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; e3e?<62Tr fL.. Z 0 JU ~ zQQ 3 PCT/US00/ 00994 This is.a

. conti nuati on-in- part of USSN 09/ 231,156 filed on January 15, 1999, zm h |s

a continuation-in-part of USSN 08/ 90U 389 which was filed This in

rel ates t WR004212% y hydr opr ocessi ng process -for upgrading acmmsnmﬂoon

f eedst ock containing nitrogen and sul fur using bulk nmultinetailic catalyst
conprised of at |east one Group VIl non-nobl e netal and at least two G oup
VIB netal s wher & R) (12 . SNy b H . ‘ LA

about 10:1 to about 1:10. Hydr opr ocemﬂﬁm@es a varl ety of pr ocesses
wherein the quality of WD 00/42127 feedstocks, typically petrol eum
feedstocks, is inproved by treating the same with hydrogen in the presence
of a hydrotreatl ng cat al yst Varl ous types of reactl ons may occur during
hydr ot reat i ngCRG : d : * AP GAE

t hi ophenes, benzothlophenes and dlbenzothlophenes are desul furi zed. The

t hi ophenes, nercaptans and disulfides are representative of a high
percent age of Thifelstapeentinationrint part PHHESN K)Qél@t,biﬁ(@f:dmvhﬁyoﬁenes and

di benzot hi oph ar as the predom nant fur fo n heavier feeds
such as i ght ?§§§’a‘fvgiq ‘S@r%ﬂﬁ’r“ag%‘l"ﬁ’éﬁlo Mﬁﬁﬁﬂ%@ 3%%&’@%*’9%@5 8?‘1% (VX)) ,
Hydr opr ocessi ng L 3 &Bayes nitrogen from various nitrogen conpounds such
as carbazol es, 6§7‘¥ P’n and acridines. Hydrotreating can al so hydrogenate
~ n .~ur~ zoa~ WO 00/42127 zZ ' PCT/ US00/ 00994 aro s, existing
as condensed aromatic ring structures with 1 to SW”HWQM@M}EU C rings
such as benzeWﬁMﬂNﬁanene napht hal eng phenant hr ene.

The nost comon hydr oprocessi ng process utilizes a flxe?foooed hydrotreater
A fixed bed syste however.

sever S dvanta es or in
i tations. A rel o Tt meytlpawefaémeﬁé?mbyamrm 5 imtaces® 61 Sieding
catalyst. a Lot eI ARG LR G BRI AN A hRR o

rates for the rogena i on o Fomatics an renova

ni trogen and ayﬂaiyyt coth %drB%‘ta?'léaﬁl oﬁeeGP&J VeRLRA.ndBle hital Ak 183D Hyo at
relatively higher tenperatures, fixed bed systemsuffers fromequilibrium
limts with rehbeptVltB)niemsdagzrrem thé rafosPGrasp Wﬂm@gemtcmF WiDirieed! is
limtation of a fixed bed systemis the difficulty in controlling the

t enper at ur e pabout E):ilfobeut htlfl yst bed. As a result, exothermc reactions
may | ead to undesirably higher tenperatures in domnstrean1beds and
consequently an unfavorabl e eqU|I|br|un1 Still a furt r im j,on of a
fixed bed sysig TN SRRt g8 ) p may be B WHmmmﬂ@ﬂM" when
enpl oyi ng sma partic ' T edu di ffusi ot Tmres. nally, a
fixed bed systen1suffers fron1cata|yst deactivati on, whi cHsgquires
periodi c shutdown of the reactor. Hydroprocessing processes utilizing a
slurry of dispersedydioptocessingnncludes a variety of processes wherein the quality of

feedstocks, typically petroleum feedstocks, is improved by treating the same with
hydrogen in the presence of a hydrotreating catalyst. Various types of reactions
may occur during hydrotreating. In one type of reaction, mercaptans, such as
disulfides, thiophenes, benzothiophenes and dibenzothiophenes are desulfurized.
The thiophenes, mercaptans and disulfides are representative of a high
percentage of the total sulfur in lighter feedstocks. Benzothiophenes and
dibenzothiophenes appear as the predominant sulfur forms in heavier feeds such
as light catalytic cracker cycle oil (LCCO) and vacuum gas oils (VGO).
Hydroprocessing also removes nitrogen from various nitrogen compounds such

as carbazoles, pyridines, and acridines. Hydrotreating can also hydrogenate



adm xture with a hydrocarbon oil are generally known. For exanple, US
Pat . No. 4,952,306 teaches a slurry process for hydrotreating 0

m d-distillates using a catal yst conprising catalyst particles 1 r% #meo
118 inch iWORHeRFe di ameter and characteriZ2ed by a predefi REW/USON/EIOYHSt
index as set forth in the clains. ..k~ . r [~SOp/ pp 99 ~ PACE 3
SP~A/US | 4 AUG QUO0 Also, US Pat. No. 4,S57,821 to Lopez et al discloses
hydr ot r eat i ng OMAICIINPAUBIshexsingas cengensgd agoraatid RBGISHYFRgesWithr lyto 3

catalyst. Qther patents disclosing slurry hydrotreating, include US Pat.
Nos. 3, 207, ST 11068 BTOmalic HAgS SUCHOS, mpn%|m?kﬂfsu§ﬁqlt@wdab®2ﬁnedi halens,
herei n by referecBCﬁ. i | e conventional slurry hydroprocessing has net with
varyi ng degr ee¥'%P €Bfal success, there still remains a need in the

art for processes and slurry catalysts that result in inproved yields and
selectivity. As the supply of low sulfur, |Iow nitrogen crudee2s decrease,

refineries are n . ThETAGRERNs bR nBLRBLRL uRHLELK rARY syt rogCn

contents at the sanme tine that en ulations are mandati ng

llower |evels ofydlagesteneA Tl MsysitnP IFMG]eP; hdskeBR) 389{]9@&9@@0:‘( i"fﬁmnleﬁt of

conmpounds, reldted to hydrotalcités, €.g., annonium nickel nolybdates, has

been prepar ed.liiRIi6As. At Felativbly Idwaeérhperaiias dad empisying awoniBational
hydrotal cites are conposed of |layered phases with positively charged sheets

and exchangeabtatabyst, anfsxddloed sydtém is tieargetetieed by rélativelgiotheastiertacs fdre
rel ated ammoni um ni ckel nol ybdat e phase has rmldybdat e anions in interlayer
gal | eri es bondég hysiregenasionsyhylii-org dromataest and the remowaleof Hignoger angisalfur
Levin, D., Soled, S. L., and Yi n% J. g Cryst al Stgu,ctrre, f an Anmoni um
Ni ckel Mol ybdaifeth§raaiariabibeips treafade Sin theathesihand, atrelativshyhigher cheni stry !

Vol . 35, No. 14 . 4191- 97 096). Th ti . of .. h nat i al
Mso bas been ity TRy Sl e Rdrom cay brags Lnitsy isipds o

199 | ); Ann. i 3.7-43 7), and C. R Acd. Sci. 304 (I1),
# 11 , 563-6 ‘?%9‘%)’%%%3}3%81’%%?3@5%%% State |onics, 63-65 (1993)
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| oan Consequently, a need exists for increasingly efficient desul furization

and deni trogenat i onAgatiar Yishitatidiofs 6REQ BBE By einhis thediffiesieyin tontesllinghe
there is provided a slurry hydroprocessi ng process which conprises

hydr opr ocessi nignapdrguiropenfiionn theedsalyskbabnhsianesidt, ekothegeic mwadtiond may, at
slurry hydrotreating conditions, in the presence of a hydrogen contai ning
treat gas and leaditpangdesitably bigher femperrtures in dewastream bedsaand conssapenthetn of

Rt TSROy i SRR
oo o O BB o BB bt Sl e TR L,
represent ed by gk uffflion (R VoI iRked HREE Rham Xyfierraaneaphe & oup

VI rre_tal, and the nmolar ratio o _the_rm ratio
of c:d is >_ Od&ddtivatioNOwRich rediires ¢ sHutdbher eftttie FQRWIL i Ng I n a

feedstock with reduced 1evel's of both nit rogen and sul fur.
Hydroprocessing processes utilizing a slurry of dispersed catalysts in
admixture with a hydrocarbon oil are generally known. For example, US Pat.No.
4,952,306 teaches a slurry process for hydrotreating mid-distillates using a
catalyst comprising catalyst particles 1 micron to 1/8 inch in average diameter

and characterized by a predefined catalyst index as set forth in the claims.



. non-noble netal is selected fromN and Co. In still

I n anot her preferred enhodi ment " of t he present invent w'@e G oup VIII
al IS

rfgf
embodi nent of the present invention the G o¥ffBAII maei SAP@a’ﬁp@ﬂ%‘? 4

X-ray diffraction pattern of the catalyst is essenti Ew S AW
"crystalline peaks at d = 2.53 Angstrons and d = 1.70 APngs r %hPﬁnmék?mo
anot her pr ef er r edAlsopUdi PeeniNood,S5N82 pteEopdz étral dircloses hydrotredtarg a at | 9 CfUNDD0

(c+d) is 0.75/1 to 1.511 and the nmolar ratio of c:d is 1/10 to 10/1.
AVENDED SHEEwaVy pilemplayrg-2- civgylamgisiury catabyst. Otwrpstrotodisdasing shery |

Fecdst ock | SRTBRERL MRS Brt s IRrakr: ZEEeSohnd £780 P e en, o
a tar sand cQRE 3k HtoPsRaRIterdil bYHfR&lcePr €f erred enbodi nent of the
present inventlon tﬁ[eb ?i‘lsstl I'late bgl I ng range feedstock boils in the range

of about 175 to about 400C. In a preferred enbodi rent of the present

i nvention the G VT non noble tal is nickel. In _another preferred
enbodi nent  of thmls§eaventmm slugy hydeonraesseingdias met il vary Sin the

presence of . L J1et o t pr e t hait

conpri se: (a@g’é‘g".ﬂE‘SC‘%héé_%g’é?’%‘jéas(?‘%}g’ﬁ}“?k@s‘%%éﬁgﬁ‘é%ﬁg&é’s’ gér%?%ags}]on car bon
content up tduaPenfalyats that %ﬁlt%irﬁﬁx’&ed?&@dﬁnd@é‘l&ti‘vh?! mal 'y deconposabl e
met al compound 1 n ani anpbunt sufficient fo provide the ratio of atons of

f eedst ock Conradson carbon, cal cul ated as el enental carbon, to atons of

met al constituent f said one or re thermal |y deconposabl e net al
conpounds of | es ¢ the-supply ¢! Ipugsul rloOWSNITgeeR £ deg deaTERse RetIneHEs 5 at

| €ast one & - I l's; (b)
et | ng sai PRER O RAR cfedlE AR R RludERToniclR AV Gk Bl 01 o
an el evat ed éxﬁﬁmnfetnwlee%maﬁm dre esmidatng foveeryelo ghihesohdtanoatongs @as t o

produce a solid high surtface area catal yst conprised of at |east one G oup

VI 11 non-nolreduetsal and at |east two Group VIB netals wherein the ratio of
Goup VIB netal to Goup VIIl non-noble netal is about 10:1 to about I:10;
and

In one approach, a family of compounds, related to hydrotalcites, e.g.,

ammonium nickel molybdates, has been prepared. Whereas X-ray diffraction
analysis has shown that hydrotalcites are composed of layered phases with
positively charged sheets and exchangeable anions located in the galleries
between the sheets, the related ammonium nickel molybdate phase has

molybdate anions in interlayer galleries bonded to nickel oxyhydroxide sheets.

€D

See, for example, Levin, D., Soled, S. L., and Ying, J. Y., Crystal Structure of an
Ammonium Nickel Molybdate prepared by Chemical Precipitation, Inorganic
Chemistry, Vol. 35, No. 14, p. 4191-4197 (1996). The preparation of such
materials also has been reported by Teichner and Astier, Appl. Catal. 72, 321-29
(1991); Ann. Chim. Fr. 12, 337-43 (1987), and C. R. Acad. Sci. 304 (II), #11,
563-6 (1987) and Mazzocchia, Solid State Ionics, 63-65 (1993) 731-35.
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(c) recovering said high surface areéa catal yst. r P?E"' 51) /9
DESCRI PTION OF DRAWNGS .. . ~-f~S DO ~0~9 9 ~ ~p~US ﬂj~iﬁ20 00-994

~'~N 103 Figure 1 is the X-ray diffracti on pgég£rn ' . .
conmpound prepared by boiling precipitation before %qu)mggnnod

‘after calcining at 400C (Curve B). Note that the patterns for bot&@t}m\‘ 00
precursor and the deconposition product of the precursor are quit i Fgr
with the two peaks at essentially the same place. The ordinate is relative
intensity; the alswiseguently, aweed bxists forlimgreasingly effigions desfisizstiomand- r ay
diffraction patterns, b CiJKa radi ati on (~.=1.5405A), of NH4-N - Mo, _x WK-O
pr ecur sors ;téqune@qm,éatgylsgs. MbO, 9WD. 1~ curve B is MO, ~WD. 3~ curve Cis
Mo~, 5W). 5~ curve D is MO0, 3W). 7~ curve E is Mp,IW.g, and curve F is
MoOW . The ordinate and absci ssa are as described for Figure 1. The
invention | SUNBIARY QPR THE ENdi[epvery that nol ybdenumin a N . -....
Mo phase nmay be partially substituted by tungsten. The resulting phase is
an essentially ammoni a-free, substantially anorphous, oxide phase which
upon sul fi dat i on Ipresarderceswith teepresent anyeantion dherevs prpvidedaa slugyt o t he
unsubsti t ut %d Ni Mo phase. : he .i.nventian ihs | so based "1nd ﬁar% on the

di scovery ofYGEQRIP g‘géHHF%ngha?mPEé%% YORPTEFHS AR RYCTREHPABDLI e net al

and at | east : [ i : : etal to
Group VI 1 rgrtiech Qtfuitin fE LT and WARE, ) ity hodrefind GRRGASITELR, o1
conposi ti on the presendedpftaohydrogemv@itainiiy e gae and adthiepredenteiaf a pukkl 1

hydr oprocessi ng processes to treat a plurality of feeds under w de ranging

reacti on cordviimsiallis gatalyss comppsedhefatdeasspne Cspnp Vollinenamdde mefatmpeD SHE?
., 2 0 JUG ~0O-? 0@l 421. - 71+ P 00/ QD99A. vi scosi twd ndi ges,
S5Turates. cOME ™ Cr L RHR el and R e TR PPy s P 0

erol ari zat 'G’r'&up'\VIIl ﬁoﬂ-ﬁo@l@,xﬂé’@?fs%&ﬂ%éﬁ@m:Wéj,ﬁl%iftqgﬁﬁs' ng of the present
i nvention can be practiced in one or nore reaction zones and can be

practiced in either countercurrent flow or cocurrent flow node. By
count ercurrent f lnwprefégedembedimeantthe butksmnliunetalligrcatalyst itea f eedst r eam

by opr ocos G ikt bufk eyl SiFetai PAMETPRoamg By TR A ol yat - bed
ar r angement (wgisio)Ta7), GXAMRkrEin Xtis § 880 3ok GlAREY A sherl Wid thelifdlar O

ebul ati ng bed” A Wde rénge of petrol eum an m cal hydrocarbon
f eedst ocks catio bEb(c+d) is 0.5/1 to 3/1; the molar ratio of c:d is 2 0.01/1; and z = [2b +

6(c+d)]2, thereby resulting in a feedstock with reduced levels of both nitrogen
and sulfur,
9,
In another preferred embodiment of the present invention the Group VIII

non-noble metal is selected from Ni and Co.

In still another preferred embodiment of the present invention the Group
VIII metal is Ni, and the X-ray diffraction pattern of the catalyst is essentially
amorphous with crystalline peaks at d = 2.53 Angstroms and d = 1.70

Angstroms.

In yet another preferred embodiment of the present invention the molar

ratio of b: (c+d) is 0.75/1 to 1.5/1 and the molar ratio of c:d is 1/10 to 10/1.

AMENDED SHEE]



hydr oprocessed in accordance with the present inventiogn. Suitable

feedst ocks, which will typically contain both nitrogen and sul fyrg jiNliude
whol e and reduced petrol eum crudes, atnospheric and vacuum resi dua,

asphal t ens odaezphal ted oils, cycle o0ils;5FCC tower bottongTngsasombd S,

‘i ncludi ng at nospheric and vacuum gas oils and coker gas oils, light to
heavy distillates including raw virgin distill ates, hydrocrackat es,
hydrotreated oil s,IndeMbaeather preferstdiembodimeent dfitse pegsénipseritiomvhes,

ruf finates, naphthas, and m xtures thereof. Hydroprocessing of the present
invention al sbstillate Jeedstetlursraprothiceolpétaleuy, oﬁdghy@mlps eodi hijupencwsses
for the renoval of sulfur and nitrogen conpounds and the hydrogenation of
aromati c nol eclar sangheergisionprocesst fossil fuel s such as petrol eum

m d-distillates. Hydroprocessing processes utilizing a slurry of dispersed
catalysts in adm xture with a hydrocarbon oil are generally known. For
exanple, U S. Pat. 557.821,to0

No. L. | di . . h i
heavy oil enpl oyi ng a&xo&lﬁlc?rcmﬁgqqerfbe@pa&?@ezrg%&éﬁ?@glﬁe{sgf&ﬁg&st%{tg%gigtﬁﬁii%Pgsfing

2, Toor ol 5. Southg PihgrfEediBsl, i o e R of Bl g BOBACAN Chp S

4,313,818 and 4, 244,839 teach a nethod for preparing and using high surface

area bulk metal capxa %ﬁetfénl?aremb%ta%w@omle?rééaﬁ{ mehaoﬁpﬁaaty‘ﬂjgvngp@n- oi |

feedst ock. The netal precursor conponent conprised o

deconposabl e i@ aieisl ivhieitell S heated in the oil and in the presence of a
hydr ogen contai ning gas to produce a solid high surface area bul k netal
catal yst. Both of these patents are incorporated herein by reference. The
sl urry hydr opr ocedsi angptherquesarrad embedimer eifithe presenti iomertam the fpedstadkaed by
introducing a djstillate boiling range feedstock intg a slurry

hydr opr ocessiligirepmeessed iBdhe peessaragf thesudk mutimesaltip ¢awhirsd preparedby
reactor, tr~ feed, is m xed with a hydrogen contai ning gas stream and heat ed
to a reacti orr'¢RSHBRLSRMPESE N a furnace or preheater. Alternatively, the
hydr ogen gas can be introduced directly into the hydroprocessing reactor.

of the react or ot fdent a0 BkFRaPRET FesREioBk SU AR KofRRibh BT i
react or 20”9-co’ﬁ?@)tﬁfgg%ea%%u‘f(30%&%;?{(’:‘3&&@,@5*%%8@ BeRRSN P deddiRdsable | |

depend on such thin as the par ar eing treated. In general, for
distillate fegesl compoahdiinnhinihgitiseffidient o Qrevideahs ravd of stoisafl y be at a
tenperature of about 290 to 370C, preferably about 315 to 345C, and at a

pressure of afsedstodoConvadsp@icaripei,galqulaiéd aableyneaitaltarbo) to ota@dofmiete] The
hydrogen treat gas rate_is_suitably about 200 to 2000, SCFB, (standard cubic
feet per bar re@mstityents f smd pngiesumonsghermslsder ogapgsableppetal sempoyRdsRei ty or

fo 2 Egui‘sf'eﬂkés i | Bt 759 8?”,11f‘?pﬁﬁmé@?ﬁrﬁfﬂﬁm@@&&%&?ﬁi%@Sﬁéﬁﬁﬁé\%t\@ﬁ‘)ﬁén1be
G sengagi ng. rneSeRaRtef Ao b ISt 318 183% 1 "ammoni & and hydr ogen
sul fide by-products fromthe hydroprocessing reactions, may be separated

fromthe |iquid ef(fd)uenﬁeatinggsaid'theﬁr&n 'd‘e'cam;ﬁfé’s‘fblm&@'éo%;?c?udd Within said
PCT/ US00/ 00994 and recycl ed "back for réuse in the hydrogen stream The

recycl ed gas fegdstevkabt an phsaed tehipevfiircinsthe phdsehct of b dyoregehyubnoining

sul fide and amonia. This is usually recomended because of the inhibiting
ef fect of sucgasgageeducre 4 belidhigh surfacefaresy datelystaempysechof atlleast boe (adupe
corrosion in the recycle circuit. Fresh make-up hydrogen can be introduced
into the recy¥ldnonrnalile metakand gfuieastawol Gronp YIBmeatals whesenitheranasebar at or
can enter a sqlids separator, which may be a filter, vacuym flash
centrifuge orOrwp ViRanetahtobaeup Vllnan-peble maet ’ér@ﬂ‘bg‘k‘#ﬁ@ akﬁ@%liclp; and

effluent into a catal yst streamand a product stream The product in stream
w ll be suitable f@r bl endi ng in Ioﬁ}ae gi ﬁ§e| gool %r?d tcont ains less than 5
ppm ni trogen and |'&€ds tF&QVsOngSaidRigh sHEAc aca Rl Yt quct is typical Iy

reduced in sulfur as well. In many cases, the product is given a |ight
caustic wash to assure conplete renoval of H2S. Small quantities of H2S, if
|l eft in the product, will tend to oxidize to free sul fur upon exposure to

the air, and may cause the product to exceed pollution or corrosion
specifications. Slurry hydroprocessi ng operations enploying a circul ating
slurry catal yst



are known to those famjar with petrol eum pr ocessi,_.pg.m(ﬂs ﬂoﬂc‘/alog 9r9)7+

hydr opr ocessi ng operation the slung catal yst consisting of very snall
particles made up of extrenely small crystapidd&£s a substantially
honogeneous di spersion in an oil or water/oil m xt m@&ikﬁ;ﬁj@rzmﬂ
catal yst conprises Goup VIB netal disulfide which is probably struct Lm%r\
mol ecul ar | y BRIIE BN R S netal atons separated @ﬁi '

| ayers of su » ] A sites concentrated at the edge of each
basal plane of the Goup V1B netal atoms. In nost slung hydroprocessing
operations it is _desirable to separate substantially all of the catalyst

fromthe |iquid HyguredaissbeXoraydliffraction pattemine asp Nt War-@ cemppsnd ypi cal |y
carried out under ,condi.tions which imze. se at i t roduce.a

recycl abl e &LtRaed BB Prspipiafion Reors tcnng tuitys A) and e ealeifino . wo
00/ 4z127 ' ~ ne L 1 DR d or
conveyed toatt %gof(ggm%ﬁlégq?gét@%qggp%@%%@rpg?llrl gﬂa’d@g%‘]@ﬁom a%out 5 wei ght
percent (" wdec8fpotitiopppoduct of e précurpsrefre qahet yimitartwith thRne pdaks apm about
10 wt. %to about 50 wt. % and even nore preferably in the range of from
about 15 wt .essentislizilagisarge place. Fhe vrdinate paredativerintensity;rthg absmsgpeils twe he use
of centrigu?ﬁé gﬁclon s, filters or even settling and draw of f. The bul k
mul ti met al | itC1RAHEECCYs of the present invention can be prepared by several
different nethods. One preferred nmethod for slurry hydroprocessing is to
add one or mare thermal |y deconposabl e netal conpounds to the hydrocarbon

f eedstock, or to RgwedeshoweenRtay diffrdvtidhGaaeRRNby Cal fidkatiokhe thermal [y
desonposabl e conpounds) wi |l be representative of the one or nore G oup

VI 11 non- notfhe 1540543, GfiNH;,i-Mo, [#iW,eOGrecyrsafis BvireeeialcarediAtisconpri se t he
bul k catalysts of_this invention. A sufficient amount of the deconposabl e
metal conpod¥iee)pWo.e. cure B 5 Mporiie 3 acurse Cois Moas Witk 5. fureg B isdson car bon

M

(cal cul at ed n e t. t l..C tituent
of ‘the ¢ nor AAPpSVIETohBYS A0 1 n b RIS SENBET. The BRiai AR, ' 750
to 1, preferpbtiysd £8as dosdtitRaqut Fodf: 1.0 1, nore preferably [ess than about
|00 to 1. Suitable ranges of ratio of atonms of Conradson carbon of the
feedstock to atom of netal constituent of the thermally deconposabl e netal
conpound or i '@M@%ng fromabout 2 to |l to
about 600 tmmimm out 300 to 1, nore
preferably fromabout 4 to 1 to about 100 to 1. Thus, the anount of

h Iy d b J Wi i h
Gonr agson car bon W prethis pASRPR AT 108 Distbery BROpERRBIMAIANH 17
required to Mblphiate MagibeartiABLsubtBRateddtyuyipiten S The G‘ésultwg%?hésléﬁs twermal Iy

desonposabl e netal conpound or conpounds are added to the feedstock oil, it
f Lgst di ssolesssntiaily @nypenigdied, aubstantielly ameaphouspoxidegbaee-wghomon2127 *+ > >
" TPCT/ US00100994 . subsequent | under, catal.ytic,preparation.conditiens
herein desCrspgtgé(&nopgrggﬁ%pg%d@cﬁcaialyﬁga {S%%ydr%%?‘fgpt&}ﬁf Pﬂﬂbasﬁﬂqsé bg't al yst

of the pres ‘Mﬁgha%’é? ”I“l'xé’ﬁweﬁﬁ@n {sedsbRel iﬁ\%ﬂi’ bh$hdGistSery bECHRLYsYs _
deconposabl e tal conpound or conpounds s heated at a”tenperature rangi ng
from about 206Gihingabisast SOGroyp EIEnabingbkimetal ampatrlasst teorGrogprdlB r om
about 260C to about 480C, nore preferably from.about 315C to about K 450C, at
a pressure dnetals; whereir thssistieof Orepp YiBapetehiosGraup YT ppameplgimetal is
super at nosp [ Gl r of a hydrogen-containing gas, preferably
one that al Qg&@(%ﬁf’gﬁ L@?ﬁ§85§§g?\ia%'ul fide. Suitable total pressures in the
catal yst preparation zone when the heating step is being conducted include
a pressure ranging up to about 5,000 psig, preferably rangi ng from about
100 to 3000 psig. i i i i ; ; iri nutes to
about 4 hours, prTe ;Eragﬁyéf}eﬁ‘orgm g‘t?gtr}tcaio fg&?%?ﬁ?gﬁxgggﬁtﬁlﬁglﬁﬁgﬁ;@ Cont act
of the sol utvifthalinaik hydersprboessing peguesses ito treatonplural ity of feedshmdeewidd-on zone
wi th the hydrogen containing gas converts the netal conpound to the

cor r espondi MgNEBEIpactignAopgitionsisucinay teawpgraies of fome 296t 430%G 1 enoved from
the catal yst preparation zone. The solids nmay be separated fromthe oil by
conventional neans, for exanple, by settling or centrifuging or filtration
of the slurry. The recovered solids are the high surface area bul k

catal ysts of this invention. The feedstreamis contacted at hydroprocessing
conditions with a bulk catalyst containing at | east one Goup VIB netal and
at | east one Goup VIII netal ’AMfNBH?Sﬁ%by two G oup VIB netals and one
Goup VIII netals, nore preferably N'-M3-W The bul k catal yst conpositions
of the present invention can be prepared by an ex-situ process wherein all
of the metal precursor conponents are in solution in a protic liquid or
where not all of the metal conponents are in solution. That is, a process

o . LY. .




WD-00/ 42127 ' ~ 2 ' PCINSQ0/ 00994 | east one G oup VII|l non-noble t(ﬁhlj‘?ﬂm
. component with at |east one G oup VIB netal conponent in the preserc (;\f a
protic liquid wherein during contacting not all of the Goup VIB and/or

G oup VI I Wbl e nmetal s are in sol utiei: Anot her met hod®CTraISoppephri ng
the catal ysts of the present invention is where not all of the netals are
in solution. Generally, the contacting of the metal conponents in the
presence of tWHecCeRiHt inditesqedturatesgomiterdsiaw samperatice propertico vpatidities and
subsequently reacting the resulting mxture. It is essential to the solid
route that atdépodamzatien.nBisto ko stood that hydaeprosessingef theaqreseptin t he
solid state during the m xing.step and that the netal of at |east one  of
the netal con'P¥RBHOR CAR;iberPraciicedyB one QI dreredeagtigszonss and ran bemracticsdiig
state, remains at |east partly in the solid stat gﬁrin t he m xi,ng and
Feact | on st egfithepsonpierchiten fow ok cORYTERICLOW F0dRe oY ERRNGERUATEN {OPY o

nmetallic for esent_ in a netal conpound ch as the netal conponent
e i tral Ly Tu8ge G PRER AP udibds RN B (e BTG oA R oGRS
General |y, dugi P Nalely X T84ol b

i ther a1 cae Tow ot HYGHORG. EmBini il bl THe Y RBRRRERIN FealRiraaflalso,
state and at B&apératéttin®i ui%’l@&ﬂﬂ%t-bédﬂﬁ méhttxﬁSdéOFé&t&a%}ﬂE,ei,t ctp all
nmet al conponents are added at |east partly inthe solid state, wherein at

| east one of Henefined bed; shimyttd, omdbalatingipdnent s which are added at | east

partly in the solid state remains at |east partly in the solid state during
the entire process of the solid route. That a netal conponent is added "in

the solute state" neans that the ol e appunt, of . this net omponent, i s
added as a sol utio wﬁq mngeﬁépang@aﬁbemféﬁbemwai hlédf@%‘tbioﬁlpi?&w S CARPE a
metal conponent,.is added,!at | east part in the solid at e s .t hat at
Tenot partof MATEPRATIFEL BrssnEfcr SR EPrasend rvepisd, SuiteBie BRackna
optionally, : - 0 i i f
Chi s motal | conpisiERiRRibieRly balFEbath ARGRALER sl HERUSphBlc3Rid kiRt
suspensi on ofpdrolenm crudes, 2amBsphdricarll actiulf¥idu3; asphaiends, Qbkaphafied et al
conponent in a protic liquid in which the netal is at |east partly present
as z 0 JLi N 26i0(q cychobils, FGO dowpt barths,yeap dils) mctlidisg bingsspherit had paotum
liquid. To obtain a bulk catalyst conposition with high catalytic activity,
it is therefogas qisard cokertgaatoikshbghtetpdicavy dpstitlatassinclndingraay wirgin | east
partly in the_sqlid state during_ contacti are porous netal conponents.

SQ ng
It is desireddisHHateshydreerackates, dydmtrpatedoils, sisPaxss s Alagk WBYES: Sischer-
t hese net al onents is roximtely the same t hase of conventi onal
hydr ot r eat i n?@?ﬁﬁﬂ?’é‘?s’ éﬁgﬁtﬁf’ir@ﬁgﬁ’%ym‘&m’é@f?% € é’?‘al ysts generally
have a pore volunme of 0.05 - 5 mM/g, preferably of 0.1 - 4 m /g, nore
preferably of 0.1 g - 0f : erm ned
by nitrogen adsor pﬂ);?ﬁ%{ggs%%gfﬁ%ﬁ él&fgﬁi er)(lgﬁél{be%c{ dgﬁ 1L{ 1-ﬁlmg'gére
general |y noteRIRIRIY bédhG@RPASHeERAR brodedsQlfoptd fenal af ¥slifer amm?rm
conventional hydrotreating catal ysts have generally a surface area or at
|l east 10 n2/ gcampoundsand tiechivalrbyertiontoflapamhtidthoteéeaprtsemsin liphe fagsdbl y
of at least 1 GO n2/g, determined via the B.E. T. nethod. For instance,
ni ckel car bonfiteds such depethaisem mid-distiHatesa Hystraprogessing/ pragessesfutidizirgg a 0. 39

m /g and preferably of 0.24 - 0.35 m /g determ ned by nitro,?en adsor ption
and a surf aceSlury0Tdispensed catglysisringdaneture Matipa By dreeargenegil arogengrdlp) g

houl 4 have. SCHRNPAT MG USabek 10 gro 81 DILOBE? il ARASS%S: of or ably
F_Et e e i‘h’3nﬁ%e%%%nﬁ%%fﬁ%%ﬁéﬁle&ﬁfﬂgﬁfiiﬁtﬁi‘r?&?ﬁ88 AL SRR, Gt Rty o7
s vim For | o S e e LA o A W st

partly in theysgbighstate and which has a large nedian particle dianeter,
the other netal components will only react with the outer |ayer of the

| arge metal conponent particle. In this case, so-called "core-shell”
structured bul k catal yst particles are obtained. AMFNnrn cucc~ _, .",..,

_ ~zZ 0 ~u~ 200r WO 00/42127 ' ~4 ' PCT/ US0O0/ 00994



An.appropriate norphol ogy and texture of the netal conponent can either be
achi eved by applying suitable prefornmed netal conponents or by pr?BamNri@j"’
t hese netal conmponents by the above-described precipitation under such
condi ti onwa émed212zr sui t abl e nor phol ogy and-8exture i s obtai nacirugsopowper

sel ection of appropriate precipitation conditions can be nmade by routine
experinentation. As has been set out above, to retain the norphol ogy and
texture of the metBl.S.cRatpatridos.st, 343,88 and 4c2idicsB htcackasnethadtfoy prepating
solid state, it is essential that the nmetal of the netal conponent at | east
partly remai nand usingdigh burace arece btk megaltdatal ysto by preprromsthem msits is e d
route. It is noted again that it is essential that in no case should the
amount of sol hydresamion ailifaedstocke Theovetad prsicurdes coniponenbisteomprissaed azer o.
The presence of sohi d, net al cborrpri sing partic¢les can ef_gsi_Ly e detected by
visual i nspecticgRaly degamiposable semmoynsdivehiclhis heated 81 the gihand & e nreseRss ch

the netals are.c rised is.larger than,the vel ength.of visihle light. O
course, net hots? gg&?gﬁg CONIANING BASHP Prfyfse2 é@&ﬂ“@g%ﬁ'ﬁf%@[‘@ b’@l‘ mda
forward scatter,l igh are known to t.he skill erson n al so be used
o ensur et et No o BRY ofthese PR e intoris el PR RERME Foule, ot
netals are in the solute state. The protic liquid to be applied in the

sol id or_sol uti on TRYLAA! bl ModrbANERE #BcdL R EPRSEAANGEAbY oin gan be any

protic liquid. Exanples i'nc wat er,” ‘car boxyl1 ¢ aci and al cohol s such

as methanol Opra@tibedBY intro@icEng R distilfatk bOHling 2ABPFeisitiekWRIPA SR as
m xtures of an al cohol and water and nore preferably water is uséed as

protic |iqui dhydroprocessiagirdadtont Befobe beir pdssédiy thertidréprocessinisreasfor e~
applied sinultaneously in the solid route. For instance, it is possible to
add a suspensfesd ipimixedwtiti a bypdgestontainiagigas stretm and laptedtosa salctionon of
anot her netal conponent. yC~' /USOCQ @ gc PACE 15 | P~,~~S ~ g , AUG 200
The Group VI BemResatuge Hee fimace enprehsatercAltemative]yrithe/ Rivlragan gas pan-be -
xtures th Sui tabl e Goup..VIll non-nohl e  nmetals

Z~ii.: tungsten r m r eof,.

are, e.g.. i riodugad ditectly angithe BydiABroCRsSRBTREFISh! ThpFeAIPLEAT)aIng the

conbi nation o c onents ¢ risin j ckel . sten
or nickel, co%gﬁ?%f%ﬁﬁggg%ﬂﬁvé%?ﬁﬁ%bgﬁ’ i CCXB%I (?tggé ¥€a%?€€é%®ggte\tg§ r}gf t he
olid route. Qb Gl - quid 1.8 . j ickel conponent

\?\,hi I(:h arg at #ﬂfgggp ES@F‘? ‘tl!illlctlﬁﬁJ '?ﬁgqs'*&?ﬁ’ﬁgé*ﬁg‘?“e uée?tr?l{go?ggh%acti ngmgorrpri :e

wat er -i nsol ubl e ni ckel conponents such as nickel carbonate, nickel

hydr oxi de, ni ckel i€ . { LG f j

Uit de, i ckel oy IEARecsE solsRy i UAERbSrocBk AN tedo i WHP AR
such as ni ckedudrpthyieleRuie patiilar RaABKINY Bkied. PY géherhll fesdistiRaGEeds,

Sui t abl e nol ybdenum conponents, which are at |east partly in the solid
state during therstaat ibydrotecating condiidrsr wilhauitabby be aph ymperatre ofjaboatriz %)
such as nol ybdenum (di- and tri) oxide, nolybdenum carbi de, nolybdenum
nitride, al umondT%mipreftzabdy abolybH to 345°C, @od gt akiressory of abouiZ@ertar20C
sulfide, or mxtures thereof. Finally, suitable tungsten conponents which
are at |east P8igi pieferabhhabag|S08 to8A0psigrThechydsager fraiggasTaly SSuitabiNgst en

di - and trioxide, 1ungs j de ( and W53), .tungsten. carbide
tungstic aci d%@%@%@%ﬁéﬁé E?Z‘WF&% C“g‘lqztﬁﬁt, Sqr Rr%Ff%])ﬁé,go‘iallm num
tungstate (al so r al ytungst at.e) _aor, m xture T,

component s. ar B BTLP G/ A bbbt SFfE brfoLdhE ishe B AANBERL ropnatiie s o
e.g., precinpi i { can be prepared from a nickel
chloride, sul 1]5g{&g?p%?fﬁﬁf?rgpyéﬁuﬁﬁﬁg}?géﬁgddi ng an appropriate amount of
sodi um car bonat e. is generally known to the skilled person to choose the

It
nd ot ur e 1 gente ol R IR RleREnS GnBllcEhing PG5t gRSRY”! 00

fo the onvi rodioupia Rl amddhfiplh i § e3EHARTsAafanDhg L5 Resink metRS ! &
PCT! USD0/ 00994, 1 b nfeitbBaNghe alchwihOhiSinb Rk 4RI R cr6 e outeRde thoploeuadded

at least partly inth I d”st'at e because when ni ckel "carbonaté is
applied, COZ gnphYigshpdrdpRstebdihy etactionk] map besepieatdatrom thediquideffluent
m xture. Further, due to the transformation of carbonate into COz, the
carbonate does not end up in the wastewater. Preferred nickel conmponents
whi ch are added in the solute state are water-sol uble nickel conponents,
e.g. nickel nitrate, nickel sulfate, nickel acetate, nickel chloride, or
m xtures thereof. Preferred nol ybdenum and



tungsten conponents which _agre added in the solute state are water-sol ubl %m-
~ nmol ybdenum and tungsten conponents such as al kali netal or ammoni ufhf JUN?
nol ybdate (al so peroxo-, di-, tri-, tetra-, hepta-, octa-, or
t et r adecamd ylygkazze) , Mo- P het er opol yani on -@onpounds, Wo-Si  pet/escmpodoy ani on
conpounds, WP heteropol yani on conpounds, WSi heteropol yani on conpounds,
Ni - Mo- W het er opol yani on conpounds, Co-M-W het er opol yani on conpounds,
al kali nmetal and mmhmbﬁck[}]ggmmes thiahydrogenstreaparlde repysdad gasis usually
pol ytungstate), or nmxtures thereof. Preferred conbinatjons of ngtal,
conponent s arkassed REPugh@GRhter 1o termeve by deagensutdeAndRTB AR bx 1 Bis IS
Anot her preferred conbination.is nic carbonate, a ni.um di nol ybdat e and
anmoni um met at$He é/tfa?%mmnqeg BreayseP tth%@%‘gﬁéﬂ&ﬁff?%g’g‘k‘?}? BRYSPE18BN to

| t, nust. be noted

That  ni LE;el ' CEPeBR P ER ol atng Ap Al Rre b S e ROHRS B hegecka PRyt or oups.
It i t - t.in.t i

car bonat o be. biegh Teks-F PR b KRR SOYp A BB THOHRES R it (el
the practice offiehffBht#R Yas HyFRsePratct dad é?{t&pa;é(ﬁicfs@e?é’r‘élt&, G MY be

conposition by a process conprising reacting In reaction m xture a G oup
VI 11 non- nobl £ fitfet,alacuum NasH/NeRF2g¥6r Y BRI AR orddr@d UINEAORO AFdroremizpnent
in solution and a G oup VIB netal conponent in solution to obtain a
precipi tate. racioncffleetant otatahst speard ahduwt prodpetesheanbl Yhe preduct oup VI |
non- nobl e metal conponent is reacted with two G oup VIB netal conponents.
The nol ar r at $teeant Wit dagpsuvtaBlenfeir bl ending G &uqodn‘d‘sdllponbmdwo@hteinsdesln{gamﬁpl i ed
in the process of the solution route is preferably the sane as descri bed
for the sol i dPPBUTEOZSURDAIESS iz Wi B anpmatiosud heipredugsrs hardhheeduged

conponents are, ., those water-soluble njckel, nolybdenum and tungsten
conponent s de’srbsr‘ﬁ%’gd‘sé’bg\ﬁeﬁ’f BIanY (f8sSh INGPIAHCE!S S1Yeh HH8 @%ﬂf'ﬁ‘cquh to

Group vip mot S FETRERER bl 1. sHPohalisnst Tofy (R R pldhbd

component s Caﬂ/il‘?%tﬁﬂl@%iﬁ&etta?r% 2 rgl'ﬁoméﬁbﬂtglﬁgitﬂtl?@iiﬂiﬁrfs?fs‘?lag‘éﬁﬂs%qﬁ-kon or

as such. If soluble salts axe a as such, y wll e In the
reaction m xtpreiue®d Steea Pofintiol opofroSionipedifRdtion!i t abl e Group VI B net al
salts which are soluble in water are ammonium salts such as ammoni um

di nol ybdate, ammoniumtri-, tetra- hepta-, octa-, and tetradeca- nvol ybdate,
anmoni um par a-, NMeSRrry Rgddpro@Rsinp UpttdtithstchloygleditculBling skt datalyst
silicic acid salts of Ggupp\r/?B mre]FaIp\sé such asﬁ%l fbdilc Si Il?%i cﬁgci d,y

mol ybdi ¢ si i i steckriowrgsd thosa€amlilidrwnigs betokting provessiig) nigsa typiaslisturry
periungstic acid, heteropolyanion conpounds of M-P, M-S, WP, and WSi.
It is al so poBydioproaessiagdperasign the Blurey ahtatyshcennistmg efovrprysamrallparbelesr e
not in solution at the time of a ditiog, but,vvhere%i)ol utign. is effected in
the reaction FagE 4Pt axiemplysmal qretabitey AyistAnis? ostapbply homAesHAIS whi ch
contain so mugh crystal water that .upan tenperature,increase. they .wll

di ssol ve in t ABPFSRIWT2T Q) ARAYFT O‘Ig%?’f‘ﬂ’é?; %b’@-’%%lshﬂyecaﬁéfyéf c%rgfgpgesmy be
added in susp i r - S0 i L, i ion
mixture. Suitnow nol odR BHAMIC Rl bbb SBLLRE SRiccibie o BGH 00

Co- Mb- W ( node { i N
N - No. W (moder ot el Tapiihrey I p s deparatl B B0 00 O s ORISR 8003

PCTNSOO 00994 adthwityr siesst dodietirated 2 theSedgRadf €t hitasallfl&idofther @rupi VI €,
Precipitation is effected by adding a Goup VIII non-noble netal salt

sol ution at ameaimeomsure and pH at which the G oup VIII non-noble netal
and the Group VIB netal precipitate, adding a conpound whi ch conpl exes the
netals and rel eases the netals for precipitation upon tenperature increase
or pH change or adih mpstsiamuydrppraesssing SRETatOBE it is dasirablg te sepasatst ure and

pH at which the G oup VI|I _non-nqgble. nmetal and G oup VIB netal eci pitate,
changi ng the f® !ﬁﬁwrftli OE%@tﬂgsttﬁﬁ@nﬁgp ligpuig bﬁ&of’ﬁ’ Ofer!OQHi}uEl{h“éf fhe
solvent. The grecitﬁ)i tatte.obt ai qu with this Ero%ﬁlis ap‘gﬁa s _to._have high
Catal ytic act PGRATGHON shepdnbrie eAtrid U HGRE FOHIRONHRE Y madeas g

catal ysts, which usually c [ arri.er 1L npr I, |1
non- nobl e net gF%aruth%n t&ﬁ{%ﬁ%@ r%&cg?tgl,e aggiva CS{%E%SF%?@? gh%hgbagh gggndu\{bm t hout
a support. Unsupported catal yst conpositions are usually referred to as

bul k catal ysts. Changing the pH can be done by addi ng base or acid to the
reaction m xture, or adding conpounds, which deconpose upon tenperature,

i ncrease into hydroxide ions or H+ ions that respectively increase or
decrease the pH Exanpl es of compounds that deconpose upon tenperature

i ncrease and thereby Increase or decrease the pH are urea, nitrites,
ammoni um cyanat e, amoni um hydr oxi de, and ammoni um car bonate. In an

o o b o I 1 ey 1 o Y L



~ ~ I Uhl Q003 WD 00/42127 - ~ 9 - PCT/US00/00994 In anot her illus;ﬂgpw@"
_ process according to the solution route, a Goup VIB netal salt, oup
VIIl metal salt, and ammoni um hydroxi de are m xed in solution together and
heat ed sowdab/4gpronia is driven off and tWe pH is | owered p@r/asdolso®s whi ch
precipitation occurs. For instance when nickel, nolybdenum and tungsten
conponents are applied, precipitation typically occurs at a pH bel ow 7.
| ndependent | ycdncemratien lvdrich ben delpuchped craonveysd toabe dedds Thissetypicallytiep
(i), the resulting bulk catalyst conmposition preferably conprises and nore
pref erably cdhsirange of fiom aboitys veightipkraeat EwtsVo'D 4o sbaute wavionprefdrably
characteristics of the bulk catal yst particles described under the headi ng
"Cat al yst corpdbe fargesobiromhaboutidnvi. &n to alrpiet Kuwk %eatnd gyuan WeRHPRSIARBY can
i ed into hydro/oprocessi n cles. If the anpunt

|1 be d tl i
gfe n|eir 3ui 35 ofe 'PIHES Emie Egﬁgmbo%ép%i pit@AbPW %&hﬁ’g;ﬁt}’ﬁé@?&at‘@aﬁmm%
di tl bj ted t hapi .St ep, [ i | i id ti
ot T o med bolerarase kst e xR ftersateva SR ine aof BrSRotEr ¢ her

as such or after solid Iiquid separation, can be cal ci ned before shaping.

et orably at 1 east P68 n Mg Rt PO bb PrEBal fushiofBR neBuied D
pref erably nojy efal ditferci WeiiBls SR8 prRfFreR AL BbA Po¥slutr GyaRchBBeRAfgl | C! e

dianeter lies in the range of pm and nost preferably 1’'n the rgange
of 0.5-S0p, mis to Wad WHeddrihore théPmaRcdtssripo&BROhetal Codigbur@9t tHe a bi nder
material is used in the preparation of the catal yst conposition it can be
any material hydrocarbonderdsbelqroaltb v sifestreatn afthe bidroearbom féeddtozRr ddessi ng
catal ysts. Exanples include silica, silica-alumna, such as conventional'
si | i ca- al uni rthermally decamaosablelcampound(sd wall beirapresentateve of thecane arlmaeiena
such as (pseudo) boehmte, or gibbsite, titania, zirconia, cationic clays
or anionic cl@yaps¥EH nen-seblemmetals apdimenen moraGsoum ¥ B sassals| thatecammprise
hydrotal cite, ,or mixtures thereof. Preferred binders arg.silica,

o7 1 Cacar urn 1 buk GpielySts pPEHS BivenfipRo SiTlign ALl HsessrPosthle o

bi nders rnay I j zad | i si bl e
Lo appl y pr ocFebPany A RN L1 bR I FBic S 4By of Coriadbop o

i nvention ar gcaRMYAEHRE eléthén@YarBbn) SEfcRBRYER HP2ehisRTinSlalésstitucaitiof ail e

precursors are, a g., alkali netal alumnates (to obtain an alum na

bi nder), wat ethefthall$ detempbs#tile campohihd ar kofgeunds af Rexthanabout abked 1, net al
al um nates and water glass (to obtain a silica alum na binder), a mxture
of sources ofpmefetably less thanaataud 600 ¢d | anmire pteferabhyi lessithanaboat Md&tait e of
wat er - sol ubl e_salts of magnesi um alum num and/or silicon (to prepare a
cationi c cl aySuitehlerangassHiratielodpjomepf Gosradsen carban afithe feedstocktte atasm

i Xt th f. If desired, .the bi teri ited with
G oup VI B ot o4 mafRl SRS GER o0 PR APPSR T PORGRY g
ited with | tal yst . (R d ] t | ded
Gur g the premapadtinEEad 18 kit IR Ak B R P el baRE BRI
v | ! | . & W any
nese mat or b el Ry REPLEIA (10 SRER00LD 1T pRie pRECRE froR) B TUd Ton

techni ques. |f 14 BBowt I'GRIo 1.5 TRAR!thé afhouint of&e@h%ﬂy@@@@@?b@tﬂ@nfe@dlry out the
peptization in the presence of Group VIB and/or G oup Il non-nobl e netal
component s. | éompovndadided apip varddeasendingden thet Genradsdracarban ed the eif éeealbl y
lies in the range of 100 - 400 mi /g, and nore preferably 150 - 350 m/g,
measur ed by t#eually used siNag 0O piamidOIeT2ta requiradsoctes s ugiBswface area hod. The
pore volume of the alumina is preferably in the range of 0.5 - 1.5 nl/g
nmeasur ed by n%tiﬂb’g’@rﬁoémorpti on. Cenerally, the binder nmaterial to be added
in the process of the invention has |less catalytic activity than the bul k

gﬁé?késé gmgf‘ %L%b?éth%"thﬁé‘% ?ﬂ%fqrgﬁ%ﬂéée%ﬁmﬁ%ayﬁé’ 52?%“%%&4% %r?én ay
orocess of t ESSAGREJFOGUR ot | Mot QlRRl s dfbptesif BE aRBRT "ot e

final catalyst conposition. Binder anounts fromO - 95 wt. % of



the total conposition can_.be suitable, depending on tbe envisaged catal ytic
application. However, to take advantage of the resulting unusual h} @hiuN 7003
activity of the conposition of the present invention, binder anounts to be
added are WemMM2M2Fy in the range of 0.5 -"'75 wt.% of the tORGIUSHONPRISI ti on.
The catal yst conposition can be directly shaped. Shaping conprises
extrusion, pelletizing, beading, and/or spray dryin |t nmust be noted that

i f the cat al yStbseengivly, undar caja HCWéemw%@pnditi@m%gﬁéryin Jeseripedds or s,
fluidi zed beds, novi,n bEds, . %g ndegygedﬁ, or ebullati ng beds, sgray
drying or bodimYsTed 18aihe 3plig b fomusimetaic catalyStakihs RiPseRLmvAEON.

geneLaI:y, the catal yst conpositgon is extruded, pelletized andégr beaded.
that are convent  oRf rgrdaiiek Rmiiind PeberSniphReairiBle ARbLB0MHRE®
addi ti ves_mayoCaimbbiiis3s WehiuiTh 31 ER% Blafuure SRt 1RSH Siboll FRPLL® dHoulll Xt ur es

t hereof. These Ives can any ge prior api ng

step. Furt herS?Ud@’br@k%l?%t%Qcﬁéﬁgﬂﬁggﬁlﬁbg% abbutP80°0etod®duf a9d,t 0 add

acids prior to the shaping step ic acld to increase the

nmechani cal stmepgpreferablynfrogx kil a18SC to abbwt 4802003t ¥\Bréddlt LY Zlther 22 -
PCTIUSDA 00994 It is preferred that a binder nmaterial is added prior to the
shapi ng st ep.atmuospheric ot superapnedpheriedpreferbbly e sspapimgsicep in shepresered out
in the presence of a liquid, such as water. Preferably, the anount of
liquid in theofexhydroigon-aentaining, gasxpreéersbly ere thatialse containschydsogen siflfide. -
80% The resulting shaped catal yst conposition _can, after an optional .
drying step, Pt ewagme,sswam theccatalystareparplopn poRR waenithe heatingstemtsi al
to the process .of the inyentiqgn. If a calcination. s ried out.in.the
process of t REFING FAREYGIRY TRGuEEA PRRSSHRS AN GMEAIR 6rARGRAS LD RSfe, RESfsTably o

nour s. The aryTRUELFoRab{10048 2900 psieo s febleab by §en DR sy Bpost
tenperatures ahgygekQQ Qboﬁﬂé} ﬂoﬁfseﬁféféﬁgpgggﬁdﬂﬂ&?tl O?ﬁntéxglﬁ)tb BB{H 2 ABurst he

catal yst conposition is subjected™to sp rying, rying, mlling,
kneadi ng, or Centichef thendhithét eederRat st?@e;ﬁﬂﬂﬁ%rﬂ@ond_{h@ﬁﬁn&ﬂigirédcﬁt’m|zone
process steps can be conducted either before or after a binder is added,

af ter sol i d- | withitHe hggergeni comtaibmizqras convertd the metat cormpoomd enthesubsequent
to re-wetting. It is believed that by applying any of the above-described
t echni ques ofcupesppnding mgtal catalysh) drying, milling, kneading, or

conbi nati ons thereof, the degree of m xing between the bul k catal yst

iti d the, bind terial j.s i .~ Thi | i t th
Where.t he.bi nder  nEREPHACTATEgGALR spliftisTEBOVEY fiom HhrocighH RISPROHODT any
of e above ASACTPRESIIR'AGY B sLONBKSI rorh ind 51 89/ Wb ol e efyt 0 add

the binder material prior spr ryi'ng andror-any alternative’techni que.
I f the bi ndere}smaddey sét‘t'l'?ﬁf%@éﬁmﬁ%iﬁgbﬁmt%w:{@f RE ARty aTHe AddoRERRAL | Ve
techni que, the resulting conpositionr 13 preferably thoroughly m xed by any
conventi onal sciidsrire tie Wigh®urfaee afamiull cakiystryfthiggeenfione. 9., spray
drying is that no wastewater streans are obtai ned when this technique is
appl i ed. 7 fI JUN QO0' WD 00/42127 ' 23 ' PCT/ US00/ 00994 Furthernore, a
cracki ng conponent may be added during catal yst preparation. A cracking
conponent in the s&hedeaskstrepm ip con@atediat hydrdpsecassingrspndainnsnvith adulk

755, | (ul 1 GCAIE B! GYNABORE FLleHt one oLl WIE Mesband 2l of¢ Bpvpnalle |
Ki H I cag 1.na, ' h f.. | il b
Cloar that SomeaDraPY e G VEBITHAR and kOt MR B emetont et
ol t . ) i d .
cracking and RBARAPRS-RAGSY: otie i TatiR ot RRAE ofthd PRESATRANTR] b

conposi ted wi Ly, ge @%ﬁﬁ]&@ﬁgﬂgﬁmﬁgﬁ whertiaUl of thl et BRRUSORet al pri or

to being conposite . st conposition and/or prior to

bei ng added dgsmpenédis af¥ BiPsslafioPh 4 PRIRA quiSerRafré nogall BE Ry metel ng
conponent with any of these netals nmay be carried out by inpregnation of
the cracking eempeneéit ard ilhsdligee ThitEs,] Apcesshehizhanmgses eoptaceng at whi ch
can conprise about 0-80 w.% based on the total weight of the catalyst,
can be added at any stage of the process of the



present invention prior_to the shaping step. Howevgr, it is preferred to
add the cracking conponent during the conpositing step (ii) with*fIhBN 2003

bi nder. Cenerally, it depends on the envisaged catal ytic application of the
final cat a¥Q90/48anpositi on which of the abb‘g'e-descri bed cr apRT/H§OMINPoNeENt S
is added. A zeolite is preferably added if the resulting conposition shall

be applied in hydrocracking.or fluid catalytic crackjn QO her _cracking
conponent s sulﬂ@sh%"esﬁerE%-\/gﬂwﬁmBOWP reetal Wéoﬂﬁﬁﬂlﬂéﬁgieﬁﬂe‘?@rgmv ?h‘ged i f

the final catalyst conpositiqgn shall be used i,n hydrotr.eating applications.
The anount _of MEtalaPAROTER & 1A Prepenicen] apraua | HEICTGIR QURBE FOBIAcHRE not
activity of t folnal. co ition W S ~ SUN,103 001 42127 - 24 -
PCT/ USOES/ oogggﬁ&ﬁ&“"t b@aﬁﬁﬁﬁc%nﬁ%@w @éé}i”‘éﬁ e medalygre Uhfé)”{'f’ﬁ'm 0 - 80
wt.% based on the total weight of the catal yst conposition. If desired,

further materials x ﬁf’ﬁ?ﬁﬁ’?ﬁfﬁlﬁﬁ’%ﬁ“éi‘ﬂ@ FE%{??OFH’%?J%%%W%%E jal ready

added. These materia ria rs a during

conventi onal mf@%pag%? &mm%?aqééaéag sepﬁw %E%all?,%%%@h%cﬁﬁ%@?'t@énﬁfﬁ

phosphor us conpounds, boron conpoun uori ne-contal ni ng conpounds,

addi tional trasgipbheitsiBtle preserdecoRe &)!Foﬂif@ligbﬁi cdrhpristsmixdg tHexineiads

t hereof. Suitabl e phosphorus conpounds include ammoni um phosphate, phosphor
aci d, or orgacompphestdml sishsequgmiyndsctirhtiepesultinganixpmendsisaasenteal adlded at
any stage of the process of the present invention prior to the shaping step
and/ or subseqs@ind rause thas as hegst nyge stetqd.conipartentdisradded atiteast pertly an peepsalided,
phosphorus conpounds can al so be used for peptization. For |instance, the

bi nder can beSigtpeurirg thymixingstan and thatths matal ofiat leapnefghe anetal d or
st o nefaeoBSS MDA FoBRBaPLATS esh s Aok 4 R s o
o yodenum _ofaetpyly o eS8l stare B KT oH o, MBI AT i
in the form of,fay: 95%§llfkﬂ AT ﬂ?@éﬁﬁtin’mt:ﬂ '@lfonﬂ%luggﬁzﬁ r‘oﬁd;g(.egllhese

t ungst en conponents that are descr above for the

nmetal s can bec@ﬁ@_@dn@,tswhyas&hé%tﬂfccﬁﬁtﬁ)rﬁn@ﬁﬁrﬁtiﬁﬂyhb?liéﬁ 5 presevanithon
prior to the shaping step. Apart fromadding these netals during the
process of thbulkneaalyspeompbsitisnal so possible to conposite the final

catal yst conmposition therewith. It is, e.g., possible to inpregnate the
final catal yst conposition with an inpregnation solution conprising any of
t hese netal s. ~ 2 p . SUN 2003 WD 00/ 42127 ' 25 ' PCT/US00100994 The
processes of the (rasElY;idwringithemikme sieR for thegxcHil BrgParaign ngthed, either

;EE?E% |t ;V/m OE‘E“ A teasiy tchﬁ{?‘aﬁ %ﬁ??&?ﬁ%n‘gmfaﬁ'sfe@ 3 a3 oS 425 sk Sl Bl Rpast, «
Bag Ph et cocﬁggéﬁdﬁ ag gc_icfe?hrmq}f@ g?;ﬁ.\gg Ftlag% ofaf] qﬁ&ﬁ%é/rpﬁgﬁ%ﬂg are

hydrogen sul fide or p e su can genera e carried

out subsequenhiyed &t leh& ;Wrﬁg_aﬁ fd QlidoftateNhBHEK af Rlasd orfd o CDERASKalS SMthbUt |
prior to the addition of a binder material, and/or subsequently to the

addi tion of t heetbli sudepomaiteninidh dretadded at ldast pathiydn thagplidstateateataing at
conposition to spray drying and/or any alternative nethod, and/or
subsequent | y {easspithycinithg sohd staberpusng tlenentireqoenss df yhagpladhbuse. Thet a
alternative nethod but prior to shaping, and/or subsequently to shaping the
catal yst conpoastel eymponentds pdégdsTindhe solute stals” eams dbatithe Wholeamouat ef ed
out prior to ﬁ%é process step,thg everts .the obtained nmetal sulfides .nto
their oxides. "di§dhetal eRmBBgnantdpaddgdeas asefutiop of his MetBhCARPAHIYD HGPIYC or
any other high te ture. t,reatment in the, sence..of ax n "
Consequent |y, hiqmcﬂ:ﬁx% H!e;‘z%lt“&ﬂ%g} {sia(slﬁie sggf?ﬂfte%rg}ﬁ P g’%%(iﬁ{/statreyi edms
and/ or any al i 1 t L 1 1

Subsequent t o HHGtLsSF pAIAEHeral cofgient (244N oSROHA ot CBORIMEKE,
instead of, a  pohhBAldrith t A8 npathKcSRbahttlis SQIRPA 4 5O0tiBRDfWis
prepared fronpgﬁbﬁegg% onéﬁﬁgﬁg? suf@#ge? I?, e.és,the solid Houte I's
applied the b%&aF@érﬁbeﬁénﬁﬁW@ﬁﬁﬁk Iffid bay @ﬁﬁmreﬂdm?wmﬂ& ehsishlofiade
and/ or nol ybdenum sul fi de and/or tungsten sulfide. If the catal yst
conposition is used in a fixed bed processes, the sulfidation is preferably
carried out subsequent to the shaping step and, if applied, subsequent to
the last calcination step. Preferably, the sulfidation is carried out ex

situ, i.e., the sulfidation is carried out in a separate reactor prior to
|l oading the (. 7 0 JUN 2003 WO 00/42127 - 26 - PCTNS00/ 00994



sul fided catal yst conpgsition into the hydroprocesging uni r
it is preferred that the catal yst conposition is both STE’TEIP S@.WQQ 99

in situ. The catal yst compositions used in tPReEf¥xactice r gsgn
invention are represented by the formula: (~~b (M)c (Wd ~z m‘%rgiﬁwﬁszoﬂo
one or nmore a Group VIII non-noble metal, the nolar ratio of b: (c+d) i@,f@[NZUG'i
0.51'1 to 3/ el E&BpaREMN ifa protic fiQuidl-iRhicHTHeGn&taFls &k Péﬁkb’pﬁtlgﬁéseﬁpasl- 25/ '
The nmolar ratio of ¢:d is preferably >0.01/1, nore preferably >0.1/1, still
mor e pr ef er abdolid] ahd @ptiondlBi fartlgtdidsblvedrie ther wbec dighid. 1 /3 to 3/ 1, nost
preferably substantially equi nolar anounts of Mo and W e.g., 2/3 to 3/2;

and z = [2b + 6 (c+d)]/2. The essentially anorphous nmaterial has a unique

X-ray diffractio aitern, show crystalline peaks at d = 2.53. Angstrons
and o 210 70 Angord bt SR Fot o endB P BBy e B d hy < ne
deconposi ti i : (~d ~z
wher ei n thqu%l?g?élﬁgéﬁgﬂég? Hzg:tﬁé‘?ﬂse Y‘éjgﬁ)?ﬁg}i ?ﬁtg}pk?glf ggame%&@ﬁ%%ﬁigs c, and
d, are as dejolidattaldariag cantdcing ar@pdrodb nietdl dotnpsbnkh, ITiRelepiredtiasthie has

simlar peaks at d = 2.53 and 1.70 Angstrons. 2 0J UN 2003 WO 00/ 42127
- 27 - PCT/ Ustd posovalumeapgnese sizo dissibutian ¢f thesermetal perpporends fsect ed at

o vt o0 Lot 6 ol oL SURELELAER S Bk SR RREEOC L oo
nitrogen, ar@&ﬁ\(enﬁbn§lt}?)@ﬁ'btréﬂ?itnglca@a?§go EerilPRaveSa @M@Wﬁé aFbysconpl ete,

i.e., the ammoniumis substantiall letely driven off. Substantially
conpl et e deanipopsreféralblycd0. be4 meldg)imgreguefedbly b£6. 1by3 tibgramignesti et ri c
anal ysis (T&), i.e., flatteni ng{ of, t he wei ght change curve. lh has been
found 't hat inreferatly ©f9e! - 2 ml/mdgtermained Py itroganadspepion, Pores with a

Tteri ng-r eg| | . .
arti ol s 1 inmer srabet Babil iy St e Ry BREleBF it o ORI T B fo” & oup

VI 11 non- nolhyRiroRéAing dagdlgas. E@ﬂl@érabéﬂveh’fieﬂéllﬁldﬂotreaiih%féaﬁﬁ%tdolﬁﬁfeer ably from
3:1 - 1:3. I'n the case of a core-shell structured particle, these ratios of

cour se appl ygemerallyea swfase arepoofiatilensti1) m*{ghandsimetd preferablyraf at least $he G oup
VIB netal is gontgined in.t bul k ca articles, th io of .the
di frerent GBS NRBIRPHErL Shardsat 100 ale BRfermine Via e REAE Meffad when
more than O%J%%Hce\,/lnidkep@é}b&%é €abé @f%géga VHIPh heda tcité‘l ﬂ({}ﬁ vofiifie Yher e

nol ybdenum and tungsten are present as p VIB neta e

mol ybenumaury$9 e0.3%utl/g apd pheferbly of 0.24 -i0n35 nd/grdengminéd By hitrdgef.
Preferably the Group VII11 non-noble netal conprises nickel anglq%) cobal t.
It is furthedsprnbroarandp sustace erfa o150y AM0ani{e ead mesaprelerblnob 0t nat i on of

mol ybdenum bl . r Y- nat | f

ni-siel / ol ybggebn‘fﬁ‘r@g%tr‘m%g}‘%é; @ngié’g aT't’ﬁ%?;‘}bgﬁa’hﬁ?ﬁ?%ﬁg‘E?sgﬁ%% o

ni gkel / cobal donimdnehtioshotld kevest i Bdiah Parictél diafleesortay Rast S0 il afdrei t at es
pear to be sinter-resistant. Thus, the active surface area of the

preci pi t at e prsfarabigian bxistdl00 my, arskpreldrablystod hwre tlanpy(¥0grmbang moresent as
oxi di ¢ conpounds of the corresgpondi ng netals, or_ if the catalyst .

conposi ti on Maferadpmos more thap, 30001 4mdEver smgse prrferably, thrmediandasiitiei ng

metals. diameter lies in the range of 0.1 - 50 um and most preferably in the range of 0.5

- 50 um. For instance, by choosing a metal component which is added at least
partly in the solid state and which has a large median particle diameter, the other
metal components will only react with the outer layer of the large metal
component particle. In this case, so-called "core-shell" structured bulk catalyst

particles are obtained.



. ~, 4fCGsUuUUi UUg ~ . ._ PAGE 28 AU~ 200, Preferably the paébiﬁb .,
have a surface area of at least 50 m/g and nore ? 0 J U N 2003 pref a ?‘ﬁ
of at least 100 nZ/g neasured via the B.E.T. nethod. It is furthernore

pref erred winaw4zibe particles conprise 50 —1400 wt. % and everr/osM080994
preferably 70 - 100 wt.% of at |east one G oup VIII non-noble netal and at

| east one Goup VIB netal, based on the total weight of the particles,

cal cul ated as netal - oxi des. The amount of Group VIB and Group VIII

non-nobl e nmetal s can easily be determned via TEMEDX It is desired that
the pore size di st AhaPRIgRTIAY MAhIPEY and dexture 3 she Ricksh compangat easngithes

t he one of conventi onal h dliotreatigg cah?arlr% ts. re in partjcular,. these
particles have® BFRIEFdipyaPRIYBe SUUaP Baretmisdosstal eompgneio peby pespatinn 'y -
of 0.1 - 4nm Il [ referably of 0.1.-,3 ./ d referably
0. 1- 2 i1 g Wre ML oSS BT R stalt-gBched ArdeaffurBE bl o1 Py
than 1 nmare o t or iy r i.cl : fer

redi an di et SRS Wl eibleiaoiN Aok SaF (O oBBRES, Rifipef seREfgR
preferably no : : 0 pm
Bven mor e’ pr oy ranep AR Eh AAMITRES G TeThAR by BbPpReHtRh O
- 50 pmand nost preferably in the range of 0 5 - 50 pm It was found that
the bul k catal yst particles have a characteristic X-ray diffraction pattern
whi ch differs fromAsahal ehseobiabind, Ry retsinth«inogplesldge and eextinerdlthe

hydr opr ocessi ng catal ysts obtai ned by inpregnation. The X-ray diffraction
pattern of thmeballdoropondnys whidr arecdded @t hgast paatly imthe soled statabitys essential
essentially consists of Q!ﬁeaks characteristic to the reacted netal

conponent s. | tat ghgymeta)i ofitbe mejalrcHmpenam b loast neatly sermAINSIA thecsalid skteh a-

nol ybdenum and t.ungst e onponent .as descri bed, above,, the resul.ting bul k
catgl yst partgwgggé?é’v S%PF%?‘P% SB‘;“@FP”)@TQ)}SB?‘F#@&@Wgﬁ“ﬁéﬁ?ségﬂ“ i ch

conpri ses pe V. f. (4. 09A), ~2..83k 53k .2 K_2. 700,

(2 Bany = 1 et B pd ok Uil it e foie i e B prockSHring E0id ppce
29- ~ ~ ~ 4 F 04; : : or
have a | ow i %ﬁé?"{g )Q/o%r?@%gréohffﬁ@é{ﬁé@%%@f%&&ﬁ?ﬂéf fﬁgﬁpgﬁ%‘agﬁ)% %}/ term
“the X-ray dibé dagdct@bpaisual thspectestt hellchdt i€ MRdishete®bf thd SlRepdraelks ineans
that apart fromthese peaks, there are essentially no further peaks

cont ai ned i n whechltfe mectls are quaprésed is Targepthraithe wavelehgth chvisibyesligltbt@f ned
by the solution route has a characteristic X-ray diffraction pattern which
di ffers from eeurseymethadssunkds gpasicelastid hghtsaatterme/EHELShar near forward

hydr opr ocessi ng cat al ysts obtai ned by i egnation. For_instance the X-ray
di ffraction pift hichgre ovmﬁpéép;sﬂﬁ CEONfag s he H§°‘f‘l‘?e¢"§5’fel}1h?bn
route has peaks_at d val ues 2. 52k 1. and.1.46J..'~ .~ Al.sQ, as

previ ously st HiR3 P°E‘h‘é“é§?%P§@F %8%%5?6‘%8&0%?@8’&” pgeéalégwgﬁp? 8‘?‘?3“

hydr oprocessi ggi£atal ysts. The binder materials and cracking conponents of

t he conventi onaf "hydr oprocessi ng catal yst generally conprise any of the
above-descri bed binder materials and cracki ng conponents. The hydrogenati on
netal s of the conventional hydroprocessing catal yst generally conprise
Group VIB and G odeMprotic hignidabbeapplied i thecblider selubibnabuend this ni ckel or
cobalt w th nol ybdenum or tungsten. Suitable conventional hydroprocessing
cat al ysts ar einvengion foy graparimgtdate)ystatanl hesany. protie diguiucht Bkgoples aaglude i n t he
spent, regenerated, or fresh state. The surface area of the catalyst

conposi ti on pwates saTbexylic acidseard alrohals such ap methanad or gthapoht Predérablyge

cat ?u yot ggiéargﬂ{lﬁ E&%%i%%éw%?g%#fé? rgadés o F0SIFANGY G HEF BT abl y
0.01 [ m .er. i NE T i .
3an|§§?& ons RIS A Sohanra 2 Lot epEisahl itse Sy B BAETe oS
e « . ' . ; DE~
srect” ™ o SURBably G o il M Ro iR i BRSNS o
the above, it phssiBRSEH fMcfa LispRHdoh¥T 2FnetH cihpéndin ethanol to an aqueous

solution of another metal component.



nobl e nmetal ‘contai ning gonpound and the Group VIB netal -co nd
in various ways, at various tenperatures and pHs, in sol mﬁﬁryéj 9(
suspensi on, and as such, sinultaneously andPAs&déentially gc rsor
conpound can al so be readily prepared by one of several net x@sqp 00
a variation of the boiling decorrposi tion method used by Tei chner and ? L
i n which a tungsteg GRIRPVIE netal3ddedil bOEt oAl eilint?

mol ybdenum salt, a ni c Im a‘}% rmgnl u Sydroxﬁiéu i{I{dr{lyect préci pitald ol 1is

and pH cont rmhgadn,mrammfeathmfrr@mtabl&ﬂm OslElindronpblepnstelstane, exg.ecur sor
compound. In all cases, however, water soluble salts of nickel, nolybdenum
and tungsterﬂrm,@Obﬁlp,lmyleql on mixdwres iteereafniRyaferably, 2 combinatien emetd added t o

the bul k d_met de .t t rticle int t Th d
b si i ca, AN (TPIIRERRED S10I R dRBP iR cﬁw E%'én FeGoRhown as

particle bi n rom about
1-30 wt % of r&ﬁﬁ{fb{il ni Sh@gﬁ%%&{%ﬂ;igtaﬁpg?d;ﬂﬂhgﬁr out OgE%ﬁ@A qft}{ehe

fini shed catmboyisliquif isavatergeoivabié ﬁ@k&r@mpmms\omcﬂrawmkastrpaﬁaj il thes of
preparation nethoc' the precursor is deconposed at tengeratures rangi ng
from about 3®bdssgeduning cenfacting wmnesqweteramsohmlmmk c@npqrmtﬁwbrrposed
precursor can b ul f.i ded or ul f.i ded a variet f . known ods

Por exanpl o, SHEK GatRnBaE; pickR *&f‘fﬁa’éﬂé’% BekebhrSsaife aicks Rpo TR, Hcke
compr i si ng HArnaRMn{axEr Qfidle, rfci@l matiAd: Hidkel ngggsakeem&%& REDERREUT es f or
a period of time sufficient 'to sultl econposi t'i on product, usually

at the poi ntaltzfyslsiZéh bsmkélkmol;@henmntaﬂﬂeye,ménegaﬁcke‘ﬁtdrfmdmm@s deeteatl SO be
effected, in situ, passi ng a typical feedstock containing sul fur over

the’ detonpostuitable pum comnvnmsvwmbearw Ipgstazrthy irgthe solipstat&00100994

Process condjtions | i cab or f he u e, catal ysts descr d herein
mmy vary v AR COR o pleB B e PPl RS e 38T

boi I'i ng poi %o%d&ﬁiﬁnf(gﬁ‘lnli@ﬁ); @ﬂﬁ@%of%@eﬁ&ﬁ%ﬁfﬂn&e Qﬁol}rB&exﬁﬁﬁ'ﬂi&U@nS will

al so increase. "The follow ng table serves to illustra i cal conditions

for a range altmimen snolfFedEEE, YR IghdicBOid (eNG M)ﬁﬂﬁﬂﬁbdﬁﬁﬁﬂ&lﬁ%ﬂ@PACE
VELOCITY V NH R | = GAS, RAT ] .
SCFI 3napht hdys‘@feileﬁse@&?@@aﬁbo@u@%mte@d@m&tﬁm@sbmtdaﬁm%o. 5- 45

o1 930- 550208 HESURL G TRk sombAe nifeSbd SrPRIRIE mesten )
12. 000- 10. 001 (WS} b WS Stungstcslearblddy eshgbtic aeid (6 oM WO[TaNGRd act i vi ty

H,W,0,; "9H,0), tungsten nitride, aluminum tungstate (also meta-, or

— polytungstate) or mixtures thereof. These components are generally

) commercially available or can be prepared by, e.g., precipitation. e.g., nickel
carbonate can be prepared from a nickel chloride, sulfate, or nitrate solution by
adding an appropriate amount of sodium carbonate. It is generally known to the
skilled person to choose the precipitation conditions in such a way as to obtain

the desired morphology and texture.
In general, metal components, which mainly contain C, O, and/or H

besides the metal, are preferred because they are less detrimental to the

environment.

AMENDED SHEET



hydr odeni t rogenati on, nost HDN catal ysts wll al so.show

hydr odesul furi zati on (HDS) activity. Consequently, the catal ysts ana( JUN 2003

processes»glgic i bed herein will be useful f)on feeds containing both nitrogen

and sul fur"OWB%G 11 be particularly useful on feeds high iFFHPSPEFEA. The
-follow ng exanples will serve to illustrate, but not limt, this invention.

xa 1 Preparat - MR-, k4 j i :

Tei chner - and homkceRiaidls detat e 3Bt BOERRE A0BedRaREl in he

ol ybdate (0. é&id@h&sb%is@%eﬁ%i&cg chb%'ﬁ%Leai{Qiaﬁaﬁ])ZiteS, @%%Wﬂfe@aﬁdgﬁgﬁggwg' gs

Ni) were dissolved in 300 cc of water so t resufting pH e

To this sol ut {fiiendesL PRGN OTIhEFLANBR FhijAIre! FRRheRShRAEHe trihsformation 8f
precipitate formed which on further addition of NH40OH di ssolved to give a
cl ear bl ue sotatbonateihtchC®,pthedfarforhite ¢ wotdind @il thewddtewatebOcc) was
added until a pH of 10 was reached. The sol ution was PGT, ~SOO~-009~ ..
PAGE 32- ~~S 1! ~/~ 1~ ~ ~-J G 2000, heated to 90C for 3 h during which
anvnoni a gas evolved and a _green precipitate forned. The final pHIay

bet ween 6.8 and 7.Pmierreds icompeaents whichjare-addedinghe dohude s@tmare
tenperature, filtered, washed with water and drjed at 120C overnight. About
-18. 69 of mat eMAEr-spatole mickel c@mpprentsatgl pickahniase) mekel mulfate, ngkel we . % and

M at 34 wt.% The X- i ff ti t t h tch th
pat ? ern repor ?W‘gy"*&%ﬂﬂépdrﬁﬁé ’hg’fntf‘%g.etﬁ@’;gﬁ%ée Qgegpz‘agp‘g?’?‘gﬂ%gfj ©
NH4- Ni - Mo. 5W 5- i1 d ity : 1 10t fl k, a2
ammn: um nol y%&%{é%((%%‘? g’i’? %?Iafggg”bhg?rﬁ%’dmetﬁﬁ?t%feafv%iedéﬁoi e( .9075

noles W and i i ( . I i e

di ssolved in %&&&gpmﬂﬁgEﬁﬁmﬁﬁg%ﬁéu tef?sn%k%lll—iﬁjeégﬂaﬁaﬁwog othis
solution, a caystat@{2so Peddd- sl Uil OBtra-; 8RBEL) o¥as, drdekesddtatidiybdute)pH
reached 10. At this point, some precipitate remai ned. The sol ution was
refluxed at ~MdBGeteropdlyaniddcompotndss WieSi hegropslgapiondoppainsdiwspol ved
to give a clear blue solution and on further heating, a green precipitate
fornmed. The hbeteropplymson eotripouads, W81 hatemopoly anean hemtpbends é¥i-BlosWand 7.
The suspension was cooled to roomtenperature, filtered, washed with water
and , .-, ~ dri eeteggpolyaniongemnaynds, GeMe-Mdetsropabyanion campewrds, Akall The
X-ray diffracti spectra. of .the pha is given in Figure show an
anor phous bacﬂt?%gl?ﬁ@w{)ﬂ"{‘ﬂéu’? 1S ‘?’e%éaR%raéet F22 &PO %ﬁ'"ﬁy‘?‘%ﬁco@xam
In a 3 Prepar%[}-;‘@gesolfhe Ni - Mo.5W5-0 by direct precipitation: In a1l
liter flask, : anunoni um nol ybdate (0.1 nole Md) and 24.60 g of
anmoni um nmet atungstate (0.1 nole W were dissolved in 800 cc of water
giving a solution pHof ~5.2. To this solution 0.4 noles of NH40H (~30 cc)
was added, raisi ngPtdferrpiicombifatforlsssfiméthPeoripondits aresmickiel eatbumaewar ned to
90C. A second solution was prepared by adding S 8.2 g of nickel nitrate,
(0.2 nol es AVaMpEtc 8kld and molybdenum oxide. Another preferred combination is nickel

carbonate, ammonium dimolybdate and ammonium metatungstate. It is within
the scope of the skilled person to select further suitable combinations of metal
components. It must be noted that nickel carbonate always compnises a certain
amount of hydroxy-groups. It is preferred that the amount of hydroxy-groups

present in the nickel carbonate be high.

An alternative method of preparing the catalysts used in the practice of the
present invention is to prepare the bulk catalyst composition by a process

comprising reacting in a reaction mixture a Group VIII non-noble metal



w_~ p JfIIV 2D03 WO 00/42127 ' 33 ' PCT/US00/ 00994 N.) which was duﬁigl%ﬁﬂ
in 50 cc of water (solution B) and maintained at 90C. This sol uti on .
added dropwi se at a rate of 7 cc/mn into L e anmoni um nol ybdat e/ ammoni um

met at ungstiP 8&32Uti on. A precipitate begi Hs to form aft er PET/UB0YF0P4e

sol ution was added. This suspension which was at a pH ~6.5 was stirred for

30 mnutes while the tenperature s maiptained at 90C. .The nateri al .was
Fi1 tered hot COBBRBEPVITCRTHEN 4t &DTouny 1B NEG) SomPoBE! ASPHBRPHRIBIY 88 o

) ] AT g B St 2.
deseri bed i n Eanobly BEF SO TRl PR TARR EPMUSIR . PrE aiste L CorbFugps
contai ned abog e.?l%la?gﬁt of"@?&fg: VT@%%I%% tﬁ@r‘dﬁ:b(’\ml ?r{\@r{]gpﬁlgqﬁgtgbs'&ﬁﬁbé%fi in.

separate vessel initi y cont &l ni ng cc of "wate d at ution
B (the aci di cihpQhrdbeRnof theSoRHIIAGEulels Préfepabl P Bktdani aPdéseABE@Mér thals6lidf |
Scc/mn, while solution A is added through a separate punp which is under

f eedback PC ceté.oBuiablieX@ioupoVIBiand @roup N IPbrahoblemetahcdthponents be, t wo
solutions a precipitate forns. The slurry was stirred at 90C for 30

m nutes, filtegedhbset wateasobblenidkehonolwhtenymand tamgséeh eomp@ients Exan~ol e S
Cat al ytic Eval uation Usi ng D benzothi ophene (DBT): 1.5-2 g of the catal ysts
of Exanpl es 1desorbed aibloacg@riha seliuavtez Fsther Wpap MiHisndmneblermétaker t ed
into a horizontal quartz tube and placed into a Lindberg furnace. The

t enper at ur e WERMPANEHE arg ex0eohalt JERR CHMBPORLLF- ﬁptthen\érqqpowagn%t@ 50

/ d the fl tinued for 1.5 h at 370C. N2 i t ched of { and 10%
"2 S 1ot hen SUIBERS EHG & e ALPOPILIS SOBRORFR. (S TPEADETEPORENS REF Baccd fo

400C, d hel : T f
cat al yg? cogl g%ﬂ%lﬁ{oft Pé\?méancg’o&g@ﬁﬁret 1@%9@&?& a?@%c?ag%ﬂpog!}%su%i Is‘a%q%%’vg\%%‘és
di sconti nued aRdad¥édWaSuch; thc% vﬂlrdi?sombt‘ﬂ@r%ti%%]rg&t%re%d subdeddRnts 82994

added. At roomtenperature, the quartz tube was renoved and the nateri al

transferred i piceipitdied.pBuBsSledboup VB metaisalty shichaegoribi¢ itevateriane a 300cc
nodi fi ed Carberry batch reactor designed for constant hydrogen flow. The

cat al yst was pinnma@duansiltsisnel as am@omGmndisiolgbdate emmoammves-, tetaaictbptait o a
stai nl ess steel basket, sandw ched between a layer of nullite beads. 100 cc
of |iquid fee8BCtacandderpderas melybdatpcamooniwp parie, metalebedar anths added to

th t ocl . hyd fl. f 100.cc/m d th t
and Che. pr o8 BPRYRESEIR, Akal RERIs LS S GHBACL S O (HAUR \IELEETHIE POV af or
The t t i +0 350C.at 5.6 Nule ; til.8ither. 50%
6T was. conver s SF el pitee Ut ol O ol RihesERtR, blen bl 001
was renoved eXﬁBYRéggﬂ%fgilkélta%ﬁ,%ﬁréﬁﬁkm%ﬂ,é&h;ﬁindﬁ%&”M&PnM&S‘i,SW-P! ade

overall conversio as the conversion to the reaction products

bi phenyl (BP) Waisi. digl siislezenéd WIBrfeadkortaiiing compdads mthed by
M Daage and R R Chianelli [J. Cat. 149, 414-27 ( 1994)J and are shown in
Table 1. As descmittipdohmionhatthatimecdfeadditiah et mdere soltiiers is effected in the

cycl ohexyl benzene relative to BP during the desulfurization reaction are a
good i ndi cat i BrRcHPn anixaurgl Frampleshofithgse egmpowrds are mpialadrapounsdsi whicl
whereas high selectivities of BP relative to CHB indicates, a cagaci.g/si W t h
hi gh hydr odes GPR@EH SHEIUGH cakstal Vet tha uppR dGINPErabip parease thay tiljdissolve

substitution of .tungsten for I num resul.t.s i ~. catal ysts af. are
subst ant | al 'y PHHHERO GreteSy i, FARER, RoneLulE meral Bt B bieddeis” on
A1203 cat al yst,,d Y f ' ' I ratiq; ests
that the. cat aryEraaicRdr Sy, e KA s3ioid b JPackii Mg e Shifgge:
PCT/ US00/ 00994 2Bl 1d mdtARalt §%c@éro?5?am&nycc§rﬁpm-ﬁs@@@w-w Tests Wth
Tungsten Addition by Different Preparati on Schenes catal yst preparation
techni que exa(mbeerétély 3blublein cold water), heteropolyanion compounds of Ni-Mo-W

(moderately soluble in cold water).



350CCHBBP (a~ 350CNH - N - Mb- Gboi |l i ng deconpositionl10610. 4NH4-Ni - VI o_5W
5- Oboi | i ng deconposi tion2171 10. 2NH -Ni - Mo W 5-Qdirect preci pitati oh814H2803
ANH -Ni - Mo W---Ccontrol | ed pH

prepar at i $4%21F. oNi , Mo/ A1203i npr egnat | on1b96 44 Exanmpl e EPGI/LHP00LR4 of
catal ysts were prepared in accordance with the general preparation schene

el ative ratios by Thdser e ERECERRIRCER o blal 8RRy b Y ecR i i i
doscr i bad - Eganar dpeddifig STbpAEL nRRIRO el S BRR & By

along with t hﬁ{)de piz:{fi&la\lwmd'hcth@@rbﬁt)t\}l‘ﬂsn&?fm@%rmg@%%g% @Qgﬁ@%imm 'n

Exanpl e 5. Ta Conparison of Activity iIn nver si on sts with

Variation in Relctitate, ¥ddin a%nmra%icﬁ%%méieﬁ%mmammwmam thedat e

(g) ammoni um net atungstate (g)nickel nitrate hexahydrate (g)"total @

350CCHBB P @ die@4dIhifor prodiMaibifondempRbatdrdmntrehte o3hH cidnde dVadding a
- 018983-1252. 6533. 624%% 62%6314. NH - N~p%/b S{N P e &

- 018983- 1017. G#@8p 81 B3nteRd S4lt sohnidn-atiaNemperature and pH at which the Group VIII
-018357-10913. 1 718. 7443. 62171t 0. 2NN -Ni Mo W ,

- 018983- 9518. Ban-nobde mesal meiGrasuy IBimatalpreorsess changing3he 6oupera®irg 110. 5
The data show that the npst actiye catal yst conptaips an_approxinmately

equi mol ar i xEhANLIBE the Rl O foveerinGriie asaewAT the solvent, ThE precipitate

obtained with this process appears to have high catalytic activity. In contrast to
the conventional hydroprocessing catalysts, which usually comprise a carrier
impregnated with Group VIII non-noble metals and Group VIB metals, said
precipitate can be used without a support. Unsupported catalyst compositions
are usually referred to as bulk catalysts. Changing the pH can be done by adding
base or acid to the reaction mixture, or adding compounds, which decompose
upon temperature, increase into hydroxide ions or H" ions that respectively
increase or decrease the pH. Examples of compounds that decompose upon
temperature increase and thereby Increase or decrease the pH are urea, nitrites,

ammonium cyanate, ammonium hydroxide, and ammonium carbonate.

In an illustrative process according to the solution route, solutions of
ammonium salts of a Group VIB metal are made and a solution of a Group VIII
non-noble metal nitrate is made. Both solutions are heated to a temperature of
approximately 90°C. Ammonium hydroxide is added to the Group VIB metal
solution. The Group VIII non-noble metal solution is added to the Group VIB
metal solution and direct precipitation of the Group VIB and Group VIII
non-noble metal components occurs. This process can also be conducted at
lower temperature and/or decreased pressure or higher temperature and/or

increased pressure.



~ ~ 0 ,1UP~ 2003 WD 00/42127 -36PCT/ USOO 00994 A sgries of catal ysts

. Wwere prepared as described in Exanple 3 (direct precipitation) inwhiig003
equi nol ar m xtures of Mo and Wwere precipitated but the nickel content was
vari ed. D¥YOBEi on was effected as desd?ibed in Exanpl ePET/UBBBO0SY al yst S
so prepared are shown in Table 3 along with their catalytic activities for
DBT neasured as described in exanple 5. Table 3. Variation of N ckel
Content in NH4-N - M, 5W5-0 Catal ysts amoni umanmoni ummi ckel t ot al CHB/ |

' mol ybdat enet at un

tateni tratel:[a, ~ . .
350CCat al yst Sanpl g?‘gzj%@g)r]e;ﬁéﬁgﬂ%ir%a@%@&aﬁﬁﬂlqmg\p g sqjution route, a Group
- 10086 8217 o esdsayy REBLE N el sifp as ammonium hydroxide are mixed in
- 019086- 11117,R52¢k N ; . .
5- 019086- | 12%9.“2@4@%5‘#3%i@éé%‘gyég%tﬁﬂﬂ{gge%c‘)jrnr‘r/aeﬂcoeff%%detshe Dk 18 Jowered
substant i al | ot a¥ ahici pefpilafighloctiRM Ko ARsthfcdwhen AldenyabIKdapmaar s to

go through a maxi mum at about 1. i . A series of catalysts were prepared

in which the agdaohgstyn 0d6mpoAexs asedpplied;, Prechsienimatypivallyacupy atedpH The
catal ysts were prepared in accordance to the procedure described in Exanple
3 except thatbeidwe 7anount of NH4OH in solution A was varied to change to
NHAOH/ NI nol ar ratio when the two sol utions were m xed. Deconposition was
effected as described in Exanple S. The catal ysts so prepared are shown in
Table 4 along with their catalytic activities for DBT neasured as descri bed
in Exanple 5.  -Independeptly franavhetherghe sabd or sgiption peyteussshpstionstepsil.e 4.

Variation in tﬁlw%ﬁlt%gjgdtﬁlﬁcocgtél9stpc.:ro%?§ors?t§clmogreferab]y comprises and more preferably

consists essentially of bulk catalyst particles having the characteristics of the
bulk catalyst particles described under the heading "Catalyst compositions of the

invention."

The bulk catalyst composition can generally be directly shaped into
hydroprocessing particles. If the amount of liquid of the bulk catalyst
composition is so high that it cannot be directly subjected to a shaping step, a
solid liquid separation can be performed before shaping. Optionally the bulk
catalyst composition, either as such or after solid liquid separation, can be

calcined before shaping.

The median diameter of the bulk catalyst particles is at least 50 nm, more
preferably at least 100 nm, and preferably not more than 5000 pm and more
preferably not more than 3000 um. Even more preferably, the median particle
diameter lies in the range of 0.1 - 50 um and most preferably in the range of

0.5-50pm.



Cat al yst anmoni umammoni utmi ckel cm At ot al ~CHB/ BNHqOH/ Ni nol ybdat enet at ungst at e
nitrate(a~P ~a.nole '

rati oSanpl e(g) (g) hexahydr at econe350C350C( g) NHA0HL: 219086- 9617. 6524. 643. 656.
810210. 51wOI@NBR79717. 6524. 658. 21413710. 4220-:19086- 8217. 6524&1&0(7/5@@41671%0 )
43:119086- 1041 7. 6524. 687. 3411 641 1. 44: 1f 9086- 10617. 6524. 687. 3 ~55 | ABUUN 2%
| 12.1 Wil e deconposition of the precursor conpound wll drive off nost, if
not all, of the alfreobindar pmterians aked incthprreparston of the qataystrammositodn it he
precursor and the catalytic uti]ity of the deconposition product can be
affected by t¢@ by materiaihatisaopyeytianallprappliedias adrindent invedeeprootssinge
deconposi tion product_as a cat al é/st_ I's enhanced when the NH44H/ N ratio in
the prepar at i Galystsy fexasprles indnde siisaunica-glumiam sushas conyerondbout 4: 1,

f bl b 1. 5:1 to,ab 4: 1, d r ef | y..ab 2:1 b
£ i vl i B i AFcF B by Mot
change in thepa%%‘g‘ﬁ]g’&s‘%h{’?’ﬁ‘?q oﬁrgéwe? [it?aﬁléa,(’zéxicgpgpsfgti%qicg;@éﬁﬁréagpq{u%ﬁlay% wer e

d [ t ' I . ' f
[SADD (1 on sultP e Sip o iR, Whobhs. Yenfith Pt Bydretdlbirk, 7 AEREE por! 2
sul fur, S0 wopyYddd BERRrs AiEth GMALATRINES Wlx_ullizﬂ‘a,?it 1&Vitbntd gf%iggﬁﬁ'z-

The catalysts were tested at 5/9F, 650 psig o and 1850 SCF

The relative thgtdofi (ThRse @fnddﬂ@n@ﬂyfﬁeeégﬂied%ts%hbf%?%ﬁ@f priateni 16M aldy Tabl e
5. 0 JUN 208 WO 00l 42127 - 38°- PCI/US00/ 00994 Table 5. Relative

Hydr ot r eat i ngpdisible itd applyorebHRDE bfbescCaindeyssthig ldating ehd/ptacesy 6f the HDS
ActivityRel ative Vol unetric HDN ActivityN .M/AL OLINH - N Mb- 00. 250. 50NH
-Ni Mo W -OL.iszedomhee ¢dnventedint@anycaf thieyabove sleacrshesnbiadersHbhitaide
catal yst, the NH4-N - M ) ) . . .
precursors are, € g., alkali metal aluminates (to obtain an alumina binder), water
glass (to obtain a silica binder), a mixture of alkali metal aluminates and water
glass (to obtain a silica alumina binder), a mixture of sources of a di-, tri-, and/or
tetravalent metal such as a mixture of water-soluble salts of magnesium,
aluminum and/or silicon (to prepare a cationic clay and/or anionic clay),

chlorohydrol, aluminum sulfate, or mixtures thereof.

If desired, the binder material may be composited with a Group VIB
metal and/or a Group VIII non-noble metal, prior to being composited with the
bulk catalyst composition and/or prior to being added during the preparation
thereof. Compositing the binder material with any of these metals may be
carried out by impregnation of the solid binder with these matenals. The person
skilled in the art knows suitable impregnation techniques. If the binder is
peptized, it is also possible to carry out the peptization in the presence of Group

VIB and/or Group VIII non-noble metal components.

If alumina is applied as binder, the surface area preferably lies in the

range of 100 - 400 m¥g, and more preferably 150 - 350 m*/g, measured by the



phase is the bul k phase with no tungsten, and the NH4=Ni, oMo sWs-Ois the

. bul'k phase with partial substitution of Wfor M. The NH4-N M-O caﬂgmm?

is al so reg}resent ative of known conpounds. .-The catal yst of this inv on

is illustrYOMBR7NHA- Ni , . oMbo, sW. s-0 and i he data show t hBCE/U8M800994
advant age of ammoni um ni ckel tungsten nol ybdate for HDN activity. Exam-[g

6. 1 kg, ammot bl aPARSh AREPY eI GTR AT (b S maF L R E EaPYR ™ e Bhae P Per s
the.sol uti on. TR s BRI o Lp 10 S0C. 26, Skg N 003

(49.7% Ni) powder is mxed wwth water and the resulting paste is added to
t he ammoni um di nol ybdat e/ ammoni um net at ungst at e sol uti on. The resulting

m xture is reacted G&feerlf,&?’l% girﬁfer Steri P RHR fdid i ﬂm%ﬁlﬁrr(])%gé'sﬁtﬂé irﬁze?iligﬂsfk

catal yst conposition acco to the solution route: -liter

13.2 g anmoni Gy '[@%'s)tta@a?l%ﬁc at@viB/ thaithe Hulibeataly$ conth ARSI bHAd BBfafitiengst at e
(0.075 noles W and 43.6 g nicKel nitrate hexahydrate (0.15 noles NI) were

di ssol ved i n 30dfivity anatleiCaneqiaitly, be adding 4 bindepiatesiad| the adtiBity dbthetvusk
solution, a concentrated NH4OH solution (about 600 nm) was added f 1 PAGE
39 i PE, q/ ~S ~ catalyst confgiBitiort may theereditade dbierefotd) thexamionng opbinder matemal
precipitate remained. The solution was refluxed at 100C for 3 hours. During
this heating, t©he agdediiptheprecesssefothgdnvention generaliyalepends or the desrad bl ue
| uti d furt i ng, _ ipjtate f d.
sotution an %@tiv#c{/ o % € ng’lt éart]%ystaccgnr'zggsr;tlgrg.egn%er gm%un?srggm 0-95 wt% of
the total composition can be suitable, depending on the envisaged catalytic
application. ﬁowever, to take advantage of the resulting unusual high activity of
the composition of the present invention, binder amounts to be added are

generally in the range of 0.5 - 75 wt.% of the total composition.

The catalyst composition can be directly shaped. Shaping comprises
extrusion, pelletizing, beading, and/or spray drying. It must be noted that if the
catalyst composition is to be applied in slurry type reactors, fluidized beds,
moving beds, expanded beds, or ebullating beds, spray drying or beading is
generally applied for fixed bed applications, generally, the catalyst composition
is extruded, pelletized and/or beaded. In the latter case, prior to or during the
shaping step, any additives that are conventionally used to facilitate shaping can
be added. These additives may comprise aluminum stearate, surfactants,
graphite or mixtures thereof. These additives can be added at any stage prior to
the shaping step. Further, when alumina is used as a binder, it may be desirable
to add acids prior to the shaping step such as nitric acid to increase the

mechanical strength of the extrudates.



The heating was continued until the pH reached a¢val ue between 6.8 and gwf 1
The suspension was cooled to roomtenperature, filtered, wished wi t h Mb 2003
and dried at 120C overnight. 18 granms of material were obtained. 657g of a
Ni Mo- W buMO 8@(#242%st conposi ti on obt ai ned 2dccordi ng to the pCT/PSWOEr e

- described in Exanple 10 was added to 1362 g of an aqueous slurry containing"
125g of alum na (prepared by precipitation of sodium alum nate and al um num
sul fate). The resutis prgfedredthanathinderanatgrigkis added priotdo doerphaping $epwas
subsequently m xed at 80C until an LO  of 31 % was obtained. The resulting

conposi ti on Vathaipy dgpeaferrod hat theishaping siepés eamriedpuitds thepesengec at
120. C for abqut .90 m nutes and subsequently cal.¢i ned. at, 385C for one hour
it The JiHQeRebetaieh e e N SRR ® i (e THASTLEENTE.  he
al um na suspension, .a silica sol_ containi O w.%silica were applied. 4
(sanpl e 211 E3PEESEdas ilidlll\)ﬁ-‘V\?}EﬁJWg&Q?gby's%O&'onposi tion obtai ned according
to the procedure described in Exanple 10 was added to 510g of a boehmte
paste containing 1259 boehmte. The rebuffing paste was m xed at 60C to

bt L O B TSP BRRATOBE b, L oAl Bfngy

cal ci ned as descr anrc

01 00 g9 wefAfoptbnatiVcaldised. ChicinddondwdoeriPhst dssenfiflabthdpcdds1 0469
~ 0 JUN 200 The procedure”described in Exanple 10 was repeated except that

al unmi na is prefaBeinesntiong If Aealvisivndsicafrief oithia thelpkosss aif Yisd invengasiit | on.
To 7559 of the resulting dried N -M-Wbulk catalyst - alum na conposition

cont ai ni ng 60@ndieudoneast Aenperatateof, argl, frosnkl(° 26007 awd praferably 31°dower e
added. The resulting m xture was m xed at 70C whil e evaporating water until
an LO of 34%MSE fosnadimeyarying fram 1% tondf bounsoshhe dnyingaof thershaged, dri ed
and cal ci ned as .described in Exanple 12. . -.,; Ammonjum ol ybdat e,

anmoni um t undgdre egmgmsrg%wwgp%,abm@e@%esd@l&v& Cand” conbined in a
first reactor. The tenperature is increased to 90C. The Goup VIII salt is
di ssolved in a second reactor and heated to 90C. Ammoni um hydr oxi de is

added to the firsf,t ﬁt?eﬁ%ﬁl?d teﬁ}bfoggrg%ﬁt. Jiahk 9n\§e?1|ti5}1i He ca-[lg'lﬁs%&ﬂn?os\ﬂié)ﬂ igret al

solution is added to Ir wise Wth stitring nutes. After

30 m nutes, tu@jd&Fidipral Arying! (fldsRY 8FiRR InMARE Sthealiif, RrRehitihdidhsi S
dri ed overni ghtJat | 20 ra%drﬂgagcﬂl naegT aﬁllg%SC. Q Exeaamnl%n 5 17 'i'he ®

preci pi tati ortherbfipgiopto Exaping.c Theseddditional procast sppsecan by @vidpctedtefthkr om
ammoni um di nol ybdate, ammoni um neta tungstate and Fe(l| | (l\l%)3 9 HZO in
98% yi el d corhafoxs erafier. dbimdepisradded, after. sglidtliquidiseration, Bfose anafter W3,
The surface areg of the_ precipitate was 76 n2/g. The pore vol une as

measur ed up t®l@paten ayd pebisequenidorpavettinsr b Helisved thatky applvingany ¢f ~ a

Termreav Cuc{he agé\%dggcx%b%d~t’e€}§1i:cLlfxlesAof sp2ray drying, (flash) drying, milling,
kneading, or combinations thereof, the degree of mixing between the bulk
catalyst composition and the binder material is improved. This applies to both
cases where the binder material is added before or after the application of any of
the above-described methods. However, it is generally preferred to add the
binder material prior to spray drying and/or any altemnative technique. If the
binder is added subsequent to spray drying and/or any alternative technique, the
resulting composition is preferably thoroughly mixed by any conventional
technique prior to shaping. An advantage of, e.g., spray drying is that no

wastewater streams are obtained when this technique is applied.



G 00p ~aa~~~r~~ ~ 0 JUN 2003 The precipitation nethod of Exanple 16 was
used to prepare a precipitate from N (C03)Z6Hz0, (NH4)6M~0244H20, apgd JUN 200°
(NH4) 2Cr 20~ in 87.7%yvyield conprising 52.2 wt.% N O, 29.4 wt. % M03, and

16. 6 wt. % WOWM212Phe surface area of the precipitate was 198CHESEO00THe por e
'vol une as neasured up to 60 nm by BET using the adsorption curve was 0. 276

m/g. | Exay The precipitation nethod of Exanple 16 used to prepare a
precipitate from Nﬁ'f 03 C@@@W&an%%@mgz@ﬁyﬁ 87. 7%
yield conmprising -1.-' 44.0 :ﬁn.%NiO, 42.4 wt.%WDlzr and 11(..8 . %.Cr 203,
The surface arlggpgf’t’f’?re’ApF?&' Hi& SATBPoReat irgthe senge ofthe RIGSCuT IRy Shtgn Agany

Exanpl o5 20 and ITIpTA ervlE B rRENIREE 8 b i i, ialt AR Reaer ce
area convent | g;’ﬂ:@h aB YIS ’t(?‘htﬁﬂ%?w g?olﬁ%gguk. 7B kd ?E‘?FA@I',}*(D'S SAPEY %BlorPho s

(M- W N - Based, her éinafte ( present ’i nvention respectively.
Exanpl e 22 pr%fhﬂ?ﬁ%\%ﬁiﬁqntgﬁts%@ﬁ%'sﬁf&ﬁ-aq’{ljm’irﬁh‘? ok Wi x Gt INER0fS VB WD Icfiiar

hydr opr ocessi ng o rab L t vacuumresid. As shown in Table 6, the BMCat

slurry catal yshaodonid\mapéresls Hay At QR bibdnddr adi 4 ¢raekinig)conifvnenest thPSame
activity along with higher HDN'and HDNi activity. Exanple 20 M- Based Hi gh

Surface Area QimenVeninstance, slizhallyainaAnsphate enthefsadi2. ttmg aafracking and a
phosphonol ybdi ¢ acid (PVA from Fisher) in 140 g of deionized H20 was
mechani cal | y thirdidgduneti®d0 g. of Arab Light Atrnospheric resid (ALAR).
After renoving HzO at 250F( 121.1 C), 572.6 g of resultant PMA-in-QG |
concentrate were obtained having CCRto Mo atomc ratio and 50. AMEf VDED
SHEET WD 00J42127 - 42 .~ 0 ~ul, ~aa3 PCT/ USOQJ00994 Next, 280 of \tgﬁf
PMA-1n-Gi | concent)f Se8iTeithe ¢ CTIBPRPORY (%S FPMPRYIEA VR 29 EouRn

pressurized to i S... Rhg,ym xtu was ,heated,to 300F( 148 9 for 40
M utes under 68" BREGP Aseroup vt Rt nible At BP35 KpeBa SRmas g iR e
after renoving, . : j ] was
oL oV, MR SANE dobte Rt bbb R urieR e A !
sol i ds were i shtRbedCompdsififi@ileQitaclkiRs BEfpdhémt With 4apof didiednéteR HaBE
vacuum Solids yield: 7.04 g of high surface area catal yst. A solution of
11. 3 g of phospoabbytsly empcsgha(iOVBS thearradkiapeompohdnwithaheszhasgehalsungsti c
acid (PTA from Fisher) and 28.5 g of nickel acetate (Fisher) in 140 g of
dei oni zed H20 was nechanically blended in 600 g of ALAR After renoving H20
at 250F(121.10), .8 g of catal yst caqoncentrate were, obtained having CCR
to Mo + Watomc rathecragking esgnponent, which can comprise about 0-80 wt.%, based on

the total weight of the catalyst, can be added at any stage of the process of the

present invention prior to the shaping step. However, it is preferred to add the

cracking component during the compositing step (ii) with the binder.

Generally, 1t depends on the envisaged catalytic application of the final
catalyst composition which of the above-described cracking components is
added. A zeolite is preferably added if the resulting composition shall be applied
in hydrocracking or fluid catalytic cracking. Other cracking components such as
silica-alumina or cationic clays are preferably added if the final catalyst
composition shall be used in hydrotreating applications. The amount of cracking

material that is added depends on the desired activity of the final c.omposition



The dry precursor concentrate was then converted-to catal yst concentrlﬁ@ml
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of hydrogen pnésbenpplieguongevisagsd didithad iy vayfromd a8 ®sl%yvieasddonnbe t he
test at rate corresponding to 0.45 L/mn. The autocl ave was heated to 750F
over a peri odo! wedghi efithescatigstccampasitien.t enperature for ? hours, and
cooled rapidly. The autoclave was vented and the "/ ~500~ 00 ~~ ~ PACE 43
~ 0 JUN z003 liquid contents containing the dispersed catal yst was

di scharged. The liquj d. was.separated fromthe catal yst and sent for
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Interestingly, the BMCat slurry catal yst of the present invention only
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Mb) and 24. 604 phbsphemeandmitristagidingstate (0.1 mole W were di ssol ved in
700 mM of water giving a solution pHof ~5.2. To this solution 0.6 noles of
HNAOH (45 m of a 28-30% sol ution) was added, raising the solution pHto
~9.7 (solution A, ..ThiS l.uti was war to 90C, A.sec sol ution was
prepared by di ssoﬁ‘wgaﬁ)de§?8§1&Pagﬁ'aﬂf‘1§%Im%?graéf’ee'%e%%%ﬁaﬁggerl]g% noles N)
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conpared to a conparabl e experinment where a Mcrocat was used. It should be

noted that hydrogen fl owed through the



~ 0 ~u~ ~oo~ WO 00/42127 - 45 - PCTNS00/ 00994 autoclave during the tests at
rates corresponding to 0.32 or 0.45 L/ m n dependi ng on the anopunt Q)‘_]m\bmﬂ
used. Table 7. Activity Conparison of Sulfided N/M/WBulk Catal yst and M
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treat gas an e presence o t1 et I c catal yst conprised of
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and wherein the ratio of Goup VIB netal to Goup VIII non-noble netal is

from about 10subjectirmhchd cakalykt ébmposifioe tpspragsisyiaf antarany alleenative t he bul k
multinetallic is represented by the formula: ~x)b ~M~)c ~~d -~z

method, and/or subsequently to subjecting the composition to spray drying

and/or any alternative method but prior to shaping, and/or subsequently to

shaping the catalyst composition. It is preferred that the sulfidation is not carried

out prior to any process step that reverts the obtained metal sulfides into their

oxides. Such process steps are, e.g., calcination or spray drying or any other

high temperature treatment in the presence of oxygen. Consequently, if the

catalyst composition is subjected to spray drying and/or any alternative

technique, the sulfidation should be carried out subsequent to the application of

any of these methods.

Additionally to, or instead of, a sulfidation step, the bulk catalyst
composition may be prepared from at least one metal sulfide. If, e.g ,the solid
route is applied the bulk catalyst component can be prepared form nickel sulfide

and/or molybdenum sulfide and/or tungsten sulfide.

If the catalyst composition is used in a fixed bed processes, the sulfidation
is preferably carried out subsequent to the shaping step and, if applied,
subsequent to the last calcination step. Preferably, the sulfidation 1s carried out

ex situ, i.e., the sulfidation is carried out in a separate reactor prior to loading the



wherein X is a Goup VIII non-noble netal, and the nolar ratio of %z S\lﬁ?@@)
is 0.5/1 to 3/1. 3. THE€ process of claim1 wherein the Goup VII | 78! e
netal is selected fromN and Co. 4. The process of claim2 wherein the

G oup VII w427 s Ni, and the X-ray difRfaction pattern FCTUSS0/6MIAI yst
is essentially anorphous wi sh crystalline peaks at d = 2.53 Angstrons and d
= 1.70 Angstrons. 5. The process of claim3 wherein the nplar ratio of b:
(c+d) is 0.75nlfided catglyst comipodisomihtarthe hydrwpodcassingiunit/ Harthesmape, 1t 1s6.  The
process of claim1 wherein the distillate feedstock is a product of

petrol eum sypn¢fgated thatathe cotedyss compositianuisedoth sulfdedgr seyrandds s si on
process. 2 p'~Ni.003 pCTNS00100994 wp 00142127 of claim S wherein the
distillate boiling range . The process in the range of about 175 to about

400C. feedstock bogils erein the slurry hydrotreati conditi.ons g. The
process of claim %}Eﬁcmgé’ﬁ't cergposiHoRy Bed ’Brtgggm%‘:?efq?gm REGS6R! 'PHE’F‘%‘HE”&
rates of about 200 to 2000 standard cubic 300

tenperature in the r a S
to 1200 prig,re%rﬁaemgﬁg’ggﬁtf?%u?eet per hour. .AY(.AFy.A@A 2.A .A A
AAAFAN.A.A3.AAA 32 Ae. A2 . A R A A3, AFUS. A A

(X)y (Mo). (W), O,

wherein X is one or more a Group VIII non-noble metal, the molar ratio of b:

(c+d) is 0.5/1 to 3/1, preferably 0.75/1 to 1.5/1, more preferably 0.75/1 to 1.25/1:

The molar ratio of c:d is preferably >0.01/1, more preferably >0.1/1, still
more preferably 1/10 to 10/1, still more preferably 1/3 to 3/1, most preferably
substantially equimolar amounts of Mo and W, e.g.,2/3t0 3/2;andz=[2b + 6
(c+d))/2. |

The essentially amorphous material has a unique X-ray diffraction pattern

showing crystalline peaks at d = 2.53 Angstroms and d = 1.70 Angstroms.

The mixed metal oxide is readily produced by the decomposition of a

precursor having the formula:

(NH,), (X), (Mo) (W), O,

wherein the molar ratio of a:b is < 1.0/1, preferably 0-1; and b, c, and d, are as
defined above, and z = [a + 2b + 6 (c+d)]/2. The precursor has similar peaks at d

= 2.53 and 1.70 Angstroms.
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further preferred that the Group VIB metal comprises a combination of

molybdenum and tungsten. Preferably, combinations of
nickel/molybdenum/tungsten and cobalt/molybdenum/tungsten and
nickel/cobalt/molybdenum/tungsten are used. These types of precipitates appear
to be sinter-resistant. Thus, the active surface area of the precipitate is remained
during use. The metals are preferably present as oxidic compounds of the
corresponding metals, or if the catalyst composition has been sulfided, sulfidic

compounds of the corresponding metals.
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) these particles have preferably a pore volume of 0.05 - 5 ml/g, more preferably

of 0.1 - 4 ml/g, still more preferably of 0.1 - 3 ml/g and most preferably 0.1 - 2
ml/g determined by nitrogen adsorption. Preferably, pores smaller than 1 nm are
not present. Furthermore these particles preferably have a median diameter of at
least 50 nm, more preferably at least 100 nm, and preferably not more than 5000
pm and more preferably not more than 3000 pm. Even more preferably, the
median particle diameter lies in the range of 0.1 - 50 pm and most preferably in

the range of 0 5 - 50 pm.

(J

It was found that the bulk catalyst particles have a characteristic X-ray
diffraction pattern which differs from catalysts obtained by co-mixing and
conventional hydroprocessing catalysts obtained by impregnation. The X-ray
diffraction pattern of the bulk catalyst particles comprises, and preferably
essentially consists of, peaks characteristic to the reacted metal components. If,
e.g., nickel hydroxy-carbonate has been contacted with a molybdenum and
tungsten component as described above, the resulting bulk catalyst particles are
characterized by an X-ray diffraction pattern which comprises peaks at d values
of (4.094), 2.83A, 2.53A, 2.324, 2.234, 1.70A, (1.54A), 1.47A. Values in

brackets indicate

AMENDED QHEET
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consists of " these peaks means that apart from these peaks, there are essentially
no further peaks contained in the diffraction pattern. The precipitate for catalyst
obtained by the solution route has a characteristic X-ray diffraction pattern
which differs from catalyst obtained by co-mixing and conventional
hydroprocessing catalysts obtained by impregnation. For instance the X-ray
diffraction pattern of a Ni-Mo-W precipitate as prepared by the solution route
has peaks at d values of 2.52A, 1.72A and 1.46A.

Also as previously stated, the catalyst composition may comprise
conventional hydroprocessing catalysts. The binder materials and cracking
components of the conventional hydroprocessing catalyst generally comprise
any of the above-described binder materials and cracking components. The
hydrogenation metals of the conventional hydroprocessing catalyst generally
comprise Group VIB and Group VIII non-noble metals such as combinations of
nickel or cobalt with molybdenum or tungsten. Suitable conventional
hydroprocessing catalysts are, e.g., hydrotreating catalysts. These catalysts can

be in the spent, regenerated, or fresh state.

The surface area of the catalyst composition preferably is at least 40 m%/g,
more preferably at least 80 m%/g and most preferably at least 120 m*/g. The total
pore volume of the catalyst composition is preferably at least 0.05 ml/g and
more preferably at least 0.01 ml/g as determined by water porosimetry. To
obtain catalyst compositions with high mechanical strength, it may be desirable

that the catalyst composition of the invention has a low macroporosity.

AMENDED SHEET
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suspension, and as such, simultaneously and sequentially.

The precursor compound can also be readily prepared by one of several
methods, including a variation of the boiling decomposition method used by
Teichner and Astier in which a tungsten compound is added to the initial mixture
of a molybdenum salt, a nickel salt and ammonium hydroxide. Direct
precipitation and pH controlled precipitation may also be used to prepare the
precursor compound. In all cases, however, water soluble salts of nickel,

molybdenum and tungsten are employed.

In another embodiment, a binder can be added to the bulk mixed metal
oxide to maintain particle integrity. The binder can be silica, alumina, silica-
alumina or other materials generally known as particle binders. When utilizing a
binder, the amount may range from about 1-30 wt% of the finished catalyst,

preferably about 5-26 wt% of the finished catalyst.

After recovering the precursor product, regardless of preparation methoc
the precursor is decomposed at temperatures ranging from about 300-450°C in a

suitably inert or air atmosphere.

The decomposed precursor can be sulfided or pre-sulfided by a variety of
known methods. For example, the decomposition product can be contacted with
a gas comprising H,S and hydrogen, e.g., 10% H,S/H,, at elevated temperatures
for a period of time sufficient to sulfide the decomposition product, usually at the
point of H,S breakthrough in the exit gas. Sulfiding can also be effected, in situ,

by passing a typical feedstock containing sulfur over the decomposition product.
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point of the feed increases, the severity of the conditions will also increase. The

i

following table serves to illustrate typical conditions for a range of feeds.

FEED TYPICAL BOILING | TEMP.°C | PRESS, BAR SPACE 11, GAS RATE SCF/3
RANGE °C VELOCITY
V/VIHR

naphtha 25-210 100-370 10-60 0.5-10 100-2.000
diese! 170-350 200-400 15-110 0.5 500-6.000
heavy gas ol 325-475 260-430 15-170 0.3-2 1000-6,000

Yube o1l 290-550 200-450 6210 0.2-5 100-10.000
restduum 10-50%>575 340-450 65-1100 01-) 2.000-10.000

While the invention described herein shows enhanced activity for
hydrodenitrogenation, most HDN catalysts will also show hydrodesulfurization
(HDS) activity. Consequently, the catalysts and processes described herein will
be useful on feeds containing both nitrogen and sulfur, and will be particularly

useful on feeds high in nitrogen.

The following examples will serve to illustrate, but not limit, this
invention.

Example 1 Preparation of NH4-Ni-Mo-O Phase (boiling decomposition as per
Teichner and Astier procedure):

In a 1 liter flask, 26.5 g ammonium molybdate (0.15 moles Mo) and 43.6 g
nickel nitrate hexahydrate (0.15 moles Ni) were dissolved in 300 cc of water so
that the resulting pH equaled 4.3. To this solution, a concentrated NH4OH
solution was added. At first, a precipitate formed which on further addition of
NH40H dissolved to give a clear blue solution with a pH of 8.3, and additional
NH4OH (~250cc) was added until a pH of 10 was reached. The solution was
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precipitate formed. The final pH lay between 6.8 and 7. The suspension was
cooled to room temperature, filtered, washed with water and dried at 120°C
overnight. About 18.6g of material was obtained. The sample analyzed for Ni
at 26.6 wt.% and Mo at 34 wt.%. The X-ray diffraction spectra of the phase
matches the pattern reported by Teichner and Astier.

Example 2 Preparation of NH4-Ni-Mo.5W 5-O by boiling decomposition:

In a 1 liter flask, 13.2 g ammonium molybdate (0.075 moles Mo), 18.7 g

D ' ammonium metatungstate (.075 moles W) and 43.6 g nickel nitrate hexahydrate
(0.15 moles Ni) were dissolved in 300cc of water so that the resulting pH
equaled 4.3. To this solution, a concentrated NH4OH solution (~600cc) was
added until the pH reached 10. At this point, some precipitate remained. The
solution was refluxed at ~100°C for 3 h. During this heating, the precipitate
dissolved to give a clear blue solution and on further heating, a green precipitate
formed. The heating was continued until the pH reached between 6.8 and 7.
The suspension was cooled to room temperature, filtered, washed with water and

- dried at 120°C overnight. 18 grams of material is obtained. The X-ray
diffraction spectra of the phase is given in Figure 1 showing an amorphous

background with the two largest peaks at d=2.53 and 1.70A.

Example 3 Preparation of NH4-Ni-Mo sW 5-O by direct precipitation:

In a 1 liter flask, 17.65 g of ammonium molybdate (0.1 mole Mo) and 24.60 g of
ammonium metatungstate (0.1 mole W) were dissolved in 800 cc of water giving
a solution pH of ~5.2. To this solution 0.4 moles of NH4OH (~30 cc) was
added, raising the pH to ~9.8 (solution A). This solution was warmed to 90°C.
A second solution was prepared by adding 58.2 g of nickel nitrate, (0.2 moles

AMENDED SHEET
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10%& ()-L10 /“gfn@ybdate/ammomum metatungstate solution. A precipitate begins to form after
1/4 of the solution was added. This suspension which was at a pH ~6.5 was
stirred for 30 minutes while the temperature was maintained at 90°C. The
material was filtered hot, washed with hot water, and dried at 120°C.

Approximately 38 g of material was recovered.

Example 4 Preparation of NH4-Ni-Mo 5-Mo sW 5-O by controlled pH
precipitation;

Two solutions were prepared with the same amounts of nickel, tungsten,
molybdenum and ammonium hydroxide are described in Example 3 (solutions A
and B) except that each solution contained about 700 cc of water. The two
solutions were added into a separate vessel initially containing 400 cc of water
held at 90°C. Solution B (the acidic solution) was pumped into the vessel at a
constant rate of ~15cc/min, while solution A is added through a separate pump
which is under feedback PC control and set to maintain the pH at 6.5. On mixing
the two solutions a precipitate forms. The slurry was stirred at 90°C for 30

minutes, filtered hot, washed with hot water, and dried at 120°C.

Example 5 Catalytic Evaluation Using Dibenzothiophene (DBT):

1.5-2 g of the catalysts of Examples 1-4 were placed in a quartz boat which was
in turn inserted into a horizontal quartz tube and placed into a Lindberg furnace.
The temperature was raised to 370°C in about one hour with N> flowing at 50
cc/m, and the flow continued for 1.5 h at 370°C. N2 was switched off and 10%
H»S/H> then added to the reactor at 20 cc/m, the temperature increased to 400°C,
and held there for 2 hours. The heat was then shut off and the catalyst cooled in

flowing HyS/H» to 70°C, at which point this flow was discontinued and N7 was
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transferred into a N7 purged glove box. Catalysts were evaluated in a 300cc
modified Carberry batch reactor designed for constant hydrogen flow. The
catalyst was pilled and sized to 20/40 mesh and one gram was loaded into a
stainless steel basket, sandwiched between a layer of mullite beads. 100 cc of
liquid feed, containing 5 wt% dibenzothiophene in decalin was added to the
autoclave. A hydrogen flow of 100 cc/min was passed through the reactor and
the pressure was maintained at 3150kPa using a back pressure regulator. The
temperature was raised to 350°C at 5-6 deg/min and run until either 50% DBT
was converted or until 7 hours was reached. A small aliquot of product was
removed every 30 minutes and analyzed by GC. Rate constants for the overall
conversion as well as the conversion to the reaction products bipheny!l (BP) and
cyclohexylbenzene (CHB) were calculated as described by M. Daage and R. R.
Chianelli [J. Cat. 149, 414-27 (1994)] and are shown in Table 1. As described in
that article, high selectivities to cyclohexylbenzene relative to BP during the
desulfurization reaction are a good indication of a catalyst with high

hydrodenitrogenation activity, whereas high selectivities of BP relative to CHB

indicates a catalyst with high hydrodesulfurization activity.

The results show that partial substitution of tungsten for molybdenum results i |
catalysts that are substantially higher for DBT conversion. A standard supported
Ni-Mo on Al7O3 catalyst is also shown for comparison. The high CHB/BP ratio

suggests that the catalysts are active for HDN.
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Rtotal @ CHBRB/BP (@
catalyst preparation technique example # 350°C 350°C
NH4-Ni-Mo-O boiling decomposition ] 106 10.4
| NH4-Ni-Mo sW 5-0 boiling decomposition 2 171 102
NHy-Ni-Mo sW 5-O direct precipitation 3 167 124
NH4-Ni-Mo sW 5-O controlled pH preparation 4 181 12.0
Ni,Mo/Al»04 impregnation 129 64

Example ¢

A series of catalysts were prepared in accordance with the general preparation
scheme of example 2 (i.e., boiling decomposition) but varying the Mo and W
relative ratios by changing the amount of ammonium molybdate and ammonium
metatungstate added to the solutions. Decomposition was effected as described
in Example 5. The catalysts so prepared are shown in Table 2 along with their

catalytic activities for DBT measured as described in Example S.

Table 2. Comparison of Activity in DBT Conversion Tests with Variation in
Relative W and Mo Content

ammonium ammonium nickel Rtotal | CHB/B
molybdate | metatungstate nitrate @ P®@
Catalyst Sample (g (2 hexahydrate | 350°C | 350°C
(2)

NH4-Niw-O 18983-97 0 36.95 43.62 128 11.3
NHg-NiMo ;W ¢-O | 18983-125 2.65 33.62 43.62 132 14.1
NHg4-NiMo 1W 5-O | 18983-101 7.94 25.87 43.62 154 11.6
NH,4-NiMo sW 5-O | 18357-109 13.17 18.74 43.62 171 10.2
NH4-NiMo W 3-0O 18983-95 18.54 11.09 43.62 158 11.5
NHy-NiMo gW 1-O 18983-92 23.83 3.69 43.62 141 10.5

The data show that the most active catalyst contains an approximately equimolar

mixture of tungsten and molybdenum.
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Example 7

A series of catalysts were prepared as described in Example 3 (direct
precipitation) in which equimolar mixtures of Mo and W were precipitated but
the nickel content was varied. Decomposition was effected as described in
Example 5. The catalysts so prepared are shown in Table 3 along with their

catalytic activities for DBT measured as described in example 5.

Table 3. Variation of Nickel Content in NH4-Ni-Mo sW 5-O Catalysts

ammonium | ammonium nickel Kiotal | CHBT
molybdate | metatungstate nitrate @ @ 350°C
Catalyst Sample (g) (g) hexahydrate | 350°C
(8)

NHy-Nig 75Mo sW 5-O 19086-110 17.65 24.6 43.65 171 13.0
NH4-Niy gMo §W 5-O 19086-82 17.65 24.6 58.2 167 12.4
NHy-N1j 95Mo sW 5-O 19086-111 17.65 24.6 72.75 174 11.0
NH4-Nij sMo sW 5-O 19086-112 17.65 24.6 87.3 148 9.55

Catalytic performance does not change substantially with variations in Ni from

0.75 to 1.5, although K appears to go through 2 maximum at about 1.25 Ni.
Example 8

A series of catalysts were prepared in which the quantity of NH4OH used in the
preparation was varied. The catalysts were prepared in accordance to the
procedure described in Example 3 except that the amount of NH4OH in solution
A was varied to change to NH4OH/Ni molar ratio when the two solutions were
mixed. Decomposition was effected as described in Example 5. The catalysts
so prepared are shown in Table 4 along with their catalytic activities for DBT

measured as described in Example 5.
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4:1 19086-106 17.65 24.6 87.3 55 16] 12.1

While decomposition of the precursor compound will drive off most, if not all,
of the ammonium portion of the precursor, the preparation of the precursor and
the catalytic utility of the decomposition product can be affected by the amount
of NH,OH employed. Thus, the effectiveness of the decomposition product as a
catalyst is enhanced when the NH,OH/Ni ratio in the preparation of the precursor
compound is from about 1:1 to about 4:1, preferably about 1.5:1 to about 4:1,
and more preferably about 2:1 to about 4:1. While not wishing to be bound by
any particular theory or mechanism, there is some evidence the NH,OH/Ni ratio

causes the Ni-M-W-0O phase to change in the decomposition product.

Example 9

The catalysts of examples 1 and 2 were compared against standard supported Ni-
Mo catalysts for the conversion of a LSADO (low sulfur auto diesel oil feed).
This feed contained 510 wppm sulfur, 50 wppm nitrogen, and 30.6% aromatics
with a gravity of 39.8° API. The catalysts were tested at 579°F, 650 psig of Hy,
and 1850 SCFB/B of Hy. The relative activities of the different catalysts are

summarized in Table 5.



) & ()- 3S10% & ()-Hea@10) 3 3°110% & ()-3 3 10%$ & ()-Z 3

>$109%k! k& ()-3!3 $10%$ $& ()- 310% $ & ()-MLO) 10) 6JKLMP] vu4a10 70 JUN 2003
38 MO% e$' & ()-Z 310% e$' & ()-MO $10°$ $10°$ 3.110%$ & ()-0

3Y+10% $ @ 90742337 10% $° & () -] p| obU410 33BEWBME () - 10" e$' 1P PBShDIBS'
35)110% e$' & ()- 3110%e$' & ()-s m 10%3$& ()- 3110% ' & ()-!fF*3

"10%BMR' ()-e3 "109%VBME ()-e3 "10%vBME' ()-e33 "10%vBME ()-e3 "10%BM ()-e
33 109BME () - @ 3t 10%VBMS' ()-g_5*3 "10)?4""3 "10%BM ()-e3 "10%BM ()-e3
"109VEME’ ()-e3 "10%VEME ()-e3 "10%VBME ()-ed:*3 "10))?4""3 "10%BM ()-e3
"10%VBME () - e3 " 10%VEkle 5. Relativodipimticatiog AcivimsrnLSARS b « 3
"10))?4""3 "10%BM&' ()-e3 "109%BM ()-e3 "10%vBME ()-e3 "10%BM ()-e3

Relative Volumetric HDS Relative Volumetric HDN
Catalyst L. -
Activity Activity
Ni.Mo/Al,04 1 1
NH4-NiMo-0O 0.25 0.50
NH4-Nij gMo sW <-O 1.4 2.05

The Ni, Mo/Al,0, catalyst is a standard HDN/HDS catalyst, the NH,-Ni-Mo
phase is the bulk phase with no tungsten, and the NH,;-Ni, (Mo sW 5-O is the bulk
phase with partial substitution of W for Mo. The NH,-NiMo-O catalyst is also
representative of known compounds. The catalyst of this invention is illustrated
by NH,-Ni, (Mo, sW, s-O and the data show the clear advantage of ammonium

nickel tungsten molybdate for HDN activity.

Example 10

Preparation of a bulk catalyst composition according to the solid route:
18.1kg-ammonium dimolybdate (15.33kg MoQ,) are dissolved in 575 liters
water. Subsequently 28.5kg ammonium metatungstate (24 69kg WO,) is added
to the solution. The resulting solution is preheated up to 90°C. 26.5kg NiCO,
(49.7% Ni) powder is mixed with water and the resulting paste is added to the
ammonium dimolybdate/ammonium metatungstate solution. The resulting

mixture is reacted for 7 hours at 89°C.

Example 11

Preparation of a bulk catalyst composition according to the solution route:

In a 1-liter flask, 13.2 g ammonium molybdate (0.075 moles Mo), 18.7 g
ammonium metatungstate (0.075 moles W) and 43.6 g nickel nitrate hexahydrate
(0.15 moles Ni) were dissolved in 300 ml water so that the resulting pH equaled

4.3, To this solution, a concentrated NH,OH solution (about 600 ml) was added
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The heatmg was continued until the pH reached a value between 6.8 and 7.0.
The suspension was cooled to room temperature, filtered, washed with water and

dried at 120°C overnight. 18 grams of material were obtained.

Example 12 (sample 2110587)

657g of a NiMo-W bulk catalyst composition obtained according to the
procedure described in Example 10 was added to 1362 g of an aqueous slurry
containing 125g of alumina (prepared by precipitation of sodium aluminate and
aluminum sulfate). The resulting Ni-Mo-W bulk catalyst - alumina composition
was subsequently mixed at 80°C until an LOI of 31% was obtained. The
resulting composition was subsequently extruded and the extrudates were dried
at 120.C for about 90 minutes and subsequently calcined at 385°C for one hour

in air.

Example 13 (sample 2110598)

The process of Example 10 was repeated except that instead of the alumina

suspension, a silica sol containing 10 wt.% silica were applied.
4 (sampl 1

657g of a Ni-Mo-W bulk catalyst composition obtained according to the
procedure described in Example 10 was added to 510g of a boehmite paste
containing 125g boehmite. The rebuffing paste was mixed at 60°C to obtain an
LOI of 42%. The resulting composition was extruded, dried and calcined as

described in Example 12.
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Ni(CO,),#6H,0, (NH,);Mo,0,,#4H,0, and (NH,),Cr,0, in 87.7% yield
comprising 52.2 wt.% NiO, 29.4 wt.% Mo0O,, and 16.6 wt.% Cr,0, The surface
area of the precipitate was 199 m%g. The pore volume as measured up to 60 nm

by BET using the adsorption curve was 0.276 ml/g.

Example 19

The precipitation method of Example 16 was used to prepare a precipitate from

Ni(CO3)2.6H20, (NH4)6 H2W12040, and (NH4)2CI207 in 87.7% Yield compriSing
o~ 44.0 wt.% NiO, 42.4 wt.% WO,, and 11.8 wt.% Cr,04 The surface area of the

precipitate was 199 m%g. The pore volume as measured up to 60 nm by BET

using the adsorption curve was 0.245 ml/g,

Examples for Slurry Hydroprocessing
Examples 20 and 21 illustrate the preparation of the Mo-based high surface area
conventional bulk catalyst and a bulk multimetallic catalyst (Mo-W-Ni-Based,
hereinafter BMCat) of the present invention respectively. Example 22 provides
activity comparison of the two catalyst systems for hydroprocessing of Arab
D Light vacuum resid. As shown in Table 6, the BMCat slurry catalyst of the
present invention significantly improves HDS activity along with higher HDN
and HDNIi activity.

le 2 - 1 Ar nvention ]

A solution of 22.6 g of phosphomolybdic acid (PMA from Fisher) in 140 g of
deionized H,0 was mechanically blended in 600 g. of Arab Light Atmospheric
resid (ALAR). After removing H,O at 250°F(121.1°C), 572.6 g of resultant
PMA -in-Oil concentrate were obtained having CCR to Mo atomic ratio and 50.

AMENDED SHEET
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rapidly. The autoclave was vented and flushed with N2, and the slurry mixture
was discharged. The solids were isolated by filtration, washed with toluene and

dried under vacuum. Solids yield: 7.04 g of high surface area catalyst.

A solution of 11.3 g of phosphomolybdic acid (PMA from Fisher), 13.7 g of
phosphotungstic acid (PTA from Fisher) and 28.5 g of nickel acetate (Fisher) in
140 g of deionized H,O was mechanically blended in 600 g of ALAR. After
removing H,O at 250°F(121.1°C), 540.8 g of catalyst concentrate were obtained
having CCR to Mo + W atomic ratio about 50.

The dry precursor concentrate was then converted to catalyst concentrate using
the procedure described in Example 20. The yield of catalyst solid obtained

from 100 g of the precursor was 7.21g.
1vi ] 1

The catalysts of Examples 20 and 21 were compared in a standard autoclave test
wherein 100 g of Arab Light vacuum resid (ALVR) were treated under mild
conditions, 750°F(398.9°C) and 1000 psig of hydrogen pressure. Hydrogen was
flowed through the autoclave during the test at rate corresponding to 0.45 L/min.
The autoclave was heated to 750°F over a period of 20 minutes, held at this

temperature for 2 hours, and cooled rapidly. The autoclave was vented and the
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Table 6 presents activity comparison of the BMCat slurry catalyst of the present
invention and the Mo-based high surface area conventional slurry catalyst. The
BMCat slurry catalyst of the present invention demonstrates very high HDS
acitivity, about 40% more active than Mo-based high surface area conventional
slurry catalyst under the same conditions. In addition, nitrogen and Ni removal
are also improved. An integration of the two catalyst systems projects a
synergistic effect for improved overall contaminant removal from heavy feeds
(Table 6).

()

Interestingly, the BMCat slurry catalyst of the present invention only displays
modest CCR conversion compared to the Mo-based conventional slurry catalyst.
It is suggested that the Mo, associated with hydrocarbonaceous materials, may
provide high CCR selectivity. We intend to increase Mo concentration in the

formulation of the BMCat slurry catalyst to enhance HDCCR activity.

Table 6. Activity Comparison of the BMCat Slurry Catalyst and
the MO-based Conventional Slurry Catalyst

BMCat Conventional

Example 2 Example 1
ALVR Charged, g 100.1 100.3
Cat Charged, g 9.8 9.6
Mo mo} wt%, w1% on Feed 0.0128, 1.23 0.0256, 2.46
W mol wt%, wt% on Feed 0.0128, 2.35 0,0
Ni mol wit%, wt% on Feed 0.0256, 1.50 0,0
Slurry Performance
HDS, wt% 55.3 40.7
HDN, % 40.1 31.3
Ni removal, % 98.4 80.1
V removal, % 99.8 96.5
Concarbon Removal (CCR), wt% 33.0 38.1
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&Q10% (- & () Examp_lg_z_a Preparatlon ofNH4-N|15-M05 W.s-O by direct precipitation:

In a 1-liter flask, 17.65g of ammonium molybdate (0.1 mole Mo) and 24.60g of
ammonium metatungstate (0.1 mole W) were dissolved in 700 ml of water
giving a solution pH of ~5.2. To this solution 0.6 moles of HN,OH (45 ml of a
28-30% solution) was added, raising the solution pH to ~9.7 (solution A). This
solution was warmed to 90°C. A second solution was prepared by dissolving
87.24g of nickel nitrate hexahydrate, (0.3 moles Ni) in 50 ml of water (solution
B). Solution B was heated to 90°C and added dropwise at a rate of 5 ml/min into
the ammonium molybdate/ammonium metatungstate solution. This suspension |
which was at a pH ~4.5, was stirred for 30 min while the temperature was
maintained at 90°C. The solid material was filtered hot and dried at 120°C.
Approximately 61g of material was recovered after drying. A total of 52.50g
(87% yield) was recovered after calcination in air at 400°C. This catalyst is

designated bulk multimetallic catalyst (BMCat).

Exampje 24 Hydrotreating Using BMCat:

An autoclave was charged with 70 g of ALVR, and 2.0g for BMCat precursor
from Example 23. The reactor was heated to 150°C, after which the autoclave
was charged with 100 psig H,S with stirring, and held at that temperature for 3¢
min. The autoclave was flushed out with hydrogen and heated to 320°C under
1000 psig of static hydrogen. Hydrogen flow was started at 0.32L/min as the
autoclave was heated to 410°C. The mixture was stirred at these conditions for 2
hours. After cooling to about 150°C, the reactor was vented, and the contents
filtered. The filtrate was analyzed for Ni, V, sulfur and nitrogen. Results using
BMCat are shown in Table 7, and are compared to a comparable experiment

where a Microcat was used. It should be noted that hydrogen flowed through the
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Slurry Performance

% HDS 59 45
% HDN 24 30
% HDM 81 83
% MCR removal 32 33

The Ni-Mo-W catalyst (BMCat) demonstrated higher HDS activity than Mo
based higher surface area conventional bulk catalyst while still maintaining good
HDM and MCR removal activity. An integration of this catalyst with other
slurry type Mo based catalysts should improve overall contamination removal

from heavy feeds.
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1. A slurry hydroprocessing process which comprises

hydroprocessing a hydrocarbon feedstock containing nitrogen and sulfur, at

slurry hydrotreating conditions, in the presence of a hydrogen containing treat

gas and in the presence of a bulk multimetallic catalyst comprised of at least one

Group VIII non-noble metal and at least two Group VIB metals and wherein the

ratio of Group VIB metal to Group VIII non-noble metal is from about 10:1 to

about 1:10.

2. The process of claim 1 wherein the bulk multimetallic is

represented by the formula:

(X)b (Mo)c (w)d Oz

wherein X 1s a Group VIII non-noble metal, and the molar ratio of b: (c+d) is

0.5/1 to 3/1.

3. The process of claim 1 wherein the Group VIII non-noble metal is

selected from Ni and Co.

4. The process of claim 2 wherein the Group V11l metal is Ni, and the
X-ray diffraction pattern of the catalyst is essentially amerphous with crystalline
peaks at d = 2.53 Angstroms and d = 1.70 Angstroms.

5. The process of claim 3 wherein the molar ratio of b: (c+d) 1s

0.75/1 to 1.5/1 and the molar ratio of ¢:d 1s 1/10 to 10/1.

6. The process of claim 1 wherein the distillate feedstock is a product

of petroleum, synfuel, coal, shale oil, bitumen, or a tar sand conversion process.
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late boiling range

The process of claim 3 wherein the distil

7.
ut 175° 10 about 400°C.

feedstock boils in the range of abo
wherein the sturmy hydrotreating conditions

The process of claim 1
ssures from about

8.

include a temper
300 to 1200 psig, and hydrogen treat rat

about 290 10 370°C, pre

ature in the range of
es of about 200 10 200

0 standard cubic

feet per hour.



