METHOD OF MAKI NG HYDROPROCESSI NG CATALYST CROSS
REFERENCE [0 001] The present application clains the
wheneiirisof Provi sional Application No. 60/ 714PGHWES2006/046947
filed Decenber 14, 2005, entitled Method of Making
Hydr opr ocessi ng Catal yst, the disclosure of which is
hereby incorporated herein by reference . BACKGROUND
[0002] This patent relates to catal ysts supported on a
foram nous carrier and nmethods for preparing such
catal ysts using stabilized aqueous conpositions. In
particular, this patent relates to aqueous
conposi t eRsoe0BEFAIMNKING HEbydPRAtEgSANG VA TISIEE T
onents and substantially water soluble acidic
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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 more valuable, hydrocarbons. It is also
desirable to treat hydrocarbon feedstocks,.including petroleum
residues, also 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 effective
in the hydrodesulfurization, hydrodenitrogenation,
hydrodemetallation, etc. of petroleum compositions, including
high-boiling petroleum compositions.

{00031} Catalysts comprising at least one Group 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.



conmponent, at |east one Goup VIB netal conponent and
a phosphorus conponent, such conponents being carried
worood/of@pan nous carrier, are known in the artP{DOS2DP6/046947
It is known that the nmetals of G oup VIB of the
periodic table, for exanple, tungsten and nol ybdenum
and conponents conprising such netals, for exanple,
conmpounds such as the oxides and sul fides, are active
in catalyzing a wide variety of reactions including
anong ot hers, hydrogenati on, dehydrogenati on,
oxi dati on, desul furization, denitrogenation,
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[0005] Furthermore, it is known that certain
metal-containing components of Group VIII of the periodic
table of the elements, such as iron, cobalt, and nickel, when
used in combination with the Group VIB metal-containing
components, result in enhanced catalytic activity. These
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 active 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 nickel salts with
molybdenum or 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,



conmbi nati on of conponents based on cobalt or nicke
salts with nol ybdenum or tungsten conponents typically
w0 e@alotms9d n unst abl e sol utions, e.g., sol uti onBCEHUB}086046947
to the formation of precipitates. Inpregnation of a
carrier using separate solutions conprising conponents
of Goup VIB and Goup VIII is not an acceptable
alternative since that can result in costly,multi-step
processes and ineffective or non-uniformnetal s
di stribution. [0006] Rather costly and involved
processes have been devised in order to obtain a
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dis 'ﬁ %f t he foram nous catalyst carrier material when
lsEgF Y-¢6fponents containing both of the catalytically
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conf@thiSly idetaPLedIat de W tdrSudli Vike $hUEkQp VvIII that are
conpri Sing a phosphorus conponent al t hough sone
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pp ylng t e solution to a calcined foram nous
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to ot ; part cularly to the oxide. However,
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and components of metals of both Group VIB and Group VIII, by
applying the solution to a calcined foraminous carrier
material, and then drying and calcining the composite to
convert the catalytically active material to other forms,
particularly to the oxide. However, the use of phosphoric
acid, particularly at high concentrations that are required to
readily solubilize both of the metal containing components and
maintain them in a stable solution, can introduce performance
related problems during the wuse of such catalysts in
hydroconversion processes.

[0007] Furthermore, there is increased interest in
producing very low sulfur and nitrogen crude oil. fractions and
in producing and upgrading lower gquality hydrocarbon £feeds,
such as synthetic c¢rudes and heavy petroleum crude oil
fractions. Unfortunately, high concentrations of nitrogen,
sulfur, metals and/or high boiling components, for example,

asphaltenes and resins, in such lower quality feeds render the



rel ated problems during the use of such catalysts in
hydroconversion processes . [0007] Furthernore, there
W0 sou7ineiseased interest in producing very | ow sECT/UB20861046947
nitrogen crude oil fractions and in producing and
upgrading | ower quality hydrocarbon feeds, such as
synthetic crudes and heavy petrol eum crude oi
fractions. Unfortunately, high concentrations of
ni trogen, sulfur, netals and/or high boiling
conponents, for exanple, asphaltenes and resins, in
such |ower quality feeds render thesame poorly suited
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not only high activi in the presence of inpurities
theaRydrRfeie e\ 2 ot¥ TFons, but al so stability and

[ooBth actigvi gt eappgRciated, satisfactory operation in
processing feeds containing high levels of impurities under
severe process conditions places increased demands on the
catalyst to be employed as the same must exhibit not only high
activity in the presence of impurities and under severe
conditions, but also stability and high activity maintenance
during the time that it is in use. Catalysts containing a
Group VIB metal component, such as a molybdenum and/or
tungsten component, promoted by a nickel and/or cobalt
component and supported on a porous refractory inorganic
oxide, are well known and widely used in conventional
hydrotreating processes; however, the same often are somewhat
lacking in stability and activity maintenance under severe
conditions.

[0009] It is known that preparation of hydrotreating
catalysts containing Group VIB and Group VIII metal components
gsupported on a porous refractory inorganic oxide can be

improved through the wuse of phosphoric acid impregnating
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during the tinme that it is in use. Catal ysts
containing a Goup VIB netal conponent, such as a
wordoylodspum and/ or tungsten conponent, pronot eRChYSA06/046947

ni ckel and/or cobalt conponent and supported on a

porous refractory inorganic oxide, are well known and

wi dely used in conventional hydrotreating processes;

however, the sanme often are somewhat |acking in

stability and activity nmaintenance under severe

conditions . [0009] It is known that preparation of

hydrotreating catal ysts containing Goup VIB and G oup
sol\dltlibnmt@f ppapomenirs sippohetedromma W ouadr efragt OVYII metal
co ni c gXI e can be Qve throu h.the use of mbrednation
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Goup VIII netal -containing solutions through the use

acigls wat BFSHIABIR &I dd'® APBSPACRE t o' BEhEP A Ent de, Fines 6-11,

ninCOl AR 3 prbhBestb- 1ispekht it snbroagdagbnaspect tB@prises the
i nvention conprises the_ preparation of stabilized
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aquBddN Gl 8QE Vel ey eiNseat byt i +yiACHMNR1vtically active
conpounds containing at | east one el enent from G oup
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theVl lderibd9L0anifaxyaghds QfypPhogpharis are bpcl wied,, vrrz.
anong the di scl osed stabilizers, and the exanpl es of
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cat al ysts usi ng phosphorus and ot her aci as
11 lyisghialtiez e P epeydrtddas ubfur vaaipoa r@@,@als WPt vbdertuai,n nickel -

mo lgﬁdtebl%n{: 0 bﬁllcﬁ %L&Ed %Q\El?ts%ae{w | é/ac‘{ § l p 1S5 g'g;f | e%glqorus and

at €nt ee suggests t e use e st
othsgl@nx&s as stabilizers. Hydrodesulfurlzatlon results with

certain of the cobalt-molybdenum catalysts are presented, and
the patentee suggests that the use of the stabilized solutions

may lead to improved hydrodesulfurization activity in some

instances.
[0010] Other patents relating to hydroconversion or
hydrotreating processes disclose 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
said to be useful for promoting various hydrocarbon conversion
reactions, particularly hydrodesulfurization. Similarly,
Nelson et al., U.S8. Pat. No. 5,545,602 1is directed to

hydrotreatment of heavy hydrocarbons to increase content of
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may |ead to inproved hydrodesul furization activity in
some instances . [0010] Qther patents relating to
woygarocspyer sion or hydrotreating processes di BCT/AOSE06/046947
various catalysts, their nmethod of preparation as well
as their use in such processes. For exanple, Sinpson
et a.l ., US Pat. No. 4,500,424 and its divisiona
patent, U S. Pat. M. 4,818,743 are directed to
hydr ocar bon conversi on catal ysts containing at | east
one G-oup VIB netal conponent, at |east one Goup VIII
nmet al conponent, and a phosphorus conponent on a
compBREAYS; IBEE acher Yooxbde haw ngr angef condaand warho@roup VIII
pore size distribution._ The catal is saidto
non-pobfld Tekapr ot dfig AR i @Eé’“ﬁyd}%@arrﬁ%?laion%]r%? o alumina
hav1é,§a0ts! 1fP@rtéﬁH| aﬁle)flnu\él‘i odgsuf el zakean. and pore size

Nel son et al ., U S. Pat. No. 5,545, 602 .
dlstahubexnmm 0 Skt PeEREnt 2 bPOh&RAC MR 064 bD ﬁg "%, lines

36-3gn'3ec W th %ﬁ'&}p RSB ufDLOREA IAeHN JALAENDY during
cata@yaup VIBrepeahtoride GrP@iUst na NEVFRESFeci fPt anglosPRorus

d def é:#eld%surf?ﬁgrﬁﬁﬁée@nd RY € Szl et ri bﬁ@h‘ﬁﬁtlEhl 9 in
| so"feac at colum 9, lines 36-3 7
furtme:rahcaaldoﬁg tties pheacisingodtaiif nguEsRpbAent s"“'du}?ﬂ‘as 54-57,
ca al eparatio "Pr e
e Ay SAn LSRR BLAGN BERRURE, B eSEUBE10L b aBRNOIAD s Chat

solJtirdher anapiafi ki sni@acﬁnla@umotsbmgg%%cied Sge |3heg Dal et
1.,\?\/'4 E7r_|2t8%at30|1{|rcﬁr egngtgbngs%ol & 0BS 4BRY sl Séﬁ?iiéf@? directed

at “$oruti'ons stabifized with not .
to BRAuSESE Seeralse Daiopéraiesr £H8. PaproNed 5h:zglrog=5>elverswn
and 5,498,586 simlarly directed to defined carrier
%%Xﬁ%ﬁtles for inproved hydroconversion catal ysts
{ogiﬁpll] 1A tbhReCatalypststef tde prresempreésssht i spvemygon, the

metatn}eéalasrear ?:ytp%%acl%.lyl' y aac(t::tllvvazt ec{j PJX/ ngﬁséﬁrkﬁ%gt hEHle!m”t Pnto the
corresponding metal sulfides. This can be accomplished by
introducing the catalyst comprising the impregnated metals in
a device or reactor and conducting a sultable pre-
sulfurization 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 gsulfides so that the
total number of active sites increases with an increase in the
exposed surface area of the active metal sulfides, yielding a
high catalyst activity. An increase in exposed surface area
of the active metal sulfides may be attained by enhancing
dispersion of the active metal sulfides as carried on the
catalyst carrier or by minimizing the crystal size of the
respective active metal sulfides. Methods for preparing such
a catalyst include dipping a catalyst carrier in an agqueous
solution of active metals containing a carboxylic acid, such

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



corresponding netal sulfides. This can be acconpli shed

by introducing the catal yst conprising the inpregnated
woreaoalos03ps a device or reactor and conducti ng BCT/US2006/046947

suitabl e presulfurization treatnment, wherein the

catal yst layer is sulfurized by introducing a

hydr ocarbon oil containing an appropriate sulfurizing

agent at elevated tenperature. The active site of the

thus-pretreated catalyst is formed on the surfaces of

the resulting active netal sulfides so that the total

nunber of active sites increases with an increase in

agehBe€ FeXPOSEHi 68l hirde 18 eanaf thkercadtate fetahgsuwid déspregnated
iielding a high catal yst_activit se in

Yl AN incre
cargifdsed St acE>AP ﬁ'ofE?hglgi':P?%éAﬁét aglgﬁ?ﬂs&?s Fpyrethod of
preB8rahtai fe¢ vz Bpdancimgwdisper shonanhe adup@ind having a
~netal sulfides as carried on the catal yst carrier or
nitppgRPnicAATIGie digtyl {28 of PRETRsPECHRe CYano group)

sucBChsV& it fl o SuLt i desciMet hads, f Ohc i 8RANERG LG ic acid or
catal yst include dlppln%ba catal yst carrier in an
&S

diephyéene tadianiem &f S Fref alCOTBIRRI M ngognt and is added

to GH bﬁ%ﬁ'eioﬁsac.égluﬁk!gﬂ ase ChbkiiGeAChdr 1 sMBld € ca¢ladyeAS carrier
a conpl exi ng or chel atingagent for active nmetals and .
suchheneaf 2®r 4lwinagat heri nptbynat edscadiPepd FbR the resulting

aqugéﬂgplseolggigﬁs%(}fs5a&€‘g)/ed!n§ecda{§§,s Qn@ti}%’ @fatalyst composed

preparing a catal yst I n which an organi c conpound '
of heting anatiak¥®gearried: amithe | ¢yandyee. garramitmets then dried
o C oup) h I rilggge [ id, . _
at g%h%%&‘e |a§P%%t§$?a§§§tf@ﬁ%@%% 3{ .e?ﬁ§|gﬁétfﬁ§ﬁfﬁ§ Firing.
simi3ausedenbodscoapbexdhgchgead aml s Sadd@@dtemtanNo. 5,200,381

agueo ol ut | ct i al_s, [FYP=Y g :
RO AL Arehly Ll oLl L Tacia, rox
examgdel téhgraquentisd sokutli drhef agenitvel setalesy and sdiertion with

el YEL SRPRRET Slangae IAS B A correr 1
knebbgheraidash2p840Coa thwuv. Bi.r iBegterl Mvbar spelodsarehe agent
is daicf&elsc?s%% iart] %’a%al@asttgntal’%%édgf Zgghgg%ning the active metals
deposited on a carrier. In both of these patents the
fesulting composition is heated and dried at a temperature not
higher than 200 °C, and in the absence of calcination, in
order to avoid decomposgition of the complexing agent.

[0012] In accordance with the method of adding a
hydroxycarboxylic acid as a complexing agent followed by
firing, the acid can be effective for increasing the stability
of the active metal-dipping solution as it acts as a
complexing agent for active metals and additionally the acid
is also effective for inhibiting coagulation of active metals.
However, the active metals are subject to coagulation because
of the final firing step thereby tending to decrease catalyst
activity. 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 carriex in a
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wherei n the conpl exi ng agent is a hydroxycarboxylic
acid, for exanple citric acid, and the agent is used
WO poogobesvd on with the active netals and the reBOl/USI06/046947

i npregnated carrier is kneaded and shaped; or in U S
Patent No. 5,232,888 the agent is added to a catal yst
al ready containing the active netals deposited on a
carrier. In both of these patents the resulting
conposition is heated and dried at a tenperature not
hi gher than 200 OC, and in the absence of
calcination, in order to avoid deconposition of the

higbhbypldEksperagéntcoditddn | n aocorddhnceoni,t hsiheengthwdcatalyst

f .addi ng hydroxycar boxyl i c .acid _as a gconpl exi.n .
con AR FRRe S hh Ve TR e 10| Bofar BE bR PRerfge e merely
drikar dthck easwn@enfrersitabid | t yoaf Hikmeact thennetoal °C, and since

-dipping solution as it acts_as a canpl exin nt far :
sul FEri e sthl L0 aRGRAATTOndi P FRS A (PSS Psgle, the active
met@fikectine JOor mbAhicbiithiad) caagul atisperéfeddChiue aet alhile such

However, the active netals are subject, to coa%ulation L
catpeygise HFPHRLTT SRl HaR hgR8Bp AdTrebyY t ehliFdg 3% deficient
in G@HeasBeCalAl ysémaethyuby. Hdbt Negobher dwWphngi Btep does not

accordance with the nethod disclosed . in EP 0181035
rempxe) suhiifkeleRe ¥eteFe neteFePy¥ndeSydiidy Mgk fuch water be
rembQB8 akRifiddn feoor ghpet 8d Wethgkle of hydroprocessing, an

ni t rogencontai ni ng conmpound, sucﬁvlpns.are carried on
und?ﬁérég’rlﬁ end nb‘aﬁg@ﬁF?“@i Pt eohRFiFon. I particular, the

wat@ddi §i-9Qensi B¢e the cahalysbacant agma%% the aghleVeuse of the

netals is not calcined but is nméerely dried at a | ow

catpdipér at@Re P¥RES higgherndhan P@DAET omn@lginiceequipment that
sepiithidld %teﬁq_n féorﬁ%ﬁé%%@cé‘s%%d“%%rgﬂaﬁn neLaksiohhe
active netal's can be marntained i a dispersed state.
[00PRI| e sdcivwidtls yardinghitbet ddesinsh| yeathhngst iof tgatents and
: r L Ci i that e t ur, i :
o e R ote T RO O et Wt dy i dpflocessing
or thwedebyreagiing ngathayssgch whtee bie reenceed idwding need for

devgalj]gpinréintti %f Sil@ggvgfd I@é%raqg;s%cse,ssﬂlbglgtigﬂlarly catalysts that
are effective Dbut contain lower 1levels of moisture as
delivered to the petroleum processor.

SUMMARY OF THE INVENTION

[0014] Embodiments of the invention comprise a

hydroprocessing catalyst and ~method for preparing such

catalyst comprising: (I) providing at least the following
components: (A) at 1least one calcined foraminous carrier
having a water pore wvolume; (B)catalytically active metals

useful in hydroprocessing hydrocarbons, said metals in the
form of at least one component providing at least one metal
from Group VIB o©f 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 (E) optionally, at least one



undesi rabl e and burdensonme characteristic. In
particular, the water driven off at this early stage
WO poovlogo3ase of the catal yst can place an unduePGLIUSENG/046947
on plant equi pment that separates water fromthe
processed petroleumfractions. [0013] Notw thstandi ng
the diverse teachings of patents and publications in
respect of the preparation of hydroprocessing or
hydrotreating catal ysts, there is a continuing need
for devel opment of inproved catal ysts, particularly
_ catalysts that are effective but contain |[ower |evels
pho®bh8PLSt BbRtaS rdeld varedilo tbeppaknel; eumppocessmcting said
MMARY OF THE | NVENTI 014% Enbodi ments of th
ComE%V§ﬂF?od1@o (for i ¥ith ﬁVHV%p?B% §8PRg Cat f?@?rgﬁan comprising
}hOd(fP(cPre&@cﬁlft%]@i@ﬁhBB&m Y58} (EPNPESSI NgY: t(ﬂrr)e and at a
prOV|d|ng at | east e follow ng conponents at
temperatusfe eafEiAeANor BRI HGIS" c&r r MerthiEd ng™ mﬁ?eﬁ“@regnate

salcE’OE%r‘ﬁ'eWEméﬁ)aC%tuédtyatBlC@l LifoBatl W el ad s cusebilerits (1) (B)
hydr opr ocessi ng hydrocarbons, said netals in the form

ando fIh{C) eas{IBRd coRpobeRt PXesnHi nghab |ehst pagume of said
so1lEL8h E&O@lr%%ﬂéﬂgﬁ ghubhe RRfiddiLedabigead@d @l pore volume
Yeast one component providing at |east one netal from
of Gealg Vbhrrien hequaiatingt aphed- (Uprggrpded digrrier; and
hel ( t t fi t
(oo Sl Do g AR L UL AL kBt nisher
thaactiofe 1t ahd drebsatbamt 4 ehstperatelyd aged &ivy () period of
ti.onall 0 g |
tlm%orr%%%%n“you(]la%) ac%ﬁ %3" sal %%n&%%@sag(ﬁl%%) U£ saia ae
lea®tt hosai dche[Lattleon orAdn s pecsiper courphY sidiy (19af@yyst having
I Q) and optionally ( or nd a
des#ﬁ%ﬁé?atﬁ?% %u??f0|ent t%g?%£%$% nfﬁ?%}gegﬁd Fﬁ% absence  of
calthptegndiod Isavithg armpeegnathoa .sui t abl e amount of said

DET%ﬁgE% g%%ﬁﬂ#ﬁiéﬂ @gdg&E)Iﬁg%NTIEN|) to the extent

[0015] In the specification and in the claims, the singular
forms “a", "an' and "the" include the plural unless the
context clearly dictates otherwise. For purposes of the

present invention, unless otherwise defined with respect to a
specific property, characteristic or variable, the term
"gubstantially" as applied to any criteria, such as a
property, characteristic or variable, means to meet the stated
criteria in such measure such that one skilled in the art
would understand that the benefit to be achieved, or the
condition or property value desired is met. The term "about"
when used as a modifier for, or in conjunction with, a
variable, is intended to convey that the numbers and ranges
disclosed herein are flexible and that practice of the present
invention by those skilled in the art |using, e.g.,
temperatures, concentrations, amounts, contents, carbon
numbers, properties such as particle size, surface area, pore
diameter, pore volume, bulk density, etc., that are outside of

the range or different from a single value, will achieve the



solution or dispersion equals or exceeds the water

pore volune of said carrier separating said
wo apregsst ed carrier,- and (1V) heating said PCT/US2006/046947

i npregnated carrier to a tenperature higher than 200

OC and less than a tenperature and for a period of

time that woul d cause substanti al deconposition of

said at | east one chelate. An exceptionally dry _

catal yst having desirable activity is obtained even in

t he absence of calcining follow ng inpregnation.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0015] In the
desdped freavibn amingky t hancledfiffectine @W@ﬁgpmodfﬁsmng catalyst

L san” “thel include t l.ur upl ess_the
EXhé%ﬁFéf?fclear ? d?%yg?%s %?heﬁ%%ﬁgﬁé%w ?%rb%%%% of ompared  to
catplespresefit imvemrian; amkbessompheswnge stofil hed widthive metals

r i.fic .property, Gharacteristic_or
and SPEY & i tPar R, EoDEPARER MR pl Fentrd - any
[00g6ilt er i &hmuchhast a thr@pentty rechapactidriicetdio®) including the

variabl.e, means to neet the stated criteria ip such
CIaﬁgESuBgméugﬁﬁ at “OMe" sRFI'| &3 nv?ﬁéagﬁPﬁﬂnﬁg Ehe’ word, such
as Unrgelstanthg habndhe' henefises prbasachheveds ommdWe, » "having, ©

winconditiqn or property value desired js net. The term
L0 L HGSE Wher TERM as SRS Br TR © oATn YEom AT Dt hereot

meanst fthat vane abkaed stabendelietreneenvwey hbakrtiles to which it
nunbers and ranges di scl osed herein are flexible and

TeIPRSt BracPPEE U e BrEsEHISTvERFPSn LY. ¢HBEES or materials

mayskid | @ddea thed astilgi NEbr®. €.  cd@IPLEALUNEShin the scope of
concentrations, apounts, contents, carbon nunbers, L
the, Rl eSTsuthSaiCFHFEi-cl e ¥9R, L8Fihed aiBa, dpBFEibing the

invehaiBheland o€ HOEMEEm,de<d3ﬁH%t¥ha€tEhe‘ﬁ%ﬂeﬁﬁfbn and what
. outside of the range or different froma single value, _
is Gilqinedi éve cHpaLIrred rezube, wamel foldmwd f eodi veotentially

mor@yd“K%Q§§S$é¥h§ﬁIﬁh¥§&cﬁ§@ﬂ¥§i&@ehogﬁﬁﬂ¢?§|§oo%1aims, are
. nhoisture as made conpared to catalysts of the prior .
iNCLpEi¥Enprasi ngPsPmersledactan@ nepal s10t  exclude additional,

unrecited elements or methods steps.

[0017] All references herein to elements or metals
belonging to a certain Group refer to the Periodic Table of
the Elements and Hawley's Condensed Chemical Dictionary, 13%P
Edition. Also, any references to the Group or Groups shall be
to the Group or Groups as reflected in this Periodic Table of
Elements using the CAS system for numbering groups.

[0018] The general procedures for preparing impregnating
solutions of catalytically active metals are described in
detail by D. Klein in patent application US 2005/0109674,
published May 26, 2005, which is a continuation in part of
application No. 10/719,551, filed Nov. 20, 2003. The content
of each of these published and filed applications is
incorporated herein.

[0019] "Post-impregnated" . catalyst refers to a catalyst in
which the metals-containing solution or solutions are added

after the foraminous catalyst carrier is calcined. The
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and ot her conmponents and heated w t hout cal cining.
[0016] Throughout the entire specification, including
wo b@7or@dss, the word "conprise” and vari ati onBCDUS100€046947
word, such as "conprising” and "conprises, " as well
as "have, " "having, " "includes," "include" and
"“including," and variations thereof, neans that the
naned steps, elenents or materials to which it refers
are essential, but other steps, elenents or materials
may be added and still forma construct within the
scope of the claimor disclosure. Wien recited in
forHesssh el N e de1vVentiak@andahn Be Clailvindd mbafeortehadr after
the invention and what is clainmed is considered to, be .
shamieg P8l GG edleP PYEENPRAINHF Lfor PUFhEDS (HPRgrtant aspect 1s
chatP@dieul Al y1 whegnanphiag t acthdliih @re igullusioss orbe  added
open-ended and do not exclude additional_, unregited
aftef enties ORTRBEROISAEEEPSL [ 0617FAGI N er enced’S: & "POSt-
imp%‘g%ﬁageh‘? %'a%'éﬁgis% Ua il 52 86! 280iBA 16K certain
up refer to the Periodic Table of the_El enents and ,
[OOi?MAey'§nc@ﬁ@éwgéh Chegpedeboedmidifar y, 213 1Edi t | BRVISY 18
SQ ny_t re t G Rps1eh e i
thojf%u?}ﬁ]é§Gr %‘E%fegr %gﬁpsggg:%%éfl gcletO eg;pit?t hi s %e?%%%l?c = diduce
aqudabbe sﬁl[ﬁmnnbsf usihgitheaC® syt em frddmhBeddigt such as
[ oups. 018] . The .gene e AOr pPreparin ini
ace?hﬁréﬁ%aﬁgﬁﬁm%bl%%ﬁ%ﬁs %ﬁhcg§§§y?%%§§1§gaéf{ve ﬁ%f%??ntalnlng
aboat e|5cd>e3t:oi lBed waidbtaidesen: . mklisitniey paserithen formed into
Lcation US 2005/010967 | S 26, 05,
cat%ﬁ?ﬁh P&L; %é%w% %ﬁg }%% gné§§§#Q% app?y%égi%%a(%' preferably
by é?tf%%i&&l,fTH@df&bmedZ@aﬁﬁﬂmleéﬂmreO@Iéﬁﬂ et eadiemperature
of these _published and fil l'ications,i :
of i Ak8Fpor dt'ed H%?ei%gOF501§%%'%g§t f?%%re%ﬁ%?edpaIClned at
temgatatyust ref esisoto aocatal ysboun @WHOCK Heomeshabst one to two

-contai nin ol.ution or. sol uti :
hours. The r;?ed and calcfngé Bgsrt%rc%e%dda%ge contacted with a

suitable quantity of a stable metals solution including a
chelating agent as described in detail hereinbelow. For
example, such solution typically contains molybdenum, nickel
and phosphorus, or molybdenum, cobalt and phdsphorus, plus an
optional additional quantity of Group VIIL metals solution, if
required, in order to provide the desired amount of metals on
the finished catalyst, while substantially and uniformly
filling the pores. After a suitable contact time, the formed
catalyst particles are heated at an elevated temperature as
described in detail hereinbelow to effectively remove
substantially all of the residual moisture without the need
for calcining, thus preserving the chelating agent, typically
present as an organic compound.

[0021] Suitable catalytically active elements or metals
from Group VIII of the periodic table present in components of
the invention may include Fe, Co, Ni, Pd, Pt and the like and
mixtures thereof. Of these, the most preferable are Co and

Ni. Suitable Group VIB elements or metals include Cxr, Mo, W,
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after the foram nous catal yst carrier is calcined.
Thef oram nous catal yst carrier can be cal ci ned before
werooaftmsps shapi ng of the catalyst particle, buPCT/HB2006/046947

i nportant aspect is that the netal s-containing

solution .or solutions be added after the carrier

material is calcined. Thus, a "postinpregnated"

catal yst can be nade as follows: [0020] Unsal ci ned

pseudoboehmni te al um na powder is thoroughly m xed with

water, or optionally with a dilute aqueous solution of

nitric acid or an organic acid such as acetic or
and g:gifttclgg@i Obheﬁmbf hemalsttmipse e xited eareo Mai am@gwabomreferred

0 wei ght rcent noisture, |sthenfor in

CO“‘J%Ja‘fl%FﬂrQFspa?? egtsa%a\ﬂoﬁé’oéle&étﬁ r EFTBE Hind s a|de h¥ckel and
mol%gég{lﬁ?l yctgbae_)gtrt@&d)nmfoﬂy@d‘dﬂmfed palridetes ased nickel or

ried at_ a tenperature of aboyt 110 to out . 1 0C
cobahi. tﬁwié}é‘ii%gﬁ@d 2 a%eﬁﬁ@%&ﬂ?rtel‘iﬁ Qgr:gu{: Eﬁ‘g% and nickel,
tun@@@éh 256 QC d o fhedt cANB £t gritdMe 104§ . cdbeldr,i ed amtbination

calcined particles are contacted with a suit

bl e
of maiwbdepust andtABremikBraprscs AR | REFadF % gombination of
mol@&gﬁu"nng @g‘?ﬁtc}@él dfé%é?@ﬁchﬂaﬁ?@}@'ﬂré’iﬁ!ﬂé@a ow.

exa such sol ution typical cont ai ns
WO%lybdeﬁ‘@m nivieataldnd FHOSIIRR us, £ notyRRRRbRE 2 stable

1mp£8§ﬂ|a§: i3 fsQJ'lQ?cpﬂ?rE USan PhESaaBceRblenals atshi 1besal

ntityof Goup VIII netals solution, if required,
[00231]or delAnt 0apeunEdect he cusbreanhiBdAt ofaRBEaigsghuble Group
VIII‘Lhe c?rg?ﬁgﬁléﬁl:y% b Mid e é bgtartd ald Ye8PQ a slurry. The
uni o ing the pores. After a suitable contact

amotul'm’e of hEhbor@‘:ecdupaNeﬂI)Istmgaﬁﬂ-l darepenhedtedlay &Fflative to
el evated t a e I
thehg}:ng n%el f:e {-‘I?éga ?ﬁy%ﬂﬁ%@gcétﬁggﬁéﬂlt that w:Lllfbe added

ow stantially all
in the r%jbdiﬁa:_tuéfm st urteepn t houtThée reeekiDiccalaigiiy, ©of  the

sub g A g £ LS Rpaie L LRI bt ab Sl aI It | ey mont can
be abbirsetelreinesd sbor thet aikdar ratio of the Group VIII metal to
the Group VIB metal in the final impregnating solution;
typically, the molar ratio is from about 0.05 to about 0.75;
other suitable ranges of this variable and others are

described below.

[0024] To the aqueous slurry of the substantially
water-insoluble Group VIII metal component just described, is
added an agqueous solution of a water-soluble,
phosphorus-containing acidic component. The amount of this

acidic phosphorus component is low relative to the amount of
the .Group VIB metal component that will be 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 in these steps 1 and 2 undexgo
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
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fromGoup VIII of the periodic table present in

conponents of the invention may include Fe, Co, N,
w@dgo7Bro3and the |i ke and m xtures thereof. O POEES2006/046947

the nost preferable are Co and Ni. Suitable Goup VIB

el ements or netals include C, M, W,and m xtures

t hereof; nost preferred are Mo and W. Preferred

combi nati ons of netal conponents conprise, e.g.,

ni ckel and nol ybdenum cobalt and nol ybdenum tungsten

and ni ckel or cobalt, nolybdenum and a conbi nati on of

cobalt and nickel, tungsten and a conbi nati on of

chaﬁiﬁéké&ia:@@ gbi}aldhe ameQny naht e off mellphdemm aptiosphorus to
chrom um and ni ckel, etc; the conbinati.on of . .
the rByBBnuMZhd T kbl 13 psREi cOLBFly JREP&FRaping solution;
typh 0023}, The ovesadt processsf aropr apaning a0 5t @bl ebout 0.80.,

i npregnating solution can be described as fpo] | ows:
[00RBB3] &R dribtinEIbEoRSe hLHaR | BF PSR 6t Pheorig ot step 2,

is GQ4RaVl themetdbgonmmanentndtaaddednponsat er torhorstap 3 the
slurry. The anmount of the Goup VIIIL netal corrEonent
B

respdtigw r laie tHtHE Aokt #F2ted Gotip ¥ BCABfal 2nd to 2

tempRERERER Lhakiwikihbergddedd Ngaosigbseapetetsd Bpcolfnent to
speci fic anount of the substantially water-insoluble ,
reagtoupl 8t | thfet aHueeksoneher E¥n RICTRAPACERS | £8§ bjebReantially

watggl-gLFls.rcﬂtui of t@fo%OUpV\flIll_l Mgt 210 t BenFRIENVI B andg the

metal 1 n the final I npregnating solution; typically,

watehe spdiudl &.at PhoEPhbrom-sisnia N 0% t cidq  oompgonent, and to
t Bers Sy] e ranges-qf 4t hinsivard abhg aBd -t Ars led

forglescrsicglec#]g%l‘ow 0024 ‘FES t he aq%eous sl urr?/ﬁ)gf tlﬁe S careae

outsubseanta algsried ercf | gboiuibl 8 GGoupa®PUE n@t drours and at a

conponent just described, is add an_aqueous sol ution
temeerS‘t\}dé?eel‘g-fgo?%lf‘%, 16ﬁ058h8?’8§%- ?gnot atring acidic
[oogenponenthe Thenaedihtatafort b8 atieli Grph@sphDB Usietal component
conmponent is low relative to the anpunt of the Go

in GPg otRAeFRRpoRentOlRAL OR [GORPRIGES™| 2§ Pe duite 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
suitable amount of water;

[0027] Additional Group VIII metal, 1in 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 component and the desired
ratio of Group VIII metal component to Group VIB metal
component in the finished catalyst; The moiar ratio of Group
VIII metal component to Group VIB metal component can thus be
varied from about 0.05 to about 1.0.

[o028] Furthermore, a chelating agent, preferably citric
acid, 1is 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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subsequent step, and is at a level that may be
insufficient to cause the G oup VIII netal conponent

WO eoob@empe substantially soluble at this stagePoOf/US1006/046947
process, although it is believed that the conponents
added in these steps 1 and 2 undergo reaction. In any
event, a slurry of the conponents is maintained at
this stage. The specific anount of the water-sol uble,
phosphorus -contai ning aci dic conponent can
becharacterized by the nolar ratio of el enental
phosphorus to the G oup VIB netal in the fina

addl fPLRINGE | NGhSOIHd0N; doyicialdy. t hi syeBlan inat i ehies ratio of

from about 0.01 to about 80., [0025] To the .aque ,
citxiar pgigh esEiRT AC t HBSCRATSIRERED | THEE aARga g the end is

abo&oql.p 3 Bt ghoueompengst . 4 S b Byt hevdesuldo mp to about
slurry mxture is heated for a tine and to a

30: ?@npeiWétanee zuspl F epddfisiomn @i Whelaking agent is used.

the ¢ WP ég fa?ﬁ M th ey agueopses! b1ye poadugedicbyis at a
t he subst y water- insoluble Goup VIII netal

t empenpomast tammarﬂelmpér fxemykoutphrEphersto less than about
150, 92: g#?lyg’:l%rg%l %@pogﬁgk 20duto {epm A, sohytiONpreferably

Gen m X heating may be carried out over
lesa phamo@tmﬁnabbut iFto about 8 hours and at a

[o O%S er atI”f'{ & 8 %E?fl‘été: 1@885:%%§1Q@i&19209091503 1[&%@ ?E@Dduced by

centration o I'B metal conponent in
thei meEgndt i dgssoibedon a:bhp@mﬁqnonhc-&ih beoggereufitgipns of the

t bout 0 wei rcept,, ex
ool Seoidne TSI Bh P PRI thfcatitRions ot
botﬁoﬁﬁéEFh@QﬁnosublmmdIGrshpquIﬁemﬂnabusompO@ﬁ@§§- The low
ed in the art, that di | I
rel?&ﬁvﬁarFﬁﬂﬂ %ﬁ?%af? %% %gﬁ%ggégvﬂéﬁgﬁt can  be
advdhkﬁ@daméf&bﬁOﬁnenp&@@aianmunxnfloataﬂyhta silidtabtan benefit

crogroult o teter. JOUZ ot Ol pR ] 1ot hasesonanry,
thi¥l | {apBRY FstCOonRpREGha tGRIY beolutlon is surprlslngly stable,
i.e., it can be stored for extended periods as a solution
without the formation of precipitates.

[0030] The low relative concentration of the Group VIIT
metal component is advantageous for several xreasons. First,
the compositions allow for the preparation of catalysts with a
wide range of ratios of Group VIII metal component to Group
VIB metal component. Second, a substantial amount of the
Group VIII metal component required for the finished catalyst
can be added in the form of a substantially water-soluble
Group VIII metal component that might otherwise be difficult
to solubilize in the presence of a large amount of Group VIB
metal component unless a significantly larger amount of the
acidic phosphorus component was used. These substantially
water-soluble Group VIII rﬁetal components, especially the
gsalts of mineral acids (e.g., nitrates), can be more cost-
effective than the substantially water-insoluble Group VIII

metal component salts (e.g., carbonates). Third, controlled
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added to the conpositions in step 4 as required to
give the desired level of Goup VIII netal conponent
wane7whsdesi red ratio of Goup VIII netal conpONER1006/046947
Group VIB netal conponent in the finished catalyst.
The nolar ratio of Goup VIII netal conmponent to G oup
VI B netal conponent can thus be varied from about 0.05
to about 1.0. [0028] Furthernore, a chelating agent,
preferably citric acid, is added to the conposition as
well. Preferably the citric acid is added in two
portions, o e to the water prior to addition of the
heat{'ﬁgﬁll S2NdHa SeGQPdgnhakger cRPAT L8R alt eraddidt 8 G dmperature
e" metal conpouhds” Typically, the ratio of citric
fac:abiu%‘addedramovhé bedi nmoAgtus S hizromidédsat Gt lgif without
I s_about L . 35! 65, Iy a 20; i
cale i ifiue FH0 P are FIpl L Adir o o tpgneeoafld reducing
the ci;dtrar'usrag iagemtt i 9fu sxaesbive hwoiekyre pbi¥ine p§art-up when
added to the solution.that i ﬁ%‘% atyiur e i
thetfpa}eccaa#?/to = £ rom ab&&lt %ng?g%%o?(g ess tr?é%] é’lg(;ilﬁoconverSlOn
opeﬂéﬁ@:}%@ngél; mreafwrtabl ys| esd 1t bhen cepoinildad anpg exgpdified, the
, refera | ess 1 han abouyt 13 - . the
1P %?%??%Pgiyr‘?&%é@th]a?rilnﬁ%c%l%nlp?os?)?el%%lgtp% %&%ﬁ%’ Dy the be used to
prod@@tsod descrhpédpcaldhvew i hi ghatedyertt r athemgng f excellent
the G oup %r%al, conponent at |low relative
PeT EQRERREFatt ot h the phosphorus and Group VIII
[ooitﬂﬁj al hC@EEﬁ_Q&QﬂIIé.Gﬂ:bﬂﬂ owITelmttae compemterets ofionf use in the
_ e . phospharus conponent can be advapt ageous for ;
invenepahat o G f al e T hat L &5 bgre}e iltnfraosron O%J}?Stantlally
insboliBlat e wovetrevablode phesphottstedgddbikiadraldsy,, carbonates,

this catal yst inpregnatjng solution i.s surprisingl .
hydzegpr€25°Eate%: can hé’éé“%f’d‘%e% f or pé'f&ser#b%de%ér igogpshOSPhldes'
sulfs$3asSol Wi@nimktbaut thel fiedaeeéson aungdtect st at esxides, or

. [0030] The low relative concentration o f the G oup
mixypresnet aFResRednent i s dPRIREYBous fOItERVEFal ©

hyal6350R8rdddstles, hydroxides, phosphates, molybdates,

tungstates, oxides, or mixtures thereof are preferred; most

arbonates,

preferred are hydroxy-carbonates and carbonates. Generally,
the molar ratio between.the hydroxy groups and the carbonate
groups in the hydroxy-carbonate 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 insoluble components providing a Group
VITI 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
salts, such as nitrates, hydrated nitrates, chlorides,
hydrated chlorides, sulfates, hydrated sulfates, formates,
acetates, or hypophosphite. " Suitable substantially
water-soluble nickel and cobalt components include nitrates,
sulfates, acetates, chlorides, formates or mixtures thereof,

as well as nickel hypophosphite. Suitable water-soluble iron
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the conpositions allow for the preparation o f
catalysts with a wide range o f ratios of Goup VIII
woreaoaio7esesrponent to Group VI B netal conponent . PERUSING/046947

a substantial amount of the Goup VIII netal conponent
required for the finished catal yst can be added in the
formof a substantially water-soluble Goup VIII netal

conmponent that mght otherwise b e difficult to
solubilize in the presence of a |arge anount o f G oup
VI B netal conmponent unless a significantly |arger
anount o f the acidic phosphorus conponent was used.

comﬂ@ﬁéﬁtéuqﬂéqﬁaé”ﬂ&dﬁiQbe%@ﬂ&ﬂecﬁi@ﬂﬂ&ﬂJlfﬁEhate, nitrate,
conmponents, especially the salts o f mneral aci

d ,
sulfatg. Ofi tREEE3TSS caBrechore ddst BFfECtI%e™t har?sli%tantlally
warabbsbanihal | o%ﬁ%ﬁéhk@sgjgﬂ§a§E9W%ﬁ&ﬂ|a@ﬁﬁﬂckel and cobalt

~conponent sal t e.g., carbonates). Third,
nitranesol sediedssng and agetphpPegnat ed catal yst at

[00$£?vategnpe ef;ature - facklitgtes LeaRVQl OfsdMitsii®y of the
romthe catalyst wthout cal cining, thus preserving

subshenthellayi g egerrlandnfededivng q ROERVBPRES| FFRCPDIEOURA by
comﬁé%%ﬁéavgig%éﬁurgag%Hﬂglénaéﬁiuﬂf@%gltrﬁiﬁﬁ&@éys%r nickel

ST US M oprocessing or hydroconversi on
sulbpeeat | oAs. Fepprhedasimi thebeCHEsdidmdioad ©of Chemistry and

phy SXE0P! eld:Bdnat N IJRY CONRL1 BY S O, t BRCPIEASAY) , nickel
IMVention can be used to produce a hydroconversion
carbahatgsthdaviengsekuvblilety peff cthmtte OcREPad/rG&tMles of water

0031] .Syitable Goup. V1l t ent s u i
Whe{:ﬁﬁsi %\}ecﬁﬁ]gnnelvﬁlr%%earhea%h%?ggﬁg%)ﬁ?g%%phe&ei r?fbg)glt “£3315/100 nL
andsuhstaell alsul fatsol wbl eséhulval et yi nofudebove cia3at@sg/100 mL,

oxal at es, carbonates, hydroxy.- rhonate :
depﬁyagagi ’ ogﬁﬁg?gsf%%hggéﬁﬁﬁgg?lS%%fﬁﬁg%’partlcular‘ salt.
Furthdpinoatees, c®| ybdabad i tungst ahes sudxiales, selts increases to

m xtures thereof. Oxal ates, citrates, carbonates .
SDORp PR TS LRy PR EE™ pholRAFERETt Y, one skilled
in BBLykdat 65i11 uigatakesndoxittesre Deranstutes thésspodntial" with

are preferred; nost o ‘
regard to water solubility of these components.
Alternatively, for purposes of the present invention, the
agqueous solubility of a substantially water insoluble Group

VIII wmetal component is generally less than 0.05 moles/100 mL

(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 insoluble components. Suitable substantially water-
soluble Group VIB metal components include Group VIB metal
salts such as ammonium or alkali metal monomolybdates and
tungstates as well as water-soluble isopoly-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
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preferred are hydroxy- carbonates and carbonat es.

Cenerally, the nolar ratio between the hydroxy groups
wara7bhsscar bonat e groups in the hydroxy- car bPOBUS2006/046947

in the range of about 0-4; preferably about 0-2; nore

preferably about 0-1; and nost preferably about

0.1-0.8. In particular, suitable substantially water

i nsol ubl e conponents providing a Goup VIIl netal are

t he oxi de, carbonates and hydroxi des of nickel and

cobalt. [0032] Suitable substantially water-soluble

conponents providing a Goup VIII netal for use in the

wate&'.r—%%ritdbqré i E%Eﬁgﬁy&al LSa sl @spdlr abapodnydls abed given in
nitrates, chloridés, hydrated chlorides, sulfat%§,.
MolyhydraredChehfigrds, f Ghamieal adebat eerifs, Bulletin Cdb-14,

Febrgz‘éﬂ’:o h%%‘)é(}i t e%nﬁisu'ihab%l%%h%mi A e BE ; SOtHBEcal data
"CKel “@nd cobal't conponents include nitrates, :
serisul,f ated ] edriot at@d - tht or pUEsedf or NRVEEDEE nibdGfes Suitable

subgt)%t%rteioglll}ﬁas vell 8s nigkele hypepbesRrhbiki €. RMhhabhes include
er-sol-ubl e I'ronconponents include iron acetate,
chrophiters de, i dopobyehromatatse, sswl f Areneriwnxt ghgemium sulfate.

Suittl‘agﬁg()f olunp Pyl C%"r!e%ra’l SE%&%HA%A W81 - a3@ uBLi®stantially

n s*are salts such as™ni ckel and cobalt

watd’i:'; trigis&ﬂ.xlllslléfatesg.andhavénat es. [0@33FoARDidditeat g water,
, of the relative solubjli of . t antial-k s

inclyds uﬂ?é aﬁaldsm%}%x%:%%%bneﬁt%g%c?r%e %%\%Jak%{is, aluminium
saltGONPasngsni clell ialdmnat ext omiiktkeleai trlzgeeof - ni ck&referred

sl 121, SGARRLET oLy O Rl 1 e sy - and

trid¥Resy, Bicckal, canbonaiet assa tdeindwnf i t y Diitwole molybdenum

0.009 g/100 plL _of water whereas.nickel. nitr S
ComERﬂ%REF!t&nﬁ}uﬁﬁouwogggdﬁpfﬁb l—ananﬁicEeﬁ%S%#%;eﬂgﬂybdenum
sul SAdbi | hbYyBheabaut 2976i¢/ 10fb hybddependiigrddethe aluminium

wat er of hydration of the particu)ar salt. :
molyRAa ey nor ePOLNESS ubi AT D ¢ heS Ul fat S RATTY ¢ ATTOmET

phoé&%rﬁé§§ﬁd¥a%e , ammonium di- and hepta-molybdate, or
mixtures thereof; molybdic acid and molybdenum di- and
trioxide are preﬁerred. Suitable substantially insoluble
tungsten components include tungsten di- and trioxide,
tungsten sulfide (WS, and WS83), tungsten carbide, orthotungstic
acid (H.WO,®H,0), tungsten nitride, aluminium tungstate (also
meta- or polytungstate), ammonium phosphétungstate ’ or
mixtures thereof; ammonium metatungstate, orthotungstic acid
and tungsten di- and trioxide are preferred. Most preferred
is molybdenum trioxide, MoQO;. For purposes of the present
invention, the agquecus solubility of a substantially water
insoluble Group VIB metal component is generally less than
0.05 moles/100 ml. (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., the oxides such as molybdenum trioxide,
molybdenum blue, also identified as molybdenum pentoxide,

tungstic oxide, etc.; the acids, e.g., molybdic, tungstic and
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about 87-476 g/100 nL in hot water. Consequently, one
skilled in the art will understand the reference to
wO swbst@mt i al " with regard to water sol ubilityPof/Ustvec®t6947

conmponents. Alternatively, for purposes of the present
i nvention, the aqueous solubility of a substantially
wat er insoluble Goup VIII netal conponent is
generally less than 0.05 noles/ 100 nL (at 18 0C)
conversely, the solubility of a substantially
wat er - sol ubl e conponent is greater than 0.05 nol es/ 100
m., e.g., greater than about 0.10 noles/100 nL (at 18

chr&fle [084] Suitkabl eaTtoBponest Sapr ovirdi RgnerGwoup WlBali and

netal include both substantially water-soluble .
alkalibBeaRtidil ywek €F i As8l-ub Iaé“"é%i'ﬂp‘ﬁﬁ :ﬂ?BF%&iltYé‘gﬁ%‘g‘e y ammonium
phosphshantiialie Watanaohihine PeourWiduetal camgonaies complex

include Goup VIB netal salts such as ampni um o
salgfkabf rererrt KoRomdnfbdaresPant’ f tindithtes 28URBI | 2§ SomPlex
cobd@t el g0l ybhe. i AR ¥ &RIPPLHAds <af. nol ybdenum and
tungsten, such as netatungstic acid, and netatungstate ,
[008Blts, Bhenat ahosRhpies hePBEBHBLPIconFGHdS of component 1S
pIPLYPIERYT Or, 4 LDGSt 8B1 GRARY, i SINGL ALY, 8 JwatR luble,
=t %?, Eﬁ, o?lcgvor combi nati ons #ﬁgieof. S;%itablgﬁaer ,so ] é
acigibst axehpbhenst ertisat ublreay sopsl y-2and HEISPBRELEY  inorganic
ds e gimen i Ml whdenuneCheni.gahsri€hentcal although
o e . 1 February 1060 and fpt Lthou
anYNbEybdanumn@hlecahe,p@mﬂﬁh%ﬁbﬁa%%i@%rméy,haﬂqﬁﬂdfl1n01Ud1n9
:12a-revi sed, Nave Ltabl e, sulst ant.i
o B hr S e o e S, by bitospnors.
aciisopaliythrapratesc aadidmeord uretttrpndsphoylifateid and mixtures
Sui_t.abl e oup.VIB netal _co n th ; :
the]s’ﬁB%t‘anti gf"lry \%/}iéteer piutﬁ?o ah %Tg?&:. téc.sn,e hg&\%r?%l?%w substantial
phosphblriulsi t waitematserl,ubiicl e mianancuffbxiegns, solubility to

carbides, nitri l'und ni Its, - £i
real nistity 0= IR o oY S8 ebora TS Rt metal

comGbauptVl B maddlt icemgidnent & acluble andlt of phosphoric acid,

such as the ammonium phosphates may also be used. Phosphoric
acid may be added to the solution in liquid or solid form. A
preferred compound is orthophosphoric acid (H3zPO;) in a highly
concentrated agueous solution, although any suitable form of
phosphoric acid or precursor thereof, e.g., phosphorus
pentoxide (P,0s) may be utilized. Naturally, concentrated acid
may be appropriately diluted for usé or an appropriate form of

dilute acid may be used directly.

[0036] Should it be desired to supplement the composition
with an acid, e.g., in order to adjust the pH, other suitable,
water-soluble acids can be used, such as a hydroxy

monocarboxylic acid, a polyhydroxy monocarboxylic acid, a
hydroxy polycarboxylic acid, a polyhydroxy polycarboxylic
acid, a monocarboxylic acid, etc.

[c037] The catalyst composition typically comprises (on a
dry weight basis) abouﬁ 5 to about 50 wt % of the total of

Group VIB and Group VIII metal components, calculated as
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trioxides, acids, and m xtures thereof. Suitable
nmol ybdenum conponent s i ncl ude nol ybdenum di - and
wo pooanirase4 nol ybdenum sul fide, nol ybdenum car bPGEBUS2006/046947

mol ybdenum ni tride, al um ni um nol ybdate, nolybdic

acids (e.g. H2ZMpO 4) , ammoni um phosphonol ybdate ,

anmoni um di - and hept a- nol ybdate, or m xtures thereof;

nol ybdi ¢ acid and nol ybdenum di - and tri oxi de are

preferred. Suitable substantially insoluble tungsten

conmponents include tungsten di- and trioxide, tungsten

sul fide (W52 and W83) , tungsten car bide,

oxi%%ﬂ?%%%ﬂdr@ @?é?tezdaﬁ_vmei@&)of ttl}lﬁgsd:zﬁmahybti denmposition;
I u ungstate (al so neta- or pol ytungstate) .,
o Smmbi v PRESING (i STBORE G5 Hixiur ST CREgEEERbly about 10
to aPBRRI U NRpt ag ungstat e oot Yypgsidsumcvdpanktals and Group
tungsten di- and trioxide are preferred. Most | .
VIIprefrgtedd | sCABl yRRNUAPLEGREINRS MI®BI FFOPhfpodhsorption
speé% 5H§t9?eseﬂﬁA5pyentiﬁﬁ%cﬁh@e@?uégﬁiﬂiﬁiUbbﬂh@maﬁb&ttrometer
substantially water insoluble Goup VIB netal

(ICRbnpoAadHEiss ag@v(e?rlal#W@Es@l‘tl‘ﬁﬁﬁse.eﬁg%lx@)loo mL (at

[0031§{ 0C); E?cgg'ﬁﬁressel Ye tBE 3R | isby-0fi o gdibdati @kl fnaterials
wat er - sol ublé conponent is greater than 0.05 nol es/ 100

:

inchide e s§.1iqy easél ithameaibousidice -RINEEFD0 ALUMingpe titania,
.. oxides-such _as um-t.rioxide, nu

e QLR SHEDE I ot o s LB U e, corana,

kaobikhde, megoesithe acildsiateg. , maphgbdin rcaFdjosEke, wmagnesium
.andchrom_.c aci ds; et i .

o G B R L AP LET, B AR, accivaes
aluhephat balyhidat e, k hesehgulmcphesphiorml ybahreal gheotd ursynthetic
aratungst ate; and_the complex salts 0 I n :
clays oupSot Pt afs ¢ ich ®as gélr%ﬁneljé co%lg%¥gan%{p%%/c%e$ Saponite,
benpbAspBoNDkybdates sepl@35]telhephdsphortislctoat ai andg mixtures

aci di ¢ conponent i bst.anti al | | ubl o
credfefer anaPor SRt e SorRB i e Eh s BRre g eiticn

silbeaanioxyeenat ed uniofsganitdtania, titania-alumina, =zirconia,

bentonite, boria, and mixtures thereof; silica, silica-
alumina, and alumina are especially preferred. Alumina can be
prepared, e.g., by converting an alumina precursor such as

boehmite, into a preferred carrier material gamma-alumina.

[0039] As described above, in the catalyst compositions
according to the invention, the metal components are converted
partly or wholly into their sulfides. This can Dbe
accomplished by introducing the catalyst comprising the
impregnated metals in a device or reactor and conducting a
suitable pre-sulfurization treatment, wherein the catalyst is
sulfurized by introducing a petroleum or hydrocarbon oil
containing an appropriate sulfurizing agent at elevated
temperature. In that case, it is preferred for the catalyst-
to be essentially free from Group VIII metal disulfides. This
step is typically carried out at the time that the catalyst is
put into wuse for conducting hydroprocessing operations.

However, catalysts of the prior art containing a chelating
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phosphorus -contai ning acid such as phosphoric acid

al t hough any one or nore of the phosphoric acids nay
wheooamewds4 i ncl udi ng ort hophosphoric acid, PCT/US2006/046947

nmet aphosphoric acid, pyrophosphoric acid,

tri phosphoric acid and tetraphosphoric acid and

m xtures thereof. For the purposes of the invention,

substanti al phosphorus water solubility means

sufficient solubility to react with the substantially

wat er -i nsoluble Goup VIIl netal conponent.

Additionally, a soluble salt of phosphoric acid, such

agedt thRca@mni umphospbaliestmhad sonbe upedn calcined after
. Phosphoric acid may be added to the solution.in l.iquid
impErIRSILENf dR IR b Bf EPPER ST | 5281 EHEph yre. Such

moi8ehde( Ho3BQhtin aahi ghihkueonserteal ednaqu@e@USprocess . That
sol ution, although any suitable form of ghosphoric

limagpgion prectitaeranhénrddl, WaFSOPhoRPhEREs GFemiekife prepared
accc(rarg)c/ﬁ%) LT RE i hbgeds e N’emé; gl fioncapinai 64, aci d

appropriately diluted for use or an appropriate
[00f6i1 m of Edadionents phytbe bpregeditr darysntiopsgpclude:

Shoul d ipt be.desiredd o supplemmniod he Lompositi o -
I~ A TBt 1 1 S
( )mnth an aC|§, e.g?} I'n order to aé?ust the pH, other - ln
impseghaltlieg watertaslaishl e casiniseran eowREdsisageh as al®) water;

(B)hggq:%)i trID bog(é/ i\(}e .éjtaiisp ¥E¥1§f OX¥ the  form of and

a
nonocarboxylic aci d, a hydroxy polycarboxylic acid, a
compolighydr:oxy(pol gtatbesy ianacdednrenaphopacddiig at least one

aci etc 003 Thecc Iy St t ypj gal
e fan b oThEs U "G S YA SRS AR VB . 2cast
oneWcdieindrhie poval dabhgGatupl & Bt andeGroetpa VI FrometGioup VIII of

conponent.s, calcul ated asoxi des. pased on to ;
EheyePght© Cih%a§§f3ly§a“?8ﬁﬁﬁsi }gn;gg?ef%%gng,bgggutmetal 8
pro¥itdedboby 4% w sUbstrmrte girlef er ablcyeraboihsdQ ukd eabogbmponent ;

(1530l AT B QUL 8hS 805 OB oroup v
metSpeGly AUy (ADS) to ladiad ive7d y-peoupbed that the amount of
thepl(gxsggsp\?g&&onn?etteél is sufficient to promote the catalytic
effect of the Group VIB metal; and (iii) the concentration of
the Group VIB metal, expressed as the oxide, is at least about
3 to about 50 weight percent based on the weight of the
composition,: and (C) at least one water soluble,
phosphorus-containing acidic component in an amount sufficient
to provide an elemental phosphorus to Group VIB metal 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
aqueous impregnating composition can have a relatively dilute
concentration 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 percent. In contrast,
where a higher metal content catalyst is desired, the
impregnating composition, expressed.h as the oxide, can contain
about 15 to about 50 weight pefcent of the Group VIB metal;

for example, about 18 to about 46 weight percent; or about 21
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(1CP) analysis and/or x-ray fluorescence (XRF)
[ 0038] Exanpl es of suitable foram nous carrier
woraioeni@bs i nclude silica, silica gel, silica-BCTOBI006/046947
alumna, titania, titania-alumna, zirconia-alumna,
zirconia, boria, terrana, kaolin, magnesiumsilicate,
magnesi um car bonat e, nagnesi um oxi de, al um num oxi de,
preci pitated al um num oxi de, activated al um na,
bauxi te, Kkieselguhr, pum ce, natural clays, synthetic
-clays, cationic clays or anionic clays such as
saponite, bentonite, kaolin, sepiolite or
to hyldeetal4dd t eigid nbrtgess -t her®dier Prefefuledcompositions are
ram Lri n r il .
fou g O s Indr BT PHIRTS Tt SaU §9 it percent
of zihecdreayp béhBometel Wordlaydiamg, nfetuessnidier,eof<27, 8-30, 10-

ilica,- sili lunm na, .and al uni,na are especi al |

24 %rs ef"‘;(fga'?lrledé.l : Aig %ﬁ?ﬁg EaN 158 rdpatad, 18T, Q%; a_%o‘}/t 12 Ee about

48 comventi moewreat unifeer persuplder shictitast Hoebm dleoutntad weight
a preferred carrier.material ga -alum na. [0039] A

pergeggécribgﬁegﬁgvewoﬁﬁrihﬁagéf%lgg? cbfifosPtPBRs VLT metal to

GroapCUﬂ@IMpﬁ&ﬁt&EeiBMéﬁti@WOHfﬁbrﬁ%@ht¢©FP93@Hﬁ5f?&ht 0.15 to
convert partly or_ whol intqg their sulfides. This

aboghn bé'ggéonp%?%hedﬂﬁﬁm?L¥rod&%?ﬂﬁ?thé’éﬁ?al§§i about  0.60.

Furchepinosieng titee i npokgrat @ diRs al Sf | Ne@ed@Wité@ Ofphosphorus to
rea&%or and conducting_ a suitable pre-sul furization

GrOPPe

e MS “Gther @ nPEhEPoMtalY<tT i s° sAPPUEI Ped Gy ©F about 0.05

to bBbLLRAWCITHY EPetERARYNME DI aBYBAE0GANIIO N Oidbs@At gi AbNY
n_appropriate sul furizing agent at elevated
[°°3éﬁpera . LFRTERRR tddse, SPLUFOpr cPBPPRESHOriR hghe sequence

deséatiBbystiho e gosepbhall Vid M e amiFUp ¥ebhb1®tahd can be
disul fides. This step is typically carried out at the

storpde fofataR hexEgndrfstPe Bl Qrlit of ntd mes evtoi L coreded iyp prepare

the NYHQONACESST NEHLOPELAIRNE 1 JIPWEKEN HLEakakysEs ﬁért BRriods in
prior art containing a chelatingagent wherein the
excegfalfstPPials notayserp Al verkd afeeen| perdgeat | bn excess of a

montdpPbeallby-econt ai ned hi gh.residual noisture. Such :

[0042] Where a catalyst 1is desired having a higher
concentration of Group VIII metal, e.g., nickel, the aqueous
impregnating solution can be supplemented with a nickel
combonent in soluble form. In that case, the total amount of
Group VIII 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 VIITI metal component
can be included in the aqueous impregnating solution or,
preferably, added as an aqueous solution to the combination of
foraminous carrier and impregnating composition described
above.

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

catalyst of the present invention as follows: A mixture is
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noi sture presented an undue burden on the process .

That limtation is substantially overcone by the
weatoalysbs prepared according to the nethods oPCT/E2006/046947

present invention. [0040] Enbodi ments of the present

i nvention include: (1) A stabilized . conposition

adapted for use in inpregnating catalyst carriers

conprising: (A) water,- (B) catalytically active

netals being in the formof and conprising: (1) at

| east one conponent providing at | east one netal from

G oup VIB of the periodic table; and (2) at |east one

%?JQ%ﬁ“@Qi " Q¥idi g At gh8aShgORR IR #bn f 66M @oupoptibnall
Pren peIrll odi c tﬂgﬁ)e J V\/herg| n (i) thré G ou poptionally =

quamsital bf poi ubeney S ek | aw%t%?mPE§8%|“en soluble

onen ( I +yat h I
cor PR, (AR & SO Ae oo e o e

Grouy ouied e t Hehamou FvaR@deup ¥ | (T et3d | & calcined
foraséj%%cél:a%t wtd%rpr on?gefh% l(@t}?é y'ébﬁr%Efl%ﬁ:tecpf thh€ alternative

metal’; t he concentrati on of the
vari@igh e/l Bafrét ahlsexprfe@saedbleﬁs t he B deSXPBPAE | eddle sSoluble

Gro%oﬁﬁ to 9Utcomp Sgt 88[13@“ prasedfn e weight (1) to

03|t| on C) at least one water
prO’\S:D:kéJbltﬁ’;e pfms;cﬂibr wenemmt atpfn myciti et TonpRemred fpd that

amount s icien 0.Rroyide I h
mixturey oA BEEREE Iltc 5Far® I‘%tl %%o ggﬁﬁgﬂ%n‘elofgm&%natl"ely'
theth?ﬂllc&bmd EGBmildoud |C$zd@$:1ed=ondd|orbp=ar@0@blnl%’w with the
nmet al _concent on_ _cat al d
=014 oGRALEG CompbST Ao SRCHEVE &bl Srvely d e e e
comSPREENt fyathon (af) the Guoup \dds heedl eupnessad as tHHecernative

oxi de, for exanple, from bout 3 to ab t
coana@rﬁ‘t: afqﬁarég@ﬁ%xpg % Satpg)a Eg gg%son skilled

in PRECEDE.. |r’1[‘Hé3nj15§§t-deﬂhe&bea hjcghm’nefmltal acemfeznit to a mixer,
cor o) S80S, S ATRLEIAUDO SYPOLLGY miner or
higher energy mixing device in order to combine these
components. The carrier can be impregnated by various methods
well known to those skilled in the art. For example, the
"incipient wetness" or "dip-soak" techniques can be employed;
the dip-soak 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-soak method the carrier is dipped at
least 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 subsequent dips can be adjusted in order to achieve the
concentration of each of the metals and chelating agent that
is desired in the final catalyst. In the dip-soak method the
impregnated carrier 1is separated from the final solution, for

example by draining, and in both techniques the impregnated
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about 15 to about 50 wei ght percent of the Goup VIB

nmetal ; for exanple, about 18 to about 46 wei ght
W@eooceni3v4 or about 21t o about 42 wei ght per cenpCT/051066/046947

useful conpositions are found within the range of

about ' 3 to about 50 wei ght percent of the Goup VIB

metal including, for exanple, 7-27, 8-30, 10- 24 as

wel | as concentrations in the range of about 12 to

about 4 8 wei ght percent; for exanple about 13 to

about 40 wei ght percent. Useful nolar ratios o f the

Goup VII'l netal to Goup VIB netal are about 0.05 to

car %Of“ iQ. 755607 HRRQUt +PedBelio @borl Rasd f aem@xanpese but in
out 0.20 to about 0.60. Furthernore, the nmolar ratio

the(ﬁHSQm@%Eﬂfa¢aéﬁé§ﬁﬁéﬂﬁé to Goup VIB netal can be

{Oolgﬂom OFﬂé 1R 3t 1880 O pakYdlrL. Phet Aihabils composition
or exanple, about 0.09 to about O. 0041]
of THE i mhvagnatiag wol @ufonipr ephrbd ih tﬁ@s§éﬁﬁgn€él a stable

comgc?sslcriosd I %ﬁet Ads el vy i s s i staghyrst abhe anflmount  of
stored for an extended period of time until

sphmmwstooptep@ﬂ@gﬂﬂﬁxﬁﬂﬁj9§Wpomﬁ@teoﬁ%d%1t|8ﬁ°§€FQ§%c acid,
is é%%ﬁ:ltfeffor Lg“t?cgs dek %ﬁ?eﬁﬂof{%’f&n dsy's rad wWRflghantially

perlo S i n excess a nonth or nore . [0042]
wat e solagtlad ySiroup dEs] ¥ edieliadi ngoaPaPgRer when the two are

concentr of al C e
I I A il e S A
des@ribéliebkscdopdrer: in soluble form In that case, the

anount_o oup VLII LS L ncr he
[°°ﬁ5far rﬁtlolg?gg?gup VPTI In%ﬁg?%ﬁﬁéoup |Biﬁ£?§eacan aqueous
comﬂ:&s@%@iﬂbigl&é r asge fisem abouttmﬁr@@nla&iamUm¢q)];yst carriers to
refera about 0.15.to. abo ut 0.9; r 3
Prodyeat C@tﬁL}f%:%bBﬁFJfbll inp© efn]:l.c 11@&:%P%gé%%@@iﬁ’drocarmns,
com%Pﬁs@ﬂgl th@dahg sobubkl esGieapl¥ | quaetdltycoaforentetan (A) &

et DS, g AUBUE L IDCEgIRL g, SELLLLSN @ e rcast
one CAMNAAONBLDIy water insoluble Group VIII metal component
to produce a slurry; (C) at least one substantially water
soluble, phosphorus-containing acidic component in an amount
insufficient to cause dissolution of the Group VIIT metal
component so as to produce a slurry and combining .the slurry
with; (D) at least one Group VIB metal component; (E) mixing
the combination of (&), (B), (C) and (D) and, heating the
mixture, for a time and to a temperature sufficient for (A),
(B), {(¢) and (D) to form a solution; and (F) adding an
additional amount of water, if required, to obtain solution
concentrations of the at least one Group VIII metal, the at
least one GCGroup VIB metal and phosphorus useful for
impregnating the carrier; wherein Group VIB and Group VIII
refer to Groups of the periodic table of the elements. Useful
amounts, concentrations and ratios of the components are as
further described in (I) above. Typically, mixing and heating
is carried out over a period of about 0.5 to about 16 hours;

preferably about 1 to about 8 hours; more preferébly about 1
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foram nous carrier and inpregnating conmposition
descri bed above . [0043] The stable aqueous

WO e@remsat i ng sol ution described in (1) above BPEIUBE06/046947
enpl oyed in a process for preparing the catal yst of
the present invention as follows: A mxture isprepared
using the inpregnating solution of (1), optionally a

quantity of additional Goup VIII netal conponent in
sol uble formwhere the catalyst is to contain a higher
| evel of the Group VIIl netal than is available in (1)

and a cal ci ned foram nous powder. It should be

to 8BBLECI 2t athihat ald emnatévpevatial obgpareldlysoabout 150 to
feasi ble. For exanple, the soluble Goup VIII netal
abowtoNEEEMEF cowxk beraohbi nebowtt h160) €6 pPdAte (R0 "Fi more

total amount of such tal requiged and that m xture
preﬁﬁﬁﬂ?ﬂ%oﬁg?PFuﬂgooﬁg:giﬁF%dﬁggn nt. Alternatively,

roodde cal ehRgtekenani fousheardiely cagkdtke sotbabed wWidh use in
the squbIe_C}oug.Vlll metal co nent and t.hat
the pipnageneoulAveRt E8hbi #Ed mF¥Blg$§ Vn PRESRS r spmpounds  adn

pre AN §Y 3 1 EIQAHNE SORVESRLERY 1 BEN HGEABN! Sedppddidbly those
apparent to a person skilled in the art. The
thatj ustordesiar | 156t c OFpoReHEs SREPPEY Lt 0I5 ONPRer 2lfprOne or more

hyd &gﬁP'SId& 01 fofeghdanoe t i gBycbowcenad 0¥, Mhyairodfypropionic
~higher “energy m Xi ng device in order to conbine these .
acidonponenpsyburivericar réetde an NELTRREGRRRYC by 2G4 i oud artaric

aci&Et%gﬁgSM%#iépoggak%ﬂigsgc§@J|é¥k£ﬁgt%%ﬁﬁﬁ-gfﬁbonic acid,
exanple,” the "in i ent wetness" or "dip-soak"
sacdlechicquesidan trneebloyazid han pthgoak Hfst-hod Pher useful

chegrte{rﬁér rer% g g_sggﬁtﬂac{iﬁil% enty Vel negs BLhodheti® a0l Wkhctional
_ - C( g solution is adjusted, usually

9rc>1by% afhgﬁa? aﬁeldua:mhmia:bl watiercluslicts t Rehyilkae g@lvgols glycerol,
cenfR! ALY, VIS S 08 BOLEoNT R e, amine
inchidirgst eohyd enetcd sanioonc entriay benadi and neoHSHLAFRPET1C acid;
sul§g§g£§9n group, as found in the amino acid cysteine;
carboxyl groups in a variety of chemical substances: gluconic
acid, pyridine—z,3—dicarboxy1ic acid, thiophene-2-carboxylic
acid, mercaptosuccinic acid, nicotinic 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 5 molar times, further improvement

in activity is not 1likely but there is a risk that the

chelating agent can precipitate thereby clogging the pores of
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(al so containing the chelating agent) . The

concentrations and relative ratios of the netals and
web@iatizsg agent in the first and subsequent dPEEUSENG/046947

be adjusted in order to achi eve the concentration of

each of the netals and chelating agent that is desired

in the final catalyst. In the di p-soak nethod the

i npregnated carrier is separated fromthe fina

solution, for exanple by draining, and in both

techni ques the inpregnatedcarrier is th en heat

treated at el evated tenperature but in the absence of

theCakahRaldron. [QﬂﬂﬂieThﬁtrrenboddugadret@ MEepaivoidle substantial
aqueous conposition of (1) above is unlgui in that it
destesgrion noF SERBPERSEHITST | 6, SB=deSOriBdnbyegent during

hlgth%éﬂ'&ﬂ@méaﬁﬁnghoiﬁh%é&s b& 0k Rbh] cAGidlise an excess
onponent, e.g., phosphoric acid, is insufficient to

of é?IF%ctChcﬂlﬁto’rr&ﬁlé‘ﬂ%tft hEOFUbS¥aRPLEl/| yhataf acid, over and

abolvesowgl & FOUp Add i r&@t 3ln ceppongphawhefat H8yEWO B€ order to
onbi ned. Anot her enbodi mrent of the nethod can be

com@@ﬁéﬁzﬂq yaezcr Fbed hesfolPowshqlgo4spa A afdHod tdfat may occur

durRhEPANIL L @bt L %@Qa@ﬁ%o%é@iﬁ@s' E,eRs of0MhHSgedBmposition.
i npregnating catalyst carriers to produce catal ysts

Forysppubopaschefi citey prtsemnhg HywroeaPBonsVOE8Apei sfugstantial
dec@ﬁ\%b@gttl%frparéé%rtxéblfgtgliﬂqtdglty P at ﬁéat%\g agidabi€s of the

east one chélating agent at | east
cheéﬁéesub’é@anteu}@lmg/l%t:ertnmoagbﬁe Grmrmmtﬁét gn or in the

car‘f‘i one t‘?mPro 81%51?1 %E{y {6 atleast Q08s, preferably
ph

stantial 'y water sof osphorus -containi'ng
retaandlng caippuherto$ n mmpnefem&bﬂfy crenalmr@ausleout 95% of

tnedl SSOLULT QN Of theg(gup %és';s ci] %WQBS”[; SO @t Qo about
produce a §furry anﬁ co Inin urry W th;  ( at
10 weastpmaféiampyVhBonetalwﬂ%mmmenb¢utEﬁ mit& ngnate preferably

abOP%ngl iy urnoo%%csA?é ng)%a-’naa(]tcgerggg%%ﬁélangré)hq:atﬂ nvgt% to about
5 wS%ﬁflClent for (A,

[oo48] 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, is impregnated with an agueous
composition comprising a mixture of active wmetals and
chelating agent, preferably at least one hydroxycarboxylic
acid, and optionally a phosphorus-containing acidic component.
If the impregnation wmethod results in an excess volume of
solution compared to the pore volume of the carrier (such as
where the "dip-soak" method is used), the impregnated carrier
is separated from the liquid, for example, by draining: If
impregnation is carried out using the "incipient wetness"
method where 1little 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 rdtary calciner or any other convenient environment
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(B) , (C and (D) to forma solution; and (F) adding
an additional anmount of water, if required, to obtain
wa@eloan7mm concentrations o f the at | east one BXDUR2006/046947
VIIl nmetal, the at |east one Goup VIB netal and
phosphorus useful for inpregnating the carrier;
wherein Goup VIB and G oup VIII refer to Goups of
the periodic table o f the el enents. Useful anounts,
concentrations and ratios of the conponents are as
further described in (1) above. Typically, mxing and
heating is carried out over a period of about 0.5 to
or arrgel 6wrddrkngwref eraliihcsbhogkil ltegl aboutth® hauts; The wet,
e I out 1t u t .
lmp%ﬁpé"%ﬁrég??% gl | {‘/Sabg?ﬁarplg%a?o%gbgét ohegperature higher
thapr ef&r ably (89@ut°F160 butaliasts 20Bak; arotempeetenakl ythat would

ut 180 to ab 90 . 0046 Conpl etin r. .
resaEelatlng a.%%fslgﬁpﬁamqgf(ﬁ EP%El?EE %F&é%ﬁgtlon of the
organuentc@@haﬁaﬂgunagﬁﬂw Or ga ¢ axtgpundsr&dpn the Ffunctional

incBREaBYTiRd EBR SRR Rare o boRyPegRBlpe i BRLetained.

A nQImdor adwedr oyl EPHasatien exanmpie, @h¥@@hh_§1930é.§ent can be

hydr oxypr opi oni ¢ aci d, hydroxybutyric acid,
tOlﬁ% F&%ghexanoic acid, tartaric acid, malic acid,

[oogbycerl watidhs cttiteraal @aﬂ|w%@da§bdasmﬂ Ca suitable
mandel_i ¢ acid and the like. Oher useful
heaEﬁ@Eatw@e a§8ft £ cLBE SERGSE haSR A1 ERenitaprder to achieve

thef U]Béﬁé@m&b gbeUPsheUChrasedkCoRBhentRAHdi NOwelinY €n®  can be
gl ycerol, ethanol am ne, poly ethyleneéglyco

des%§%?&§wﬁﬂnﬁ? SQni b, PnAAIRFRXFHFENERT Svnehe catalyst to

the eldit @nedicaiineal et rAGLethifeaGi 4, raHlFRIr ¥ nBEOWi RS so may
found in the am no acid cysteine; carboxyl groups in a

redyirfet §XGESER¥RILYAl L SNBStAREERT: iR odtc d6Wd, temperature or

excOY¥Eh deneyd grdlcalDoxyt i CcREl dopbhbeRheNe s nt at  elevated
-carboxyl ic acid, nercaptosuccinic acild, nlcotlnlc

temgeratuaRiSno acFdrthasmgdieng hheni herpeeehiori nef the heating
medPHHaAr tybqgéiq!fgaifcggﬁﬁbu%d other gasses, for example inert

gasses such as nitrogen or carbon dioxide, can be used as a
measure of the temperature to which the impregnated catalyst
is heated. In some instances, such as when the catalyst is
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. 1In one embodiment the catalyst
is . typically heated to a temperature higher than 200 °C or
392 °F; preferably equal to or greater than about 395 °F; more
preferably equal to or greater than about 398 °F; still more
preferably equal to or greater than about 400 °F; most
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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ket one, including acetone-1 ,3-dicarboxylic acid.

[0047] The anpunt of the chelating agent, preferably
wato@asb4 one hydroxycarboxylic acid, to be adeenUsm06/046947

the catalyst is typically about 0.05 to about 5 ol ar

times of the total nunber of noles of the netals of

G oup VIB and G oup VIII; preferably about 0.15 to

about 4 ; nore preferably about 0.2 to about 3 . At

concentrations significantly less than about 0.05

nolar times, it is insufficient for formng a suitable

conpl ex of the active netal s- However, at

in é%ﬁefhﬁeg %%SdﬂdHEfé@ﬁ@ifYoﬁéeéﬁe&ﬁdéﬂhﬁdnﬁb&perature such
I mes urther 1nprovenment in activity is not |ikel

thatutsudsrant 32k detompRet thencher at ity &gemtatind dgent, for

exar%f%l E!.lttqgl% t Qgﬁaby £loggidigidde posesuehthg ,carshger heating
i's desired to avoi d substanti al degradatlon

tlmes deeoﬁpeﬁuhhﬁ1aﬁ the tAWRAt CRFRRFGRUERSI A§ hrgFe recited,
but gggég #yt# %héﬂgllétc£§¥lgﬁ desl rahl e5t 9e¥$853BE time less

agent, for exanple, citric
thamcaﬁouaverh@mdnammnﬁ¢heblEvébsﬁeéﬂﬁﬁﬁ Fpovhe3f) pdputes; more

pre{%:é%%/ ].Ienssor g%%ﬁlg?ag&qpeqstﬁt rﬁaLQEetshe é.ﬁés i each instance

ng agen may occur during el evated
gre&@@remﬁtﬁreaheatlmg 2uch3as4byNde60mp@§4¢¢%naﬂFbrfor a total

s of the ent_inve o tapti
cinBacBosS, oLl RS VAL 0S¥ 0. b 88! | comn o
the 86&nef ithe ashehatthef ote exaniped beﬂpmc acid,

I ncor porated on, Kol the carrier_.or. nb o) :
[ooanh t h@PFet &%t ?ﬁ%ﬁ%ragPy ref%inﬁhﬁhggggt sgAylﬁieasultable
catRioberaly bekal nd)]ﬁ@aahédt 95% of wdmseirerithacivdight percent

Such excess can be about 1 w %'t Wt ©
los§r @Perléﬂ)rl”ytja%ut L?I\Z}l't oR O BSO&%%J\%’%t Qlowﬁ@n’g preparation.

Loz PLef ar aklasahous £ 3t e %cibe aaborl 6 it &4 gtéeen&ﬂnnﬂ@he sample,

about 3 wt%to about 5 wt% [0048 cat al st f
esseREiplédet2t A eMiDntaPfe Pr ] qgfﬁﬁb y genl. The LOI

. tesPrevigusl yhdheved bybyhos%dﬂﬁé&&ihgn t he a@bmpﬂe to an
oxygen-containing atmosphere for 1 hour at 1020 °F (548.9 °C),
thereby oxidizing or igniting the organic matter and driving
off all residual moisture in the catalyst. Howevexr, the
temperature of the test 1is believed not to be sufficiently
high to affect the inorganic components. Catalysts prepared
according to the present invention have been observed to have
LOI 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 by the
type and amount of the specific chelating agent added as well
as the residual moisture in the catalyst. Consequently, LOI
values lower than 15 wt% may be achievable using the methods
of the present invention, for example, as low as about 12, 13
or 14 wt% to about 20 wt% In each instance, the level of LOI
achieved should be such that the amount ‘of chelating agent

desired in the finished catalyst has not been significantly
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to be available. In particular, a carrier,
specifically a calcined foram nous carrier, is
wo aremiat ed with an aqueous conposition conprPGI/IS086/046947

m xture of active netals and chel ati ng agent,

preferably at |east one hydroxycarboxylic acid, and

optionally a phosphorus-containing acidi c conponent.

If the inpregnation nethod results in an excess vol une

of solution conpared to the pore volune of the carrier

(such as where the "di p-soak” nethod is used) , the

i npregnated carrier is separated fromthe liquid, for
advexaspke, Medic@idj ng. eithedpr egnatowshi s Gepreethtouin  and/or

using the "incipient wetpess"” netﬂod where little or
volapidieasd Aol i oft igeﬁPi§en?F i tPs WOt TAEEesBaPySES: Pyt @

sigfi &iRahlte idnptegndedmedks i&f . the thesnexhlstwepréhe present in
i mpregnated carrier_is placed in a heated envjronnent,
thef gietex@RpREYER o VP Bed THAIIRSERS (iHugRean driven off.

As QebudsEQt APH-AR] CliReri Or s HEE @@NVeBt8Ah about 85% to
envi ronnent or vessel well-known to those skilled in

abouhe 9&% .oThehgethalifregiat 88 Ot ABRtCEALKNET Rty heating.
Com{sgr@dt QP LA I £ L IRGE 1 AN 100 Dfe (38Rp@ sk tion A prepared

' ess than a tenperature that would result in

in Shgniskimsaanrexsapptabepiedddr ddaei bAVEF HRFRFTFhESS of the

priggelﬂ’&,ng n&at!aﬁ‘.y%#:'%_erofort(i% bheskwrctighahrion typically
Integrity of the chélating agent I's substantially.

exhihiifit & neeishurenoroneeslt ofhaegrddagPentoforpethird to about

one(—:ESIu%:!hng tar%em fﬁgrbeatr(ﬁl erc%{teagl ;L,QOA’Q] i@é%i_ng the LOI
criteria can bépused to ascertalﬁfa sui t abl € heat i ng
criteméohorin hanpnbeagneted ther LOL ivRlorelefoldowdmgereating and
h enef it t pr fJddwvent L Qn. e it ; :
Coméggier%abl%eétzt 0 sg,gti t%i%;%%r%a)t&necééés)glgr yg\t@gegcry pt]ﬁ%%]pgtlon 8
typtatallyst about hes ®kt dntwetrhat pakfemebdtyur @bpstr epp¥edower; more

o< BRFSEIE”, BR8B! SHUCE CHRETE VMG IR, woon oon
lowtlre dclel atxdamplagendbatt ebe¥ated 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 directly 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% to 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 pr.esent
invention can achieve a reduction, compared to a "wet"
catalyst sooﬁ after preparation, of greater than about 85%;
preferably greater than about 87%; more preferably greater
than about 90%; for example, desirably a reduction of about
85% to about 90%, or more. In comparison, a catalyst of the
same compesition prepared in the same manner but heated to
about 250 °F exhibits an estimated moisture content of about
8 wt%, equivalent to only about a 70% reduction in moisture.

Catalysts prepared according to the methods of the present

28



tenperatures. Furthernore, the tenperature of the
heating nmedium typically air although other gasses,
wo e007exBopl e | nert gasses such as nitrogen or BET/DBIV06/046947

di oxi de, can be used as a neasure of the tenperature

to which the inpregnated catalyst is heated. In sone

i nstances, such as when the catalyst is heated for a

short tinme and/or the layer of catalyst is relatively

thick, the tenperature of the catal yst nay not be the

same as that of the heating nedium In such

ci rcunstances the tenperature of the heating nedi um
inv€éanibe usefl asea quPxyt&Ar tde danerat wiegwifibently reduced

catalyst and alternative criteria, such as %isc% se
WatEE| GREAT beCHEBATES dSter TEFAYRAEN B SRF Tafl &1TRout elevated
heaEﬁh?LVSWﬁﬁ5é%?@%nﬁdiwbﬁe?n%dﬁﬂéﬂﬁnEﬂFthEedﬁ?dﬂ%ﬁﬁf prepared

is typically heate 0 a tenperature higher than .
accorddpdsde (He Prefenrhblytaqea qf@‘brlaggs{s@r i 25% of that
in 2BPBEwRY BrdPLieear eberakhyreiualo t Op oL o8l ealrel - tdthods; an
~ about 398 F5 still nore greferably equal .to or .
impgpEgment: harbiaid 4000DF abaBst pPEf etabl Phibidut Hpp can be
explcEeh0 2B 420; Ob v ablernatikvely akawt 4DH OF to

about 415 OF ; or about 400 OF to about 410 OF ; andin
[00BaEh i nFhencecarddystendi 2FEAEIBRSt | neCanFh®enperafiteon are

! su ti al ; ecqﬂp§§' j ft Lhg

Par%%?%faq?é’r eﬁéﬁ%‘ﬁé o iflecarp ot g Jjooocesses
combohgéncheattiomy adtieg ar & f ednidiecarbene | baegstock = with  a
parE?gB§%§%ygg§tgi EEOQEKﬁﬁg'ésg?iQHEnEyp5faEh$VQ§§%in@emperature

s carried out Yor a period of tinme |ess than about 1
andhelrevared e paielspumss swi ban ratsbrags0, nmivingresin nphe catalyst is

referably. | ess_tha bou 0. nu ad_in ea
madgnsﬁﬁﬁﬂg%%%%teFothgﬁgabg%F%F%E2 ?Sge?egggf SIA%%né%enerally
desandbkdr, astchakatiaiysats tdenseiset edt t bapet attmree @stalytically

appropr, ate to _acconpli he_benefi f.urt
aCtﬁggcr |ebt-é‘—%E beflréavr\ri ?6%@8] %Bte %Fl t%glref o%éffg%dés%tr agﬁ%ﬁf ngalt least
onet batad yauidabl ¢ satalgstnehad esym cbtaupedIiIS taf the periodic

asur [ X
tabgg, a%dth%ﬂggpigrzfr%%g 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 wt% or possibly less.

(00531 Catalysts prepared according to the present

invention can be used 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 liquid 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 feed is reacted with hydrogen at elevated

temperature and elevated pressure (hydroprocessing reaction

conditions), including hydrogenation, hydrodesulfurization,
hydrodenitrogenation, hydrodemetallization,
hydrodearomatization, hydroisomerization, hydrodewaxing,
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loss on ignition (LA) of the catalyst follow ng
preparation. LO is a neasure of the total volatiles
woe@senisvi n the sanple, essentially water and PEEUS2006/046947

organi c chel ating agent. The LO test is conducted by

subj ecting a sanple to an oxygen-contai ni ng at nosphere

for .1 hour at 1020 OF (548.9 0C), thereby oxidizing

or igniting the organic matter and driving off all

residual noisture in the catal yst. However, the

tenperature of the test is believed not to be

sufficiently high to affect the inorgani c conponents.
hyd%?ﬂfﬂ%?lﬁg?repékﬁﬁ agidbAgatRihBe PreseMt | nvendi ONpressure

ave been observed to 'have LO values typically |ess ]
condiarpabouvh 20hwishy apsef arafif §redssot RanMaBGut Yy fBRCKing -

e pr a%l@éc!' % ahg M B4 Ohgexarpl€ne t i
[OO%m ablg%?él vvt%eftslo% out 209\(\{111%/3?)- or Sabou% 16 vvt%?o erm.ls
emplgdqoarll; 2ewt s Nacanal | 9itherebineayuePpPcessesaf it edeacting

t he type d unt t S I f ti i
petrs eltljmas%v\e/eeﬂasncaoscqfn%e r((e:%Fn l}%?( noptﬁ‘g?%%‘gai%%%ltrﬁe rgg}t{%g)%g%) with
hydro%msemb;r@éttl ywredhuval ubs |Wwer prrsenGew s ney pEtalyst  to

achi e e_using_the of. <t he pr [ tion,
ronfy i o bR PLERED the5ef A1y B e
contZdhith&at N reaeil 4 nshaneegehhe dmwwedt Dfs LBndachperyadson carbon,

shoul d. be such that .t he amount of el atin t
PregfRidf et ns"'{“ha fFﬁFgﬁgacgat afyst h(gvg n%ttl bglee%gsecn one of the
vis%é@ﬂt%i capdhyadveisel y aeduckshstiyherft hrloaghfeedstock. in
degradation and/og volatilizatijon as a.result of,the.
adaticheing GROCESS, Shut CHosi gHiT T HaHPS angit G FosPEor Smemoved:
Hyd%@fféeébgﬂﬁb wat er presentindlddeswet catal yst hydrocracking,
, ol | ow ng inpregnati on has.been drjven off. s L
1S°ﬂ?§%ﬂ§§é8nAE@W§ gy g HB%?¥%€+%1§ 1P%tainag§butqﬁﬁ%otreatlng
proé?iéggﬁhﬁﬁgﬁOﬁégﬁéﬁﬂﬁyatnei@mBUﬂm bhbe paixdbysh reacted and
after heating. npared to_catal ysts, having. the sanme
the crap8EPt Péntg‘@dpﬁrtéﬁ%greéﬂ“iﬁe? E\téﬁfﬁatwt 'ept heat ed
[oo$8; t he LOwel rlieRaldir &S Ofcyidieguipr wideréb@od to involve

the(xuﬁg égsgégeégingreii?tIﬂpﬁ¥§éé¥££¥£égghgy oil containing
predominantly (by weight of) hydrocarbonaceous compounds in
the lubricating oil boiling 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, odeor, thermal,
oxidation, and UV stability, properties of the feedstock.

[o0561] Hydrocracking is typically understood to involve the
hydroprocessing of predominantly hydrocarbonaceous compounds

containing at least five (5) carbon atoms per molecule

("feedstock") which is conducted: (a) at superatmospheric
hydrogen partial pressure; (b) at temperatures typically below
593.3 °C (1100 °F); (c) with an overall net chemical
consumption of hydrogen; (d) in the presence of a solid

supported catalyst containing at least one (1) hydrogenation
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exhibit a noisture content that is about one-third to
about one-fourth the prior art catal yst. Expressing
WO b@70@39criterion in another way, the LO val PET/US2006/046947
foll owi ng heating and conpared to the wet catal yst
soon after preparation is typically about 50% | ower;
preferably about 56% | ower; nore preferably about 60%
| ower,- still nore preferably about 65% | ower; for
exanpl e, about 65%to about 70% | ower or nore. [0051]
A further alternative criterion for characterizing a
sui tabl e catal yst prepared according to the nethods of
compRSStes eMedi AentiheTEis te9aHl r feetligtork dipiewilyy produces a
yicTRAYFE LS VRLAT a%%ttergne% ﬁuﬁ&@e&agﬂldy%thtiaxféfr 8130) moles of
heat’i ng. The catal yst of the present I'nventi o can
hy dgeiqiainons nepstaiaiogntant leksabeltiow® wbirte aloutcrbon atoms
wt & X e t 3.0 %1 0 -.ab w %
per o el o aboat s, Sl ol gk Bel PR aT il of feedatock

congrdming Rt75lewsst 6imbouf )4 cakbatrdoa tidves npéhotls1 et-utilke
ducti,on, conpared, to

sent i ' hieve a r
o0BAT NERLED R0 361008 BLAINLLEDLL SO, 001 o e
hy drivper oademe 1 185 %o P r efredalnl iy griciat elh}td'iﬁfbétﬂﬁdiha&z%lhs compounds
.e.preferably.areater than about 90% for exanple,
Conggélgrla y éa%r edl}%ﬁsgtn offtlziﬁ%ut EERBID ab%ﬁ?m50%rg%F molecule
(" fgedstoak "donpari sohe alecatbfysizatibhe &8dPor denitrification

] i repared in.the sane manner but heated to
o st of P8 F R Post RoraPER RS Pe Cortentegr () at
supabetimoSphMehiequi hWyldarigero onbyraleut a ARUILLUCE | ON () at

in nmoisture. Catalysts prepared according to the ‘
LempetrAEHE <6 FK@lﬁﬁééé’nﬂP?ﬂf@m iHP chn e (@4POcBYU it o(c) with an

h bi | gRkk tl conpar e .
cvefait il gRkpicart b gdigetAely ABLILCITECe) in on
pregeafpl €L watserl tdnsenpoirhetheatatlatstst soprapaned at least one

[ t ent nmethods that is I ess than 25%
hyd%?é}f&ltﬁlg%:@igr? %ro ucr%(rg?épared according to prior art -

[0058] hods I semeimiprasiierefiewaniingg {sontabdetll5f thderstood to
invé?‘@gt ﬁég‘}rgng%%ssing predominantly hydrocarbonaceous oil
having a Viscosity Index (VI) and boiling range suitable for
lubricating oil ("feedstock") wherein said 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
presence 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
operating conditions would typically comprise a hydrogen
partial pressure within the range of about 100 psia (13 atm)

to about 3,000 psia (204 atm); an average catalyst bed
temperature within the range of about 500 °F (260 °C) to about

800 °F (426 °C); a LHSV within the range of about 0.25 wvolume
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expected; alternatively about 25%to about 33% [0052]
The catal ysts according to the invention are
w@anoziozosbar | y useful in hydrocarbon conver si onPCT/US2006/046947

processes conprising contacting a hydrocarbon
feedstock with a particul ate catal yst under conditions
of elevated tenperature and el evated pressure with
hydrogen, wherein the catalyst is made according to
the present invention. As generally described, such
catal ysts conprise at | east one catalytically active
nmetal from Goup VIB of the periodic table, at |east

of ORRIrAIANGh C@dy Behirvepart alolfunem Gfoupathlysaf tdieabout 10

periodi ¢ table, and phospharus and a chel ati ng agent.,. .
voLiperent (HEAFBEaTBoT DRGSO ant EelRY THaTgonthgon Tate
witBQ@h! t8d QRndd AN IPOUS §a0r kerr and whansi inhheo about 8,000

catal yst exhLbits a reduced moisture |evel, e

SCFRbdkkt. 48 4 B Mpossi bPyeT 885S9] GUNHA Ehhg qiditions for the

hydPLERBLED nACCOE diihd S 4 RS- RT eSQH: 11MeRd | QR &8 a hydrogen
used in virtually all hydroprocessing processes to,
partiedt Rr HOree | Wy tHAY deRR GRBEF \Mfdeagﬁﬁﬁi 7P ¢ eBBLRon(13 atm)

to C%BQhU oBsS o ENS AL Y, ({95 exapple oAl LeMRYIA Ur@scdlyst bed
t he range of about 200 to about 500 O0C , hydrogen
tempeeasutres withhe thageavigeabolitabotio 3D 5&r , (28Rl °C) to about

i quid hourly space velocities (LHSV) in _the range of

|
750aBBuf 38805t b 20LEFVL WitiHe ttdhn T3P oproCES S - TarPiume oF
hyd?ggg%@ﬁls pEH 1 R4Sy p%QQe%Q%rden i & 1 pudr ecardiuie 5 volumes

I's reacted with hydrogen at el evated tenperature
of hmdrelceviced presbare PrydropPritesst ngaFeayfiton and a hydrogen

recgeﬂgi LLO0S) oy ﬂgz]d%g%gl hydpogenat | PRrehvil ©deguldhe range of
ri zation, hydrodenjtrogenation, hydrodenetallization, ,
abohydB0Qe SCHERL { FAtNBT. M Ry droicdoner i 29 dnSCFB (1,069 Nm /m®) .

[OOrEnﬁpirOde% n&os@ydéggiégbheggcﬁﬁ@ Bi’gﬁgcrﬂg¥i Qg:)rngleéion of a

d pressure conditions, whic is also referred to as
spegillfd chyfdrest riae ki ngrefets4nivMede mredi¢t cahpyever, can be best

obt;9¥%59pr8§esﬁéggﬁe9€iﬁge téﬂéﬁi Feed at several different
temperatures, pressures, space velocities and hydrogen
addition rates, correlating the effect of each of these
variables and selecting the best compromise of overall
conversion and selectivity. The catalyst composition of the
invention is particularly suitable for hydrotreating
hydrocarbon feedstocks, in particular feedstocks with less
than 50 liquid volume % boiling above about 1050 °F (565.6 °C)
as determined by ASTM D1160 distillation.

EXAMPLES

[0061] EXAMPLE 1

(a) A cobalt-containing catalyst solution is prepared as
follows: (1) add 500 ml of water to an appropriate flask

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 501.3 grams of molybdenum trioxide and begin
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enpl oyed herein neans oil refinery processes for
reacti ng petrol eum f eedst ocks (conpl ex hydrocarbon
WwWoRoor0ressd w t h hydrogen under pressure in theP@Er/ESEBO@e16947
of a catalyst to lower: (a) the concentration of at
| east one of sulfur, contam nant netals, nitrogen,
aromati cs and Conradson carbon, present in said
feedstock, and (b) at |east one of the viscosity, pour
poi nt, and density of the feedstock. In addition,
color of the resulting oil may be inproved.
Hydr opr ocessi ng i ncl udes hydrocracki ng,
hea%ﬁiggerﬂczaéb@u/cdeywiﬂg, thydt@f ¢mishimgptant least at 190 °F
ydrotreating processes which differ. by, the amount of
For ek obencFedothd AN St R A UFBSof THE BT S - Omee the

solfieedst QK dreat ed: [ 802%b1Eydref Bdlsh mgm SFt wiicatdy. 6 grams
understood to involve the hydropraocessing o

of ﬁ?&?ééﬂﬁﬁﬁﬁ%céB@sﬁﬁquxﬁﬂ%lﬁpﬁgmﬁﬁ&ﬂﬁﬁr%ﬁt?§lfﬁfd until the

solﬁ@hgm i )cmgfocamcﬁﬂﬁo%@i&dfbﬁ heés cooled to room
['ubricating oil boiling range ("feedstock") wherei

temppzateagsiegik fslebRflact drsii tHr3b) Maosljﬁﬁai:?@&rat%n is 0.50

graﬁgt Sttt (GonghiheRsnof etgyabrdupi@sSsidScAlBed provide for
erature for the purpose of saturating aromatic and

an gk@feusm efconpoahdsaghd PEMRAMY nt tYoleRinSH e féﬁvﬁtmg step
thaexﬂqq&%pegﬂd%égﬁé@t oW tc'@c%rﬁﬂ@sé egdsﬂ&&kloﬁngft Ghe added

I mprove the col or,” odor, thermal, oxidation, and W
citstgbielditd, azpdopénet iestcads  fenf dagatsckznapoEhE desired amount

is ﬁ%gs@f{ ACGKI NG, LS¢l %B'lcg,JatBé ynéﬁe éca R9Gs1 L1 bAVOl Vi the excess is

roprocessi ng of predom n ydr ocar bonaceous
usedonpﬂkmdseconﬁaladdugta@nl eéstCIfﬁlmeC(EFldarJtﬁ)nrﬁfiBﬁ?d to 241.5

I | h
gragle:)epP geul e aﬁedédég% MU £ FEL% Gon ygsns? )(g%rh%t solution

s nnspherlc hydf ogen parti al “press
exhibﬁp@%nuthe tydﬂiﬂbylbglowdﬁmpdhémr(ll@@ﬂﬁ@$=(c) citric

acl\glé)(Coﬁnth}% eéflelsgrh%é/ ffn CO| : &%%Su@rgi ogxgésgxdr%gené.Bs; 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): CoO,
4.4 wt%; P05, 1.7 wt%; MoO;, 24.0 wt%.

(B) A nickel-containing catalyst solution is preparea 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 trioxide and continue heating to
about 210 °F for at least 3 hours until the solution clears
and after clearing cool to below 130 °F. Add 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
solution, the amounts described provide for an excess of

citric acid of about 4 wt% since the heating step that follows
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supported catal yst containing at |east one (1)
hydrogenati onconponent; and (e) wherein said feedstock

wo @ oa03by produces a yield greater than about PONES2006/046947
hundred and thirty (13 0 ) noles of hydrocarbons
containing at | east about three (3) carbon atons per
nol ecul e for each one hundred (100) noles of feedstock
containing at |east five (5) carbon atons per
nol ecule. [0 057] Hydrotreating is typically
understood to invol ve the hydroprocessi ng of
predom nantly hydrocarbonaceous conpounds cont ai ni ng

can a&ec‘gféata fdvegeabhgibat 085 t iy eetl ece feeldﬁatc‘ock yric acid
the desul furizati on an /or denitrif ication

and seihel EEEstSoCRINWHERITE t BRApr S8 1F 81 ED dl?é‘l%%f‘t(éf present

e SHPALA! s€ DYALeGeR ipRY ti at £ PheSsudssd b ah 4, th
enper atw%ﬁca Eel ow 593. 3 0C (1100 OF se bepuee -

secamd he@dibvenaldf n@%téh@nﬁélald dohstRprreR & $ é grams (for
a tggg%( g)ddlrl:fé}? BEesencs ofranmefl.i d sRPPELed SAt Bh¥Stresulting

cont ai ni ng east one hydrogenation component
CatiIﬁﬁB]ShSWﬁdnchﬁ|ﬁﬂﬂh@%ﬂ¥9ngom§oﬁ&@%ﬂﬂrT%%Eﬂ%Fs?6&fessed as

thetg;éLEVO' Ve, hﬁ’cdér?@%é?f?ﬁéﬁa&% ppedoghnant§yy, basis): NiO, 5.0;

Tocar bonaceous ol a V'SCOSIty | ndex (V1)
205and boi lamy Madge 2%i @ abl @hﬁoﬁollwﬁr%%t@ﬁl@l]@iliis the following

com %rlxer,radifao%]lgl) wher ei r'l’h‘?—:al dséﬁ?fgfélq(:k lo%t%qr}@(:t gdew tﬂbllow1ng

Sthat contains, as an active co nent
compbEs POl ooy y st aliltmie net BA/I(NiOsMewe) altmas }) pndwith an

of elevated pre nd t enpe and qi he
eXCeFRLeTcl 8% "hy o&&léhout %ﬁ %g%gggbct &%ggé cold
Thef|m%§ﬁﬂéffwﬁt3$nang subbtanthal o i @r oved ¢@h§ﬁpﬁédtd"lth- an
sai eedst ock and 0 boi | | ge 2
alumimat arfiF a1~ wi tam‘%\ht %g’eboi ??ggtrlgﬁge chaf h)  withooa 3%
511%§§ﬂ§2|[|ﬁﬁlkna[ OQﬁﬁirléer Meimgeaimmfodﬂdmdr' wcabhlegracteristics:
istillates e operatin t u y
Sur%%ﬁ%r%§§aa Hyégwﬁen(ﬁgrfia pﬂggs%? ﬂoh%%r%hgﬁiydé/ (ce/gm),
A) 06 . about(}00 [0 A [d8sabh) Ignition (wt® @1020 °F), (A) <3.0,
(B) <2.0; and water pore volume (A) 0.8, (BY 0.9.
(C) A cobalt-containing catalyst is prepared using malic
acid as 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 150-200 °F. Continue

heating for about 2 hours. Cool the solution to below 130 °F

and add 163 grams of malic acid. Stir until solution clears.
Cool and dilute to 1000 ml with water. The concentration of
MoO3 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; N
Pore Volume (cc/gm), 0.80; Loss on Ignition (wt% @1020 °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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to about 3,000 psia (204 atm; an average catal yst bed
tenperature within the range of about 500 OF (260 0C)
w0 eooalonnsp4 800 OF (426 0C); a LHSV within the repOmESmD6/046947

about 0.25 volunmeo f hydrocarbon per hour per volunme o
f catalyst to about 10 volunmes o f hydrocarbon recycle
rate or hydrogen addition rate within the range of
about 300 SCFB (53.4 N3/ m 3) to about 8,000 SCPB
(1,424 Nm 3/nB) . Preferred operating conditions for
the hydrotreating o f hydrocarbon distillates conprise
a hydrogen partial pressure within the range of about

frod Gkaplee (18) abmd 1®. abolt X 0V&tpsi.a @&Bélﬁbmp'akﬂp showed
average catal yst bed te erature hi n the nge

25 gF0 M9%3 50 408y 288 07 Lege Qb"ou?%?éo%'t 3 19ht basis.

TheLH§¥§Mﬂﬂmdgtlmaﬂéﬁmﬁnofwabouar@ea vekumehbdt 400 410 °F as

hydr ocar bon per hour per v of ¢ st to bout _5
desHiBRgS SPFV ey dritfeat B ﬁSpQQF hGGr & %\V % ed"?5.7% ro1.
(g)cat al ysty a@%b&ﬂﬁﬂﬁdﬁﬁﬁhﬁfﬁg0|GC&@&Eyﬁtr hMSEOQEﬁrepared as

addition rate within the range o f about 500 SCFB (89
folpaBens) adsl abdRUut™e, 960 WIEER (te 0592 RAB/ id) £ a{%@cﬁﬂmpped with

st il OSt ndasidoab) e qondistans {014 canwer:sip n2 Ofr@ms of cobalt
specific feed to a predeterm ned groduct however, can

hydpogifest dhraimedeByiognead il the- $e8d8F Sdvetaf phosphoric
i ffergnt t apper ghih®sS, J eI SRACE ¥EbREHEI. €S  Heat the
aCIgn §rogen addition rates, cgﬁﬁg?atln the effect o =2
reSﬂlea@m(ﬁ@xtheget¥ar3ﬁglé§ andC@et eBEPNESHeI BRsRE 200 °F for
at ONMbsg, Of ~QVer abloonMet skghuanRdrselechiod tor IhE adad 226
ta yst conposition o f the invention is particularly
grawelKéblelte#Chyﬁﬁuireaﬁﬁﬁg?HW@¢b%aﬁ@éWtﬂéeﬁs@b%R§s i n Cool and
rticul s vglup® .5
1 20OEL LR o] SEE PELOUEED | 257 DA b 6Ok RO 10
gramstdrmhunfkBqddEﬂhMEﬂlGO dlstlllat!on. EXAMPLES
[0061] %%ﬁMﬂéiétiA% %rgﬁxﬂgéﬁgygakﬁsngagah@éﬁnto impregnate
solutlon I'S prepar as
metals and a chelate on a carrier by the dip-soak method.

Dip 1 Dips 2+

Carrier Weight (gm) 175.0 175.0

Metals Solution 981 185

Weight (gm)

Diluted Vvolume of 780 780
Metals Solution (ml)

Composition:
Finished Catalyst
(dry weight basis)

Wt% CoO 3.0 3.4
WE% MoO; 25.9 24 .2
Wt% P20s 2.8 2.3

The product from each dip is transferred to a rotary calciner

and dried to about 400 °F as described above. Analysis of the
catalyst showed the following composition: 23.5% MoO3, 4.1%
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follows: (1) add 500 mI| of water to an appropriate
flask equi pped with stirrer,- (2) add 71.9 grans o f
wanlwyareasas citric acid; and (3) add 156. 7 gr anBCDS2006/046947

cobalt carbonate (46%cobalt) . Slowy add 57.5 grans

of phosphoric acid (85% followed by 501.3 granms of

nol ybdenum tri oxi de and begi nheating to about 190 OF

to 200 0 F . Heat at least at 190 OF for at least 2.5

hours until the solution clears. Once the solution is

clear it is cooled to below 130 0 F and 251.6 grans of

citric acid are added and the mxture is stirred until
coo ! hggol uthon dop£l gar . 5 Thgheahbeghthepsol 6t i OnNAl ssample taken

cooled to roomtenperature and diluted. The final O . .v.
aftex comeentladio i %29, 90iglams peFSAF 1BFSs A ‘feon?n%?XhlbltEd
an Lﬁpucg%slgeégo(i bed provide for an excess of citric acid

of about 3 wt % since the heating step that foll ows can
(G) degr adeMeradecamposr dePorei omof CEREIGHdY cTEFTEYS methods,
incfﬁéf&%ngh%hgn%?ﬁa CafeisdEeahhaithedlasi feeghaadunt For the

is present in the final catalyst conmposition. If no
inci@d&dms’sdmtu;mﬁ mes host oAG0 adifamodn o§f SVPPPECacite| 158d- A

reduc t : rAE A f a di gy 3 i
VOlLbr?earrsO% .me%haef%o%?t%l on eéh?%i ?lsgﬁegfl%?ll ot\%\ﬂlﬁg ?gle?%nzﬁ?lled =e
the I atipgsirtci thiec heirdet( CoOHPER)Wihbl Al RChlefash an Frior to

excess) =,0.36; d. (w thqut__an es = 0.
contgt 48¢s Y'Y tnheé:aarrhessu}gtqlﬁl%licoar?awyg% s%ﬁed&tlﬁéort the metals
soldldawi ng canposidd onw{nket alWetexpr essdtl ashahe Gkedegesulting

concentration_ibn W %.Qn a ' : 4 04
=oLERES 15 G OE, B 0VAH (8 A ke O EHe: suppoxt.
Theiﬁfﬁbgsnis&@LﬂﬁtcﬁﬂlySB soinittsicared swptbpahed suppotrt ofier 1 hour.

add 450 nl of water to,a fl.ask equi i . ,
The S EPEFa o) MR- DY, o Dr ARCF Ahyr U e o girgT e
hasaﬁgﬁb?gpxaéig?étsfd4t@rmo of Fcobaltte catkonaee i(=19eld at 320 °F

ni ckel) . 0 add 77.1.qgrtans_ af osphor] ' . .
for (¥8oymighif feat t ﬁ?‘BaB%r.lg;r&ddl%gli?gpﬁépU%chr *A8uing air as

rans o
the MEL¥RASAUMAL | 0%i den@il capt | (Mir-thedtadgnyo 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-socak method in the laboratory, 175 grams of
support are used and the total diluted dip solution is 780 ml.
in the first dip the metals solution is the most concentrated.
In subsequent 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 following 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
solution 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

36



about 210 OF for at least 3 hours until the solution
clears and after clearing cool to below 130 0 F . Add
wQ@ Z00t/0g3a4r8 of phosphoric acid (75% and 251. 6PQT/ERB0@046947

citric acid. Stir until the solution is clear, cool to

roomtenperature and dilute to 1000 m . The fi nal

concentration of MbO 3 is 0.50 grans per m of

solution. A s above for the cobalt containing

sol ution, the anobunts described provide for an excess

of citric acid of about 4 w % since the heating step

that foll owscan degrade or deconpose a portion of the
materiaddeds chtIowedcicd ahthimefexceds miamtasur e Theatmatwerial is

desired anmpunt is g(r?gsent in the flnal cat al

s .
then QHARBEFTTEN. HF hoTokEdss TR TERE" FAE seléoné ngdi?le%ﬁrlbed
in theOfpctid V&€l @atkdmbshbaducerh t@aa}%dﬁspgr ame(g‘tortma tbtast, the

i addltlon of 34 Anal ysi fth It|n
weightcap§) (At H‘S’\E@ést h%oiblltll&ﬂ ng=co %s ﬁeoﬁfe( S%P ndhnt  of
metalse)%%é‘éé@d taS tecXtaes;t Lefeenbkateorn ¢ve s % for aiL T ygrams

basis) : NNO 5.0, P20 5, 4.2; and MbO 3, 25.0. The
of cargdi9%i on exhibits the foll ovm ng conmponent ratios: The
—sofutiomnm contai NS t he[ T gl ng eampenentpi@tiio0s: Dip 4
citric acid/ (N O+MdO! 3) ‘rmI/ ml) - (with an excess)
Carr@eSQW@&mlht(V\ﬁqmvout bn 186cdss) 27697, | thes-0 | 175.0
| taining—sott T AL S cont ed W gh7
Meﬁﬁig %ﬁkl\r%lgiar?’rl er and tg(t?g ;"Lol Jti{)ZnZIlof B)jl%\n'ith a 3%
Wesghltcdlgal)um na carri ef havi ng {he follow ng .

: C —st+es:—Surface 0l ly I SUU,

Dlé Se% NC LWore i/ol ume (cc;//-ggdr?) ) (238%'0 70, r{éB 0 80?7§b
Meta&s muugmdmohnl()/vto/c (c) 1020 ) F) (A) <3.0, (

Aot pofre e 69 (O A
COE‘Bﬁ’Ellttlé%ht a.%lr‘hﬁsja%?a%g 5 \Stpr epgfr ed l%%;b?r% iéZ:
wtacindoas the chel at ngjagents as f old.®ns: | adsl. 450 m k& .of

water_to -a flaSk equl '\hﬂf‘l wi-thlstirrer Wt bt
WESAHOEB grans o f mali¢ aepd? 158.4°gramb G ‘Cobpl
weeapggpate, and 57.5 grans G T 85%=phosphorsczaci d and

heat to about 170 0 F! _Add 500

(H) Additional catalysts were prepared as described

above by either incipient wetness or dip-soak method. Metals
ratios vary to demonstrate that the method of making 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 LOI wvalues of

greater than 20 wt%.
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grans of nol ybdenumtri oxide and heat to 190-200 0 F .
Conti nue heating for about 2 hours. Cool the solution
wo eooseroswm 130 OF and add 163 grans of malic acP@r/USt006/046947
until solution clears. Cool and dilute to 1000 m |
with water. The concentration o f M03 is 0.5 grans /
ml o f solution. The netals -containingsolution is
contacted with a 3% silica/alumna carrier having the
foll ow ng characteristics: Surface Area (m2/gm |,
292; N2 Pore Volune (cc/gnm) , 0.80; Loss on Ignition
(W% (c)1020 OF), <2 .0 . (D) In. this preparation,
200 grams of the carrier described above were
cabLTSCT GInYﬂﬂe%nbftEioﬂl Fn}ieaeﬁnghe sof ufi o;m%cbpm Exaopllecoo | Nio

(O and of water. Anallsis aliso showed 25. 6%, . .
Mb03 , 4. 8%’“’@6@0%nd 2. 0%P206| o3 ryW i ght "basi GWEs | Wes

1T The resyltipig-eberi al V\@sodn edsats gbou . 400- 410 OF 4.1
__as—descl - ra-ysi-s—ef—the—gatal-ystshowed -
1115, 7% LO . 1PEP D bal %%doorblta n1|3n'3’ qata 'y8;t \/veles'“gU 4.2
\

pr?Par ed aswémlém add 400 m | of vater to|a 2000 m

Hask thstiggeer A 190 Bams ¢i WrisC - 4.5
IIt<'EIC| d_ and 1?712 gr ams of élgbalt hydr oxi de Rpgii n

IVheat i ng|andnadei&Tt 5 gr ands Gf 355/%-p‘9r1csp1‘1"6r"fc acd-d. |add | ®-3

500 grans oyxkcgwiybdenumtri oxi{de. Hgat the resulti ng
mxturelto 200 QOF —_ Coptinue heati at—200—4¢ -6

V] east 2|holt’®-5958 the s0thti md("oyloozgl: and ao?d p3s2 | -
rans of_citric acid. Stir until solution clears. Cool

[Oogﬁb di | HEEMEF1600 m 1 with water. The concentration

A s@ Méoé)’f::&h@ &cgféﬂrﬁ-éomélﬁﬁ.ngolaﬁpmtiﬁ) cEgelyst prepared

ution rom Exanmpl e (E) .wa used regna

a5 A9t FEERE at cHES BBV AR by PRE diproggge and tested

forMjhed. ofhegpriedust {rom eaeh wkpsiiset msﬁleereebtaa avolatiles
rotary calciner and_dried to about. 400 OF as descr,.bed

preghave. 1AnalPsi sS8MPlRe c&EATYI FIHRE f PP Tge  organic

cheﬁggﬁ?ﬁéj' tdobnt 23. 5padM O 4:d3€0Qs anEgndul¥el2@y osubjecting a

dry wei ght basis. A sanple taken
sample to an oxygen-containing atmosphere for 1 hour at

B

Q

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 removed during heat-up and
analyzed for weight loss by LOI and carbon content (wt%) using
the "Leco" test instrument (LECO Corporation, Joseph, MI). In
this test method an aliquot of sample is placed in a ceramic
crucible which is heated to over 2000 °F in a stream of pure
oxygen. 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 the
rotary calciner 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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after several dips was dried as descri bed above and
exhibited an LO of 14 .0% (G Mtals are added to
WO b@7o203p4 er by various net hods, including thePCT/US2006/046947
i nci pi ent wetness and di p-soak nmet hods. For the
i nci pi ent wetness nethod 200 grans of support are
used. A volune of netals solution is used such that
when applied to the support the target oxides will be
achieved. Prior to contacting the netals solution with
the support the netals solution is diluted with water
such that the resulting solution is equal to the water
The PUSEP 3B &f Wie supportaidbe rb aboosolrut had itseld for 0.5
contacted with the support for 1 hour, The resulting .
houppediied WBipRacedSARPASr HaTF yEaked ket magﬁ’sﬁa% This was
repR§eRaPrLhealed 4@ 328 OfFinallg Mt u0e iox hel dkat 88el samples
OF for 10 mnutes. The material is heated under _
subj peleAg BPr tae t ROIt chpeFat (TFBILREHpEd WS (SFaFured in the
catgﬁggltngb%ag take about 30dchh abewe Ak MoRes) in VBRB furnace
t catal yst bed tenperature reaches about 400 0 F ,
wallt i Ehheltsdt 2001 0FS t rd20hornf R LS fRakPBEnSguaple-

to 10 ﬂ?@gﬁ%’a}@s&#é LA FEEOEEEE! )Sn“i%;‘}xft_i‘di‘n ?a%bon
t enperjature . Ing the di pp soak nethod in the

| abordt ory, (7B)grafs of support afec%sed and|t fecs)

t ot al HiHuteg—aip—sotutionjs 7801 —=mthe st i
the mitiPas o678t FBRST s “ERe host condsbtrated. |18 20

subsequent diyrs/ord ya enoughl net al s2gokuti on i

t o nmatlch-thetheoretical reuRt—nReeded—t

5
’ ot TTe—tTTIGUt \.,L:uuu a.n T TTIC .C L{.} tai’ ;e Ie
desi red nEta?§07F85dﬂng on t he car?Pé;. The SJpBOPé i 5
placed Tn a baskekswot h mesh sidesignd bottomta.alil ow
the salution to _penetrate i sults are

The follow ng resu
based |on t he3¥P/476f3ur dips o f alki-Ckel - con{arni’fy

cat al yst— prepghabbheNg The bpsKet cgRla ning thes 67
supporit_is imrersed in the diluted nmetals
[0063] It can be seen that as the heating temperature was

increased the LOI +wvalues décreased indicating that the
moisture was substantially driven off, and at the highest
temperatures the volatiles content appears to be approaching a
constant wvalue. 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 example
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 heating 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, results
in removal of only about 48.6 wt% moisture. Further, it can

be seen that the carbon content wvalues zreached a fairly
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solution for 50 mnutes and during this tinme the

solution is recircul ated through the basket to ensure
w@owd/oosm act with the support . The basket i SPCEIB2066046947

fromthe solution and thematerial is allowed to drain

for 20 mnutes. The material is then transferred to a

rotary calciner and dried as described in the pore

vol une nmethod. In each dip, except the first, the

wei ght of the netals solution is the theoretica

anmount of netals needed to reach the target oxide

| evels for 175 grans of carrier . (H) Additiona
congdbaltysisveere pepparadlas gdesatidediabene bypmpietbefuires where

i nci pi ent wetness or dip- soak nmethaod. Metals ratios
1esga e - HehotRT rRf @SERAt 1Ph§%ﬁeﬁ?6‘&’ S maki ng t he
[ooealal ystriaodait i oRstiS flaxhdberfor tQifdf erenbigowBts can  be

of raw materials. Catalysts that were dried.at about .
subg@ertP b bi (rYWVSAl ueSFOR |'eéds tTRiFPRBBEt 182WPde  without

sigihgieascat abyst s dhat el e drhed @l et  component by
tenperature exhibit LA values of greater than 20

JudMeGPF06 JOEXRIMPLECD  AbBanpheasfinghe cgpHiiions, particularly

tempe¥Ad4d Ng supported catal yst prepared a s in Exanple
T was renoved after it was prepared and tested for

[0065ds on H@HIREBN3 (LA) , a neasure of the total
For;/(%ﬂél %%n&f n! r&etgﬂ:e, Ségﬁgﬁt~%§1%tréteilsr?ilr{§/ \A@ttgﬁ.y@'tg samples

he organi ¢ chel ating agent. The I's conducte
prepareghjatdagcaibadpie Examploxyhevereoheaitgichgo about 250 °F

t pospher r r 102 548. 9 ) . :
(12?dg?hg$ sg%% e %?B?Ee g&ig%ﬁ%Fggié'cataFggt ﬁgﬁmbeace%or high
temperatnptear - e ONeRr  avms hedted toappedr essi veby about 410 °F

(21'8i gt&%r 53%{?%{%}%8& %tg %%erp%FrathJorle 4fg9n)a%oe§?a 10 minutes,

I
por ti‘ons e catal yst were-removed during -up
theandcandegzethgodlwei ghThéossrdnalll tameh townion tdowt efincluding

heay b R1DRoOTRseB MGE  FRSt HHAK oSt TR SR sample vas
aboaki quaiowf . sampheerstpacedvde ane@saned by a thermocouple in
the catalyst bed during drying. ' The catalyst samples were
then used for evaluating hydrodesulfurization (HDS) and
hydrodenitrogenation (HDN) performance with a hydrocarbon oil.

Test conditions and results are shown in the following table.
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cruci ble which is heated to over 2000 OF in a stream

of pure oxygen. The carbon is conbusted to carbon
walk@xiodsand t he oxygen-carbon di oxi de gas n XPOT/@S2086/046947

passed into an Infrared detector where the carbon

di oxi de content is neasured. The percent carbon for

the sanple is automatically cal cul ated by the

anal yzer. Initially, the catalyst was placed in the

rotary calciner at 175 0 F . After 1.5 hours a sanple

was taken for analysis. The tenperature was increased

to 250 OF and held for 0.5 hour and a further sanple

was akel Tanatalyaks. The feapaeat uré was then rai sed
to 3 OF and held for 0.5 hour after mhlhhf%_sagpLe__
was fHesdfor analysis. Thlssﬁﬁ§19€5e§%%6 GR350t oS

and fri- Y 200-8F Ehg sanptes subjected to
theIJﬁgﬁéstﬁf?enngratﬁfég&@ measured in the catalys
t

bed; |fIgHSY he carbon conten e§t, in the furnace wall.
The t" re—strown fe—fottowngtabte:

[ 0063] %/éfT %g geen t hat @s tﬁe heating tenperature
was iincreased the LO val ues decreased indicating that

1 K
the 1 s—substanti-al-y—arren—ef-f—and—at—the

higheé%e?%%%%?ﬁtures the vo] atiles content appears to

be api®acktagiayconstant vakwey Extrapolating the
datalto about 450 0 F _ a LEﬂp@L&LUL@—&L—WhLGh————————
essent¥atfyral VE&f the moi st Br@“woul d be renoved, it

appes ltfgg hne %Ialyst pregpared tn this exanple
woul have %out 2 wt % of material that can he | ost

on i grifesonRaadlsach materi pl | $1935dgly Gpraditions

’7

hydr gxycarboxyticactd—conpprent, s FTdF T C gCi U, 1 5asgd
on the above data and assumng that little, if any, of
the ¢irevatEDg agent is |ost|duringobhe hecting 100
prochus, *hﬂ—ubt”uuo of—the presenfivention—c
remoy et @Dour 96 wt % of t he moi st ur é orlglrally present
*RVAN =t Im%mmdr@ %Eﬁ&éSAHtﬁ\ﬁi&:t}hctda@édtba phieorragrd ,copmstant for
whi ch a ca aI IS tﬁBicaII% RFated to about 250 OF
theréggpﬁg e ocess, S or HDN.
[0066] It can be 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.

[o067] EXAMPLE 4

Five hydroprocessing catalysts prepared according to the
methods of the present invention were tested in order to
characterize the +volatile compounds evolved when each was
heated to 200 °C (392 °F). The major gases generated were

water vapor and carbon dioxide.

[0068] 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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in renmoval of only about 48.6 wt % noi sture. Further,
it can be seen that the carbon content val ues reached
wa@2doaiordsyconst ant | evel , especially at the hi gh€T/US2006/046947

tenperatures where | ess noisture was present in the

sanpl es. [0064] These data suggest that noisture can

be substantially renoved froma catal yst sanple

wi t hout significant |oss of the hydroxycarboxylic

conmponent by judicious control of the heating

conditions, particularly tenperature . [0065] EXAVMPLE

3 For this conparison test, cobalt -containing
(2)catalﬁs@aﬁf¢3§5(prepﬁmed a9 .deserdi bed in Exanple 1

were heated to about 250 OF (121.1 0C ) for about 10
(3)n1nutespoﬁﬂQQEﬁ&W%a¥BFnﬂi@?ﬁ%i%%?mﬁ%@?%?eﬁﬁﬁﬁﬁéﬁﬂ% to the
combB%‘itri%ﬁpe@elé@ﬂi%éHJOlﬂn 45001210, Out) ard Reld absence of

his tenperature for about 10 m nutes, then cool ed

t
furghgrdheatifg oVie?al T £fe8t WERt tine (including heat up

(4)and coolgfwys f of) therhighot enperature sanpl e was
about 1 hour. Tenperatures were neasured by a
(5)t her noc&@iee a5 the e@faryse -Bed*during drying. The
roogaal ystasanpl £s, yewnec hBgpi1uged for evaluating
hydr odesul furization (HDS) and hydrodenitrogenation _
VolumpNyiger KardanEesahel athy¥abéapboredi lusededto identify and
\t1ops a syl tg are shown i ppthecfobhowing heated
wu=fiflEy | RiR SBHPIRY LeyBnSE M || b St an tthe ST Peate
foliewengonstreitr f @reperandprat ed FeodesFisdhsnr Horation was
conhgg@@dl% C%%lq Wit EE%&O tﬁﬁ@@ﬂypgr&ﬁﬁﬂﬁn8§§¥§%h catalyst
essentla.?y unaf fected, "but the catal yst™ containing a
was| dngrrddawvedd ofonei gegr-¢ wihid dben nus@epr eoaatant redecing gas
since_jt co be ubst i all S el .\
SWERFt h?%iljaﬁlgf iu:Lg%t ICycu/r}%gré)S'effo?{JL Et oé‘?%e veé%%w&)nate%dé) 4 through a
midgeics tetey ner gl peplosessibip f deolst oek. ef00FHd BN Ee and a

por%ion of the glycol was titrated with Kaxrl 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 increased to 200 °C for 1 hour at the highexr

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

temperature treated catalyst samples yielded 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 of water evolved when the samples were heated at
200 °C. 1In all cases for both catalyst types a greater amount
of water was generated during the first 30 minutes at each

temperature as compared to the second 30 minute segment.
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Fi ve hydroprocessing catal ysts prepared according to
the nmet hods of the present invention were tested in
w@e@en74304 char acteri ze the vol atil e conpounds PODUSB®A6/046947

when each was heated to 200 0C (392 OF ) . The major

gases generated were water vapor and carbon di oxi de.

[0068] Catalyst Identification (1) Cobalt -containing

catal yst according to the conposition described in

Exanple 1 . Catal yst bed tenperature during the

heating step = 411 OF ; LA = 15.4 wt%2) Sane as (1)

LO = 17.3 W% (3) Cobalt -containing catal yst sanple
TabaeC o dimg: t Rathe egMmesil i Plsdeser rheddyi Jeanpheldtive Versus

., but in the absence of further heating; LO = 22.6 W%

Tlm64) Sane as (3) LO = 22.7 wt% (5) Same as (3) LO =
> W% [00pY] Anal ¥ulm@ala tNRIN GO Oy &1 BirBlLkee Karl
F|:rh9r titration was used to identify and quantify
the species pVOI¥ednas | BE-64t Aliyst §0n8Pe Widal 89-120 min
f of Fewiadgy Sthepk pig@paraf Leng gikarle Fhgchep tid raate Bbo °c
wag_conducted as follows: approxinately 1 gram of each
ca1alyé1)mas i nt Goduced} to a-gas-t ght2G@en upder 3.6
copst redtct S—Siweep \’ ottt T—166=¢ IlIII |) —
sweep &aé >sed%tﬁrougn a i get ethyFene gl ycol €2
sc ubbeg)to trapzewol ved norusture and a.portipn ofgthe
gl ycol—was—titrated wth Karl Fischerreagenttat-—30
ni hut e{tht eryal s2-Phe ofen Perdperat ure’was injtiaftPy*
se at (3P0 O ang .gas- SErubBeg fTor| I hour, at| Wil gh.a4
e _tenperature was increased to P00 _QC faor hour at
TabﬂﬁeBmgﬂﬁﬁ W%ﬁ%@rhYuKérl[@GFGquﬁRQWéI%@ﬁéTaWEerature
Segﬁg%glts Kar|l Fischer Titration: Wien heated to 100 0C

)

high Wt% Water Evolved per Time Segment

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

Catalyst | ¢ 100 ec|at 100 °Clat 200 °C| at 200 °C
(1) 0.9 0.5 1.5 0.7
(2) 0.6 0.5 2.2 0.8
(3) 2.5 2.1 4.4 0.6
(4) 2.8 2.5 4.1 0.9
(5) 3.7 1.8 3.6 2.3

[0071] The test results clearly demonstrate that the

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

[0072] EXAMPLE 5 (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 present in the samples. These results
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tenperature treated catal yst sanples yielded

approxi mately one-quarter the weight of water as
waeoowparesddito | ow tenperature treated sanpl es, MMIBUSAS6/046947

further heating at 200 OC the difference decreased to

1:3 (see Tables 1 and 2 below) . Citric acid reduction

made a significant contribution to the anount of water

evol ved when the sanples were heated at 200 0 C. In

all cases for both catal yst types a greater anount of

wat er was generated during the first 30 m nutes at

each tenperature as conpared to the second 30 m nute
prosdgient ctalpgesiA ioNE Watefebynéar| poscher for  comparative
urTiotrati on-Cut nul ative Versus Tinme Table B : W % Water

BY K41 Fi scher-Per Ti me/ Tenperature Segment [0071]
The test results clearly|denonstrat eedthalyéhesaapakyst

thods of the present Lnvention B duce

ororo- S

preparati-on—ie .
catal yst having a significantd3PFeduced Feveiclof Nickel

moisture, particularly when the cataly§t sanpleg are
subjected to a |level of heating followjng preparlation _
Chisdetd i ves of f noi sture|fBitHASl PCical| plopssey Kittric Acid
AUgs ot tause addi tTonal degradat o gf —the
incorporated citric acidi [0072] EXAMPLE 5
W(C@Omrl véa)) Thr ee hydr )pr ocessEng cat al Pst0s pr epared .0

I.IIUUI. N Vd.l. cu I.CI}J gre
W&anﬁ es %1_%8?& %8 50 O l'I:j ;O wer e |t est’ g&’a or de%3 -3
W& masaieax—t'ﬂm‘ zect he con‘posn tioa.and vollati sbescon'pounds7.3

hpoc raciltcecnrnavgui Aa
T ll lllb \J llrJl Lo\J llLo\JLo l \wxepw )y | L\JH' VT Uo

W%é‘r;%’\&tleﬁ ol et erence poi nt s 7t Br corrraré‘toi'\?’e 7.7

m@wosxb&atipésw%ﬁapbon by CHY AnalyZer @) W% 24
itric Acid = W% Carbon|x 2.668 (c) Catal ysts
tracted with dry nethapol and the ext/racts andl yzed

TOY KaRIcIE SLNEE T eCNni qQUES: T=tjigri tnetri g, . 35
@1000 °C (d)

(a) Wt% Carbon 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 techniques: T=titrimetric;
C=coulometric

(d) Total volatiles at temperature for 4 hours

[0073] These data confirm that catalyst samples prepared

according to the prior art include relatively high amounts of

moisture.

[0074] 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 Dbeen described with reference to

particular embodiments, it 1is to be understood that these

embodiments are merely illustrative of the principles and
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C=coul oraetric (d) Total volatiles at tenperature for
4 hours [0073] These data confirmthat catalyst
WG 2mploasIpr epared according to the prior art iPCI/US®06/046947

rel atively high amounts of noisture . [0074] All
docunents descri bed herein are incorporated by
reference herein, including any priority docunents
and/ or testing procedures. The principles, preferred
enbodi nents, and nodes o f operation of the present
i nvention have been described in the foregoing
specification.” Although the invention herein has been

appd@seid ket woth thef ganeent oipaehiewnar embodismaiexefidre to be
is to be understood that these enbodi nents are nere

undemsisraht i of TR e Wi Pr? c 890N Of to the

111%@;&%wé1vwc;mméﬁtéSahlaereﬁate dohdbe wreisionshts may be
t hat. numerous nodifications nay be made to the

deviifags  VALPPRenBBERFERFS aREoRhdt St Rer T aftigemefitepe of the
pre¥R b6 devh sedn Wakhelds idRRArKY Nenér Q.P'bteﬁ@ie%p'dlélrﬁé‘d Further,
scope of the present invention as defi ned t he
anyapperagd clofi msnuEbetFer  remite@ngéd fof ?@%beﬁ§QQ%ﬁ%%%Flon or
pafagrtafb%sspeﬁweeﬁsfeexor RAAunephs hepeipakt efaspects of the
déscri bing various aspects of the invention, such as
inviematioTepr e8| AP a At | GIPRFSSeRt $RIpr dpepeFescular set of
pro A4S O nﬁfﬁlﬂre'ofoﬂ%' %u‘%rés PBY Sk eabnst at @88 cal states or
ercentages, is inten literally i ncorporat e
ergemtesstsy, hdreei Anbpncdeider pcel brevahékw SBCOHRPPTrAGRDepxPressly
here%#o Bg V%éf]élneﬁggh :{anggge&‘%l lédl nQn?”X‘uﬁl"(@é‘ft f%lflllng within
er ranges subsune hin any’range so
sucbemangb(lﬁmwﬁumlngAanMtﬂub$¢n pf epambrgsa or ranges subsumed
dr roceSS|ng cat al onprising: (I) providing at

t
Wity ST o ?d??oﬁ?nﬁegéﬁﬁonents (A) at |east one
cal ci ned foram nous carrier having
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a water pore volune ; (B) catalytically active netals
useful in hydroprocessing hydrocarbons, said netals in
wo b@7omspa of at | east one conponent providi ng BCT/USBSE/046947
one nmetal from Goup VIB of the periodic table and at
| east one conponent providing at | east one netal from
Goup VIII of the periodic table; (C) at |east one
chel ate; (D) water in a quantity sufficient to forma
solution or dispersion conprising said catalytically
active nmetals and said at |east one chelate; and (E)
optionally, at |east one phosphorus-containing acidic
cLacoponent ; (11) contacting said conponents (1) (A)

th sa d ol ution or di [ I B) |,
(2O & e R optPoRaF (F) FB FPBFog g cacalyse

comyyigﬂn@.tenperature sufficient to forma m xture and
to |npregnate said carrler wi.ith a suitable anount of

sai d)comppmehtdngl Rt BFag@td (09 (O akdmeptreRansy i)
(B) 5 (1td) tacthe 2t efe thalctheqveldimnit{oddl darrier having
sol ution or dispersion equals or exceeds the water

pore vol une of Yat§rc®AhevFapaating said

| npr egnaggyf CééEb@%;Ek%ﬂhiﬁ'd 86GeS% SOl WdiQu &r  useful in
di spersi on; heating said i npregnated carrier .
to a tenperathY@rﬁPgﬁQﬁaﬁﬂﬂg:HhYQKP%%EbP@§$ t aadg metals in
tenperature apffol: 3 Peld oy%oiegggeoh%at cMpthe §BUSoviding at
substanti al deconposition of sald at | east one

chelate. 2 . Thashetdnsd metel aifmon Gypep eVABsatfl Bhe periodic

| east one 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 1in a quantity sufficient to form a
solution or dispersion comprising said
catalytically active metals and said at least
one chelate; and

(B) optionally, at least one phosphorus-containing

acidic component;

(II) 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 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 optiocnally (I) (E);

(IIT) to the extent that the volume of said solution or
dispersion eguals 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 and less than a temperature and
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nmetal fromGoup VIB is selected fromthe group

consi sting of nol ybdenum and tungsten. 3 . The nethod
w@boocloaizpa 1 , wherein said at | east one netal PCDIB2006/046947

Goup VII'l is selected fromthe group consisting of

cobalt and nickel . 4 . The method of claim1 wherein

said chelate is selected fromthe group consisting of

hydr oxycar boxyl i ¢ aci ds, ethylene glycol, glycerol,

et hanol am ne, pol yet hyl ene gl ycol, hydroqui none ,

et hyl enedi am ne, ethyl enedi am ne-tetraacetic acid,

cysteine, alanine, nethionine, gluconic acid,

p%ri di nefo?2 a3-geecabboxyt | eiael dchat would cause substantial

t hi ophene- 2- carboxyl i ¢ aci d,. mercaptosucci nic, acid,

niCOtHﬂQ?%ﬁWEESFEg?BSQ% £fd %aédt -sﬁq%gﬁiEQFg8g§ric

aciod. 5 thdheet®idwwdoel €laim 4, whekelih sakddatat least one

| east one hydroxycarboxylic acid is selected fromthe

metglofiF @BnSFSEPnY 1R P yEBLPELEE: & XMy dFBRy Fropitbrffensisting of

mol?ft‘;'&ﬂenmda(r%y@%g{;gkenaci d, hydroxyhexanoic acid,
artaric acid, malic acid, glyceric acid, citric acid
an@ -gl ucdre c "e&ikpd 60 TREaHBt Hod WReEEdiTn 3dRerafn Least one

met3A LG a-HQYSvEaR! 118 dS1 dlrdgasloRNe HEBMRSup consisting of
sel ected fromthe group consisting of silica,

cobsillti enyericlkelica- alumina, alumna, titania,
ti t@ani a-glum pae L ghr CeRI azaby na, ZHLHUH R, HMEA, chelate is
terrana, kaolin, magnesiumsilicate, nmagnesium . .

selegtisshaf eom nhfe SroMro X @es 1 Yt iy aPEd hyslsomy caFeernlas acids,

i de jpit in ' i v i 2
ecnfidf BIGELR! ! ALRd AU NuBRH dean AGl | VAL AMAdEe g1ycol,

auxf%e? glesél , pum ce, fat ural ¢ aygi g&nthetlc I .
hydglcsgsine@ag i oni etdlvdysnestiamioni ¢ cleylsredpgmine-tetraacetic
i pogi; e'?gnt %{hldir?" é(aolni@ -%@ﬂic&it 19Eonic acid ridine-
aClhydr arci €, an X Ur es Pﬁereé?f fg. %he nmet hod bfpy
2, 3cldicadbavkhel 8¢ n sai dchdat i ng ithiophene-2-carboxylic acid,
mercaptosuccinic acid, nicotinic acid, lactose, and acetone-
1,3-dicarboxylic acid.

5. The method of c¢laim 4, wherein said at least one
hydroxycarboxylic acid is 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.

6. The method of c¢laim 1 wherein said foraminous
carrier is 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.

7. The method of claim 1 wherein said heating is

carried out at greater than about 204 °C.
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carried out at greater than about 204 0C .8 . The
nmet hod of claim7 wherein said heating is carried out
Wo er7loessd t han about 1 hour. 9 . The nethod of PCT/aszm0d/046947
wherein the nolar ratio of said Goup VIII netal to
Goup VIB netal is about 0.05 to about 0.75, and
wherein said Goup VIII netal conponent is provided by
a substantially water insoluble conponent. 10 . The
nmet hod of claim1l wherein said at |east one

phosphorus -containing acidic conmponent is
substantially water soluble and is present in an

anpunt suf figlepbat 0oRr oWidarmdn 2l enestel npheapbor ieating 1is
to Goup VIB netal nolar ratio of about 0.01 to about
cardiedD.oud foThdesst ibgroPRIu M A2NErei n sai d heating

|5 carrfed Qi (o8 &4 d 1 enperalik e e finelamt rati £

_tog'pr _ov*%‘g a c%%acﬁyst egﬁlaglﬂlti ng a Iosls in weight on rarte ©
said gsgbg;@wfvmm) métabsga hgrompouY IB0 Wogl fF “appat 0.05 to

thod, 0 | M le phereidy, sai ¢ i 9@ 1irs achied c
aboq‘r%r a t%’negé%d%.e%%%?at uS%é suf fI:&SIi%en?gtIo provi de a@rulbOnelrl e
proxfjg:lﬁitl) yisy gx hu?ls:c;lamg: 11@14“3304 stalrer chntehtbee SSHHOTET %
ou w 0., . . ret,ho Al ei

salr%lj h_eiﬁllengm‘le%h%gr rcl%(céd cﬁ%ﬁrl agthieﬁrieeqéﬁdglaéﬁ\rﬁfgt u{%aSt one
phoé@%ﬁrﬁseﬁbntaimﬂmgd@cadtatmqmgongﬂﬁbﬁﬁim§%ﬁtantially water

reductiaon jn noisture gconten a . 0, « .
sol%}% 9 fJ_oﬁ;I B\ﬂeﬁgn& elp%r %.fli gaﬁnoo gr%gtggtﬁ'%tl%ﬁ: \Sl)%(%/o provide an
elerdfk a Vhereispidirucatal yatous B otz hewofleid owtage of about

eatin The nethod of claim1 wherein the anount

h . 14 .
O'O%ft%yaEBchr‘@&Xyl ic acid on the inpregnated
e e W e ovsce -
carfboapgHt Howv e THE FETRSd T UL af o 6o LaRer e PTovide 2
cat 888t exhibiting a loss in weight on ignition (LOI) of less
than about 20 wt%.

12. The wmethod of claim 1 wherein said heating 1is
carried out for a time and temperature sufficient to provide a
catalyst exhibiting a moisture content of about 3 wt% to about
6 wt%.

13. The method of claim 1 wherein said heating 1is
carried out for a time and temperature sufficient to provide a
catalyst exhibiting a reduction in moisture content, compared
to the wet catalyst following preparation of greater than 920%
and wherein the catalyst is not calcined following heating.

14. 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 wt5.

15. The method of claim 5, wherein said
hydroxycarboxylic acid is citric acid.

16. The method of claim 1, wherein at least one
phosphorus-containing acidic component is phosphoric acid or

orthophosphoric acid.
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hydroxycarboxylic acid is citric acid. 16. The method
of claim1 , wherein at |east one phosphorus
we e@nai3pd ng aci di ¢ conponent is phosphoric acPdr/vg2006/046947

ort hophosphoric acid. 17 . The hydroprocessi ng catal yst

prepared by the nethod of claim1 . 18 . The

hydroprocessing catal yst prepared by the method of

claim11l. 19. The hydroprocessing catal yst prepared by

the nmethod of claim 12 . 20. The hydroprocessing

catal yst prepared by the nethod of claim13 . 21. A

hydr oprpcessigi catal yst fornmed froma m xture

compr | : oBl-olkeasti Rnecsabti-8ed Jraympdredo the method

cg??l efll;h@éle§'cat g%yti cal Irg]act [ veynetaxljlts 1jljief ul lj’isln
of chmdrr?p{.ocessrng hydr ocar bons, said netals in the form

of a ast r Oyt g at n t

R8m "505 U sF Re eriDa s b dad ot st one ot
of cQ]fcarI{&ﬁrlent _prgyi di ngl at |l east one netalfrom Goup VIII

0 e peripdic ta o LQ) a 0 HC

chélat ARErBS AP eSSy SBoaeT B 0% T apant & e e
of ctllatlmis 1t;h.zeD;mI ar anount of said catalytically active

net al s; ter in a quanti fi cl f

sait i off"Br h\glg§6’é’rrsolcoenssglor?%rFél}éﬁg&%gi ?%ﬁ’%%%g? i 2{3{1} tf/lhe method
of AGidweryrtals and said at | east one organic chel ate

c d; d (E . _
_ggﬁfgghi&&%%%?é¥%c%%%%%%2L%¥tgﬁ%s%ea%519@ﬁipQQ§ﬁpo%USmlxture

comprising:
(A) at least one calcined foraminous carrier;
(B) catalytically 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 1least one organic chelate compound comprising
about 0.05 to about 5 times the molar amount of said
catalytically active metals;

(D) water in a quantity sufficient to form a solution or
dispersion comprising said catalytically active
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 6 wt%.

22. The catalyst of claim 21 wherein said organic

chelate compound is at least one hydroxycarboxylic acid.

23. The catalyst of claim 22 wherein said at least one

hydroxycarboxylic acid is citric acid.
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wherein said catal yst exhibits a noisture content of
about 3 wt%to about 6 wt% 22. The catal yst of claim
wQ@200moea3ed N sai d organi c chel ate conmpound i s apCT/@8806/046947
one hydroxycarboxylic acid. 23 . The catal yst of claim
22 wherein said at | east one hydroxycarboxylic acid is
citric acid. 47 24. A catal yst useful in
hydr oprocessi ng a petrol eum feed, said catal yst
conprising at | east one catalytically active netal
from Goup VIB of the periodic table, at |east one
catal ytically active netal from Goup VIII of the
\?\%rl o_diAE: t kﬂael é\poqu?ﬁyf W afdedbetbogsagent , a petroleum
&rei i (c% sald neta s, phosphorus_and chel atin 1vticall
feedagentiar e ceararliyest orcernral 2ined 3or al®Adhs ‘&%?ri‘ég,ta ytically
.(B) sajd-.catalyst, ls_n al¢i negef gl QWi table, at least
aCtlig’ﬁprrE%ﬁ%}i g)aftnrovmlxt Ergano&rrIga:og and chelating agent; and . ..
one (@rdhe hoaSlyr actoneemetnfl sEremcararPsV il the Ehgr periodic

of said hydroprocessing NiOonaboyindHramBe (a) said
tablgg Rh8a°‘P§1% S u?ggul i %%%‘%’grel ul f%ri zation and
netadr odenbéphbrieat kod ofchejdrdam baBSNEai dreat §PySEed o @

conprising at | east one cat t | . 2GHI M8 MBEahot calcined
calcimysid é%ﬁ%mwgugf Ctat'}férlpeegr’l 0 |%:/ tgggbe, “at I%ast oneo_
follwi:}h%_t Hﬁ\?ﬂkﬁ){grﬂﬁdﬂh&e F}m&taﬂ daidn @egwed s/ fndofchelating agent;

periodic table, osphorus and a che gent, the start of
and pHek eFRE Rt nEgEFg,n%pﬁggp %}%sggkr%&%ﬁgl Z’%na e sFer
saic%‘qgi’&rc%ﬁo@aggiie@ abcutca ortfedcd orlagithoGs WE& i er ;

% oqrit | GiF WKl (IRtAT s A cRSPRT AT e kg =
hyd%éa%%?gr%?géﬁgﬁ%ﬁﬁHﬁ?H&d?&caabdneatagﬁd_aapahgsgtgﬁmprlslng
at Jeanbosnes GRY6LETABONLT6 AR IE Moral Crod GrbGBIYB of the
periodic table, at least one catalytically active metal from
Group VIII of the periodic table, phosphorus and a chelating
agent, wherein: (pn) said metalsd, phosphorus and chelating
agent are carried on a calcined foraminous carrier; (B) said
catalyst is not calcined following impregnation with said
metals and chelating agent; and (C) the moisture content of
said catalyst at the star£ of said hydrodesulfurization and

hydrodenitrification is about 3 wt% to about 6 wt%.
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