgﬁe%%th@us%%%sﬁéﬁé%ci&%pa(?tf&lfgﬁy at igahg(é)n%%ﬁtrgtiﬁﬁlsn' e
Bathadt et require P16 SN SoRibilizEBBTh SFhEMstalfCOnRETRgTs solutions
cogbaiponeptsraritahaintgin thenh in_ca:stablemnan,dcaaﬂnm@du_@em that are
suPgtiornanes related prohlemsduring the use QEsUCh GIAYSIS NG absi iy to

hydroconversion processes. [00071Furthermore,there isincreased interest
2131 Brotite g VT oW B ahd A 6GEN ShudFoiP RActbordndPin- ton of the
me prdducingrand bpgradimgdowercquakiysydrociebon feeds; such dshe carrier.
ThS¥Athetie gridesand hgavy,petieleum.crude oﬂé@cggn%mogg%gytrations

P h(l?pl congentrations of nitrogen, sulfur, metals and/or high boiling
o JMPERaHES Hor Sarple, a%aﬁt%ﬁ%g%nd Feddns SRR Towkt qudigFegnated
witgeds renderthe WO ROOV4070394RCT/EISRD061 046947 samepoodymponent,
alsHiedh some applic@i:ﬂ&@¥er§@nﬁ%fysﬁf&apr&)dBﬁ@é@)ﬁ@@@tieg%onent,
an etrg{lgunglég{‘%néng %pc?nrattiogs. In%Tziew of such difficulties, lower guality
ydrocarbon R &6 Catilyticaly hydrotBatstto DBthIF FfdtgTiale 11 2y

deds often are cata
aphyiresgreaier utilikyIntdnventional downstréarnrrefiningoperdtionss  carrier
ma@mb{nij hyafmreml g Og axe}rg@gnvgﬁipndmmygﬁﬁg@tﬁqm such@, I?ece&e to
rogen at elevated temperature_and pressure jn the presence o
CO%%%?; (%%glys%sétﬁa;ig %sﬁﬁrtfgg SUC%CSF%gSSSmaFEIﬁ%lﬁEanC? Qitrogeitds  Torms.
Payie feePareYcomrertedfargatyds hydroderasiiite andsamatenico®hicharehoric
aceasilpeemaved. Arpmadies satHation-and.eracking-ef lager molecuWes uired to
refANAPALNE H3ed IN0rdes 8 CORVATL U AGHNISEEE LOMANCNIS Oorencs ana
lower boiling components. Metals content of t e Teed decreases asa
maEGREF depitidh of mEtRE bR R hYFbTRatisT BataRRE J00EBIAS eaR Ormance
rebetaphreciated | satisfacioryioperationdn prosessing feegds€antaining:high-= 1
nydEVels ol impurities under severe process conditions places increased

demands on the catalyst to be employed as the same must exhibit not ,
LOQRR/ high aCtvity rtRestesent& Sfimpurities antAider¥edere interest  in
prodnditiogs,weutalsostabilityrard Aigh activitymaintepadee duningthedinens ana
inth§£gc§1@i“3§e' Qﬂ'&?lyﬁﬁ %@Eg ?c@!@g P c\’.;/xlj.%ﬂ%al ¢ mggggntf Sg%h feeds,

~as a molybdenum and/or'tungsten component, promoYed a nicke ‘
SUAHd/Gt TobSK RERpohent SFE<EFporfEfon AFdraus REaRRI§ Wbrgaaiede o1l
Eraxideyare well Kndwn@andewielely, used yhconventionat hydrotreating nitrogen,
suPIGESSes: however, the_same often %%Evgwa%ﬁdﬁgﬁg%fg?tag%w N ple,

activity maintenance under severe conditions. [0009]lt is known tha

28 ?&}gﬁﬁﬁﬁof‘ﬁﬁd@ﬁééﬁﬁg cafalySRTbntalig GHp VB &fFérogpnder the
VIII metal components supported on a porous refractory inorganic oxide
can be improved through the use of phoS$phoric acid impregnating WO
2007/070394PCOUS2009/046947 solutions of precursors to the Group
VIE and Group VIII metal components or the use of phosphoric acid as an
impregnation aid for the metal precursors. Thus, Pessimisis, U.S. Pat. No.
3,232,887 discloses stabilization of Group VIE and Group VIII

metal-containing solutions through the use of water-soluble acids.
Accordina to the natentee in coliimn 2 linece AR-11



its broadest aspect the invention comprises the preparation of stabilized

|aUSHYs salptions which comprise an aqueous solvent having dissolved
therein catalytically active compounds containing at least on}’eggﬂé?ﬁﬁéﬂﬁf(mm

from Group VIE of the periodic table and one element from Group VIII."

Inorganic oxyacids of phosphorus are included among the disclosed

stabilizers, and the examples of Pessimisis illustrate preparation of

various cobalt-molybdenum, nickel molybdenum, and nickel-tungsten

catalysts using phosphorus and other acids as stabilizers. _

Hydrodesulfurization results with certain of the cobalt-molz?dcinum oducts  in
SABEaSIS e préSehtéd andthe PARKEEE Sigests that the Use of the
costabilizedrsolutions may: leadte fmprioved hydredesuifarizatiém activity iref  such
a1 seme nstances. [901Q1Other patents relaling 4o hydrogonversign orofren  are

hydrotreating p\r,%cegses discéos(ia vé':\riou% gatarlystsé 1@@}5 Qiesthan%firl remter
2 hfeparaficn a8 wel a5 theifUsa in SOch processes. For example. Simpson
uteéfalkyw.Sikat. Novs00,424aahd it divisibmalapatentad S1Pwg, Ngperations.

ca 8 B818:£43 aradirrcted to hydrocarhpn.conyielsion catalysts sortainiRgat acting
least one Gdl‘OU VAEén(%tal Compogeglazf?ggéor%ee%rg%p é@u*éneatgld pressure
SUESmPBonEm alid & phosphoTis component on & porous refractory oxide :
inhavimg @definedand harrow pord sizeistiibistion. Thé-gatalystgsult of such
prigactionsparticulagly-hydrodesulfurization. Nelsonwet als4k8. PateNozonverted
Tl.ag"SéJ? 6(.)?&':? h%drgtrgatargengoﬁ%a&g h)cé%r Cart%r?rggrggéncwgh are easily
Conversion Sim arﬁ/,%lrectedl fo content of WO ‘
reFOUFO70394PEATDB2B06/04 BYRTFEHHHIBhen & BoilinG W 0.00°F by Har3eT
motQriackwith-GroupiVl nea-neblesmetal @dde and GrouprviBrmetal gkideciling
on alumina having specific and defined. surface area and_pore sj
e %triﬁﬁﬁ‘gr?nﬁﬁnl%s: %at%ﬁt 2186’ Teac 8§?§tngolucmorr1n Ssﬁr%nsgg?furthz%a%n%ésof content
o fthishteadififig it 5 SHGFEStEd, 2t lifes S4BT thafinfiregiatng Soltongst &1 on
£ neay-herstabiized mithad 202 gehat solutions stabilized with H3PO4 not

{ 0%% g§ed' S%% alcsf%gai ggal 'a8p§_'é%§taygd_?’3%7a%§@ é‘ggéz%%&@gerat ion in

similarly directed to defined carrier properties for improved L
PR BESHEErsiGT Catal ST PO tHe SRtaly<ty i the PreseAERTaRtGT rdss
- setheraetals-are tpicallyrattivatedsby gbaveringithemeintethe demands on  the
«5aresnonding jnetal sylfides. This cap he.aecomplished Ry iAWORUGINGn1y nigh
the catalyst comprising the impregnated metals in a device or reactor and
2 ohdticting Hsuitabfe prESHitizZatiorr reat &t twhéfeh tid Cataly&t Hyer=vere
cdsditfurized bybintroducing & hytrotarhonagilccohtadiingpart approprigggintenance
aSMiizing agental eleyated fempesature. Lhe active-sit@ 0fthes containing a
thus-pretreated catalyst is formed on the surfaces of the re%g!ﬁing ctive

CRRER sUlfides 86 that thEIBRPHEMber of i&tive i8s ifcredSes’ With an aéd’lor
tungrease in thegxposed surfaceareadf thewrctive metafsaffidesnfididing cobalt
caBighLatalystactivityAp-nereasein exposes-surfaceareanf the-activeorganic

metal sulfides may be attained by enhancing.dispersion of the active _ .
i ds R 5 . .1 nt 1
OMAERI sulfids ad'Cartied DI cafilyst cg%r%?f by }rln“c’lrﬁ?’l%lzﬁatheconven tons

hiyciystalsizé bhthemrespestiesactirewretarsulfides. Metfods fsegrepafngomevwhat
1 sueh-acatalystipglude dipping-as catalysteapier RaN-agueoussolutien of severe

- gg&vg metals containing a carboxylic acid, such as citric acid or malic

10N . . .

Aeid, asa complexing or chelating , .
[0008] It is known that preparation of hydrotreating
catalysts containing Group VIB and Group VIII metal components
supported on a porous refractory inorganic oxide can be

improved through the use of phosphoric acid impregnating
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W02007/070394PCT/U52006/046947 agent for active metals and
JGRer fB(; firing the impregnated carrier.For example, EP 018;935(A?
d}%gc?d@s/eé; %hmethod of preparing a catalyst in which an orgahfc €638 uHd+
having a nitrogen-containing ligand (e.g., amino group, cyano group) such
as nitriloacetic acid, ethylenediaminetetraacetic acid or diethylenetriamine
is used as a complexing agent and is added to an aqueous solution of
active metals, a catalyst carrier such as an alumina or silica is dipped in
the resulting aqueous solution of active metals, and the catalyst
GQmpased of active mngIs carried on the catalyst carrier is then dried at a
SOtemperature of Aot higher than 200 C Withoatt ing - Siriidt gthiols 4re T metal
COHiBEIBsEd In US. PafentNe. 520038 Emiersin thecdonpiexirgnagentisgnation

aﬂwdfexygaﬁbowﬂﬁaa:cicbﬁ@r&f@a%l@HCitri@@%@; aﬂggggrﬁgg%gi,s el iNpac . wo.
§0_4 ti ith the active metals and the resulting impregnated carrier is

: knelda'd%%v\;n%%ﬁa%%esd&?%r |?1Elj§§ %‘a 8%{1 No. 5, 3f§§§%evé£§erﬁr?§1a§d7é3dlp Vil
"o caRlyS Hréady contalfigthe attvestalstdeposited or@ carferinsoluble

adieth of these patenis thesesulting.corapesition isheatedand dried 8t @o5 g-11
« stemperature [ r_than 200 C, and jn the gbsence of calcination, in
ltcz?rdgr%t? avoigll %%%gr%%gsitioﬁsgfe the co%%%xingl%"gﬁlt? [6812)fomPrises  the
PrERraancawitl tht methotrsFaddmraydesycarborylicdtidhs aomprise an
accemplexinglagent folewed by diringothe-acid sanbeeffestive fari cal1ly active
C&Hﬁm the stapility .of the active, ggetgl-dippéri% r%oll%iorka% rlg a&tsoas A 1m of
complexing agent for aciive metals and a(%altlona y fhe acid 18 also ~“F ©
t Béttectie Torinfiibiting 2bSgulaficn ofittive FretalsPHowévsITtheCacaive  VIII. "

Inmetas are sobjesttocoagulationtbesansewt thesfinal fiing steptherebyong  the

aitendingto degkease catalyst activity ;0n ggleéothe(_g ggQgIlin accardan e
il\11\/‘i£h éhe method disclosed in EP_0181035(A2), sine the aec?ive r%gtal %ﬁgsfmlgls
SUCh as Mo drNiHaRs arefitmR codinated witk Bfe: Ritreeritshttaifing o i clkel -

m%ﬁ@ﬂﬁ@,nsmﬁdomﬂe@d&med%ﬁhﬂ camierliga-WQsing phosphorus and
ocRRATIAZ0AURCTILS006/046% 7 highlyAiseersadgondiian Jn addiien. s s
y

Cesigce the %at%?(st containing the active metals is not calcined but is mere
ow

ried at & Tow temperatare, fbt higherthan 266 €L ¥Rt SifcesurGRzaIFS. and

thig cemdertectPwitivaaexitizetdmetalshtheraetivemetads earnbe maiatained ut ions

malp aTlispersed Stﬁ@%@@ﬁ”ﬁp@@%ﬁﬁﬁ@ﬂé&éﬂfﬁly Q@@ﬁﬁ’f%}y' in some
1 othey,are deficient in that the low temperature heating and drying step does
not remove sufficient water, thereby requiring that such water be removed

[08dfg the Mftht Stagezrcaalyst canpladelawundbe burtgdrofconversion  or
hyhydropeeeessing, padrpadicdlar th8-10se  various catalysts, their
method of preparation as well as their use in such processes.
For example, Simpson et al., U.S. Pat. No. 4,500,424 and its
divisional patent, U.S. Pat. No. 4,818,743 are directed to
hydrocarbon conversion catalysts containing at least one Group
VIB metal component, at least one Group VIII metal component,
and a phosphorus component on a porous refractory oxide having
a defined and narrow pore size distribution. The catalyst is
sald to be useful for promoting various hydrocarbon conversion
reactions, particularly  Thydrodesulfurization. Similarly,
Nelson et al., U.S. Pat. ©No. 5,545,602 is directed to

hydrotreatment of heavy hydrocarbons to increase content of
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in the use of the on Plant equipment that separates water from the

. etroleum fractions. [0013]Notwithstanding the diverse

“Eegggﬁﬁ?gﬁég%ﬁ; patents and publications in respect of the prepafatiBrreo/046947
hydroprocessing or hydrotreating catalysts, there is a continuing need for
development of improved catalysts, particularly catalysts that are effective
but contain lower delivered to the petroleum processor. SUMMARY OF
TEE INVENTION [0014]Embodimentsoftheinventioncomprisea
hydroprocessing catalyst and 'method for preparing such catalyst
comprising; (I).providing at least the following components: (A) at least

SO R ANt AR o Cattierfaling & Water pore ¥oiumg»=h  Group VIII
non {Ejgatalyticalhpdctive ivetals usef@hinhydréd® cessirg: hydrocaebors, saldmina
navingialsdn the form of afleasiong-compenert praviding.al least gnemetal i e

from Group VIE of the periodic table and at least one component providinglines

L5 5 o2t ofiE metal rof GIRLPT VI Bf e peTidtidTEble®(C) &Pl ore

36 - ghielate; (Bywater anldiqmntihesufficient to-fonnzal sclugorrondispersion during

R oronale. st one W S007/07 A PO LS 20 e pAcR o
an tionally, at least one ‘ 1

undg 6éﬁ%’§r§s-coﬁéﬁﬁﬁ§ba%?ﬁg comﬁgnentsle@if)n‘c%%%actir%gos%rp&%ﬁ"l%bnents

turtiheyavitesaid sélotien bedishérsionicomprisinadiB)e@(Crand. ines 54-57,

thaeptiepaty(h-(F) for astimeanshat %@m@@ﬁgﬂgwﬂ@%@ﬁm@mﬂéw%a that
and to impregnate said carrier with_a suitable amount ofrg components (1), .

o R A} 265 thd St that tvolisRe SFead soldfion g1 & bai et

al. disPeionfétualS6r-exeedds thé fatstpobe ¢GIBATE6f saldrédristy directed

to Sepamaiing said imiregnatedgasties and @) heatipgsaidimpiegnstethversion
Catgﬁgig{éo a temperature higher

o011} In the catalysts of the present invention, the
metals are typically activated by converting them into the
corregponding metal sulfides. This can be accomplished by
introducing the catalyst comprising the impregnated metals in
a device or reactor and conducting a suitabia pre-
gulfurization treatment, wherein the catalyst layer is
sulfurized by introducing a hydrocarbon oil containing an
appropriate sulfurizing agént at elevated temperature. The
active site of the thus-pretreated catalyst is formed on the
surfaces of the resulting active metal sulfides so that the
total number of active sites increases with an increass in the
exposed surface area of the active metal sulfides, vielding a
high catalyst activity. Ani increase in expossd surface area
of the active metal sulfides wmay Dbe attained by enhancing
dispersion of the active metal sgulfides as carried on the
catalyst carrier or by wminimizing the c<rystal size of the
respective active metal sulfides. Methods for preparing such
a catalyst include dipping a catalyst carrier in an agueous
solution of active metals containing a carboxylic acid, such

as citric acid or malic acid, as a complexing or chelating



than 200 'C and for a period of time, but less than a temperature or a
and time that would result in substantial decomposition f said
%%ggﬁ ﬁgeg%elate. An exceptionally dry. catalyst having deSiaBlEs 4e6W0itsp47
is obtained even in the absence of calcining following impregnation.
DETAILED DESCRIPTION OF THE IN-VENTION E001S]In the
specification and in the claims, the singular forms "a", "an" and "the"
include the plural unless the context clearly dictates otherwise. For
pui.poses of the present invention, unless otherwise defined with respect
- %)na s;%ecific progerty, characteristic or variable, the teim j'substantia[ly" as
I3ppliet B any chitstia"ShEH as H P opBfty S earasteAidticisivatiapleimpregnated
capreans {0 méettheestated. eriteiainosuchomeasire such: thas se skilleghitnoa  of
priieartwould uederstad that he hansfit to.be achieved. o the conditign .
nigrrgrogg[tg vafI:ue, desired is met. The term "about™ when used as &
moartier for; oF in CoRjanctioRfith, aVarfble, i§TiBRded 8 ¢onVeythae Sroup)
Suie AMBersEnranges disclosed hereinlare<flexible indtthat redee Of acid or

aithengipseetinventionby hoseskilled inthe art ysing, 9., lemperatures, o o
Concentrations, amo ., contents, Carbon numbers, trope -Les such as

nts
“° patticlé Sze Strer= gr%%?%%regﬁarﬁl&%ﬁvﬁoVW&@&‘%’. btk G&rsity etc.,carrier
SUfat &8 oSidedfné rangeor BHccesent from d singleivalie, wilkachieveu ¢ ing
aq{fﬁwowﬁﬁw4$¢xmﬂ%6%éz§ A %%iregﬂgsugh@a%§¥a§@st composed
Ofegg%twehyrgerg%rpsce%sm% cgéal%ﬁt exhibiting lower levels of moisture as '
made compared to catalysts of the prior &t comBRSinG &l active then dried

& métalsHAeSGthEH E6mpthenstantt helated without catgining. without firing.
81 {00064 T hreughess theentire:specifisation; including the, claims, the ward, o o
neSQmprise, and variations of the ward, such as "comprising” and_ ‘ R
wy"comprises," as v%ll gg%’ﬁgvea,“q"h%o\t/iné?' "hehiied *heRaee vyl e acid, for
SXATBILT™ING > HnFvafigtiGns fefeok rean@ahat the narmed stéps, efdmentsn with
ther matetials tavahichsit refers ate-essential, butgthersleps, glementsor. ... ;¢

xkndiaigrals may-he added and still form a construct within the scope of the
-claim or disclgsurge. When recite i'nrgdes%:?%|E'r’11rgl|tthle\T fhvertiGTand§fathe agent

18 IR ST méESnsthat thé dhticn afd Whatisreaifmeting corsideredt torbe metals

depgrat felldwsoand potemntialty arare. These tesmsy padicularlydhen aeplied & e

reiQ €l2IMS, A8 inclusive Qr open; ndﬂ%o ot.exclude additional,

- uﬁgrecite%helemgents or methods%e%;gp%gﬁ)oal AI%?ejfgrcgn%te:s RefdifsTature not
Lerhents 6Pmet3l befongfiifto & terfahf GroapaeRs tothe Redotivat ion, in

ordebldof tiecEldnintoand Havleyis €ondensedciomical-Distionary,

10438t Editiopn Alsq,any.teferences ig the Groyp or Graups shall e to the |
h Cgrrou%) or rmyi as reflected in this Periodic fable%%%rﬁentg%iinga%%mg 2
Y 1c

" CRS §ysten for numbétii grdiie. SIUtHETBOTE THe giiferdl  followed by
£ 1imtecedures forprepariy inmpre§iating ve forofieatalytiealaciive stability

of metals ar%@@ﬁ@@e%gﬂﬁa@% ; AN %E@t@{‘&épp'%g‘“oﬁg.s actts as a
CO%OQS[{Q&Q%M, published Ma 26, 2005, which is a continuation in part of

““dpplication NG 10/719 551 ffied Kfov ™20, 2603 >Tre csiiértictenthiof the acid
1s tFefepiihed and fifed appliciasiisincorporated heteit. of active metals.
However, the active metals are subject to coagulation because
of the final firing step thereby tending to decrease catalyst
actiwvity. On the other hand, in accordance with <the method
disclosed in EP 0181035(A2), since the active metal ions such
as Mo or Ni ions are firmly coordinated with the nitrogen-

containing compound, such ions are carried on the carrier in a
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00193"Post-impregnatedft,catalyst refers to a catalyst in which the

Wgtals eRtaining solution or solutions are added after the foraminous

catalyst carrier is calcined. The WO 2007/070394PCTI11jS206 #6§4%6/046947

foraminous catalyst carrier can be calcined before orafter shaping of the

catalyst particle, but the important aspect is that the metals-containing

solution or solutions be added after the carrier material is calcined. Thus,

a "post-impregnated" catalyst can be made as follows:

[00203Uncalcinedpselidoboehmitealuminapowderis thoroughly mixed with
Lwater, o | with a dilute aqueous solution of nitric acid or an
§ \(I)&r%ggicég%gggr%s aé%entﬁ:jlc{?rlfg?niic agfa, 5# the Qluminamikturs. S catalyst
© gﬁdiﬁ‘i’ﬁggab%?503f6t55’Wei@ﬁﬁﬁé@erﬁ%d@t@re,ﬁslﬁé{mﬁﬁmé@m@s merely
dxcatalystrpatticles havingardesired size-and: shape; preferabdyybyoc, and since

ian, .T.he foime rticles are dried at a temperatyre of about 110 to _

S%o%%té%nd%edﬁ%%a%%e%@at aw'f“egrri]jlpeurgﬁffné Cg% %gutrﬁ%lbatosdbo% € active
SN € e dbolitorBh R RtRAS. The BricH sRe eakihed partitles afgiile such
cegortacted witkha stitable guaatity of a stable setalssplutiondyeludiog e ficient
1:£helating agent as,descrbed Ju detailhereinbelow, Forexample such o

solution typically contains molybdenum, nic e?ané)phosp}ﬁor S, OfF
rer‘ﬁ%i‘ix%dgﬁg 2064l afd phidsphohis Fiys aF SptisracadeitohaFgeanttipter be
regfeGrotip VHirietals sotutionnif reguired; in geder toprovigathe deskeding, an
uxﬂ@@%%@l@e@lﬁogﬁ%gﬂggﬁg C@%b‘é’@&ﬁ 299%“?‘”“%'% anagrticular, the
walénggg)rmiix IIL!IQ‘? the g)ores. After a suitable contact time, the or%eq

Catalyst particles fé hedted &PaiTel&Red teMpafituré As dederibegsn of the

Ca@@téﬂ’ﬁéreﬁrﬂ)‘eIomﬂ@)ﬂ@‘fe@ﬁvelymémveasuﬁstantiai{y allefthe egidydhent that
e paisiuesvifeutihe nerddaccalciolng, Jaus puasenving ihechelafng
[ 398 t, typl%CI)Ié/ pre esrg as_an organic compound. 100213SU|ta8 e

catalytically Sctive elenahte BFmetits Horm Group AR ot ifepaifodigtents and
Puiableiesent inlcomporents-ofdife inventioreprayeindlude 66, GeaNpPehcessing

orPtiapdtbetikeangres-thesagfsOf these,hg most péefgég@iqgi%% ar}%ed for
itable Group VIE elements or metals include Cr, Mo, W, WO

Su I
230071 0854PET RIS Z006I04 6T T e rixuRHhe ROHbEt féferterte that
aT&re NiG SREDWY Preferred combirations bbweetal componentsccompiisesture  as
deq.gveniekel endimelybdepums cabalt-aad saelybdenum, tungsten and

Sﬂ%@@r&o%nw%and a combination of cobalt and nickel,

tungsten and a com ination of nickel and cobalt, a combination of
LoftRbdenuRBRE tRFSHRIM anglfickelt&k; the tomdivation molyboepuise  a

hyanchpickekissparticularhtprefesced. [0022]Theauesall pf%fieSSf&%?f%%_ MY such
cad §§%b§% impLe -t%sﬁojutiogﬁan be deSéribed astfoll ws: [19023 An
a e

: . 1gin &
amount of a substantially wa r-insbluble ?ogp
components: (A) at least one calcined foraminous carrier

(1

r

e following

having a water pore wvolume; (B)catalytically act.iva metals
useful in bhydroprocessing hydrocarbons, said metals in the
form of at least one component providing at least one metal
from Group VIB of the periodic table and at least one
component providing at least one metal from Group VIII of the
periodic table; (C) at least one chelate; (D} water in a
gquantity sufficient to form a solution or dispersion
comprising said catalytically active metals and said at least

one chelate; and () optionally, at least one

8



YAiFThe 53340mp0nent is added to water to form a slurry. The RERBHALGF046547

the Group yin metal component is low relative to the amount of the Group

VIE metal component that will be added - in a subsequent step.The

specific amount of the substantially water-insoluble Group VIII metal

component can be characterized by the molar ratio of the Group VIII metal

to the Group VIE metal in the final impregnating solution; other suitable

ranges of this variable and others are described below. [0024]To the
phca%ﬁ%%ﬁ??lﬂn%ﬁ‘ﬁ@%&ﬁ‘sta%ﬁéwWat@ﬁWGro&EMlII Wefdlacting said
corgpmiporent jUst dascribedpis addedananueoussolitionafapateriselublempri sing
( T Phesphorus-¢entaining acidic companent.the amount of this acidic . __

phosphorus component is Tow relative to the amount ofrthe“Group VIE
© SNREGRT comporent that Wit be fdedTFa sdbsEHdettsep, 2 isat allepslegnats
saihatynay bednsuffitient te Ldauselthe SroupVilbmetal camperegattonts (1) (B)
andecome sybstantially solble at this stage.of the,pracess, althgugh itis - __; 4

believed that the cgmsp,onents added in these steps | an 2 undergo ‘
S OB ac8h. [ afy E7&M" & JUryBIINE comporemeds marftained 2 thisTs volume
of stage F hespecifcramesnt=of the waterssaldble i phasphosis=eontadiifg er; and

( I‘\@Ci@E&@M@ngﬁﬁaarﬁ%ﬂgr%w&oﬁ)a’ggéf cuU %%2096/%9%@&@3 nigher
char%cé?gizgd by the molar ratio of elemental phosphorus to the Group
{

Ehgib fefl inthe¥iHal impregRatiig sbftfior? ftypicll§ thimblarfatie isthan  a
t efriprrabout ©. Qlrtoaboeth 8 802 [0025] o theragueous sturry present &t the 5
Su%g(;é o;lgle%)lz,és added thetGroup VIP metal. component.In step 3 the

resUTting Stdrry RIiKIUre i heatéd for a°fime and o Fehpdrsure sdffitent A0
exforthie Greup VIEdmetal compbpent thepact withitheiagueods SlukY vity ‘is
Ob@goduecgd bé(vtgg subsﬁtantjca}lll waggrs-iggoluble Erou VIII metal component

and the water-soluble. phosphoris. containing acidictomponaht, andrtoowing
imforsoasolution. Generally, mixing and heating may be carried out over a

period of about 1 to about 8 hours and at a temperature of about 160 to
DEHBOUERODEFCRIPTION OF THE INVENTION

[o01s] In the specification and in the claims, the singular
forms "a", "an" and "the" include the plural unless the
context clearly dictates otherwisze. For purposes of the

present invention, unless otherwise defined with respect to a
specific property, characteristic or variable, the term
"substantially?® as applied to any criteria, such as a
property, characteristic or variabie, means to meet the stated
criteria in such measure such that one sgkilled in the art
would understand that the benesfit to be achisved, or the
condition or property value desired is met. The t=zxrm ‘“about"
when used as a mwodifier for, or in conjunction with, a
variable, 4is idintanded to convey that the numbers and ranges
disclosed herein are flexible and that practice of ths present

invention by those skillad in the art using, e.g9.,

oF
0}

mperaturss, concentrations, amounts, contents, carbaon

numbers, properties such as particle size, =urface arsza, pors

ks
diamet=x, pore volume, bulk density, etc., that ars outside ©

-

the rangs or different Irom & single wvalus, will =achieve the

9



[0026]The concentration of the Group VIB metal component in the

H ing solution composition can be quite high, up to about 50
wvﬂ%g%%gnt, expressed as the oxide, and based on the tbtall WBRIRLEP 7

the impregnating solution composition. It should be obvious to those

skilled in the art that more dilute solutions, useful for particular

applications, can he obtained by diluting the concentrated composition

with a suitable amount of water. [0027]Additional Group VIII metal, in the

form of a substantially water-soluble Group VIl metal component, can be

deadded tortbe.compositipns,n step 4.as-required to give the desired level of
e530up VIl metal comp%ent and the desire ‘?Sﬁ&? Group VITmety catalyst
\%

component to Group VIE Htsl coMipof&nitiis tiefinidhed vatdystcthpared  to
CahfolaiFiatio 6EGrobp Vilt inetal compenrentta &regp YiE metal COMPORENt v .1 o

an6a thus-be vaies fiops abaut .02:10 2bgut 1.9, [0028]Eyrthermore, a
ro&helating aggngﬁr%fgr%bly if acid, is added to If‘he pomppsﬁ'loﬁ as
well.Prefera ﬁ/t d cithc acidYs &detif WiPp6Hidhs 3dhem the walerding  the

dfﬁ‘i@?to ddutiorofdhe’ arstalsiand a secondalatger paitonafter WO, 54,  such
as 2004070394RE 1", LLo006 104694/ additign,of the metal T
, izg‘gmmglénds.'ﬁ)igj;%all% the ratié) of ,ci?ric acid addgg at the be}éﬁ?ﬁ?ﬁg to thay +ng-
added at the end Is about 1'99 to ABGU($5-85 prefstdbly2boat 20789 tshereot,
TEEBBUESE 70 WvheRra%PliEadditon ofithechelating agentisiised, e which it
releconchpertien issadded (0 thasoldtien that is temperature typically of .
maffOAL aRQYE ambient to_less than about 150 F;e;%tﬁerably ]e%%%ﬁanggboﬁ?%emals
1,140 'F; more preferably eSS than abott 150°E Sfo0S8] THL ‘Cadlysihe scope of
Tmpegidting Eonfpodtict e sieducedBysthe methotedesdribedialiowifotng the
impgh toncentrations of d1e@&roup ¥IRmetal componant at low relative .

is cengenfrationg of both the phgsphorus and Group_VIIl metal components:
The low relative conceﬁtrgfgilgﬁ2 of the o eosgﬁlgﬁls t8ipokEntTaM peotentially

rfloraedvantrgﬁggﬁs foP HeSpreparation ot 2atdy st trat eap benelit oM ims, are
ingpkgatesa lonrlevel ot phespharus.zAdditiepally 1bis caégggggg@reg&[@g@gional

unreQidtiuissuprsingly stable, L.t cap be stored for extended periods as
[o o§§§)Iution V\il out the formation o recuo“lf)a?és. [0030]The low relative

concentration of tRE CSTOEP AR mekFEBAoNam is atvamtagesus for  metals
belgaetakredsons. Firstthecompositionseallow fobtheruenarationiofl, T.pie of
thecatalysisvith awiderange of ratigs gk gro [Imetal component to .
a: Groyp VIE metal com onen§t). Second{ig%ﬁ%éiaég; %lrﬁgﬁmt StthelCrsy: 13
Vil metal Componaht réttireiIBARE finkshedscdfalysecaprbasadtdetinchall be

to tWé%ﬁ”Ff%FE sbstantalyswater-seltblecGraupivillungtal earppenant thalh1 e of
Elemight-otherivise be diffigalt g, selubilize in the pregence of a Iarge amount
wogfggiroup \H,!E metglngorm%onent unless a significantjfy ?ar&er amount of the

acidic phospt ordis component WaE ULBaSThESE substarialiys  impregnating
201%;&%( Iul’é’lé_ GRﬁfp: WHFnrmdlé hompxmteﬁt&; _esp@; jgaﬂlgé] th@ﬁltsc%@”@@bed in

stacils (eyg., mitratesy:ean bg meye cost-effgctive. than the suhstantia

puby}@ge[‘;igsql)rg?e Group 2\6III énetal compon_en%%affs %ﬁ?%art?ogna%gs%g/ 0109674,

Ihirafqontro ed” "’ U5, which is a continuation in part of
appilcation No. 10/719;551, filed Nov. 20, 2003. ‘The content

of each o©of these published and filed applications is

incorporated herein.
[001g] "Post—impregnated”«catalyst refers to a catalyst in
which the metals-containing solution or solutions are added

- - . .
after thes foraminous catalyst carrier is calcined, The
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WO 20071070394PCTIUS70061046947 heating of the impregnated
watalyshatelevated temperature facilitates removal of moistgrer/f{ryo5510'%[{1@(316947
catalyst without calcining, thus preserving the chelating age‘n?an '
reducing the adverse impact of excessive moisture during start-up when
the catalyst is used in hydroprocessing or hydroconversion operations.
Fourth, as will be described and exemplified, the impregnating solution of
the present invention can be used to produce a hydroconversion catalyst
having excellent performance characteristics. [0031]Suitable Group VI
| components for. use in the invention which are characterized herein
fom%%%%%%%tiaqéti%isgﬁj%leciﬁﬁvrﬁtgr”incﬁ&é‘e t}ﬁ% ci?r%&f%?ﬁa%é%%o“ SO afver
shaaishatds, AYEroXy catbsiates Fydrosides phospRatéspphosphidesspect is
thsulfidesealuminates,; selybdatesctungstates coxides, osmixidrestheresf. adadea
- £ Queplates citrales. carbonates, hydroxy carbonates, hydroxides,
. phosphates, molybdates, tungstates, oxides, or mixtures thefeof ate
1IMpFStefted ShosE préferiet drahyafoxyeehrbdrate’ aritt’éarbonates.
[0 Garierally, the: algtaneatio bepaearstie-hyaiaxy: groups and-ihe carpenate- is
in.the hy XY~ onate is in the range of about 0-4; preferabl .
th%%%%%};;mé%%r%feg%ﬁ ab%ggt%:-%l;' ancél)%wggtp prJé élr%% f,ab(;“’ult .1-0.8. dilute
A9YE BHAicar SuitaBle StibStahtiEiy watsinsefubRF cofipttients prévidingech  as
ac@roop M mietakere the:oxide, carbonates andhydeoxides:efipiekel apdtaining
ab&abalts (0032]Syifable substapiially water:soluble components providing.a: ;o
Group VIl metal for use in the invention include salts, such as nitrates,
“Eh§aratsd RitrateS ‘SHiortes: H dratétRERfbRdes ‘StffatddS hythaiet  Prefesrably
by selfdtessformates] aeetatesicol hypenhasphiteaSuitablé s@ibstantialemperature
o £ Watefssaluble nickel andgabalt componeats inglude nitrates, sulfateSey  ar 4
e acgg:at%sd chl_oorl es, formates or mixtures thereof, as well as nickel
Hypoprosphite. STtsHlE wldr-Sofuti8Tioh Wiy °C For about ome to two
ho12p67/0703%4RETAIS 2006/04694 7reoinponents-inetudenronaoetater ed with a

suchloride, formats; nifrate rsulfate-arapixturesthereof. ln particylar, ; 1.1 uging a
sybitantially water-soluble,.com s are salts such as nickel and

> Qne
She5balt hirates aUlfates, and %%gté%eesg [Oﬁﬁ]A%ei%%%%to%%ﬁé??fﬁ}i%’ - For
exapkbility GFHRe sssstantaly irsorite bhe solableséaraponehtscambe, nickel
andoupedy-eeipparing pickehsashenate fo nickehitratesor nickel sufate As,1us an
op,Eeport igége q%ga andbook . of Chegnig%gnd@lhe/ﬁics, g9t Ed., i >

19869 (R, “Weast: Ed T CRE Prdss), nickel arbonate has & Solfifiy 6™ *
Te3BOHEGF 009y FOTRL FfwaErWhereas Mckepaitratshasrasolubilify ofetals on
thabouti23%gHN0 rakwaudrickel sulfatesa selubiiteekabout 9-28.¢  uniformly
: 'ml,de ing on water. of hydration of the, particular salt.

?l%%%?ggrrkg%,pﬁge%%%bility of the fwﬁ%%ﬁ%@ i%cfe%%%%"% about g7-476 “ormed
C2BRG0°L RARGEWARST. CotfseGifehtiy Sortskified RUREFENIll bhterstardrs as
dethecrigferdnceito "subrstantial’ withreinbelow to effectively remove
sulfgadioyaetsolbiltygihasecomponents AAAEL, fof BUIOSES 0l neeq
_the present invention, the aqueous solubility of a substantla‘ITy water
Lomsorbie Biogp VARt coffiorentis geRerally iedsithan oot . typically
praxies/166 nin . (atd8:G): converselydthe soll:bility of a substantially

r-solulle companent | qrihan 0.05 males/10Q £.0... greaterthan . _ .
mﬁ%ﬁ%t O.logrlr%lesllowo m%%%?%)%%’b 4)§£%ab%§ corﬁp‘é%%ﬁts“ or metals
frﬁ%\ﬁtﬁﬁ&% éfm ViE Meggpericdic table present in components of

the invention may include Fe, Co, Ni, Pd, Pt and the like and

a “post-

mixtures thereof. Of these, the most preferable are Co and

N . Suitable Group VIB elements or metals include Cr, Mo, W,
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include both substantially water-soluble and substantially water insoluble

VO MPepents. Suitable substantially water- soluble Group V”;@}%QJ@ 046947
components include Group VIE metal salts such as ammonium or a?liall
metal monomolybdates and tuncstates as well as water-soluble
iscpoly-compounds of molybdenum and tungsten, such as metatungstic
acid, and metatungstate salts, or water-soluble heteropoly compounds of
molybdenum or tungsten comprising further, e.g., P, Si, Ni, or Co or
combinations thereof.Suitable substantially WO

an@0Q7/070394PCT/052006/046947 ywater-soluble.isOpply- and hgteropoly. ro o g

compounds are given in Molybdenum Chemicals, Chemical data series
COBetth Cab 140 Felfitan/ 1988 R iR MBIy btietieht Ehemicals, chenfica* 224
mo Hattal senies, BulldtinlCdbd2a-revised, Novembertl968: Suitablerd nickel or

coSkbstantially water:-seluble ghromium.gampeynds inglude ghromatess nicker,
isopelychromates and ammonium chromium sulfate. Sujtable Group VIE,

B UEBFEoMBOnéntS TTAt 418 stibttahtialy Water ifdblubiz 8 4%, having & oWt o™
of sotubitity fmwaterricludedi-and tioXides;karbides; aitrides; atominiomtion of
moﬁ@g%.’e%ﬂ%,a%%i%ﬁé@i&tgr%ﬁa‘i}?@{"&hQﬁfﬁrrﬁgwﬁ%@@"y_lnSO|Ub|e
[0 %rzo p VIEmrFetaI com onffts are gl-gnd trlo%qdes, acids, and mixtures ctabl
fRéreof. Suitable niolyBdenum cahToRents inclide MoIyBASHUM di- &nd SE=P*e
1 mpeEae rholybaeAunistifide mélgbdemanidagside smdibbleram nitride,
[ o @dminium grolybdate.:molybdic agidsde-6.tH2M004) . ammoniloiuble Group
hosphomolybdate, ammonium di- and hepta-molybdate, or mixtures
Vi Ier%%f% E{n.;ﬂely 5016 %ié%rlé:ndl nsﬁoﬁ/(éj %%Tjrﬁodi-w shd ﬁio&%e%a?g%rgfe?rgﬁ?xy' The
angitable Substantany wsoibid turgsteh cempeRBastincisdeltbrigsteadiive to
thandHaexide Jangsiensulfide W52 and W82otyngsten cambide, will be added -
inortgotunﬁgggcgge%ﬂ@é-%%0), tungsten nltéldg?glyplnlurgrgg\r}g tate fhe
(also meta- or golytungstate?, ammonium shospho ungs(fate, or mixtures
suBFdreBl BmnitiRtRetatiTrstEte! 8riisiaRgstic aék dht%BngsteRERRent can
be anddnexide afe: peeferred HEoskpreterted:- isamelybderun thaxxdeiMe0desal to
£nEOr QURgsespf the present invention theaqueous.solUbility of Ao so1ueson,;

substantially water insoluble Group VIE metal. component’is generally
CYRSSSRhaAN 0.05 MofRSADD ni2FatC18e); Esersetythe SollbilifPofafout 0-75;
otBulbstastiallyapdter-seluble=compohentisigreates tiarQH5 nmales/100mlrs are
aef.8-geaterthan about 0.10 moles/100 ML., the oxides such as

molybdenum trioxide, molybdenum blue, also identified as molybdenum
LORZRioxide, Tihgstic Sxide 26 HE acids RTg Y mol§Hdic, fdhgstic SRS et ially
wa 200 7/076394BCd/1332006/04694 7 rehtarhicavids;metal saltstsuchasrtheed, is

aa@gunoniugy, alkali.apd.alkaline earth metals, €.9.gmMmonium o orsoluble,
he tglmolybdate ammonium | . ~ )
phosB orus-containing acidic component. The amount of this

acidic phosphorus component is low relative to the amount of
the ‘Group VIB metal component that will ke added in a
subsequent step, and is at a level that may be insufficient to -
cause the Group VIII metal component to become substantially
soluble at this stage of the process, although it is believed
that the components added 1n these steps 1 and 2 undergo
reaction. In any event, a slurry of the components is

maintained at this stage. The specific amount of the

water-soluble, phosphorus-containing acidic component can be

12



salts of Group VIE and Group VIII cobalt and nickel phosphomolybdates.

wi®aabldhesphosphorus-containingacidiccomponent is substg@y%é)éﬂ\ﬁlﬁ%ggg 47
soluble, preferably a water soluble, acidic component that may be an
oxygenated inorganic phosphorus-containing acid such as phosphoric
acid although any one or more of the phosphoric acids may Pe used,
including orthophosphoric acid, motabhosphoric acid, pyrophosphoric
acid/ triphosphoric acid and tetraphosphoric acid and mixtures thereof. For
the purposes of the invention, substantial phosphorus water solubility

chaPgans sufficientsolubility toseact with the substantially water-insoluble . o .,

Groyp VIII metal component. Additionally, a soluble salt of phosphoric '
theaciccig,J SUCh as'the arﬁ‘r%b%]lumlprhos%‘ﬁtesfﬁé?%\Isolﬁ?bﬁgﬁ‘?lﬁﬁﬁ?é’pho?iﬁl ution;

tyRicid hiay & dddetbicthersolitiont in Fiquich orsofic-formo A prefetsedt 0.80.

[ o ccosmpoundris ofthephesphoric @l@gﬂgpfgﬂ‘)e@%%gg%cﬂqge%ggﬁegf step 2,
. . aqueous solution, although_ any suitable form of phosphoric acid or

e p%écfﬁ%s%rt glr%of,%%},l %ho\é%%orlﬁeﬁggtaxfa%ﬁﬁ%%ﬁjFn‘ay be%ligé‘&?p 3 the
resNatutaly, cohtentratet-atidithay be dite {8036] fappropriatélydilutedt to  a

tenfoeuse aeldl may-ye used dirgctly. %h@l%%@ﬁ&e%@l t%llewgtﬂ_da%@ﬁ.&ggnent to
., In.qQrder to adjust the pH, other suitable, water-soluble acids can be
rea%sged}%uc% at‘é%lehya|C’q(§§<t‘§’/0rlr%noscjt’atr)’tgtﬁ‘A)?g/li(}L:J 58 S Folymydroe  supstantially

watbnosEbexyAtacid, &hydrexy BélEarboxglicedcid, apolyhydroxy and  the
watpolyearbaxylie acishaspanecarbexylic-acid ~efc. {0Q3[T hg:@é\%ygnt y and to
pasition tvojcally i on a dry weight is) about 5 to apou )
o e o] T e s o B T S Sompaants, corried
Cutcaltliffed as RESZ0D7/670392PETTUSI006/646947 8 hours and at a

temperature of about 160 to about 200 °F.

[0626] The concentration of the Group VIB metal component
in the impi:egnating solution composition can be quite high, up
to about 50 weight percent, expressed as the oxide, and based
on the total weight of the impregnating solution composition.
It should be obvious to those skilled in the art that more
dilute solutions, useful for particular applications, can be
obtained by diluting the concentrated composition with a
guitable amount of water‘.

[00273 Additional Group VIII metal, 4in the form of a
substantially water-soluble Group VIII metal component, can be
added to the compositions in step 4 as required to give the
desired level of Group VIII metal compenent and the desired
ratico of Group VIII metal component to Group VIB nmetal
component in the finished catalyst.' The moiar ratioc of Group
VIII metal component to Group VIB metal component can thus bs
varied from about 0.05 to about 1.0. |

[og28] Furthermore, a chelating agent, preferably citric
acid, is added to the composition as well. Preferably the
citric acid is added in two portions, one to the water prior

to addition of the metals and a second, larger portion after
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oxides based on the total weight of the catalyst composition; preferably,
Whabi R ig:apout 45 wt %, more preferably about 10 to aboyt 40 wt The
amount of Group VIE metals and Group VIII metals can be%%?élfﬁ%f)r%ﬁ%wf
using atomic absorption spectrometry (AA8)0 inductively-coupled
plasmaspectrometer (ICP) analysis and/or x-ray fluorescence (XRF).
[0038]Examples of suitable foraminous carrier materials include silica,
silica gel, silica-alumina, alumina, titanic, titania-alumina, zirconia-alumina,
zirconia, boria, terrana, kaolin, magnesium silicate, magnesium carbonate,
adnagnesium oxide, aluminum oxide, precipitated aluminum oxide, .
= ajé%l%gtréd alumina, barﬁ{?(}:tgl?{zie%%rf‘gr{{ 1'rlf‘rllgc[ugrfwice, gg@%ﬁi%ﬁﬁéf syRtetid 2=+ ©F
clierls, eatichicEiags ot anidtic eRys suthasisapbhits, beiionitakabliy, end is
absepiolite op hydsotalsttarandsnbdyresthereefreferredforaminousscamier apout
C ongnts are silica, sjlica-alumina, alumina, titania, titania-alumina
30 SOMPONER : ' '
zircoria, bentonite, Bga:rﬁég:ar? Mixtires %L%?ego%?si%gég, Silica-sluftina and® =5
ChaufmTrare eBpetiamy: préferred Aldmira cairbe PrEpEFéGre.ghBy is at a
tegpaverting anakming precursarssieh-ashoeharites dato a-preferced eamier about
lsépa’t@r;lal_ g@@@eafgwnqte Ogs%ﬁ%gesa%%gg% agoélg’ Lr}?t'he gﬂ%tragStpre ferably
compositions according to the invention, the metal compdnents are
LegBnvéred Y or WiholRFinto their sulfides. This can be accomplished by
[o@tedducingtthe catatystomptising ¢heimpregnatedpnetalsiiorasdeviegdiced by
cndeagiorangd copducting. suitable pre-suliurigation treafment, whergindhe - .
catalyst is sulfurized by introducing a petroleum or hydrocarbon olil ‘
G RBRtainity aRHhropiRlE LBRHfiziMFagtRt at efcvited feoRRRSRIE Fif RS ©of
bothse s prefeped fostherchtalystitp belassentalbylfresfiom@raup. VIlIThe low
refRgtaldisullidgsThisstep s typicallycarigd out atthetime thatihe, . ..o pe

dcatalyst IS ggﬂ into use for conducting hydrogrocessing operations. ‘
SOV RSNSRET CHalySE of thie PHOP &Rt TontAiniAg a“aetatiiy Sydhat can benefit
frop0#070894RETHES2008/046947vagentWharbinsthecpatalyst hadindt: ionally,
chbeencalcined afterdmprggnationtypically.contained hightesidual o1y seanie,

5 moistL:LLrg. Such nlgisturgcpre%en ed an undue burden on the process. That
“Timitation is“SUbstantially Ovefcoma by TRe EAfAR/stsPEpared atfordingtgrutton
wigiemetidus diahepresentifvemrtiori J040]Embodiments of the present
Lo dwention inchudend)stabilized compeositionadapteddar use iNche croup vizz
me LURreQNING catalysLeariers, comprising:(8) water, (13) calaVlioaly.  rivee
aciive metals being in the Torm ot and comprising: (Yff at feastone ° TSty
theoFPBREREHTOTIIth At REsEoe MetalFrrR Sratp 1. 28 oftiesgerivdic with a
wiiﬁ)letmge(zf)caﬂ least ope C%impg%@ﬁ;pr(?yjﬁjrj;mg alleast Qf&r@slkaézf{@mto Group
r I of t iodic table; wherein (i).the Group VIII metal is
W%r(;)\r%gg %y a %ﬁéﬁgﬁﬁgﬂy W%eﬁ?r?s%%d bIe)acorsnl(g%‘rsilépf%ﬁv;l ?ﬁ)gtﬁe ran%?a?z?gtio(jf the
G gFhe Grotip Vit et EPIRSTSUY: VIESHBET Rsabstt 005 toalisis b, catalyst
caprovided:thatthe amouwnt=0f therGrowr VIH metabissufficient o premete- sc1uble
C ic eff f the Group VIE metal; and.(iii) the concentration of . . _.
R rS TV e SRaR ki SN
£0 5§ HeGHt Peféent Dase® oR BTSRRIt 6fthé compositiBRaHF (O at fesger VIB
mebAd watensoluble; phedpkerus-costainingiacigic compareaiin amamountbs the
ac2UTCIetId.DAde, an SIGMCHBLANOSPIONIZ I £rouP A AL MR 15211y

ratio of about'0.01 to less than about 0.80. If it is desired to prepare a low
w3 higiaSConeBAfFatiGir earalystithe stalifzed afeEBRPRsRgnatfigecially the
satompasitiontantave aselativelyditite cenceniratien of the:Growp Ere costc-

ef%@li%ret%%%quasgﬁg oéjggstantially water-insoluble Group VIII

metal component salts (s.g., carbonates). Third, controlled
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example, from about 3 about E weight percent; for example, about 3.5 to

wibout Bozweight percent. In contrast, where a higher metal SORIEM 06 /046047

catalyst is desired, the impregnating composition, expressed as the oxide,

can contain about 15 to about 50 weight percent of the Er01110 VIE

metal; for example, about 18 to about 46 weight percent; or about 21 WO

2007/070394PCTIUS2006/046947 to about 42 weight percent.Other

useful compositions are found within the range of about 13 to about SO

weight percent of the Group VIE metal including, for example, 7-22, 8-30,

=107 24 as wel cal trati int e of about 12 to about 48

R G TR R
LafidlaAitios ofthEGidtp Wil misea 16 GRup IE metalare G 0505 to/ithout
cahbout@g5; orrabout(:45de-about0 65:forexanpleaboutf20:t0 ahautreducing
end-60s Furthermore., the mplag ratio.qf; elemental phosphorus fo LR, when

metal can he about 0.01 to about 0.80; or about 0.05 to a OUT0.76; Tor ‘
Ehexamiiglabibut 6.99 Easbut B. 72y foeRESTRSIFigrEgnating EaimsstPrversion
opprepared:n thersequencedesetihed edetal belove is sutprisinghystable=sa, the
im@Pdgan-bestored for an.extended perigd ot time yntil needed fo.preparg . o5 o

the catalyst-The composition can be stable fog&s{rlods in_ more
P QEFably bout D5 R ABD{R TP A8 will bRlgeYSE  baving  excellent

performance characteristics.
[0031] Suitable Group VIII wmetal components for use in the
invention which are characterized herein as substantially

inscluble in water include the citrates, oxalates, carbonates,

hydroxy-carbonates, hydroxides, phosphates, phosphides,
sulfides, aluminates, molybdates, tungsfates, oxides, or
mixtures thereof. | Oxalates, citrates, carbonates,
hydroxy-carbonates, hydroxides, phosphates, molybdates,

tungstates, oxides,  or mixtures thereof are preferred; most
preferred are hydroxy-carbonates and carbonates. Generélly,
the molar ratio between‘the hydroxy groups and the carbonate
groups in the hydroxy-carbomnate is in the range of about 0-4;
preferably about 0-2; more preferably about 0-1; and most
preferably about 0.1~0.8. In particular, suitable
substantially water imscluble components providing a Group
VIII metal are the oxide, carbonates and hydroxides of nickel
and cobalt.

[0032] Suitable substantially water-soluble components
providing a Group VIII metal for use in the invention include
gsalts, such as nitrates, hydrated nitrates, chlorides,
hydrated chlorides, sulfates, hydrated sulfates, fdrm&tesg
acetates, or hypophosphite. Suitable substantially
water-soluble nickel and cobalt components include nitrates,
sulfates, acetates, chlorides, formates or mixtures thersof,

ag well ‘as nickel hypophosphite. Suitable water-soluble iron
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described, the additional, soluble Group VIII metal component can be
wincededsndhe aqueous impregnating solution or, preferably,pgdedasan,
agueous solution to the combination of foraminous carrier and
iiluuregnating composition described above. [004]The stable aqueous
imprecratino solution described in (I) above can be employed in a process
for preparing the catalyst of the present invention as follows: A mixture is
WO 20071070394PCT/US2006/046947 prepared using the impregnating
solution of (I), optionally a quantity of additional Group VIII metal

conGRRERENt insoluble formwheredbe catalyst isdo contain-a higher level « race,
of the Group VIII metal than is available in (I) and a calcined foraminous

SulS R der. GEshBud D& SFpreciaed that altethatie Variatons are SgSEntiatly
wa tfeasibiel Forexample;tlarselublesGroap Al metdl cemponeriedoudhbe cobalt

n i tcomiined with-XDdq pravide the total.amount of such metal required and
thaé mixture could Cg;onstitute on% fee comlponent,. Alternatl'ively, the
d

[0 Cidined f6FAmIRBGS CArriRT colifd b& ComBifed Witk the SBILUBRE Grovp VilT  =2¢

sulrastal componeatand that mixtite solltbbe combipedawitts (IF imthee found by
condiesiredq U@@g%@iterr@,ﬂy@@g@g@nie@@rr@ﬁg@g@pts will-be apparent ton: ckel
- feRgrson sklled n he art The justdescribed components ate fed 108 . o
mixer, for e>t<1§mple, a‘short residenceé time, low energy mixer or a ﬁlglher ‘
Phygnistgy nfiXing &&vice inPéréie? tol Eombinésthese céifiponéits. THe eatriernicksl
ca@efrhe inpregnatedhyivasiousspethadsanel: knowndothege skilled indhe watexr
art. For exa Qe, the "incipient wetness" or "dip-soak" techniques b
Wheerrﬁ[%ﬁ)yg&ﬁ%]e dip%%gl?%get?})%)aagis ?)re%grlrlel%?%ztﬁg in%|gpié3}r%)tov%§tn%§%n g?leo mh

andnefhgthte vt 6Fthedmetits-EBhtairting sefitioA e adjustéd, Iisualy 00 ™.
defyraddiag adcUtionalwater; such thatithecvelume is stibstaptaltyithel ar salt.
Fu 50008 3 10e Potevolume,of the carrier. In the dip-soak method the camier .. .,
Is dipped at least once Iinto a.concentrated metals-containing solution
abqusotcorftdifiriy the tHetatihg daeht) FheconcéitFatimesind-ielatves Skilled
in rates ef-thewnefals:ane: elhelating agentiaitbe dirstantdcsubseguentdipsl* with

reg@APe adjusted in order to achigve ihe eoneentration of gach of the i onenes .

metals and chelating agent that is desired in the final catalyst. In the

AL RREK Hethod theTmpregmaas tarfdr is<eparBaIfiim theHhgrtton,  the
aqsetution sfot exampterbyafainings @nsitiaioth iechnigaesthe imprégneted Group
v WORAQH0 03B S2006/04694.4 egrrieisdhen heatdredied @ s /100 mu

elevated temperature but in the absence of calcination.
(at 18 °C); conversely, the solubility of a substantially

water-soluble component is greater than 0.05 moles/100 ml,
e.g., greater than about 0.10 moles/100 mL (at 18 °C.).

[0034] Suitable components providing a Group VIB metal
include both substantially water-soluble and substantially
water inscoluble components. Suitable substantially water-
soluble Group VIB metal components include Group VIB metal
salts such as ammonium or alkali metal wmonomolybdates and
tungstates as well as water-soluble isopoly-compounds of
molybdenum and tungsten, such as Aﬁetatumgstic acid, and
metatungstate salts, or water-soluble hetercpoly compounds of
molybdenum or tungsten comprising further, =.g., P, 8i, Ni, or

Co or combinations thereof. Suitable substantially
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[0044]The method used td prepare the agueous composition of (I) above
w6 whgue e that it results in a stable composition, as descriggq SNON o sc047
though the amount of phosphorus-containing acidic componen{, e.g.,
phosphoric acid, is insufficient to effect dissolution of the substantially
water insoluble Group VIII metal component when the two are combined.
Another embodiment of the method can be generally described as follows:
[0045]Amethodofpreparingstabilizedaqueous compositions for use in
impregnating catalyst carriers to produce catalysts useful in chemically
refinin rocarbons, comprising adding to a suitable quantity of water: .
wateAy g%u}?ggfz‘é atOURT of at 185 glﬁg%c%é%ﬁﬁl%yaggﬁf? If%lgt Rastone= " o
Mol ghfstantialljhvwaté FmsslublerGroupaVi || Aiétal component t8prédidaa CAb-14,
rebslMby; (C) atleastone substantalpuatersoluiephesphorusrentaining daca
sexfELIC camponent,n anamayntingyficient (g AissOUIR of the gy cani e
roup Ii metafcomponent So as to produce a slurry and ‘combining the
subshkaREwRR (D) at IEBSEBNE Trobp VIE eEPESMpone o) kiR theinclude
chreaatbination f4Ad (BPHE)antd) andi heatingdhermixitre;dat adimeul fate .
. and.to a temperat ufficie :
Sul%} (lA? (I?%r %?an%rj?%s) tg?S% a solution: ;eétlr%:dS (F)tggéﬁnga%ead’gdﬁ%%%?mlany
wat giourft o WitdrS if reSuited, tohebfafsoldtiot CincEMfativhs ofthe gt Water,
incleast ona@ Group Vdl meidlothieiatdeastone-Giaup, ViPhmetaldne, aluminium
sa1pROSPhoryS ysefulfor impregnating the, cagrierwhergi Group VIE 8. correq
Group VII] refer to Groups of the periodic table of the elements. Useful
SUbGhTtNS thhcamPations EhdTafibs of the SstifonetiEBre a8 firttfgr= <4~ and
tridescribed ir¢l) dboveatdypicetls; mixing ahdireafing asscartied bat ovel gdenum

compBlied pLaboyte 540 a%&g@&&m preferably,gboutt . abeut BAOWS sermum
more preferably about 1 WO 2007/070394PCT/006/046947 to about 4

sulfsfifs; at BEMPRRIE typitafly ABout TE0YS a8 220 Fpreféraply - manaum
molgbdattEs0 to abmit:209ik; morepreterably dboat.180 tdlabiodt 190  ammonium
phol0046lcamplexing, or chelating agentsisuitableder use ipthe PIESeRate, or
._invention are typically organic compounds dnépr%ferabl)y%%ude as 4
mlxﬁ)‘?‘&r’o?yca%‘g%fﬁe Eids e8Pty thGse that E8tainShe or mgrs: 9+~ 3%
tricarbdryl groaps Bng bremsrdnore hydrokplbgroups foe erampkel Ylycolipsoluble
+und@dehydroxmEepionic acid ; Rydraxybutyic-acid ydraxyhexaggig acidrioxide,
tartaric acid, ic acid, glyceric acid, citric acid, gluconic acid, saccharic :
S A a5 ChE e’ Bthér G bat e IS rhde emast ic
acifhosélhdVintgieRemicaifoaeticmal GrotipsStich as alcbhdPihclighsstate (also
mat%th)"erlﬁ.:g|yCQbQ§Y@ﬁ@,9%TQ_@Q§DLami%mﬁ.ﬁﬂmgtrhwe@ﬂlg@'ﬁ&btungst ate, or
mixq: dJ%QUIg:%neefgggne’ g]rggﬁjcgﬁqgleth%%@%@g%@%ate, orthotungstic acid
ethylene |am|ne7tefraacet|c acid; sulfhydryl group, as found in the amino
andpcidegtéme, Carboxdrgrotips Ma Yariétyof EREHhrEF SGhstandest preferred
is ghusppicsacidypyrdine-2i3rdicarhorylic aciBythiophepe-2=carhoxylictacidpresent
1 nBgrGaRIosueainic %Hf%%oé'”'géﬂ%ﬁﬂw acig, including 2aning...1 1 water
. methionine; sugar, including lactose; and ketone, including
inspletolé: 1, SaicarboXfic RFEADOATITIRCARBUNt bF thE BREMATihg Agertss than

o . deferably atdeastone hydroxyearpoxyis:acid.40 be, added tatha.catalysl, o =

bis typigq,llg}[/lqbout 0.0510 8;b0uf %rpglar timg;ls of the total numbergégnoég:s ha
SURSHthE Métals’of Grolp ViBSHd Group VIl Preferably abodt 0.15't6 about =1

0. 0 moresprétérabiylabout 0.2 -about 3. At ceneetrations sigrificantly about
0 . 1essithansahiony 005, molarimes, it ds.insufficiant for farminga sHitable- rioxiae,
o SOIRIEX.Of the active metals- Hawever, at concentrations significanty . .., e
g85fer than 5 molar tifies, further |mprovemenef‘|n aghvn}{/ IS ot Nikel§ Dut
cunhefelis axiskihat the ehelatifig agetit€an preéipitatBthiereBy Eloggitptheic and
pores of W02007/070394ITT/1282099/046947 the carrier_While it is
desired to avoid substantial -



degradation or decomposition of the chelating agent during high
WEIRETMIIS heating, it may be desirable to use anexcess oég%g%l%%gw
agent, for example, citric acid, over and above the level desired in the final
catalyst in order to compensate for the loss of chelating agent that may
occur during elevated temperature heating, such as by decomposition. For
purposes of the present invention avoiding substantial decomposition
means retaining, after heating, about 85% of the chelate, for example
citric acid, incorporated on or in the carrier or in combination with the
metals; prefetably retgiriingsaatl%ust 90%;

more preferably refaining about ,; .4
“hBEH-5f thS e acid - SUCh aXCess can }Be 2Bout T widh 1o about 10 Wt%: toen

aliprefersblyPalodt 2wl about 8 wigsT RibHe PréfeRIF bR Wide tBmmonivm
phabgutfwidsaltenativelraboutd wida i abaykbai; [0045jThehe  complex
saggtalyst Ofctfh %155) reikﬁﬁg In\e{egml&narrc?tﬁge%rf 9 bﬁbem:eagkj%ds E{Jec\f!mouglg complex

elfievet by those skilled in the art notto be available. In particular, a
cokarrfer aspecifically b saleipebToramikeas earrier, is impregnated with an
[0 8gEH@OUS COMPOSItiIoACOMMRIISIAG aMixtreaiactive tietals and:-chelatiegr: is
Sug%%gtfhg &eat_e[@%b ly %talteg‘gt QSS%PXQJBQCW Qéﬁé ,g%gyanda()ptwg@g¥ a goluble .
phosphorus-containing acidic component. If the imprégnation method ‘
acighifts inSHRTEREEE ol bf soltfidn c8Mpardd to M5B Vofitne of2organic
phthetarias(suchtasiwhere the idip-soak: methodlieuséd)ythe acid although
an\MRIEANaled careris separgigd rom the liquid Jfor gxample, by deainiNge1 uaing
ﬁ impregnation is carried out'using the "incipient wetness" method where .
o ffieir ABREEESs softitiohris pres ﬁﬁl?ﬁ%%f“ﬁje?:essﬁﬁ}fb'draﬁ%ﬁ@pbos@h@mC |
aciapregratetdcasriern 1 the-next=step thetimpregnated:carrierds placed imaxtures
cnheatgd enviropment, for example on.a pgvinghed that passesthroughaPancial
oven, a rotary calcifter or any other convenient environment WO N
PO T0S0AMETR OBUAB0 o Ve SRar KR Kilbuit o-(RBSe SRRy ©°
rethetartfhelwethamprégnated: catalyst ivahen heateoltotd tenfpepamird III metal
cofighsrthan 20Q £4(392.5), byt less.thapa.terapesatiire. that wouldbtesiitc acia,
in_significant or substantial degradation of the orglanic helatiggdage% Igs horic
SUGthePRordaS tHETIREISHRI THIBGH B Te BRdiafing Sgent is Substantialy >F
acidintaimedsA pidedevel of degradation of theicRdlatiglagent gah e form. A
prioterateds (QQ4UMarieus: criteria canRe diseghtoassertain aswtahlein a nighly
heating time Iior the im regnatf:dé:arrier i%?%?%uto acrglelve tggibce&e{ites Ogorm of
O S & TVERRER Whils -chh b2 desiable 16-d0 so. 1t is not
phgsudssanto daF#e catdlyst B thewxient thateFmeisture B rémove@hosphorus
pesines:daing se,may reguireexcessivelydong spdogHmeat l@wncentrated acid
temperature or excessive radation_of the chelating agent at eley
" mcgeera ores” 1ff’f“t?nté‘ﬁram%réé,e:'fhél ge?n%ef%ﬁjrg%% the g&ltiﬁﬁ%%&%i%?ﬁ%@g foxm of
difypiesllyy it Althidtigk dthergasses 96-éXample inert gasses such as
[otittegen or eabondioxide,saribasusedias a meastie-ekthe temperatittecsition
to.which the.impregnated catalyst is heated..In some.instances has.. .,
i n%ﬁe%%%é%sﬁé%’ehté& fo?%és%g r';%tic)mé?L da%%%r tﬁé%ay%e%%f ggt%%fst ?)sultable '
waBRitively tHiekSthe feHhPeratuféBf thePGatalystiiay nothethe Sdme s PYaroxy
nmdhatefthe-beatiog nsediam. la sugh-tiveymstangesithe:temperatyreiof thecid, =a
hyhcf ating m dé qpc%axrbgg:}g}?gg asgzpia)fy foz! th%&%% %ﬁym tlf)% lycarboxylic

calfé:i§/: t and alternative Criteria, such as discussed below can be used to
agistertinReRs Siftable €atfystis Gbtained. In one embodiment the
[ cagalyst is typieally: heategsto ademperattrechigherthar 200 "Comprises (on a
a9 2RIelerably gquallp oL greater thap about 395 Egngre prefgeabhpequabear of
to or greater than about 395 F; still more preferably eoual to or greater
CHRAR abduBA0GF MGt PrBferdbly AboliE 400 F (PEEGHHDY R, caicutated as
alternatively about 400 F to about 415 F; or about 400 F to about 410 'F;
and WO 2007/070394PCT/U52006/046847 in each instance under
conditions of time and temperature such that substantial decomposition of
the phelating agent, for example citric acid, is avoided: Naturally, longer
heating times are feasible at the lower temperatures of those recited, but
typically heating is carried out for a period of time less than about 1 hour;

preferably less than about 30 minutes; more preferably less than about 10
miniitece and in each inetance Aareaatar than ahoitit 1 2 2 A aor B miniiftec



-test is conducted by subjecting a sample to an oxygen-containing
re for ,1 hour at 1020 P (548.9 C), thereby oxidizing or igniting

?éyéagggjlaﬁ)r?ig%?ﬁatter and driving off all residual moisture in the E4&fBIYE1006/046947

However, the temperature of the test is believed not to be sufficiently high

to affect the inorganic components. Catalysts prepared according to the

present invention have been observed to have WI values typically less

than about 20 wt%; preferably less than about 19 wt%; more preferably

less than about 18 wt%; for example from about 15 wt% to about 20 wt%;

or about 16 wt% to about 20 wt%. Naturally the LOI value will be affected
%y R V5 afld Bmotint of thepetific Ehelatifg BgentwRidedE welPARosition;
prthe sesitdual, meisture in thescatalyst Gansequentlyyd- I valuesdowsr thahou: 10

5 wWi% ma; chjevable, uysing the methods of the p nt invention, fo

eamplo. 20w 5 aboUL L5, 13 o LWL 06 1 boet 20 Ty Shdh 2 GO
Viifstand® the fevelF5FWI &hieved Shotid 68 suchtthaPthe ARGt of absorption
spehelstimgeagent deSirstl in theifinished eatajyst hagp hetibeep sighificanily: rometer
(2446 20071070394RG T (1520060045047 dveLseluredyged eitner through

degradation and/or volatilization as a result of the heating process, but a
[Os?%;naicant aremRt St mostof fHelrb&ittial WREAHIEREREN theWettatalysterials
irfollowing fmpretmation hasdeer driven off cAs discussed, abovepitis., titania,
¢ idesirable.toretaln about-83% (0, abaul85% of the chelate in opopdbe ooy,
kacgﬁlxst after heaéln . Compared to catalysts having the same '

“Sompositioh aRG preparedin 178 &me WaF BREPI Reated R iGwer magresiun
oxgmperatdresiohthe priodsart, the eatalysts obthe presentimventidnie, activated
aIyjically, exhibit adnoisture contant that s about onesthird te a@QH&“s , synthetic
clone-fourtch__tthle I‘!.LOé ar(t: atalgst.Express,inglthe LOJ criterionanother way, )

th& T.C1 value following hedting 2hd CBMpared tohe Vet cAtdifst S6on Saponite,
begiferpréparationds iypicalfeatiodt 5096 loweripréferably aboat 568mtbwerixtures
r Haekeopreferablyahouk 68 %rlowen siunorepreterably ahoyh 63%sloMeL; ci11ca,
o for xample, about 659,19 ahout 70% lwer or more, JoOSUAfurtner

alfernative criterion for Characterizing a suitable catalyst prepared —+  Zireonia,
Defeesrding to thethéthods dhthe prédéntiaventibhss erdirectly bt itirectlypilica-
aimeasiye theavatereantantofdhe eatalyst after heating-The catalyst-ofdhe can be
: tinvepntion ca hibit a moisture content.of about 3 wt% to about 6

DS o examiie abouh 3.0 Valk fo-aBsut Buividh S AR vEy ot as Shoh =
PRABELS Ghodtss Ridh; FEEHRRTHIE 3B WiTtobott 475 WETheal umina.
[amethbds of tle priesent imentiomsanachieme anegductian.cofaparesbigdsitions
= cWstcatalystsoq.afler gnaration. gfurealer han oW B0, _ oo sonverted
preferably greater than about 87%; more preferabl ‘grgatert an about
P86 for Example “desirably AR ductidhist absitt %6 about 98%t®Hr can  be
agperep In sbmparison, aicatatyst.of they samecompasiibpprepatechiritheing  the
inigmemanner itheated {g aoutea Eexiipits, an estimated moistyre, ;o
content of about 8 wt%, equivalent to only about a 70% reduction in
SUMGRtUTE. GAtalySt prepated aEebrding 16 TE metHous ™oF ife preematalyst is
sWYO20G#070394PCEHISZONE/046947 inventianl eambe®xpestiettidcarbon  oil
C&*BQMT@H@”'C%W fg%‘i@p\é’%‘%{&m@ﬂ £9mpared 1o ¢ ae'X’EtS at elevated

. Pprepared without elevated heating. For example, water content in the :
= CATAlySts Prépared attofdity tothe Hresent ifiethdas At 7Sless tharesvetalyst
t of tratss peaduct piepdred acfordingdoqriorarts methads; aflisulfides. This
s dEprouwe fanging from sahout 15% to.about 35% can be £ _Sgteg;talyst is

alternatively about 25% to about 33%. _[OOSZgl'hcatalysts according to the
PYiventiBh Are Bafticulafly usstahin AErStarboR EoReTSIGR pracsssegPerations
Heenysising cohtactingsa hydrocarkondeeédstockwithpanticulatercatalystchelat ing

under conditions of elevated temperature and elevated pressure with

hydrogen, wherein the catalyst is made a]c%ording to the present

invention.As generally



described, such catalysts comprise at least one catalytically active metal

WromdaeupV 113 of the periodic table, at least one catalytiGally,activeq 4047
metal from Group VIl of the periodic table, and phosphorus and a

chelatinc agent, wherein the metals, phosphorus and chelating agent are
carried on a foraminous carrier, and wherein the catalyst exhibits a
reduced moisture level, e.g., about 4 wt% or possibly less.
[00531Catalysts prepared accordingto the present invention can be used
in virtually all hydroprocessing processes to treat a plurality of feeds under

agWide-rapging teactiop condifiogs, generally, for.gxample. af temperaes ey
in the range of about 200 to about 500 'C., hydrogen pressures in the

L RS atsout 545 300 ba, SR iqu oty Epace velbiies TEHSYYE - Suck
mctherange gfralzout 005 ta:10 itinEhestermu thirdroprocessing” carpcess . That

1:GNGUPRASS yariousrocessesin which a hydrocarben, eed s reacted With, 2 o g

hydrogen at elevated temperaturé and elevated pressure
& HyBropracessing feAFioRKThditions): SnEfaf G Hy drByErHtion::
[ deydrbdesulfurizationehydrodeénitrioge paticrs hydrodemetallizationg L1ude :

( fydrodearodatizatign.hydroisomerization hydrodewadng: WO  sor  use  in
2007/070394PCT/US2006/046947 hydrocracking,and_hydrocracking

S Hitd PPessuTé tonditions, Which'igiso réfaIFRE 15 H3nild (R) water;

{ hydracratkinig: {0054 More Specificatiy, I'hydreprocessing” 8sthe fermmis of  and

Cf@pgﬁﬁﬁereimn?e@ﬁs (?ig&eékge%eri&@ﬁ@%%%]ﬁﬁewmmt@e% least one
eedstocks (complex hydrocarbop mixtures) wi rogen under

meﬁ: r%&u%@?ﬁ t(r%rﬁ%%e ch¥eBof°a% cata f/stEfg f%vtgélrg:‘ (fa) t%/Fgé%ot‘ﬁc:eanrf(rgie‘?ti A )of &F least

orleastorecotsiifupontaiirmne melas Hitrogen, arsmaticsanmd Group VIIT of

r Heongadsopgarbor spresent inrsaid feedstack, ande(b)@atdaast operaf theeral is
visc%sitg, paur point, arsugll ggnsit (:)Lfa Tf feedst%cgrln ad[g;t(i;oln c%or of the

vide g a ta a a1 u component ;
pﬁsfydxroprocesgng Isomerization ewaX|ﬁ/g, oil may be |mprove§’. ¥

(iHydre&acking; hd Bydrofreatiig processesuihith dffertsithe amourftefup VIB
mdidrogen reacted and the:pature.akthe peirolelimfeedsiocktieatede amount of

the Group VIII metal is sufficient to promote the catalytic
effect of the Group VIEB metal; and (iii) the concentration of
the Group VIB metal, expressed as thé cxide, is at least about
3 to about 50 weight percent based on the weight of the
compcsition} and (< at least one water soluble,
phosphorus-containing acidic component in an amount sufficient
to provide an elemental phosphorus to Group VIB wmetal molar
ratip of about 0.01 to less than about 0.80. If it is desired
to prepare a low metal concentration catalyst, the stabilized
agueous iwmpregnating composition can have a relatively dilute

concentraticn of the Group VIB metal expressed as the oxide,

for example, from about 3 to about 6 weight percent; for
example, about 3.5 to about 5.5 weight pexrcent. In contrast,
where a higher wmetal content catalyst is desired, the

impregnating composition, expressed . as the oxide, can contain
about 15 to about 50 weight pexcent o©f the Group VIB metal;

for example, about 18 to about 46 weight percent; or about 21
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NO551Hydrofinishing is typically understood to involve the

“Hyg(l; gl sing of hydrocarbonaceous oil containing predomin,'c;ntl b
Weig%t? g{t}; gf?ydrocarbonaceous compounds in the Iubricatinép %ﬁj B%mﬁcéo%w/

range ("feedstock™) wherein the feedstock is contacted with solid
supported catalyst at conditions of elevated pressure and temperature for
the purpose of saturating aromatic and olefinic compounds and removing
nitrogen, sulfur, and oxygen compounds present within the feedstock, and
to improve the color, odor, thermal, oxidation, and UV stability, properties

to0fdhe {redstock( JOQRE]IHydrocracking isypically understood to involve
N & d e

the.hydroprocessing of predominantly hydrocarbonaceous compounds

Fo g haifitg af led<t fivé TBF EarBon aISTE pér nicledie Feddstorkipihich ercent
- ofistéonductedy (&)@ superdtmosphedic hydrogen partialpressurentb) ag-30, 10-
2stemperatures bnicalybelon 3033 CLLARE) WD anovaraliet, , o oy,

48(:hﬂ?@[r:]tic | consumption of hydrogen; (d) in the presénce of a soli _
supported catalyst tontainity at TEA% bhe P MY drobenation aWeRt 40 weight
Pe2067/070394PCT/ 11 52606/04694F companent-ard (e}wiherein said metal to

crirgdsiock typically praduges a.yigldgreater than.aboutone hundred and | .
abct)fglirty (1gogg19Ies gf hydrocarbons containing at least about three §)) '
carbon atomé per niolecuTé& Fo¥eath oné Atidred {186) mdtés of 2bout  0.60.

Furddistesi-contaihitg atiedstfiver5F carbonfatomspermaleculehosphorus  to

Gr{aib Aftiydredreating istypically. ynderstoad tojnyalve the hydroprocessing, -
6 0L g%dton&inglgtly I%)C/)drocarbo acedus compounds containing at least five

carbon atoms Per moletife ¢ SedsTocR fof 1’ d&SuIffZation ahdlor
LO@&hrificatiBhdf damaTesastoéavherdinthepropessisceshdicted:Ha) atequence

de supetaimosphereiyrogenpagialpressuie;hatiemperawresdypicalys can be

+below 393 3 C (1100 F): (c) with an gverall net chemical consumption of
® hydrogen; and (d inQ ﬁ%?eaé%s Rce ?ﬁa Lolid-¢05potia dat G & Cshtdining T erare

“het RAEEIAE hydrogehaticir sampbhéms [0058]ISomerizatidn/dewaxingeisiods in
exdypicallyfUndersteqd todpvoluehydrepraceseing Predominabtlyin excess of a
modygregarhpnaceous having a Viscosity Index (V1) and boiling range

suitable component,
[0042] Where a catalyst is desired having a higher

concentration of Group VIII metal, e.g., nickel, the agqueous
imp_regnating solution can be supplemented with a | nickel
component in soluble form. In that case, the total amount of
Group VIITI metal is increased and the molar ratio of
Group VIII metal to Group VIB metal can typically range from
about 0.05 to about 1.0; preferably about 0.15 to about 0.9;
more preferably about 0.15 to about 0.8. As will be later
described, the additional, soluble Group VIII metal component
can be included in the agueous impregnating solution or,
preferably, added as an agueous solution to the combination of
foraminous carrier and impregnating composition described
above.

[0043] The stable agueous impregnating solution described
in (I) above can be emploved in a process for preparing the

catalyst o©of the present invention as Ffollows: A mixture is
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cggditions whose boiling range is substantially within the of the feedstock.
whhygregadon distillates, the typically comprise a hydroge f
about 100 psia (13 atm) atm); an average catalyst bed tem%%%&ﬁi?ﬁ?ﬁ47
the range of about 500 '1-7 (260 C) to about 800 '7 (425 C); a LHSV within
the range cf about 0.25 volume WO 2007/070394PCT/US2006/046947 of
hydrocarbon per hour per volume of catalyst to about 10 volumes of
hydrocarbon recycle rate or hydrogen addition rate within the range of
about 300 SCFB (53.4 Nm2/m3) to about 8,000 SCFE (1,424 Ne/m3).

Preferred operating conditions for the hydrotreating of hydfagarb .
Pregafittes tomprise & hydl @%%np%$ﬁ§1gpr5§s%?§ W%inot%le gg?\ée % bout Y ®

qua200ipsia (18 {6 aboat 2,000 psia (185 alffeh TR ERAlysTHet™ =
forgr;ée%r@élgf ggginc_iﬁ@ar%pge of about 550 {284 C) thabeu 7506881 of the
;a ithip.the range of about volume yd rbon .
Gx %r%ﬁ? voldhié %I)\éL catalyst to'abolit 5 \%ﬁgn%% of ﬁydr%%grbé%%er%o&g lm“r,md
foxpeniotuse ofcatalyst; aid atiyerdgerPrecy e Fae Griflrsgeaduhicry = V<
vadate-within the range ot about-5Q0; SCEB (89 N%/n&};&pb@ut 6,008 soluble
Gro%f%E% %3369 Ne/m3). [9060 rIehgtmo%tg(%ll%s(_!{a le copditigns for convegsiopry o
of‘a specific fé8d1o a precPe ermined product, however, can be best
propisited Bycoreitng thetesd at Séverataifferaffal required and that

mi femperatkes Qressuesispace one feed component. veldcitiesiandvely,

endVqi00en additiop fales. cartelating he. gffect gheachof gse vadablagi e che
and sélecting the best compromise of overall conversion and selectivity.

so e catdRsP eBNpoStionoithe MTBRIGIFR pafithlarysuitdbig o © cowtd b=
cohydrotreating fiydrogarbon feedstacksiém partitular feedstosks withidggernative

CO%%%E’?%%#%M%%%%? er%%l%%%i %%%ﬁ%v%bogﬁk%?}gﬁt(%%G £) B8rson skilled
in the art. y’I‘he just*deé%t!r:gg%% %:)c()mpfrl_eEnS’c':s are fed to a mixer,
for example, a short residence time, low energy mixer or a l
higher energy wmixing device in order to combine these
components. The carrier can be impregnated by various methods
well known to those skilled in the art. For examplé, the
"incipient wetness" or "dip-soak" techniques can be employed;
the dip-socak method is preferred. In the incipient wetness
method, the wvolume of the metals-containing solution is
adjusted, usually by adding additional water, such that the
volume is substantially the same as the pore volume of the
carrier, In the dip-socak method the carrier is dipped at
lemst once into a concentrated metals-containing solution
(also containing the chelating agent). The concentrations and
relative ratios of the metals and chelating agent in the first
and subseguent dips can be adijusted in order to achieve the
concentration of each of the metals and chelating agent that
is desired in the final catalyst. In the dip-socak wmethod the
impregnated carrier is separated from the final solution, foxr

example by draining, and in both technigques the impregnated
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[0061]EXAMPLE 1 (A)A cobalt-containing catalyst solution is prepared as
wellowsqcliadd 500 ml of water to an appropriate flask equiq%%g&;ggh 1046947
add 1557

stirrer; (2) add 71.9 grams of anhydrous citric acid; and (3)

grams of cobalt carbonate (45% cobalt). Slowly add 57.5 grams of
phosphoric acid (85%) followed by 501.3 grams of molybdenum trioxide
and begin W02007/070394PC7171.152006/046947 heating to about 190
F to 200 F.Heat at least at 190 F for at least 2.5 hours until the solution
clears.Once the solution. is clear it is cooled to below 120 F and 221.6

grams . of citric acid are added and Clthe mixtlirevis gtigedctérr};[il e‘g@ea s%lyet!io
cang {fdar. Fhefdatter the Dolutivhiis 880184 totoom temperature and diluted.
t hel heofiraldMo03 conderitrationds 0.50 grams per ml of solution. The

[ o {agunts described providg fermanexcess pheitricacil of aboutd Witmposition

since the heating step that follows,can rade.Qr decompose aﬂgrti%n Of .11
°F thd HddedGitfit aci§ and thd &xcess cagﬁ%g'urelt%at tzﬁ‘esaleegrsed amount is

compesentinthe fires catdlysteompesitionHaid exebssBused e sétiignt  ©F
ph@gﬂm- kx%f—@%ﬁr%@i%lﬁa@dﬂ@%dé&Qﬁ%ﬁfgm&sdforat@tal addiioprafric acid,
. 313.4 grams).The solution exhibitsthefollowingcompanentratiocitri :
55 G bOINBDS) Bl oheon SeBes) L0 Jb, i (athout 254227
waestest]=0.851AnafysisBf eTBsUIfF catagsiestiemed e fdllowing =v° 2r°
coBBmpasition fmetals expressert asthe exidesheoneettratiorcw®eoganerally
deg%ggéig):a%ogbifcwt;@; P205, 1.7 wt% ; M003, 24.0 wt%. (S)A
" nickel-containing catavl'yst solution is prepared as follows:(1) add' 450 ml of

[0S to a flask eeRifspedl withfirrer; RPAPEdd-"H07.8 Gramsior&ifydrougIueors
cofitde acidsand (Bpaddulsd.4 gramsaaf.copall canbonate {49%stickeprriers to

Slowly add.77.1 grams of phgsphari id ( n 0,170,5 A 2 rbons |
prgéo .CBXg rg?n%agfy r%c‘%Ia?/b?ilegn15g r%%riog%e%gﬁ%gégr%%%}g h%it?r%l ttLo %boug{ 210 F
cofgiIeast 3 ML EntiFthe Bolfioh ABaR afiaier titarity chditobelow ) 2
sul3aP Adghbtigrams of phesphoricoaeido7e¥)anub25lo6 grams Bf cigric 1east

on@Cid, Sruntil the solutipn.is clear, £oalin room tempepatye anskdilte:Brponent
1000 ml. The final concentration of Mc02 is 0.50 grams egﬁml of solugg[} water

EoAPARGEfOr the SOBHIEEontailiing Sdiutiort thE amBiints descrbed
soprvide, fopan extessef-citrictacichbhagbout 4449, 5< sireertha hedtihg afepamount
m@@%ﬂ'lQi"é?néNQ%OOZ@ZA'Q%B_%E%Q%QQ@J%@%EM Group VIII metal

component so as to produce a slurry and combining  the slurry

ut in

with; (D) at least one Group VIB metal component ; (E) mixing
the combination of (&), (B), {Cy and (D) and, heating the .
mixture, for a time and Lo a temperature sufficient for (&),
(B), (C) and (D) to form a soluticon; and (F) adding an
additional amount of water, if reguired, to obtain solution
concentrations of the at least one Group VIIT metal, the at
least one Group VIR metal and phosphorus useful foxr
impregnating the carrier; wherein Croup VIB and Group VIII
refer to Groups of the periodic table of the elements. Useful
amounts, concentrations and ratios of the components ars as
further described in (I) above. Typically, mixing and heating
is carried out over a period of about 0.5 to about 16 hours;

3

preferably about 1 to about 8 hours; more preferably about I
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can degrade or decompose a portion of the added citric acid and the

|XCARS/EARINSUre that the desired amount is present in the Q&% C%Eﬁ;l&’&ié%

composition. If no- excess is used, the second addition of citric aci

reduced to 236.6 grams (for a total addition of 344.5 grams). Analysis of

the resulting catalyst showed the following composition (metals expressed

as the oxides; concentration in wt% on a dry basis): NiO, 5.0; P205, 4.2;

and Mo05, 25.0. The solution exhibits the following component ratios:The

solution contains the following component ratios:citric acid/(NiOiMo03)
o (Malime): (with an excess) =0.39; and (without ag exeess) = 037, The 1¢o o

metals-containing solution of (1) IS contacted with an alumlna carrier and
abehe soR‘ION 6T/ (B) mvithtz 89 Silicakthomina édrfier havingthefollfifg F: more
pr&@@%%%g(ﬁt@oéerf%w%a (ma(gm), {4) 300, (B) 310; N2 Pore Volume

cc/gm), (A) 0.70 0.80; Loss on Ignition (wt% ,C1020 F), (A) <3.0, (B) .
[025%9: and \ﬁﬁfﬁjp%?‘e%?@lurﬂ’é (AR6.82 (B, 9%@5%%06&1%69%11@33 use in
theat@iy&tgsxpteparﬂdatsmg;malhsr&cld@gihexhebtlr@xagﬁmas folewsunds  adn
o+ 899450,0) o walerdo aflask Sapipped.uiih SUTer WA SUUIDG IO P0, cpose

grams of mane aC|d 158.1 grams Of cobalt carbonate, and 57.5 grams of
th%@%%@ﬁﬁﬁrlc%‘&fﬁ ahd h&&artd aﬁ&ﬁ%A(ﬁj‘@(‘)’@”araﬁfg%f one  or more
hy tholytyde ngnetrioxide fand headte 180-200 Continae héating forabgpot2pionic
achgurs he selytion ta.below; 130 F G3.grams.or malig acid oy aric

Stir until solution clears. Cool and dilute to 1000 mi with water. The
2= ¢ Oncdhration BFMY03 Bl 8 grams T Hifor sGitlidA Thé TdtalsEoRtarihg 2+
sasoluiionds contatiedwatiria B% silicalalureing carrier hhving-the followamy useful
cngh@r@ﬁ@ist'@@éwf@ceﬁ{gﬁwlgm)o%%Z' Nya%qr:@gVoleH@n(f@égm) M@tlonal
Loss on Ig ition (w.t96 &1020 QF), %e .)In. this araU%%ZOO gra
ITGHRR A desGbed abovE were- Cr%tﬁg - ith Tt ofthe Sotution
et WORO07/6703%4P CTHJS2006/046%4 % glycol, hydroguinone; amine,

including ethylenediamine, ethylenediamine-tetraacetic acid;

ycvrol

sulfhydryl group, as found in thé amino acid cysteine;
carboxyl groups in a variety of chemical substances: gluconic
acid, pyridine-2,3-dicarboxylic acid, thiophene-2-carboxylic
acid, mercaptosuccinic acid, niceotinic acid; amino acid,
including alanine, methionine; sugar, including lactose; and
ketone, including acetone-1,3-dicarboxylic acid.

[0047] The amount of the chelating agent, preferably at
least one hydroxycarboxylic acid, to be added to the catalyst
is typically about 0.05 to about 5 molar times of the total
number of moles of the metals of Group VIB and Group VIII;
preferably about 0.15 to about 4; more preferably about 0.2 to
about 3. At concentrations significantly less than about 0.05
molar times, it is insufficient for forming a suitable complex
of the active metals. However, at concentrations
significantly greater than $ molar times, further improvement
in activity i1s not likely ‘but there is a risk that the

chelating agent can precipitate thereby clogging the pores of
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from Example (C) and 20.9 ml of water. Analysis also showed 25.6%
: % Cog, and 2.0% P205 on a dry weight basis. The resultin
W ; 3
%2%%‘2]3 (3/%&5 dried at about 40D-410 F as described above.. ﬁ%l%’sﬁ%%g 6947
the catalyst showed 15.7% WI, (8)A cobalt-containing catalyst was
prepared as follows: add 400 ml of water to a 2000 ml flask equipped with
stirrer. Add 90 grams citric acid and 117_2 grams of cobalt hydroxide.
Begin heating and add 57.5 grams of 85% Phosphoric acid.Add 500
grams of molybdenum trioxide.Heat the resulting mixture to 200 0
,pContinue heating at 200 F for at least 2 hours.Cool the solution to 100 F _
th‘“‘%:Jlondcaatlzlrd)‘" 25¢€ grams BF itfic acdid. StiFunfifsoidtion cl&drs. Toot and HifaR-2t+a*
degy 2000 helwitk watée e coricentrationtof M2 ist:barams / mbeht during

ni galuiens-()The selution fram Example (E}wasiused to impregnate-metals e ss

-and a chelate on a carrier by the dip-soak method. catalyst showed the
O“fo%%‘v‘vin&%%ﬁ%%%ﬁ%%n:??%ﬁo N06§r4.1%7§amp£e’ crErye acid, over and

abyYB200 740 703MPC TASS 2666104694 800 fanth2. 0%R205 Bh a firy order to
comeightbasis Acsample-takerss of chelating agent that may ocgur

during elevated temperature heating, such as by décomposition.
For purpcses of the present invention avoiding substantial
decomposition means retaining, after heating, about 85% of the
chelate, for example citric acid, incorporated on or in the
carrier or in  combination with the metals; preferably
retaining about 90%; more preferably retaining about 95% of
the citric acid. Such excess can be about 1 wt% to about
10 wt%; preferably about 2 wt% to about 8 wt%; more preferably
about 3 wt% to about 6 wt%; alternatively about 3 wt% to about
5 wts.

{00481 The catalysts of the present invention are prepared
by methods previously believed by those skilled in the art not
to be available. In particular, a carrier, specifically a
calcined foraminous carrier, 1s impregnated with an agueous
composition comprising a mixture of @ active metals and
chelating agent, preferably at least one hydroxycarboxylic
acid, and optionally a phosphorus-containing acidic component.
If the impregnation method rxesults in an excess volume of
solution compared to the pore volume of the carrier (such as
where the "dip-socak" method is used), the impregnated carrier
is separated from the liguid, for example, by draining: If
impregnation is carried out using the '"incipient wetness®
method where little or no excess solution is present, it is
not necessary to drain the impregnated carrier. In the next
step the impregnated carrier is placed in a heated
environment, for examplé on a moving bed that passes through

an oven, a rotary calciner or any other convenient environment
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after several dips was dried as described above and exhibited an LO1 of

W4.0067/(¢)Metals are added to the carrier by various metho%lj}g}%%g%g 5947
the incipient wetness and dip-soak methods. For the incipient wetness

method 200 grams of support are used. A volume of metals solution is

used such that when applied to the support the target oxides will be

achieved. Prior to contacting the metals solution with the support the

metals solution is diluted with water such that the resulting solution is

eqgual to the water pore volume of the support. The metals solution is
oxcontastedwith:the-suppert fopl bauksd hewesuling materiglis placed ina, ..

 kotary calciner, which has been preheated to 220 F. The mixture is held at
320 éfor 10 minutes.%’%ée rﬁé’ter‘%akflesnh;%?%& Ginder flowing GFRSHRE T higher

ER@mpéfiurets famped Up (stich hekaing canaakesabout86te abodt 4Gat would
reminlites) iWhesithe catalysitbed temperatwe teaches ahout 400.F jtis - (4

o:hgld a1 400,F 10,420 F for less than or equal to 10 minutes and then .
~immediately cooled tg room temiperatdire. Using the dipsstak metfod fnctional

heJabdratoTy, 178%gratkctsipgoreare usedsand thettotel tilufed dipintained .
A solution istaB8G:ml. dfthedisstdip the-metats SOMMIoNIENLMAS! qent can be
+ coeneeptrated. an subsequent dips only enough metals solution is added to
[oDE the tgeor,etical amount needed to target the desired metals loading

on fhe carrief. THE Support Rptacethin SBasket dithmestrsidesamda suitable
hepggiiom to-diew thersotution topeaetiate: T he falloyding results-ae-based , ch; eve

then the fiest fow digys of gnickel-containi talyst preparation..The
delg@gi_keéfgn?inig%the suppor%%ié imrrﬁ%rs;%l%’lghﬁ%téd meg'%a $'Slutign €27 be
for 50 minutes and daring thig imBthe SofiftDRIS YedrRuiited Hreughtad vst to

Ehpasket@rénstifegood contact withithe supperrEhe-basketissermaved so may

efamuibe solition apd the WOPOHO70394RCTILISZ006/046047 material
ex@e@g)w% to drain fcgrgo minutes. The material is then transferred o a
rotary oalciner and dried as d&dcribblSn th& porvdlEmeamettod. i eaghevated

CeHRPEREAPBtARe first thethsightafihe metalstselutionds the:theareticAk  heatin
g

medmount el metals needed ta feach the target oxide levels for 175 grams of |
gaGadier. Rin 1 Dio 2 Dip 3iDip 4 darnBer Weight{(g?ﬁ) 1_7%.0' 17%506 SHEATIE snere
175.0175.0 Metals Solitioh Welght(Gihy 887 191 0xide, can be used as a

measure of the temperature to which the impregnated catalyst
is heated. In some instances, such as when the catalyst isg
heated for a short time and/or the layer of catalyst is
relatively thick, the temperature of the catalyst may not be
the same as that of the heating medium. In such circumstances
the temperature of the heating medium can be used as a proxy
for the temperature of the catalyst and alternative criteria,
such as discussed below can be used to ascertain when a
suitable catalyst is obtained. In one embodiment the catalyst
is . typically heated to a Cemperature higher than 200 °C or
332 °F; preferably equal to or greater than about 3955 °F; more
prreferably equal to or greater than about 398 °F; still more
preferably egual to or greater than about 400 °F; wmost
preferably about 400 °F to about 420 °F; alternatively about

400 °F to about 415 °F; or about 400 °F to about 410 °F; and
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221 221 22 Diluted Volume of Metals Solution (ml) 780 780 780 780

vaompasiien:Finished Catalyst(dry weight basis Wt% NiO 3,
Wit% Mo03 25.3 10 3erA8:o0idar

in each instance under conditions of time and temperature such
that substantial decomposition of the chelating agent, for
example citric acid, is avoided: Naturally, longer heating
times are feasible at the lower temperatures of those recited,
but typically heating is carried out for a period of time less
than about 1 hour; preferably less than about 30 minutes; more
preferably less than about 10 minutes, and in each instance
greater than about 1, 2, 3, 4 or 5 minutes and for a total
time at the selected temperature as appropriate to accomplish
the benefits as further described below. |

{0050] One criterion for establishing ' that a sultable
catalyst has been obtained 1is to measure the weight percent
loss on ignition (LOI) of the catalyst following preparation.
LOI is a measure of the total wvolatiles preseﬁt in the sample,
essentially water and the organic chelating agent. The LOI
- test is conducted by subjecting a Sample to an
oxygen-containing atmosphere for 1 hour at 1020 °F (548.9 °C),
thereby oxidizing or igniting the organic matter and driving
cff all residual moisture in the catalyst. However, the
temperature of the test is belileved not to be sufficiently
high to affect the inorganic components. Catalysts prepared
according to the present invention have been observed to have
LOI wvalues typically less than about 20 wt%; preferably less
than about 1% wt%; more preferably less than about 18 wt%; for
example from about 15 wt% to about 20 wt%; or about 16 wt¥% to
about 20 wt%. Naturally the LOI wvalue will be affected by the
type and amount of the specific chelating agent added as well
as the residual wmoisture in the catalyst. Conseguently, LOIT
values lower than 15 wt% may be achievable using the methods
of the present invention, Ior exampie, as low as ébout 1z, 13
or 14 wt% to about 20 wt% In each instance, the level ocf LOI
achieved should be such that the amount 'of chelating agent

desired in the finished catalyst has not been significantly
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25.5 24.6 24.3 Wt% P205 E.G 5.4 5.2 5.1 (H)Additional catalysts were
wRiepared as -described above by either incipient wetness 3};% %5/0 16947
of m

method. ,Metals ratios vary to demonstrate that the metho gklng the
catalyst solutions is flexible for different amounts of raw materials.
Catalysts that were dried at about 400 F exhibit LOI values of less than
about 16 wt% whereas catalysts that were dried at the lower temperature
exhibit LOT values of greater than 20 wt%.
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reduced, either through degradation and/or
volatilization as a result of the heating process, but a
significant amount of most of the residual water present in
the wet catalyst following impregnation has been driven off.
As discussed above, it is desirable to retain about B5% to
about 95% of the chelate in or on the catalyst after heating.
Compared to catalystes having the same composition and prepared
in the game way except heated to the lower temperatures of the
priocr art, the catalysts of the present invention typically
exhibit a moisture content that is about one-third to about
one-fourth the prior art catalyst. Expressing the LOT
criterion in another way, the LOI value following heating and
compared to the wet catalyst soon after preparation 1is
typically about 50% lower; preferably about 56% lower; more
preferably about 60% lower; still more preferably about 65%
lower; for example, about 65% to about 70% lower or more. ‘

[0051] A further alternative criterion for characterizing a
suitable catalyst prepared according to the methods of the
present invention is to direc_tly or indirectly measure the
water content of the catalyst after heating. The catalyst of
the present invention can exhibit a moisture content of about
3 wt% to about &6 wt%; for example about 3.0 wt% toc about

5 wt%; alternatively about 3.5 wt% to about 5 wt%; for example

3.75 wt% to about 4.75 wt%. The methods of the present
invention. can achieve a reduction, compared to a ‘“wel®

catalyst soon after prepaxation, of greater than about 85%;
preferably greatexr than about 87%; more preferably greater
than about 90%; for exampls, degirably a reduction of abqut
85% to about 920%, or more. In comparison, a catalyst of the
same composition prepared in the same manner but heated to
about 250 °F exhibits an estimated moisture content of about
8 wt%, eguivalent to only about a 70% reduction in moisture.

Catalysts prepared according to the methods of the present
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invention can be expected to exhibit significantly reduced
water céntent compared to catalysts prepared without elevated
heating. For example, water content in the catalysts prepared
according to the present methods that is less than 25% of that
in product prepared according to prior art- methods; an
ilmprovement ranging from ‘about 15% to about 35% can be
expected; alternatively about 25% to about 33%.

[0052] The catalysts ‘according to the invention are
particularly useful in hydrocarbbn, conversion processes
comprising contacting a hydrocarbon feedstock with a
particulate catalyst under conditions of elevated temperature
and elevated pressure with hydrogen, wherein the catalyst is
made according to the present dinvention. As generally
degcribed, such catalysts comprise at least one catalytically
active metal from Group VIB of the periodic table, at least
one catalytically active metal from Group VIII of the periodic
table, and phosphorus and - a chelating agent, wherein the
metals, phosphorus and chelating agent are carried on a
foraminous carrier, and wherein the catalyst exhibits a
reduced moisture level, e.g., about 4 v}t% or possibly less.
o053} Catalysts prepared according to the present
invention can be wused in virtually =all hydroprocessing
processes to treat a plurality of feeds under wide-ranging
reaction conditions, generally, for example, at temperatures
in the range of about 200 ° to about 500 °C, hydrogen pressures
in the range of about 5 to 300 bar, and liguid hourly space
velocities (LHSV) in the range of about 0.05 to 10 h™. The
term "hydroprocessing" can encompass various processes in
which a hydrocarbon fesd is reacted with hydrogen at elevated

temperature and elevated pressure (hydroprocessing reaction

conditions}, including hydrogenation, hydrodesulfurization,
hydrodenitrogenation, hydrodemetallization,
hydrodearomatization, hydroisomerization, hyvdrodewaxing,
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hydrocracking, and hydrocracking undexr mild pressure
conditions, which is also referred to as mild hydrocracking.

[0054] More specifically, "hydroprocessing® as the term is
employed herein means oil refinery processes for reacting
petroleum feedétocké {complex hydrocarbon mixtures) with
hydrogen under pressure in the presence of a catalyst to
lower: (a) the concentration of at least one of sulfur,

contaminant metals, nitrogen, aromatics and Conradson carbon,

present in said feedstock, and (b) at least one of the
viscosity, pour point, and density of the feedstock. In
addition, color of the resulting oil may be improved.
Hydroprocessing includes ’ hydrocracking,
isomerization/dewaxing, hydrofinishing, and hydratreatin§

processes which differ by the amount of hydrogen reacted and
the nature of the petroleum feedstock treated.

[0055] Hydrofinishing is typically understood to involve
the  hydroprocessing of hydrocarbonaceous oll containing
predominantly (bY' weight of) hydrocarbonaceous compounds in
the lubricating oil beoiling range ("feedstock") wherein the
feedstock is contacted with s=solid supported catalyst at
conditions of elevated pressure and temperature for the
purpose of saturating aromatic and olefinic compounds and
removing nitrogen, sulfur, and oxygen compounds present within
the feedstock, and to improve the color, odor, thermal,

oxidation, and UV stability, properties of the feedstock.

[oo56] Hydrocracking is typically understood to involve the
hydroprocegsing of predominantly hydrocarbonaceous compounds
containing at least five (%) carbon  atoms per molecule
("feedstock") which is conducted: (a) at superatmospheric
hydrogen partial pressure; (b) at temperatures typically below
£93.3 °C {1100 °F); {c) with an overxrall net chemical
consumption of hydrogen; (d) in the presence of a solid

supported catalyst containing at least one (1) hydrogenation
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component; and (e) wherein said feedstock typically produces a
vyield greater than about one hundred and thirty (130) moles of
hydrocarbons containing at least about three (3) carbon atomg
per molecule for each one hundred (100) moles of feedstock

containing at least five (5) carbon atoms per molecule.

[0057] Hydrotreating is typically understood to invelve the
hydroprocessing of predominantly hydrocarbonaceocus compounds
containing at least five carbon atoms per molecule
("feedstock") for the desulfurization and/or denitrification
of said feedstock, wherein the process is conducted: (a) at
Superatmospheric hydrogen partial pressure; {(b) at
temperatureé typically below 593.3 °C (1100 °F); (c) with an

overall net chemical consumption of hydrogen; and (d}) in the
Presence of a solid supported catalyst containing at least one
hydrogenation component ,

[o0E8] Isomerization/dewaxing is typically understood to
involve hydroprocessing predominantly hydrocarbonacecus oil
having a Viscosity Index (VI) and boiling range suitable for
lubricating oil ("feedstock") wherein éaid feedstock is
contacted with solid catalyst that contains, as an active
component, microporous crystalline molecular sieve, at
conditions of elevated pressuré and temperature and in the
bresence of hydrogen, to make a product whose cold flow
properties are substantially improved relative to said
feedstock and whose boiling range is substantially within the
boiling range of the feedstock.

[0059] For the treatment of hydrocarbon distillates, the
ocperating conditions would —typically comprise a hydrogen
partial pressure within the range of about 100 psia (13 atm)
to  about 2,000 psia  (2p4 atm) ; an average catalyst bed

temperature within the range of about 500 °F (260 °C) to about

80O °F (426 °C); a 1MoV within the range of about 0.25 wvolume



t0O062]EXAMPLE 2 A sample of the cobalt-containing supported catalyst
Wwereparewas in Example 1 was removed after it was prepared-aog:testiedos7

for Loss on Ignition (LOI), a measure of the total volatiles present in the

sample, essentially water and the organic chelating agent. The LOI test is

conducted by subjecting a sample to an oxygen-containing atmosphere

for 1 hour at 1020 F (548.9 C). A further sample of the original wet catalyst

was placed in a rotary calciner and heated to progressively higher

temperatures up to 400 F (204.4 C). Small portions of the catalyst were
of remaved: dutiag:hest-tp end-analyzed forweight foss by 4 Glsandearkgout 10
vo SNt (R using e, Letol lesLnsrumentRECR, G0 RARI G c1on rate

Joseph, MI). In tﬁls fest method &n aliquot of sample’is placed in a
wi tet@midGuEmERhich i&Peated PoRF D00 irfa Rifed lof parebout 8,000
scrygen, dhe candommis cowbeistetkta-earbaipdipxideranddbeditions for the
hy QYOERLRIN0N diaxide, gas MG 1S passad Fp 80 INABL HELeCter 1 googen

where the carbon dioxide content is measur e percent carbon for the
Paahiple REARGHERCcANy CHCuUIARE byARE An&ljzet Pritfallg he Bathfyst(13 atm)
to wasplaced in thearotaryicalcines at 1 85 &) Aftead,5 bouwrssagsamplecwas st  bed
cerPkSL{0r analysis, The lemperatire was ingreased 16,250 Fapd held far, .o,
Tgfgﬁour and a further sample Wk taken for analysis.
75WWE02002/09 039BP CH /US2006/04604 7 cHwe temperatuie stasithen réisediome of
hyg‘pgdéﬁﬂglb elfriefP r 9&1&10 LH@@Q;&I;H&\@ acﬁlanbgzjmg é(\ﬁﬁst@k%% f%{kﬁﬂ?{ly%s- volumes

This_ was repeated at 350 F and finally at 400 F. For the samples
°of SRRt oTIRE Lot teSOEmparattie WA mREsRuINIRE cafalyst Bedy I-o9=m
redorcthe cardon conterityestogrthe Adnace wall. fEhestest vedults atdrshovamye of
abdhthesipfowingstables rpereased the LOTvalues,decreased INIGAIING® /or*) .
ro %Q,%t the mc%jiture wastsugsta,ntia}gx driven off, and at the highest X c
emberatures(?the%%“al'atileseg’d‘n ent §pp8§f’s 0DE" gpsprofcjﬁinﬁ%ngoenré?é'rﬂn ok &
spgaliel Exfrapdlatiny theodat@dstosaboun 450 7 ademiperatoreaewhichan be best
opessentinlly al,of the-maisture would:he remaued, it appeassihatthe girferent
e catarl)éstt %%pared in 3gréisSexiglénaple woulg heave ab utc12tv:\L/tf)/o of aamgteri% drogen
that'can be lost on}?gnlfcioﬁl and’such material is i éiyjthe es & yaroge
2d @Y BEcxy caridX it acid ConTpeert Seitrichicid SEdsEeon e abeviidatal  these
vaﬁﬂéh@éﬁmi%ﬂiaﬁl%@dﬁﬁgﬁgﬁf :]I'iﬁl%he'@@ !Q:ag%ﬁ@@@ﬁli@@ingdge overall
-_heating process, the methads. of the present invention_can remove about !
oA o e Bt L STARATY presen i (FE SRS Wi e ot of tha
inifsthé@Bf thelptior aR2TFwhICHE eatalysEisityplealy hedted to abyGresgreating
hy Breesutisdan remevalafanty abouh48Gewtlodnoisttires Fadthesdkeandbecn  less
cn§gerhat ihe carbon coptent values reached g faily WO 5 o5 o (s65.¢ <o)
200EQ70394PCTMS2006/046947 constant level, espe0|ali§/ at the]i'ug er
2 S {&IRpETres Whiete fes8mBistare Waspreset irfthe samples.

EXAMPLES

[o061] EXAMPLE 1

(n) A cobalt-containing catalyst sclution is prepared as
follows: (1) add 500 ml of water to an appropriate Zflask
equipped with stirrer; (2) add 71.9 grams of anhydrous citric

acid; and (3} add 156.7 grams of cobalt carbonate (46%
cobalt) . Slowly add 57.5 grams of phosphoric acid (85%)

followed by S501.3 grams of molybdenum trioxide and begin
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[0064]Thesedatasuggestthatmoisturecanbe substantially removed from -a
- Watalswample without significant loss of the hydroxycarboxytia/us2006/046947
component by judicious control of the heating conditions, particularly
temperature. [0065]EXAMPLE 3 For this comparison test,
cobalt-containing catalyst samples prepared as described in Example 1
were heated to about 250 F (121.1 C) for about 10 minutes. The sample
for high temperature treatment was then ramped up to about 410 F (210
C) and held at this temperature for about 10 minutes, then cooled rapidly.
he#dhe oyerath treatment timwe @uclading heatup. andrcoot dewn) festhe high 190 °w
solemperaiwesample was, about, ], hour. Tempgratyres were measured by, .- ¢,

a thermocouple_ in the catalyst bed during drying. The catalyst samples
%Féﬁiénﬁfse‘a]fﬁf"évéﬁlaﬁﬁg Ryarcteshftufization (LPs)dngend 251.6 grams
ofhydrodenitragenations HRNEperformance with-a hydrocarben oikrdastuntil the

sogenditigns;andresults are;showa in the follawing falle, WOy .ooied to room
2007/070394PCTIUS2006/046947 Test conditions Value Feed Straight

“*BRIR(8R) Diest Tofal piesdie, JHig 800 LHSVIg concentiation is 0.50

grams per ml of solution. The amounts described provide for
an excess of citric acid of about 3 wt% since the heating step
that follows can degrade or decompose a portion of the added
citric acid and the excess can insure that the desired amount
is present in the final catalyst composition. If no excess is

used, the second addition of citric acid is reduced to 241.5

grams (for a total addition of 313.4 grams). The solution
exhibits the following component ratios: citric
acid/ (COO+MOO§) {(mol /mol) : {with an excess) = 0.36; and
{without an excess) = {0.35. Analysis of the resulting

catalyst showed the following composition (metals expressed as
the oxides; concentration in wt% on a dry basis): Co0,
4.4 wt%; P05, 1.7 wt%; MoOs, 24.0 wtk.

{(B) A nickel-containing catalyst solution is prepare& as
follows: (1) add 450 ml of water to a flask equipped with
stirrer; (2). add- 107.8 grams of anhydrous citric acid; and
(3} add 160.4 grams of cobalt carbonate (49%% nickel). Slowly
add 77.1 grams of phosphoric acid (75%) and heat to 170 °F.
Add 501.3 grams of molybdenum.trioxida and continue heating to
about 210 °F for at least 3 hours until the solution clears
and after clearing cool to below 130 °F. aAdd 77.1 grams of
phosphoric acid (75%) and 251.6 grams of citric acid. Stir
until the solution is clear, cool to room temperature and
dilute to 1000 ml. The final concentration of MoO; is 0.50
grams per ml of solution. As above for the cobalt‘containing
sclution, the amounts described provide fdr an excess of

citric acid of about 4 wt% since the heating step that follows
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can degrade or decompose a portion of the added citric acid
and the excess can insure that the desired amount is present
in the final catalyst composition. If no excess is used, the
second addition of citfic acid is reduced to 236.6 grams (for
a totel addition of 344.5 grams) . analyeis of the resulting
catalyet showed the following composition (metalg expressed as
the oxides; concentration in wt% on a dry bagis): NiQ, 5.0;

P20s, 4.2; and MoO;, 25.0. The solution exhibits the following

component ratios: The solution contains the following
component ratios: citric acid/ (NiO+MoO;) (mol/mol): (with an
excess) = 0.39; and (without an excess) = 0.37.

The metals-containing solution of {A) is contacted with an
alumina carrier and  the ~solution  of (B) with a 3%
silica/alumina carrier having the following characteristics:
Surface Area (ﬁ?/gm), {(A) 300, (B) 310; N, Pore Volume (cc/gm),
(Y 0.70, (B) 0.80; Loss on Ignition (wt% @1020 °F), (A) <3.0,
{B) <2.0; and water pore volume (A) 0.8, (B) 0.9.

(<) A cobalt-containing catalyét is prepared using malic
acid ag the chelating agent as follows: add 450 ml of water
to a flask equipped with stirrer. With stirring, add 60 grams
of malic acid, 158.1 grams of cobalt carbonate, and 57.5 grams
of 85% phosphoric acid and heat‘to about 170 °F. add 500
grams of molybdenum trioxide and heat to 180-200 °F. Continue
heating for about 2 hours. Cool the solution to below 130 °F
and add 163 grams cof malic acid. Stir until solution clears.
Cool and dilute to 1000 ml with water. The concentration of
Mo03 is 0.5 grams / ml of solution. The metals-containing
solution is contacted with a 3% silica/alumina carrier having
the following characteristics: Surface Area (m*/gm), 292; Ng
Pore Volume (cc/gm), ©.80; Loss on Ignition (wt% @L020 °F),
<2.0.

(D} In. this preparation, 200 . grams of the carrier

described above were contacted with 147.1 ml of the solution
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[0066]It can be seen that catalyst performance was essentially unaffected,
but the catalyst containing, a lower level of moisture would t_)e much _
preferred in use since it could be used substantially as r_ecelved or W|_th
significantly less effort to remove unwanted moisture prior to processing
feedstock. [0067]EXAMPLE 4 Five hydroprocessing catalysts prepared
according to the methods of the present invention were tested in order to
froharastenize<hd uplatiieccompaoungs evelved when eaghwasheatedito, 1 og
25209 G232 OP). The maj c?r cases gengtated were water va l:cgfr aﬂgl%aégonbagls
d|0X|de [0068]Catalyst | entification
They) CoharidonigininiR afySthccatamgtethessd mpositicriodescribetbind 10 °F  as
de Exahiplel 1aCatalyst becktemperatire chingdhe heating, step=41L F; L0l o1

1) WI -
mi?lg 4 wite, WOZ0RZ3QTQ3HEGTIYS2006/046947 (2) Sameas (W WL-
wit%

follows: add 400 ml of water tc a 2000 ml flask equipped with

stirrer. Add 90 grams citric acid and 117.2 grams of cobalt

hydroxide. Begin heating and add 57.5 grams of 85% phosphoric
Add 500

resulting mixture to 200 °oF.

acid. gramg of molybdenum tricxide. Heat the

Continue heating at 200 °F
°F and add
Cool

for

at least 2 hours. 226

Cool the solubtion to 100

gramsg of citric acid. Stir until solution clears. and

dilute to 1000 ml with water. The concentration of MoO; is 0.5

grams / ml of solution.
(F) The solution from Example (E) was used to impregnate

metals and a chelate on a carrier by the dip-socak method.

Dip 1 Dips 2+
Carrier Weight (gm) 175.0 175.0
Metals Solution 581 185
Weight (gm)
Diluted Volume of 780 780
Metals Scolution (ml)
Composition:
Finished Catalyst
(dry weight basis)
Wts CoO 3.0 3.4
Wt% MoO; 25.8% 24 .2
We%s PaOs 2.8 2.3

The product from each dip is transferred to a rotary calciner

and dried to aboub 400 °F as described above.

catalyst showed the following composition:
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(3) Cobalt-containing catalyst sample according to the composition

WestrbewimExample 1, but in the absence of further heating; LQd, 7 24847

wt% (4) (5) [00691 Volumetric Karl Fischer titration quantify the species

evolved as was used to identify and the catalysts were heated following

their preparation.Karl Fischer titration was conducted as follows:

approximately 1 gram of each catalyst was introduced to a gas-tight oven

under constant reducing gas sweep (about 100 ccimin). The sweep gas

passed through midget ethylene glycol portion of the glycol was titrated
codvithKatl Fischer b3 minutedntgrvals, Theoveniamperaturg set@bd00 .y p

C and gas-scrubbed for 1 hour, at which time temperature was increased
%6200 T for T hotirat thé figher Epetaftire 16676/05ReNATions Gng <P ivited
an RésultsKark Fisgher Titration:When heated to 100 C the high temperature -
(citreated catalyst samples vielded apgroximately-ane-guastershe weaight of cnoas

. ater as compared to Tow temperature treated samples, whereas further
15 B 0% ORD C e Bffeiancl i S5edtith DoRSEE TAOIR T aRE 2 *oF the

inggiew)r Citrie eled meiomade0d significant ebntibotion-to theamowstd. A

volfaateseveled vheadha samplesivaigieatedat 2004z IRAL£a85 0k ea o
both catgl¥§t tynes a%eater arggggte %f V\(%tﬁrlw s generated dyring the

the s . rget chieved. Prior to
. %lrstgapmlnutes at eac t%mperature as compare 1o ﬁle second 30

co%m@.%nﬁ}ﬁ_ metals solution with the support the metals

solution is diluted with water such that the resulting
solution is equal to the water pore volume of the support.
The metals solution is contacted with the support for 1 hour.
The resulting material is placed in a rotary calciner, which
has been preheated to 320 °F. The mixture is held at 320 °F
for 10 minutes. The material is heated under flowing air as
the temperature is ramped up (such heating can take about 30
to about 40 minutes). When the catalyst bed temperature
reaches about 400 °F, it is held at 400 °F to 420 °F for less
than or equal to 10 minutes and then immediately cooled to
room temperature.

Using the dip-scak method in the léboratory, 175 grams of
support are used and the toté.l diluted dip solution is 780 ml.
In the first dip the metals solution is the most concentrated.
In subseguent dips only enough metals solution is added to
match the theoretical amount needed to target the desired
metals'! loading on the carrier. The support is placed in a
basket with mesh sides and bottom to allow the solution to
penetrate. The feollowing results are based on the first four
dips of a nickel-containing catalyst preparation. The basket
containing the support is immersed in the diluted metals
sclution for 50 minutes and during this time the solution is
recirculated through the basket to ensure good contact with

the support. The basket is removed from the solution and the
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WO 2007/070394PCIMS2006/046947 Table A: Wt% Water by Karl

FiscHer21itratisA Cumulative Versus Time
Evolved Catalyst 0-30 min at 100C 30-60 min at 100 _C 60-90 min At

200 C 90-120 at 200 min

material is allowed to drain for 20 minutes.

Cumulative Wt % Watets2006/046947

The material is

then transferred to a rotary calciner and dried as described

in the pore volume method.

weight of

In each dip,

except the first,

the

the metals solution is the theoretical amount of

metals needed to reach the target oxide levels for 175 grams

of carrier.

Dip 1 Dip 2 Dip 3 Dip 4
Carrier Weight (gm) 175.0 175.0 | 175.0 | 175.0
Metals Solution 997.1 221 221 221
Weight (gm) \
Diluted Volume of 780 780 780 780
Metals Solution {(ml)
Composition: Finished Catalyst (dry weight basis)
Wts Nio 3.5 3.8 3.9 4.0
WES MoOs 25.3 25.5 24.6 24.3
Wt P,Os 5.6 5.4 5.2 5.1

(H) Additional catalysts were prepaied ‘described

above by either incipient wetness or dip-soak method.

ratios wvary to demonstrate

that

the

Metals

method of making the

catalyst solutions is flexible for different amounts of raw

materials. Catalysts that were dried at about 400 °F exhibit

LOI wvalues of less than about 16 wtg

whereas catalysts that
were dried at the lower temperature exhibit LOI walues of

greater than 20 wt%.
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Catalyst Impregnation | Heating | LOI MoO, P,04 CoD | Nio
Method oF Wty WS Wt | Wes | Wtk
T Dip-Scak 410 15.5 24.4 4.7 4.1
TI Incipient =400 13.3 21.8 1.5 | 4.2 -
Wetness
III Dip-Soak 405 16.1 25.5 4.9 - 4.5
v Incipient <250 22.9 17 .4 5.8 - 5.3
Wetness
v Dip-Soak <250 20.9 | 23.4 | 1.7 | 4.2 -
[0062] EXAMPLE 2

A sample of the cobalt-containing supported catalyst prepared
as in Example 1 was removed after it was prepared and tested
for Loss on Ignition (LOI), a measure of the total volatiles
present in the sample, essentially water and the organic
chelating agent. The LOI test is conducted by subjecting a
sample to an oxygen-containing atmosphere for 1 hour at
1020 °F (548.9 ©C). A further sample of the original wet
catalyst was placed in a rotary calciner and heated to
progressively higher temperatures wup to 400 °F (204.4 ©°Q).
Small portions of the catalyst were removed during heat-up and
analyzed for weight loss by LOI and carbon content (wtk) using
the "Leco" test instrument (LECO Corporation, Joseph, MI). In
this test method an aligquot of sample is placed in a ceramic
crucible which is heated to over 2000 °F in a stream of pure
OXYgern. The carbon is combusted to carbon dioxide and the
oxygen~-carbon dioxide gas mixture is passed into an Infrared
detector where the carbon dioxide content is measured. The

percent carbon for the sample is automatically calculated by

the analyzer. Initially, the catalyst was placed in ths
rotary caleiner at 175 °F. After 1.5 hours a sample was taken
for analysis. The temperature was increased to 250 °F and

held for 0.5 hour and a further sample was taken for analysis.
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The temperature was then raised to 300 °F and held for 0.5
hour after which a sample was taken for analvsis. This was
repeated at 350 °F and finally at 400 °F. For the samples
subjected to the LOI test, temperature was measured in the

catalyst bed; for the carbon content test, in the furnace

wall. The test results are shown in the following table.
Drying Temperature | Loss on Ignition | Carbon
(°F)y/{(~C) (wt%) (wt %)
None (as made, wet) 39.5 2.80
175/79.4 27.2 3.11
250/121.1 20.3 3.33
300/148.9 17.5 3.71
350/176.7 15.6 3.70
400/204 .4 13.6 3.67
[00631] It can be seen that as the heating temperature was

increased the LOI values déoreased indicating that the
moisture was substantially driven off, and at the highest
temperatures the volatiles content appears to be approaching a
constant value. Extrapolating the data to about 450 °F, a
temperature at which essentially all of the moisture would be
removed, it appears that the catalyst prepared in this axample
would have about 12 wt% of a material that can be lost on

ignition and such material is likely the hydroxycarboxylic

acid component, citric acid. Based on the above data and
assuming that little, if any, of the chelating agent is lost
during the heaﬁing process, the methods of the present

invention can remove about 96 wt% of the moisture originally
present in the sample whereas the method of the prior art, in
-which a catalyst is typically heated to about 250 °F, reasults
in removal of only about 48.5 wt% moisture. Further, it can

be seen that the carbon content values reached a fairly
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constant level, especially at the higher temperatures where
less moisture was present in the samples.

[0064] These data suggest that molsture carn be
substantially removed Erom - a catalyst sample without
significant loss of the hydroxycarboxylic component by

judicious control of the heating conditions, particularly

temperature.

[0065] EXAMPLE 3

For this comparison test, cobalt-containing catalyst samples
prepéred as described in Example 1 were heated to about 250 °oF
(122.1 °C) for about 10 minutes. The sample for high
temperature treatment was then ramped up to about 410 °F
(210 °C) and held at this temperature for about 10 minutes,
then cooled rapidly. The overall treatment time (including

heat up and cocl down) for the high temperatﬁre sample was

about 1 hour. Temperatures were measured by a thermocouple in
the catalyst bed during drying.  The catalyst samples were
then used for evaluat ing hydrodesulfurization (HDS) and

hydrodenitrogenation (HDN) performance with a hydrocarbon oil.

Test conditions and results are shown in the following table.
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9.1 11.4 Segment catalyst preparation methods of the present
megf?g@ggduce a catalyst having a significantly reduced I 0 6o ?69?7
particularly when the catalyst samples are subjecte to a 1858
heating following preparation that drives off moisture for analytical
purposes but does not cause additional degradation of the incorporated
citric acid. (00721EXAMPLE 5 (Comparative) Three hydroprocessing
catalysts prepared without additional heating at elevated temperature
(samples heated to 20C-250 op) Were tested in order to characterize the

composit Ad-volatie w...pw..w presentin-the-samples—these
results \ﬁj OGS0 703045 T /4162005104504 7

Feed Strailght Run (8R) Diesel

Total pressure, psig| 800
LHEV 1.5
H2/0il1, SCFB 1200

Feedstock

API gravity 33.7

Sulfur, wt% 0.57

Nitrogen, ppm 221

Test Resultg* ‘Heating Conditions
250 °F 410 °F

RVA HDS 100 100

RVA HDN 100 96

*RVA = Relative Volume Activity based on the rate constant for
the indicated process, HDS or HDN.

[0066] It can Dbe seen that catalyst performance was
essentially unaffected, but the catalyst containing. a lower
level of moisture would be much preferred in use since it
could be used substantially as received or with significantly

less effort to remove unwanted moisture prior to processing
feedstock.

[0067] EXAMPLE 4
Five hydroprocessing catalysts prepared according to the
methods o©f the present dinvention wesre tested in order to

characterize the volatile compounds evolved when each was

heated to 200 °C (382 °F). The wajor gases generated wers
water vapor and carbon dioxide.

[ooesl Catalyst Identification

(1) Cobalt-~containing catalyst according to the
composition described in Example 1. Catalyst bed temperature
during the heating step = 411 °F; LOI = 15.4 wt%
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provide compositional reference points for comparative purposes.

Catakysé’sample Cobalt Nickel Nickel Chelate Citric Acid Nopg Gitrig Agid, -
Test W1t% Carbon(a) 4.6

(2) Same as (1) LOI = 17.3 wt¥
(3) Cobalt-containing catalyst sample according to the
composition described in Example 1, but in the absence of

further heating; LOI = 22.6 wtj

(4) Same as (3) LOI = 22.7 wt%
(5) Same as (3) LOI = 23.5 wt%
[0069] Analytical Methodology

Volumetric Karl Fischer titration was used to identify and
quantify the species evolved as the catalysts were heated
following their preparation. Karl Fischer titration was
conducted as follows: approximately 1 gram of each catalyst
was introdﬁced Lo a gas-tight oven under constant reducing gas
sweep f{about 100 cc/min). The sgsweep gas passed through a
midget ethylene glycol scrubber to trap evolved moisture and a
portion of the glycol was titrated with Karl Fischer reagent
at 30 minute intervals. The oven temperature was initially
set at 100 °C and gas-scrubbed for 1 hour, at which time

temperature was dincreased to 200 °C for 1 hour at the higher

temperature.
[0070] OCbservations and Results
Karl Fischer Titration: When heated to 100 °C the high

temperature treated catalyst samples vyielded approximately
one-quarter the weight of water as compared to low temperature
treated samples, whereas further heating at 200 °C the
difference decreased to 1:3 (see Tables 1 and 2 below) .
Citric acid reduction made a significant contribution to the
amount o©of water evolved when the samples were heated at
200 °C, In 2ll cases for both catalyst types a greater amount
of water was generated during the first 30 minutes =t each

temperature as compared to the second 30 minute segment.
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0.06 6.0 Wt.% as Citric Acid(b) 12.0 0.16 13.3 Wt% Water-TKF (c) 6.6 9.6
WBWr9wWater-CKF (0) 7.3 10.3 7.7 Total Volatiles @ SOOeE{e} 486 kA 047

Table A: Wt% Water by Karl Fischer Titration-Cumulative Versus

Time
Cumulative Wt% Water Evolved
0-30 min | 30-60 min | 60-90 min| 50-120 min
Catalyst | ot 100 oc|at 100 °c|at 200 °c| at 200 oc
(1) 0.9 1.4 2.9 3.6
(2) 0.6 1.1 3.3 4.2
(3) 2.5 4.6 8.9 9.5
(4) 2.8 5.3 $.5 10.4
(5) 3.7 5.5' 9.1 11.4

Table B: Wt% Water by Karl Fischer-Per Time/Temperature

Segment

Wts Water Evolved per Time Segment

0-30 min {30-60 min | 60~90 min | 90-120 min

Catalyst|at 100 oclat 100 °c|at 200 oc| at 200 oc
(1) 0.8 0.5 1.5 0.7
(2} 0.6 0.5 2.2 0.3
(3) 2.5 2.1 4.4 0.6
() 2.8 2.5 4.1 0.9
(5) 3.7 1.8 3.6 2.3

[o071] The test results clearly demonstrate that the

catalyst preparation methods of the present invention produce
a catalyst having a significantly reduced level of moisture,
particularly when the catalyst samples are subijected to 2
level of heating following preparation that drives off
moisture for analytical purposes but does not cause additional
degradation of the incorporated citric acid.

foo721 EXAMPLE S5 (Comparative)

Three hydroprocessing catalysts prepared without additional
heating at elevated temperature (samples heated to 200-250 °F)
were tested in order to characterize the composition and

volatile compounds pressnt in the samples. These results



24 Total Volatiles 01000C(d) 29 27 35 4)wrecmarl-- i.... na"_ - Co) Wt%
BitrimAcich B wt% Carbon x 2.668 (C) Catalyst_s extracted \.N'tpﬁj/@/sz 006/046947
methanol and the extracts analyzed by Karl Fischer techniques:
Tetitrimetric; C=coulometric (d) Total volatiles at temperature for_4 hours
(0073]These data conflim that catalyst samples prepared accordlng_ to the
prior art include relatively high amounts of moisture. reference herel_n,
including any priority documents and/or [0074] All documents descrlped
herein are incorporated by testing procedures. and modgs of ope(athn of
pikepresent daventionthiaveheen deserihed.in _thegjgg_%ng SP&?'“C%@Qpam Cive
pAHhough the invention herein has been described with reference to
particular embodiments, it is to be understood that thee embodiments r
merely illustrative of the principles and WO Catalyst Sample
2007/070394PCD0S2006 104694 appiicatiars of the-present-r venRtign-it—
stherefore-to-be-understood-thattnumerous maodifications may be madle
to the illustrative embodiments ard that other arrangements maly he ‘
deViskasFithout departing from thb Spiritand scapge of thepeesentcicric acia
imeestion as defined by the appernded ctaims—urtherany-rarge-of

re-roael

oy %b%3£55§led(in)the‘Spegjfljnnfi1n or paragraphs hereinafter d{escrlblng
rious aspects ot the invention, such as*hat representfd & particular et

df propérties taris dfahdasire, cpnditions, mhysical Statesier percentagess
iwtrtenaed to- e rallyJncorporate; expresglyrereinhy regergnce or

. Y ¥ .3
therwise—any-pumberfalling within such range, including any subset of
Wew TR e IR Bhsume in anv 1ang ity 3 7.7
numbers or ranges sUmed wjthin any rénge so fecited. ‘
Total Volatiles @600 °C 22 14 24
(d)
Total Veolatiles 29 27 35

@1000 °C (d)

(a) Wt% Caxbon by CHN Analyzer
(b)  Wt% Citric Acid = Wt% Carbon x 2.668

{(c) Catalysts extracted with -dry methanol and the extracts

analyzed by Karl Fischer technigques: T=titrimetric;
C=coulometric

(d) Total volatiles at temperature for 4 hours

f0073] These data confirm that catalyst samples prepared

according to the prior art include relatively high amounts of
moisture.

[007473 All documents described herein are incorporated by

reference herein, including any priority documents and/or

testing procedures. The principles, preferred embodiments,

and modes of operation of the present invention have been

described in the foregoing specification. Although the

invention herein has been degscribed with reference to

particular embodiments, it is to be understood that these

embodiments are merely illustrative of the principles and
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ADDITIONAL DISCLOSURE The following enumerated paragraphs
Woswretervarious aspects or embodiments of the present invent; %231?@9 46947
method for preparing a hydronrocessing catalyst comprising: (l) providing

at least the following components: (A) at least one calcined foraminous

carrier having a water pore volume; (S) catalyticallyactivemetalsusefulin
hydroprocessing hydrocarbons, said metals in the form of at least one
Component providing at least one metal from Group VIE of the periodic

table and at least one component providing at least one metal from Group
=pglilofdhe perodie table; (C) &4 least opgshelate; (D) waterin @hﬂ?%”él%e to be
uns&gfij:ci%gt 1 fo&n a solutionordispersioncomprisingsaid catalytically active

“metals and said at least BhE ChelafE® Ght (BT bpfoTally?st le&st ofede to the
1ldhsgphsrisieontaiRing iacidic eormponenti(tl) contacting:saidcomponentsnay  be
i avith seitbselutioaar:eispersion camnsing DB (V)R ad ¢ oy

qntionally (1) (B) for a time and at a temperature sufficient to form a
P mixiure and t(%)nl)rcnlpt‘?Iélgr?flasteélsfé:ilgd1 Elaer%eg]ﬁitﬁbaesﬁ%?éjgﬁ%uﬁtlﬂﬁd Further,

ArgbmpoteRrs (1)PB) areHiPE)andoptivnafly (T)fc); @HEto theextentdaation  or
patheyeiyme of saicksolution:or digparsion.equals L excreds theyalerpore: o
j.n\é%gérgggqg azgn&ggé?s%sgerg%gaa@; SRIMRIEgNARE AL IO s ser ot
properties, units of measure, conditions, physical states or
percentages, is intended to literally incorporéte expressly
herein by reference or otherwise, any number falling within
such range, including any subset of numbers or ranges subsumed

within any range so recited.
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(IV) heating said impregnated carrier to a temperature higher than 200 PC
and less than a temperature and for a. period of time that would cause
substantial decomposition of said at least one “belated The method of
paragraph 1, wherein metal from Group V_Tt1 is selected consisting of
molybdenum and tungsten. 2 The method of paragraph I, wherein s metal
from Group, VIl is.s ed consisting of cobalt and nickel. The method of
paraorapn BN L NPATe DS IO G iene

gly col, glycerol, polyethyleneglycol,hydroquinone,

Thethylenediaminestetrarea. _ 4

methionine,gluconicacid.pyridine-23-dica hosxyflkc:l adid thiduheRe ckrbsviRSPects

OF 4OIF HeREptesicifie acir piestinic atidtactose, and
1. acetonerk3rdigarhexylic agg.e];gq:m@ odaof p%@ @gh 4, wherein said at

) y rocessi alys
least one hydroxycarboxylic acid is selected from'the group ¢co sl|§t<?ng gratalyst

glycolittacid, Mtroxyprotionic acid, -= hvdroxyhutvric acid,
hvdraxyhexamaia asil, fartaric-acid, mpalic-acid, giveeric acid, citric.actd,

and Iuconi& crd,‘l;“helmetchod of paragraph | wherein said foraminous
“leastone mamber5ledtad front thelgrsap epasisting of silicahaving

carrier is a
siTioasaxbin silica-alamina, lurainactitania, titania-alumina, terranas
kaolin zircpgpPasalumina,zirconia,horia, ,
QQE Qékaﬂytlcél?y active metals useful in
hydroprocessing hydrocarbons, said metals in

the form of at least one component providing at
least one metal from Group VIB of the periodic
table and at least one component providing at

least one metal from Group VIII of the periodic

table;

(C) at least one chelate;

(D) water in a quantity sufficient to form a
solution or dispersion comprising said
catalytically active metals and said at least
one chelate; and

(E) optionally, at least one phosphorus-containing
acidic component;

(IT) contacting said components (I) (A) with said solution
or dispersion comprising (I)(B), (I)(C), (I)(D) and
optionally (I)(E) for a time and aﬁ a temperature
sufficient to form a mixture and to impregnate said
carrier with a suitable amount of said components

(I)(B) and (I)(C) and optionally (I) (E);
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n

magnesium silicate, magnesium carbonate, ma_gnesiur_n precipitan
oxide,activatedcarbon,aluminum oxide, d adurritam OX|de_, activated o

alumina, bauxite Pieseigu4cipumice,natural ,isloyssynyhetlc ple}ys, cationic

rays or anionic clays such as saponite, bentonite,kaolin,sepioliteor _ _
hydbotaicite,and mixtures thereof The method of paragraph | wherein said
heating is carried our at greater than abqut 904 C. B.The method of

paragraph 7 wherein said heatino is carried out fot I_ess tha_n about 1 hour.

9.Tr<12 Jvrféth&é? of peragrapht-whérein thé molar ratie:ofsaids:Greup Mt e i on, oy

) enid
etal to Group VIE metalds about 0.05 tg.about0.75, and wherein saic _
group VI me%al Eomponer%t is provided by a%u%%tantkllaellyv\f\?atiéfln?cﬂﬁﬁle volume

componerﬁ?E S%%Oﬂ%%ég@ﬂ?%%&@iﬁ saidiat leastonenaced carrier
phosphorus=eentaining agidic-companent dﬁzslqp,gtqm%¥ yx@fgl solg?%g

and %relsenttin an amount sufficient to provide an elemental phosphorus

to C(roup VIE Tretal mofar Tatio $t'abeie0. 01 to about 080,411, Fhetemparature

method ofParagraphhZzmwherein said heatingds, gargiggrlpugfpggr&iggﬁef%rﬁ\qme and
ICi ' exhibiting a loss in weig
temperatugg§ufg0|%ngltggéovg acfl\%t%lysghat wcguld cause substantial
ign tion (909) of less than about 20" wt4-
decomposition of said at least one chelate.

The method of paragraph 1, wherein said at leas- one
metal from Group VIB is selected from the group
consisting of molybdenum and tungsten.

The method of paragraph 1, wherein said at leagt one
metal from Group VITI is selected from the group
consisting of cobalt and nickel .

The method of paragraph 1 wherein said chelate is
selected from the group consisting of hydroxycarboxylic
acids, ethylene glvycol, glycerol, ethanolamine,
polyethylene glycol, hydroguinone, ethylenediamine,
ethylenediamine-tetraacaetric acid, cysteine, alanine,
methionine, gluconic acid, pyridine~2,B—dicarboxylic
acid, thiophene-2-carboxylic acid, mercaptosuccinic acid,
nicotinic acid, lactose, and acetone-1, 3-dicarboxylic

acid.

The method of paragraph 4, wherein said at least one

hydroxycarboxylic acid is selected from the group
consisting of glycolic acid, hydroxypropionic acid,
hydroxybutyric acid, hydrozvhexanoic acid, tartaric acid,

malic acid, glyceric acid, citric acid and gluconic acid.

The method of paragraph 1 wherein said foraminous carrisr

is at least one member selacted from the group consisting



10.

11.

[
o

12The method of paragraph | wherein said heating js_qarried out for a time
and temperature sufficient to provide a catalyst exhibiting a moisture
content of about 3 wit2P6 co about 6 wt4. The method of paragraph_ 1
wherein said heating is carried out for a. time and temperature sufficient to
provide a catalyst exhibiting a reduction in moisture content, compared to

[ [ han 903 and wherein
thewet. catalyst following preparation of greater thay , . _
thie catalyst is not calcined f(%lowmg eating. The Téthod 6f patagraph aitania,

whérefrfthe’ambtifit- 6Fhydrosyparboxylic-acidonthe impregnated: 2 1oria /

' [ ' i desired the
foramadnous.carrgr prigr toideating xr%eesdslthe rre10un:[ d - rhonate,
catalyst after heating by abou%?i Wt096 to about 10-wtoh “Fihe fetiod af->onate

paragraph s, Wheréin séid hydféx-carboxdcid 4s citric.acid.-l6uTheun  oxide,
methoel- o paragraph: 1, wherein at least Qn%EQQQPah:O;{HS_%gQ}amIn‘: bauxite,
acidic component is phosphoric acid or orthophosphoric acid. 17. e 1

hydroprocessing catdiv' T Prépared by thé method of < paragrapik 18 clays,
The hydroprocess hgcatalyst preparedhby: theanethod @‘Lp&rlagrglgh -I(-)Q%ponite,

“of paragraph 12. 20.
hydrapr, ng catal repared by the meihod of p p ). |
Tﬁ%ﬁ%ﬁ%ﬁ%&ésingﬂ L(}:gla?%’st pre‘pgﬁ’eb%é hetho@®of paragraphedd2t=A  and

hydtopioeessingataivstérmed from a mixture comprising:
The method of paragraph 1 wherein said heating is carried
out at greater than about 204 °C.
The method of paragraph 7 wherein said heating is carried
out for less than about 1 hour.
The method of paragraph 1 wherein the molar ratio of saild
Group VIII metal to Group VIB metal is about 0.05 to
about 0.75, and wherein said Group VIII metal component
is provided by a substantially water insoluble component .
The mwmethod of paragraph 1 wherein said art least one
phosphorus~containing acidic component is substantially
water soluble and is present in an amount sufficient to
provide an elemental phosphorus to Group VIB metal molar
ratio of about 0.01 to about 0.80.
The method of baragraph 7 wheresin said heating is carried
out for a time and temperature sufficient to provide a
catalyst exhibiting a loss in welght on ignition (LOI) of
less than about 20 wt%.
The method of paragraph 1 wherein said heating is carried
out for a time and Cemperature sufficient to provids a

catalyst exhibiting a moisture content o

-

about 3 wt% to

Hh
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15

1l6.

17.

18.

19,

.abonit 3 Wik to, ghout:6 Wgﬂiagraph 5

(A) at least one calcined fc aminous carrier; (8)catalytically.P--1H
yemetalsuseful ---oprege5-4ng Hydrocarbons, said metals in the form
of one component providing at least one metal :_3207[ Group V12 of the
periodic tande and at least one component providing at least one metal
from Group VIII of the periodic table; at least one organic chelate
compoung compyrising Sbout 0.05 to about 5 times the molar amount, of

said catalytically active metals: (ID) watel i & quantity suficiéft togorks acarrisd
solutioh of @ispérsiehsaid somprisingeatalytically activeimetals and-said at,; 5.

least ohg qrganicheists comp un%; and_'(E) optionally,atleastone
Phosphorus-containing acidicgcomponle‘hgtl;%éfnvd1 Whereift saitfcatalyse content,

exhibitS% ridisture contént ofsdbout 3:wtaketo aliout B-wt9dr. 22-Ther =t ion  of

catalyst:of paragraph<21:wherein,said organic ohelate compound is at ,
Iea? C())tpfjhyqrox¥\1ca}‘rb9xylic acid. 23The cata yst of p%é?lraﬁfatbh?? Whereif -cined
said af least ofie %Fm&%arboxylic acid is citric acid. 74. A catalyst useful

in hydropracessing a petroleum feed, said cgtalmggglggsinqﬁg Ieastﬂone .
catalyti aglfy accgiye me?l from Group VIE of the periodic table, at leas one" ot
a

catalytically active e t from™Group VA of fHesperiotic tables phésphrusaminous

and-a Bhefatingagent, whereiax (A)said smetals; phasphorys and.chelating _ .
agent are carried on a calcined foraminpus carrier; (E) said catalyst is not
calcined foIIowindé impréag%n%aﬁ(l)n with said met&l arf-Chetating afiént; and about

C tffie’miisture content of said catalyst at the start of said hydroprocessino

, Wherein said hydroxycarboxylic
acid is citric acid.

The method of Paragraph 1, wherein at least one
phosphorus—containing acidic component is phosphoric acid
or orthophosphoric acid.

The hydroprocessing catalyst prepared by the method of
paragraph 1.

The hydroprocessing catalyst preparsd by the method of
paragraph 11.

The hydroprocessing catalyst preparsd by the method of
paragraph 12.

The hydroprocessi talvys a
v brocessing catalyst preparsd by the method r

of
paragraph 13.
A hydroprocessing catalvyst formad from a mixture
comprising:
(n) at least one calcined foraminous carrier:
—
B ra - i
(B) catalytically active metals useful in
fdyaroprocessing hydrocarbons, saig metals in the
= ~ + .
torm of at least ons component providing at least

one metal from Group VIB of the periodic table and
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catalystuseful:inhydrodesu urizationand hydrenitrification _
ofhydrocarbons,said catalyst comprising at least one fatalytcalllv actlve_

metal from Group VIE of theperiodic table,at least one catalytically e}ctlve

metal from Group VIl of the periodic table, phosphorus_and a chelating

agent, wherein: (A) said metals, phosphorus an_d chelatlng agent alrg .

carried on_a calcined foraminous carrier; (E) said catalyst is not calcine .
following iar%prégendzﬁibn%& Saldetare and thdlating agént; and c) thge metal
moisture dormentcofsaid vatalyshat thesstart of said hydeodesulfurlzation

and, hydrodenitrifi cation is about 3 wt 96 to about 6 wt. MCSLLPR L
CLA(\IBI\%S: :%% m*e%?ﬁ)gg foré %répa?lln%%nﬁfdroﬁ%%e%ﬁg c%?ﬁ]?&uébfnpnﬁﬁé? 1sing
(1) providing“atiedst e following toriponentss (Ahat leastanesgalcined o ¢ =a:4

foraminousGasrier-having a water pore volume; (B)

catgl ticallyactivemetalsusefulin hydroprocessing hydrocarbons, said

metals in tFe-fofm ot af |68 Bhe CompeAchtpreviding-at feast one metakion or
from Group:¥iB-ektheperiedictable and at least-pne companent providing, .

at least one me{al from Group VIII of the periodic table; (C) at least ore
chelate: metals and said at least one organic chelate

compound; and _
(E) optionally, at least one phosphorus-containing
acidic component: and
wherein said catalyst exhibits a moisture content of
about 3 wt% to about & wt%.
The catalyst of paragraph 21 wherein said organic chelate
compound is at least one hydroxycarboxylic acid.
The catalyst of paragraph 22 wherein said at least one
hydroxycarboxylic acid is citric acid.
A catalyst useful in hydroprocessing a petroleum feed,
said catalyst comprising at least one catalytically
active metal from Group VIB of the periodic table, at
least one catalytically active metal from Group VIII of
the periodic table, phosphorus and = chelating agent,
wherein: (A) said metals, phosphorus and chelating agent
are carried on a calcined foraminous carrier; (B) said
catalyst 1s not calcined following impregnation with said
metals and chelating agent; and (C) the moisture content
of said catalyst at the start of said hydroprocessing
about 3 wt% to about 6 wty.
b catalyst useful in hydrodesulfurization and
hydrodenitrification of hydrocarbons, said catalyst

comprising at lezast on= catalytically active metal from
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(D) water in a quantity sufficient to form a
solutionordispersioncomprisingsaid catalytically active metals and said at
least one chelate; and (E) optionally, at least one phosphorus-containing
acidic component; (II) contacting said components (1) (A) with said
solution or dispersion comprising (1) (B), (1)(C), (1) (D) and optionally (1) (E)
forGaﬂtime and at a temperature sufficient to form a mixture and to
impreghate siidcarrfet with aSsuitabferamauint of saighcemponants (h) LB+
andx(H«(G)and optionally(D:(E); (Illl}lgq:tgiextgnt that the volume of said

[ t

solutiQri1C§) Pispersmn equals or exceeds the Walfgpporg%ﬂﬁne Yfsdid of the

carrier separating 85iiSmpregratsaicanier fromrsaid excesssalytionef  agent

dispersienrand (V) heating saidimpregnated carrier to a temperature
higher than 200 C for a period of time, bgt Iesgcﬁlﬁ%lnués tethip r§t%?e18|t&“9 agent

temperature and tim&that MESEEP #Buld resattimsubstantiaticr:  (B) saiqg
deconfposition 0f saidtat deast one ghelate; C:,WiggThe method of claim 1,

one

i i ; mpreanat 1th said
wherein said at least one metal from Group VIB is sée@tledgf?omltﬁgg%hﬁ
consisting of' rrrl%lyﬁ gor%r%% fRRgStEn artfwhet€in saictatleastanes content

méftal fromeGtaup Vllkstselgeted fromthe grouphqgnsistiggaorftcobalt afgd ,
niﬁ%ﬂrodeéuﬁr}%@fth%‘i of claim 1 wherein said chelate is selectedfrom 539
the group consisting of hydroxyéarboxy iy Scidsi ethylend giyeol glycetal, about
ethaiélanine, Polyethydene glycol,
hydroguinone,ethylenediamine,ethylenediamine-tetraacetic acid, cysteine,
alanine, methionine, gluconic acid, pyridine2,3-dicarboxylic acid,
thiophene-2-carboxylic acid, mercapto succinic acid, nicotinic acid,lactose,

and acetone-1,3- dicarboxylic acid. 4. The method of claim 3, wherein

said at least one hydroxycarboxylic acid s selected from the group

consisting of glycolic acid, hydroxypropionic acid, hydroxybutyric acid,
hydroxyhexanoic acid, tartaric acid, malic acid, glyceric acid, citric acid

and gluconic acid.
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5. The method of claim 1 wherein said foraminous carrier is at least one
member selected from the group consisting of silica, silica-gel, MCSLLP
silica-alumina, alumina, titania, titania-alumina, zirconia-alumina, zirconia,
boria, terrana, kaolin, magnesium silicate, magnesium carbonate,
magnesiumoxide,activatedcarbon,aluminumoxide, precipitated aluminum

cLoxde, activated alumina, bauxite, kieselguhr, pumice, natural clays,
synﬁ]hetic clays, ¢ C Srfla\r/s or anionic clays su%h ?%?8 onites, bentonite

tioni
: : . '‘talyst
kaofin, seﬁoll%eﬁh%%ro affute,p and mixtures thered 6 The method = 7°
congf claihrlawherein said heating is carried out according to a condition

selected from the group consisting of:,(A) reater tha ; (B)

for los0. MOSL P han about Thour (C) for & fat ant mperbans

sufficient tdprovidé a catalyst@xhibiting-a nevistdrercomant'sf absurder having
wt% to about 6 wt%; and, Eog@%atkggﬁﬁgrgof. 7. The method of

claim 1 wherein: (A) the molar ratio 8. of said Group VIl metal to

Group VIE (Rétal 541504t 0105 i0- dbout 6 751 dRd whéteisaid Groupaint in

metal components provided by &isubstantially waterjpsolubles 1 4 metals in
component; or (B) wherein said at least one phosphorus-containing acidic

component is subdstantiafly Watdr Solubigé 2Rl i pfeseRtfiRditamobrtviding at

sufficient to provide ap€lespentakphospherss te Group ViR metal melarceriodic
ratio of about 0.01 to about 0.80. 9. The method of claim 6 wherein

said heating is caffét Gut36ra fihe aRa TEmEEtEuCSRRGER 0 PFGViGE 1N at
a catalyst exhibiting adess eweight on fgnitionst&) of tess than abeutreriodic
20 wt%. 10. The method of claim 1 wherein said heating is carried out

for a time and terﬁﬁ@r?ﬁfre sufficient to provide a catalyst exhibiting a

reduction inanoisture coatent,ccompareddodhe wet catalyst following

preparation of greater than 90% and wherein the catalyet is. not calcined

following hllg{ing.wa%efl. The method 6f c%éﬁﬁ%/l W%%%%i the %mucﬁf) of form a
hydroxycarboxylic a¢idtmirthe impregnated<foransinous cardempriortong said

heating exceeds the_amount desired in the catalyst after heating by about
L% 1o about 10 T 15 The Fodtob e b Sathe: st Least
by the method of @any one<ofataim Erclaim 6, claim 7, claim 8 or claim 9.

hquproce( ing 8%[9 llysltqg ﬁﬁpﬁrgda%ccgédgggctoépl% ”.’ehhoéj ?Foarnl}/sq%eo%f aining
claims 1, 6, 7, 8 or9, wherein’said at least one organlg chelate compoun
comprises about 8 O5tbaboumBaimes the molar amount of said

catglytigally getive. Hh‘%’i@lsis%’l%WQSxﬁﬁg!Béé‘i‘?t%atagﬁt EXNibits.3,MOISIes o1 ution
content of about 3 wt%to about 6 wt%. MCSLL
or dispersion comprising (I) (B), (I)(C), (I) (D) and
optionally (I)(E) for a time and at a temperature
sufficient to form a mixture and to impregnate said
carrier with a suitable amount of said components
(I) (B) and (I) (C) and optionally (I) (E);

(ITI) to the extent that the volume of said solution or
dispersion equals or exceeds the water pore volume
of said carrier separating said impregnated carrier
from said excess solution or dispersion; and

(IV) heating said impregnated carrier to a temperature

higher than 200 °C for a period of time, but less

than a temperature or a temperature and time that

52



13. The catalyst of claim 12 wherein said organic chelate compound is at

least one hydroxycarboxylic acid. 14. The catalyst of claim 12 useful | cSLLP
in hydroprocessing a petroleum feed,wherein saidhydroproccssing

comprises hydrodesulfurization and hydrodenitrification of hydrocarbons.

13. Thecatalystofclaim 12usefulin hydrodesulfurization and

hymodem%@@%%PW%E@%¥O%%bgﬂ%stantial decpmposition of said at
least one chelate.

2. The method of c¢laim 1, wherein said at least one
metal from Group VIB is selected from the group consisting of
molybdenum and tungsten and wherein said at least one metal
from Group VIII 1is selected from the group consisting of
cobalt and nickel.

3. The method of «claim 1 wherein said chelate 1is
selected from the group consisting of hydroxycarboxylic acids,
ethylene glycol, glycerol, ethanolamine, polyethylene glycol,
hydroguinone, ethylenediamine, ethylenediamine-tetraacetic
acid, cysteine, alanine, methionine, gluconic acid, pyridine-
2,3-dicarboxylic acid, thiophene-2-carboxylic acid, mercapto
succinic acid, nicotinic acid, lactose, and acetone-1,3-
dicarboxylic acid.

4. The method of claim 3, wherein said at least one
hydroxycarboxylic acid 1s selected from the group consisting
of glycolic acid, hydroxypropionic acid, hydroxybutyric acid,
hydroxyhexanoic acid, tartaric acid, malic acid, glyceric
acid, citric acid and gluconic acid.

5. The method of claim 1 wherein said foraminous
carrier 1s at least one member selected from the group
consisting of silica, silica-gel, silica-alumina, alumina,

titania, titania-alumina, =zirconia-alumina, =zirconia, boria,

terrana, kaolin, magnesium silicate, magnesium carbonate,
magnesium oxide, activated carbon, aluminum oxide,
precipitated aluminum oxide, activated alumina, bauxite,

kieselguhr, pumice, natural clays, synthetic clays, cationic
clays or anionic clays such as saponite, bentonite, kaolin,
sepiolite or hydrotalcite, and mixtures thereof.

6. The method of claim 1 wherein said heating 1is
carried out according to a condition selected from the group

consisting of: (A) at greater than about 204 °C; (B) for less
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than about 1 hour; (C) for a time and temperature sufficient
to provide a catalyst exhibiting a moisture content of about
3 wt$% to about 6 wt%; and combinations thereof.

7. The method of claim 1 wherein: (A) the molar ratio
of said Group VIII metal'to Group VIB metal is about 0.05 to
about 0.75, and wherein said Group VIII metal component 1is
provided by a substantially water insoluble component; or (B)
wherein said at least one phosphorus-containing acidic
component is substantially water soluble and 1is present in an
amount sufficient to provide an elemental phosphorus to Group
VIB metal molar ratio of about 0.01 to about 0.80.

8. The method of claim 6 wherein said heating is
carried out for a time and temperature sufficient to provide a
catalyst exhibiting a loss in weight on ignition (LOI) of less
than about 20 wts.

9. The method of c¢laim 1 wherein said heating is
carried out for a time and temperature sufficient to provide &
catalyst exhibiting a reduction in moisture content, compared
to the wet catalyst following preparation of greater than 90%
and wherein the catalyst is not calcined following heatiﬁg.

10. The method of claim 1 wherein the amount of
hydroxycarboxylic acid on the impregnated foraminous carrier
prior to heating exceeds the amount desired in the catalyst
after heating by about 1 wt% to about 10 wt%.

11. The hydroprocessing catalyst prepared by the methoa
of any one of claim 1, claim 6, claim 7, claim 8 or claim 9.

12. A hydroprocessing catalyst prepared according to the
method of any one of claims 1, 6, 7, 8 or 9, wherein said at
least one organic chelate compound comprises about 0.05 to
about 5 times the molar amount of said catalytically active
metals; and wherein said catalyst exhibits a moisture content

of about 3 wt% to about 6 wt%.
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13. The «catalyst of «claim 12 wherein said organic
chelate compound is at least one hydroxyéafboxylic acid.

14. The catalyst of claim 12 useful in hydroprocessing a
petroleum. feed, wherein said hydroprocessing comprises
hydrodesulfurization and hydrodenitrification of hydrocarbons.

15. The catalyst of claim 12 useful in

hydrodesulfurization and hydrodenitrification of hydrocarbons.
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