H GH ACTI VI TY SUPPORTED DI STI LLATE HYDROPROCESSI NG CATALYSTS FIELD OF THE
| NVENTI ON 100011This invention relates to the use of supported Goup VIB
pl us G owpoVhisio7ee8al yst for the hydr-opfocessi ng, incl ueCmgS2007/021869

hydr odesul furi zati on (EDS) and hydrodenitrogenati on (HDN), of hydrocarbon
feeds. The catalyst 1s supported on a jer,. prefera pore

vol ume carridfddahg MhhE o/ DR Py Qe d ic
additives. The catalyst provi desﬁ&gﬁiﬁgﬁ? and HDN activity. BACKGROUND
OF THE | NVENTI ON [ 0002] I ncreasin f t environnental regulations
will require significant reductions in the sulfur content of transportation
fuel s. FoFIEkBnOFETHBUNVIENdHONof t his decade, maxi mum sul fur |evels for
distillate fuel will be limted to 10 wopm i n Europe and Japan and 15 wppm

in North Lca. . fee he ra-l ' t i t hout
expensi vem@}i]fi caﬁﬁﬁ"%‘bﬁo&{%&‘?%’ ﬁlgflﬁﬁlé)ii%ké? 64%(?%&’{)\?]? ﬁﬁ elégemssa,r y to
design a ' t§&hgdtoptodeldihe AR IMEBAY hPdHaedFh2dtion OF

desul furi gﬁp{ll ﬁﬁﬁg)%;rtét‘l?gtu ar?y ?%ﬁrbid? stiﬁPF’ate fue%spat Ieow to medi um
pressur e. (HDS)iand b deddehitrdgenationt(BIDNHtofdtydrscarbon feeds c diel dacalysids by t he
need of many refineries to process crudes that are high in both sul fur and
nitrogen seppatrdnema samiert prsferaply 3/ lasge pereed]umegarriet angkpreparadani nants i s
decreasi ng.. [ 0003] The ease of. repoval .of sul fur .contani nants. depends in
part on tH&MS YRR %HPPFF@PGWQ.W&E&%%M@‘?‘@%I fﬁ@e%a%glﬁat HOYf%i des present
in | ower il St ions are generally nore easily renoved

t han the ?ﬁé%b%%@? aﬂmgétﬁﬂg{'erocycl i c sul fur conmpounds present in

hi gher boiling fractions. Thiophenic and other heterocyclic sul fur
corrpounds%ﬁﬁ&obmm QF A INVEMEIGNG sat uration and therefore may
require nore active hydrodesul-furization (HDS) catal ysts and/or nore severe
reaction gegution HEBRYPONAPRAPAPUIAROMANN fe4airEDS and

hydr odeni trogenat i Iglncrczf{_s{%%w]gﬁﬂ% sti ﬁ,atne ?IE%I s1s catal yti 9 hydr ot reati ng
to conver kighifi¢ant reduttions i densulfirtcanionaof srahspdryationgfmelss Wdri de and

amoni a. Typical comercial hydrotreating catal ysts in¢lude Goup VIB and

G oup VI | exampld, by thokepdoé thisdaeale; maximam suléurtlpeelsder disiHatgug!l used G oup
VIB nmetal s while cobalt{ _and ni.ckel are e nost nmonl . S G oup VIII
netals. TR ec‘&"f‘&?‘?%‘f ioé(YI%I"'ﬁé‘& “F%%E%quntai'?éiﬁo‘é,’ﬂpﬁ %‘etgoﬁgrm aﬁd

nor nal | QNP S C | er i i conmponent s.
CoMo ca%/amn?réc%ﬁrg%%li %e%gruzé g'é on%ﬂre&ﬁgg%&uﬁ%ﬁ %hg%vag@gg{s"g}ﬁé% tSiradoecesggs

wher eas Ny Muifiddidnsshextiling! rdfinBAeREwiIE 6O RBERIAS foxeshindnewessur e
processes. [0005] Various approaches have been tri'ed for providing HDS

cat al yst s gghérationpf outatly st that\hias weryt highreetiaptgrfondesulfurizatiohy of conpounds,
related to hydrotalcites, e.g., amoni um nickel nolybdates, has been
prepar ed. pevtwudarly forrdistilinte fuels at low tmmegdium pressussohhe issue oh§ddr al ci t es

are | ayered phases conposed of positive char ged sheets .and-exchangeabl e
ani ons | o€AR@HMIPAIQNS EP?‘@QBS@F%@& nthg H&e‘iﬂgm@? rFﬁQe?%ﬁ R RIGCSHmoni um

ni ckel nol I i Led N ries bonded
fo i okel BRRy i BRE B L RCR SHHEERA Bk d il e dappTofes o7
and Ying, cude¥ lowGhihésd! contdrtiifanissis decRRAsiET™Ni UM Ni ckel Mol ybdate prepared
by Chem cal Precipitation, Inorganic Chem stry, Vol. 35, No. 14, p.

I OG) TEEA o k
337-43 (1987 C. B Acad. . Sci L) . o
218 s, or 5 R Ba i hig

distillate fractions are generally more easily removed than the thiophenic and

other heterocyclic sulfur compounds present in higher boiling fractions.
Thiophenic and other heterocyclic sulfur compounds require both ring breaking
and saturation and therefore may require more active hydrodesulfurization

(HDS) catalysts and/or more severe reaction conditions.



[ 0006] Anot her approach is disclosed in U S. Patent Nos. 6,162, 350;

6, 652, 738, 6,635,599 and 6, 534,437, all of which are incorporated herein by
ref er encewowhesuitorel ates to a famly -d-bul k Goup VIII PGraispoovioBiseo
trinetallic catalysts for the renmoval of sulfur fromdistillate fuels. The
preferred

froma va[é@‘ﬁeg?l h- ggggér?l Sﬁ;%aagg}ﬁgfg\pﬁbézﬁg§%5d%g$ﬂ°\$vﬁggﬁﬁ%ﬁafr f:ggiggch
appr oach. LD A iR PR B berlislb B MERIRERATE 3 & Lt B
6, 280, 610nﬁf§%‘g§ﬁﬁar§i%?&ﬁtﬁ%@§ﬁﬁg&@f sulfide ah8 Anih6nidu TypicAl Qohffiérced]l a

hydr ocar bon dstoc I ses subjecting a catal yst conprising a

G oup VI Bhygicteatingratuysts irclédeoGpon VIBmadabroupnylberdtalsand an or ganic
additive on a carrier to an optional sulfidation step, and contacting a

f eedst ock Melyhdenum sndftungser: atecthg snost cammenlygised Siroop, Vihmetals f i dati on
ot egnat MIHICEaRR B Ckatire S BOR BMRBIES LA R ATER oUW | | et a
conponent , _and. an Qqr i i hive } - 1.S then heated
to a tenpg?t&ryﬁFseargdngﬂy @ﬁ?gﬁﬁfhﬁﬁl S}\Itltﬁeﬁd gatrm\r’ ggg?l %gﬂsgylt% Bg{rfﬁ oF %t he additive
on the su s VAL i i Hamer ©JM8 cafadeSbdhere is
still a nggnge}rrllﬁ%h% d;érps)g?g(}ﬁgﬁggﬁpﬂn%rﬁelkggf?@g%cgﬁl ysts Fgrq)%?oduci ng

t r anspor t ahirpinafae kéconaended forewl pressuey praesdes sultdraas Nijfotdacalysts | y f or

| ow to nmedi um pressure hydrotreating. SUMVARY OF THE | NVENTI ON [0009] I n an
enmbodi nenon alupinacars se¢ammenied forchigh ppessuepregessepr ocessi ng catal yst i's
provi ded. The process includes preparing a solution, slurry, or other

m xture cm@']ni ng %ri%%ﬁg%&s%ﬁ%’bé@rﬁrf@ﬁtﬁk i[')r@stidir@gﬁpsj&?al Qup VI

nmetal, an organi c t serves as the sol for the solution,
slurry, ORyitH Mhptowed ActivipRoln ohé appaoaciynafaesilyvof bompousds, uélated, tosl urry, or
m xture. The inpregnated support Is dried at a tenperature of from 200 to

450 C to hydrhigleites,zag.1 ammonivml iickeldnolybdategnkasdeenyppparedhVhergaa car bon
content of at |least .5 wt % based on the weight of the, partjaglly cal cined,

i mpr egnat é@r%@lﬁﬁﬁwomﬁﬁalﬁ%}?Elﬁ%tﬁll“?/“’@éll@ihi’ bta)catss éfﬁ@g’é’ffdsﬁk?ﬁg?t is then

hyar opr o 6CEPRONLAF AR Tel HARSH deats o sRaRRGe! iniPR LA pHRED  2°
sol uti on. oaliticdbetRech tRELHATSX K f15EA B AbMGNRhickePiol PRI HESB. et al

and at |€&ast one oup and at | east one organi c conpl exi ng

agent. A sablpbddte lafidnin egueelaper gﬁlfehie"s ibended w nickel sxyhydyoxide sheets.ure. The
i npregnated support is dried at tenperatures of from 200 to 450 C to
produce aSde; fed example drexigd.s Sphask 8. LTeaddYingd]. Y miragiahBuceuippbrt i s

subjected to at |east _one further cycle iypr e ion.and drying until an
i npr egnat 88 Amppsiemiekel lY'?ffaé? P@W&?ﬁo{w g{@ﬁﬂg%aﬁdﬁﬁlmﬁpnﬂet al s content
of at |east about~20 % | cul S I [ [ hi s
support i n?%@ﬂ‘%%ﬁ?‘f‘ﬁ?’%@i‘l%#J\Z%elg‘t’ %t ‘é@e‘%? 3?@3’?@ ’ﬁlregén&%%ﬁtg 0 %50 C for
a tinme sukféehfdr belad tReR2EPdrRdd by Telchheeshd ABf dcatapprt  havi ng
a carbon %%%}?g%?é%éfl?g%ébl eagsteS v&.% Bt;yaseg on the méfﬁgﬁ%f t he cal ci ned,

i mpr egnat 831291991 ); Ann.aChiym. Ehé2,c33 18198 )ppnd C. Rs Aaddi Sded0dnder

sul fiding conditions to produce a supported catalyst. 011]1n still

0
oot hor " Do e 503-G{ 1835 088 Merzorebinngol St Jonies 63-65 (1993) T31-
35.

[0006] Another approach is disclosed in U.S. Patent Nos. 6,162,350,
6,652,738, 6,635,599 and 6,534,437, all of which are incorporated herein by
reference, which relates to a family of bulk Group VIII/Group VIB trimetallic
catalysts for the removal of sulfur from distillate fuels. The preferred
trimetalllic catalysts are comprised of Ni-Mo-W and are prepared from a variety

of catalyst precursor compounds.



hydr opr ocessi ng catal yst is provided. The process includes preparing a
solution, slurry, or other m xture containing at |east one transition netal
and at | esst2o@mgoggani ¢ conpl exi ng agkat. A support coRrCaius2evg/oatsed east
one Goup VIB netal, and optionally at |east one Goup VIII netal, is

I npregnated with the solution, slurry, or, .mxture, In enbodipents where the
support of@80%Inc| udetan e@RRIBthEtﬁélO&?bm?ﬁE IQHTERing E‘Iltég’r%wv‘%‘r ot her

drved at BlSEs: ERoERES gl afiecadh aBabing in O JRERAVG PR cona e
support. I 6%026310.'ﬂ‘.ﬁs.%@éﬁt@zgﬁ@wa}sciomF{ggéigﬁ%geym?éd&ah%m ng

condi tions to’ prdéduce a supported’catal yst. n yet another

enbodi mentylfiheontemesttd Rydrocabof deedstoek ﬁhmtcdmmmishb}wingapar ed
according to any of the above three processes. 100131In still another

embodi mentatatyse compeistrigom Groay VdBsmetalreompdnénty a iyroup Wik metilng of a
hydr ocar bon feedstock using.a catal yst nade accordi.ng to_an enbodi nent of
the i nventPBRONERE, 3¢ AN KRG A IHYRION 3 FAITICE &30 SpHONAl S@k@%&l 8P+t he

catal yst in,the, pr f h . I S I HE FI GURES
[0014] Fi gAP2 C?Lnﬁag{lﬁg é&%ﬁ%ﬂ%ﬁﬁ&ﬁg E‘élﬁéﬁﬁé’gfal i :I:E Iéfkgegg???éﬁv cE‘feEmst ric
activity ehiffdatibd sfé?i@'no@@ tibh&N IA'both E@Mts'ﬂ@% CRAIPS VS forhEPBP] Fi gure 2 is
a graph show ng results fromtenperature progranmed sul fidation of

CoMo/ Al 20&n8ﬁdg@hﬁﬁg 2.support 6yith g Greup VIB arctallkOngoment, anGrdupaVIb Mo/ Al 203
catalyst. [0017] Figures 4 depicts relative hydrodesul furization activity
for vari otetdadmpetteal,yandsan ¢r@ganig) ditivee Thelappragnated sappog is then

hydr odesul furi zation activity_f.or various . -
Y heated to a temperature su¥ﬁc1ent to maintain at least a portion of the additive

on the support by avoiding decomposition or evaporation.

[0008] There is still a need in the art for even more active catalysts for
producing transportation fuels having ultra-low levels of sulfur, particularly for

low to medium pressure hydrotreating.

SUMMARY OF THE INVENTION

[0009] In an embodiment, a process for making a supported
hydroprocessing catalyst is provided. The process includes preparing a
solution, slurry, or other mixture containing at least one Group VIB metal, at
least one Group VIII metal, and an organic additive that serves as the solvent
for the solution, slurry, or mixture. A support is impregnated with the solution,
slurry, or mixture. The impregnated support is dried at a temperature of from
200 to 450 C to produce a partially calcined, impregnated support having a
carbon content of at least 5 wt% based on the weight of the partially calcined,
impregnated support. The partially calcined, impregnated support is then
sulfided.

[0010] In another embodiment, a process for making a supported
hydroprocessing catalyst is provided. The process includes preparing a

solution, slurry, or other mixture containing at least one Group VIB metal and



CoMb catal ysts. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0019] I n vari ous
enbodi nents, the catalysts are supported catal ysts wherein the supported
cat al yst wenvisai7essar e conpri sed of Gpup VIB netal s, prefrarsamrp21969 or W
nost preferably Mo, plus Goup VIII netals, preferably Goup VIII non-noble
metals, nore preferably Co or Ni, nost preferably Co, provided that the

cat al yst s ahlast epe Greup V&Ian@ab@nd@ﬁﬂeaéfom organis coipplexingagantoA cal cul at ed

. % baduepahissimsera st SR offhe B daRig e o or
SUPPOT €, WIS b dHEY Sk RFarBieR IR 20035 B0TCHIRIBHRES & digue of O, 35

per vol une carrier, nore preferably a m nimum p une of 0.40. The

G oup desimg ﬁég‘n afedl wpPoRasHit dried, MpEedracst suploetis Babjeetbdaowidast copyri ght
1968. As no?e abovel,p?t he catal yst gﬁg;e}i ns a}n.O(ganijc resi due, preferably
a carbon opaeifurlker chicke of mpapriegnatesn ancbdiyEng uhtitaw impregnateg supporicr eased

activity of the catalyst for hydrotreating. In anothfter enbodi nent, the
cat al yst sh&YlélgsﬁJtﬁf)@r(@%Pc\ﬂ%F‘?‘i@OWéﬂﬁ metalscantppleh ddeasti@hpysdl particl es

are conpri 0 0 VI B net.al s, preferabl.y Mo or, W.,npst preferably M,
pl us Gouﬁ%lcfifcﬁgtﬁélg? @fwgﬁ&§@§lﬂﬁfdes SORPOrh i e ?gi)@% nor e

pr ef er abl PN o, i : sts have a
total net g?lsgh cegn%tg%{{lp g%?ﬁrggf[b ngﬁlﬁgggaﬁggg%&ﬂqq%é %?ﬁg‘ctéér}gt§€gi§{i)él east
about 20 phrtf4llyraaléingd @hprepphiedauppeadiavattoa tadénwontent afidt Raasns nor e
preferably at least about35 wt.% calculated as netal oxides, and a

resi dual wtdanbased anttha vosighteofi thofcalvineads émpedgnatedisuppodt. itingdly,ghef er abl y
bet ween about 5-20 wt.% based on supported catalyst; with the bal] ance
being a caelcined syppertipsukiidednmdsnsuliiding con tlor@éwoc}m aﬁenp%ﬂ e netal
to Goup VIB.netal in the supported catal ysts ranges generally from about
10 to 1 tSatﬁb'gEt 1 to 10. Preferably, the ratio of Group VII1 non-noble
netal to Goup VIB netal is |less than about 3 to 1, and nore preferably

| ess than[@ddjt 2 tlo sfill adodfereatbodimeht arprocessddr raking ¥bupported nobl e net al

to Goup VIB netal js greater than about 1 to 3, and nore preferably
greater t hudropsegassingicgtalystinpromded.s The prosess srciwisp NMERYIE aas or gani ¢

conpl exes (or. conpl exes of or.gani ¢ resi.dues, t hereof) and/ or i of the
COrrespo néﬁngBOHe{IﬁP?: O’E)?t%ief “f‘gﬁ‘r GppBIIRg ai ifash gk tr%ﬂ%@?ﬁ gbellglxtﬂ&e%ee n

sul fided . Si t-lﬁ{fm el t he
corresponil ﬁ%Q@%ﬁ?l&%ﬂéﬁ%@%ﬁﬁeﬁé h(rats %Hrrg%lﬂli@ %g%ew%gy&gp gani c

resi due cenBl@¥tatahdishtiaatd @ leRnofé Grous VALl ﬂeta?,blé‘«film@?e%la@@f@ithﬂ ic acid.
[ 0020] I n anot her ‘enbodi nent, the catal yst's according to the invention are
suppor t edthersohetion, | sluryarahixtue. vinengboditeatsswherertheduppardopht parti cl es

are conprised of about 0.1 w.%to about 50 wt.% of Goup VIB, Goup VIII
metal s pl incladgsithe Group B metal: the splutian, slureyiog ethernixiurefarihsr ance bei ng

SﬁS?rgL%f | bastaiee Ghal Vol thflat SEhe BheRirshli SRR brblia mEGapTE e 206s.
The nol ar

| kfd ; about 1 to
10 to abogfﬁtfg?tlgé 16 hé?e?re{rsﬁ’ggd%ta @y@r‘}ﬁﬂﬂ%@ﬁ%&\kﬁéﬁﬁﬂ‘%gg% B and

pr ef er r edifsprpnaddd Juppbitdh Subdidednmden sdlfidingetedditioasnegriodutyaCo and Ni .
Third netals are first rowtransition netals selected fromSc, Ti, V, Cr,
My, Fe, Ceyppdrtedeatalyst.Zn, preferably Co, Ni, or Zn, especially Zn. Wen
the third netal is Zn, the third nmetal nay be added at any point in the

cat al yst rati i; IS N ird metal is
added aft@‘?@e Ggﬂ%e%%rfégté ;ﬁ?ﬁ(girl\lggfl ggﬁgngggua?lp?&ggtbséflfcﬁ%\%ﬁal ready been
added to thmpositiongreparedRcadrdind iPgny b theGbove thiee precskemal
hydr opr ocessing catalysts as is well known in the art. In addition, when

the third | is.Co.or Ni, the thi t.al t be added | j unct i
wen tor ¢ O LoD hndiher B oM invenLanvides o dioi N Care O
f d ' i f | Ni |
esnoet s v aPgRbrh@stine T PhParbY oy febdiiod® (uifle M calal R fiade kol B0 1 1
nmetal rangfentsiemaht of theGAvaod, h&ucR ah dntbdifidht, khé FecddtodRds pr ef er abl y

fromabout 3 to 1 to about 1 to 3. [0021] Suitable carriers (supports) can
i ncl ude cakpbsedttoshepatatyst irsthetprasencefofdytdoogens, such as silicon carbide,
and nmetal oxides such as alumna, silica, silica-alumna, nagnesia,
zirconia, boria, yttria, titania and the |like. Especially preferred are
alumna and silica. Preferred alum nas are porous alum nas such as ganms,
theta, delta, kappa, eta or m xtures of crystalline phases such as al pha
and theta. The acidity and/ or other properties of netal oxide supports can
be controll ed by addi ng pronoters and/ or dopants, or by controlling the
nature of the netal oxide support, e.g., by controlling the amount of

T o, o . o o p— N e



[0023] 1t is within the scope of this invention that the catal yst
conpositions al so contain any additional conponent that is conventionally
present iwWolyekwopriecessi ng catal ysts siieh as an aci di ¢ eoFps2@I021869 g.
phosphorus or boron conpounds, additional transition netals, rare earth

net al s, in_qr s , or mxtures thereof Suitable
addi ti ongﬁmﬁéﬁdﬁ%rmwm um rut henium rhodi um

iridium chrom um vanadium iron, platinum palladium cobalt, nickel

ol ybdenugo@nc, PRigueé ¢y agra;swmﬁ@-thé\leffebmsmermla%ivecwmm_@ftﬁ:s are
general ly present in the sultided formif the catal yst conposition has been
sul fi ded. aétivity of thislinktal addition e alCGedo HDBe@atalyst. of one or nore of these
netal s can be conpl exed by the organi c conmpound-based material in the

cat al yst rsorp: AL1er, | £ .on, Pt qls | i t a
portion o sul ﬂ@é‘%ﬂ%‘%?%@ﬂlﬂ%&g@glnglgt?n%ﬁ%vsegﬁ%g%tP&;ﬁ rgghllrhnﬁ]l% ectly
bound to nlfRfaﬁ@ﬁb‘f(?WB%l@@g@ﬁﬁ tgraterial or organic residue in the
catal yst. [0024] Feedstocks “suitabl e for processing by the catalysts of this
invention include feedstqcks _for the production of distillate fuels having
| ow sul f uf0®&t ent Eiguss 3 ispn KRRespseBemofiepMriAlQu ¢atalystes with boiling
poi nts ranging from naphtha to vacuumgas oil, preferably boiling in the
range 25 !@147]507 PFRaey &ﬁeﬁ’ﬂétﬁ%ﬂdv@ BRirédestHiMzaG6 act‘i’@ib’ ¥t arfopg) m ner al
or synthetic sources. Preferred feedstocks are those havi'ng boiling points
from 170 CoMbOatalytsl suitable for producing distillate fuels, especially
di esel fuels. Feedstocks nmay have hi gh contents of nitrogen- and

sul fur-co hJhants. Fe Wl 0%. j , based on
feed and 0Aﬂ]trgcl 3. Oﬂ&u_re sﬁ%?@ﬁﬁ%%@%%@%ﬂ@%@&ﬂ %éﬁgit%zb{){'%g(gﬁt process.
Sul fur anggié caagRtcontents may be nmeasured by standard ASTM et hods D5453
and D4629, respectively. CATALYST PRECURSOR PREPARATI ON AND CONVERSI ON TO
CATALYST [0025] 1 n an enbodi nent, the catal pr ecursors of the invention
are prepabDiAILERIIBSCRIPHION QEJHEINYENTION npregnati ng sol ution and
calcining. Once the inpregnated supported catal yst precursor has been

sul fided, g eco [ ) | | sol ution
for inpr eg?ldaltgi‘?ng [rE’Z Vﬂggﬁ?@kﬁﬁ%@g’@ %r%%ﬁdéﬁ\iﬁ aBrFér% gﬁ %/Iglglgﬁ?:}l(l)s?f%ounds,

pr ef er abl wherein ph/buppretedritdlgstipirtitleSSacsigovptisedcofnGooupdVIB metals, pr ef er abl y
cobalt compounds, nol ybdenum conpounds, an organi c_conpl exi ng agent, and

opt i onal | preferably MaeanhWs mestiprefesably Mo, plusdbrapoV EHl anetpls) prsiterablye. g. |

t hyl | d d .g., gl I t . T t al d
C e Bies VI oS et e iRt 62 ol oS e, Sompounds
certain condihl P tNOOihiyBsad8 AR Aonfith bEBE RaCOHRESYHs
conpounds®incl udé carbonates, nitrates, sulftates, acetates, chlorides,

hydr oxi dega]cheddPay et ORAle8Sand s eésituAGRER i€ TartpeionterRGFla@ dkes, metal lic
Co(0), Co oxides, Co carboxylates (in particular Co glyoxylate), Co
citrate, &bowlSustirfa baseGoort suppostied catadyg] withrthe beélancabtaigen catoienapht henat e,
Co oxalate, Co formate, Co nmal ate, Co pyruvate, Co glycolate, and m xtures

t her eof Pseipart, axhareinythe satrirareteraiydhes o minswunsperecetpmerndd.3 heeude
| kal i met i | yhd ] di- L ebri-, tetra-,
hepta. . ouole of CHBErRMERHTS ARt o valte ERA0oHTHE  ybai ¢ aci o
epta ; tethads ! _ : ¢ al
P ompounds Ot fefehftiod it bISCEORRR YagehnrAB PRANGIC bk, QBvERRED, YoM "

tungst at e3968 s ABlcd-aboke the catidys? ton@inds Wigandsiediduk, pRferakly acet onat es,
Mo(0) metal, M oxides, M peroxo conpl exes, and m xtures thereof In still

ot her enboatborresiduan¥he wrgahtc eesi@hoais afactordeading tp indréasedtaativitgafient can

be used to prepare Goup VII|l or Goup VIB netal solutions. [0026] Organic
aci ds ar eth ¢atalys foshydrofeentipe. dn ganther eghodinenly thegeatalysts are

supported catalysts wherein the supported catalyst particles are comprised of

Group VIB'metals, preferably Mo or W, most preferably Mo, plus Group VIII
metals, preferably Group VIII non-noble metals, more preferably Co or Ni,

most preferably Co, provided that the catalysts have a total metals content of



Non-limting exanples of organic conplexing agents suitable for use herein
i nclude pyruvic acid, levulinic acid, 2-ketogulonic acid, keto-gluconic
aci d, thiwglyesal7prsaci d, 4-acetyl butywé e acid, 1, 3-acet enediSec@roorsgd i C
acid, 3-oxo propanoic acid, 4-oxo butanoic acid, 2,3-difornmyl succinic

Vool o Bewiencbout 060,26 e teattined et b0t 2poxy Vo, She ey e,

yep 1¢ o JUFEhIe TORAIs e s, 90ty ;
S ot ot BB EL 3095040 aRF ko Bl kAR FAY B e AT 0t o a1
acid, gl “Eﬂ@h&t&?%@me@ﬁ%B(Y(Ee%?F{l/(?H?esi&hzgrdrgr%ﬁﬁ'cﬂrbdxﬁéérﬁéﬁtcoﬁfé‘t\?}eerﬁc0”' tic

acid, suberic acid, tricarba I C aci [onic acid, succinic acid,

glutaric abowt 1 M50iwt. % ipdefepdbdy betvestni aboac R0 Wobs, Based ohlsappomedi um sal ts
of acids are also suitable. Preferred organic acids are glyoxylic acid,

oxal acet i catalystt, with thebagntobé¢ingactatriendpsuppost cthemglargatieiod Group

and gl ycoltIH i aobleatriabe pame Y T el Yoy en aerdicaisturabeati d, - and

I ti ifd., 40 ' ' it@b [WoTp ti f
the. pr eschehrale it abPR FERLE ¢ 50EM EK L7 PReAbMI: IS OPGREE" cof edt e
fromthe gq rﬁﬁaﬁlie%&tagt@ﬁr&@mxhéﬁl Ak thakabouty €6 QXaRd fodéi d
-NOH C=0, hydroxo - OH keto -C=0, am ne: -NH2, amde: -CO NH2, imne :

CNCH, thi plefefalbly RRoXun a2, todn dPreferablya theorasiot dfaGmup. VI ess-rpbdeips ar e
traditionally categorized as netal binding groups or chelating agents,
whi ch f or metalitalGiougavilB owtgll ie gesatérthan abouis] swBandmoreprefenablybei ng bound

by any particul ar theor it 1s beljeved that conplexation of the organic
group dur BFF‘gjlt‘?;féﬁaﬂlﬁ?mf%hré-ti § MeRSAH P §miﬁ1>’ PHPSRt 3%98ABI%. [0028] I n

th [ ' | j th
vent 1 on CHRPES Kool BN of R ictes i sFERU R AR RS on et
such as CerrBépondingthetdls,idiaf P pYHBd RhthysBpPeturdbr HasiBRedlsufRfgdonent s by
several different methods. Once the catalyst precursor is sulfided, it

becones t teforat theyatalgstnqomspdsition, suifidioeompoaddsrefithe ¢drecspbndubgret al
conponent may be added to a comercially avail abl e hydrotreating catalyst.
Such comeretalal iy anemhoginent shexpsganic emplex|of crgaeiresidug complaX one of Co,
Mo, Ni or Won rrier. Preferred. comercial t%/éavai | abl e hydrotreating

ac
cat al yst s Ca} B PRIRAOR 3R OLE YR ACIEn SUGtasA CabRXBli¢ a6idon an al unina carrier.

For exanple, a commercially available hydrotreating catal yst, such as

RT-601, K[029], orInknibiBer évbodiatsng, the earalyieaeodréingabahy siivetitiopany, can be
i npregnated with a solution containing at |east one of Co, NI, or Zn

conponent syppartddonmactallicdraalysts vhsreinrthe sypperted eatalyst partickesiare di ng.
[0029] I n yet anot her. enmbodi t, sol utiqn risi ou B, G oup
VIl et aFOWBH‘ﬁ@f&@g?Qm&ﬁh?éﬂaﬁ itP&%H’é't %&%@wgmppmﬁ%ﬂewm rd metal is
Zn, can be ed.t o, npr rt. r.j. i . cat al yst
precur sor nbegég pllq.ﬁ,tgggﬁngﬁggélg”@ﬁf?%ﬁlgial Q?L%eg’ Y‘}r\@ﬁg.%ﬁ%%&rg@ Flnr{ ,fopt ionally
cal ci ni ngca@fdl Bl het tbp%gyt%ffﬁ%&éta@@%/ﬁﬁ%le%mﬂé (RBlp @ Stepwi se
i npregnati on process can be us ich involVes inpregnating a support wth
a sol uti odesighmiorsi arg besalion WHESargdho WV dkelo Bprivdlicl Tabdeuapynight (96& G oup VI B
and Goup VII'l netal- conponents nmay be_added in single step or stepw se).
After dryilhg naeldr taia oftindmetal &9 Miragp VIHemei@h pangesram abpelubto/i®tand Vi | |
metals wil] be jnpregnated with a soluti onprd sin | east. one of Co,
Ni, or zn a{%%%@n{'s?re%??@%gﬁfrﬁ% ﬂ@‘?%&ﬁﬁﬂwq’c‘g %’?(ﬁPW CIehd
sul [ 1di N9 Grh R/ et R WO RIS HRAGS B ecidty $BRAALNC 2hiPF nltRE cOnat ed

are first row transition metals selected from Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu,

or Zn, preferably Co, Ni, or Zn, especially Zn. When the third metal is Zn, the

third metal may be added at any point in the catalyst preparation. When the

third metal is Co or Ni, the third metal is added after the Group VIB metal and

the Group VIII metal have already been added to the carrier in molar ratios



G oup VIB netal followed by drying and optionally calcining, and then a
Goup VIIl netal and third nmetal conponent can be added, when the third
met al i s Wo0,20e8aget78er i n same i npregndlton sol ution. [0@8Z]usaoesRisky a
further enbodi ment, a support can be inpregnated with a solution, slurry,
or m xture conpaosed of .a Groyp VIB netal, a Goyp VIII netal, and an
organi c cbif ﬂfrf@naewﬂﬁnafhyamrppeﬁésn&ﬁ?éﬁle&Sﬁélgwghm‘%m et serves as
a solvent, ln,such _an di \Wat er WS N0} . vent ..l nstead,
he.or gantaRGTSR o ARy b ke Fital G5k VR e milEReE Spfuibe lbaah o " s
metal and iofh Wit Rirer 588itRA HABSVES il SThd BddiriBhaf €6

enbodi nenf,g?ijglpeﬁlée{%gn one S{%taﬂgfbedgjp I metgﬁ salt and tlhe Gro&p VI
nmet al sal Niarerdfefregdo usthied metdseoen ifitht Group MICoridl gadsecChasdNipf t he

sol vent. For exanple, when 2, 4-pentanedi one (acetylacetone) is used as a
sol vent, eéspeetiveljie HoemgalarratioodgiroupaVHI non-aobleomstaltaGrevpVIBsuch as
nol ybdenum or the acety

cetonate salt of a 0 VI tal,.such as
cobal t, om%tmngmw%@ﬁmgém akput J 0ot Into %bﬂ%'ﬁiivteﬁ?) @fiprﬁg}a Y 0% ure. 1n

a preferr di iypregnation of a catalyst with this type of

sol ution 5@0‘5‘?&’& ﬁg&?ﬁ} %ﬁg an anmount of solution that is simlar to the
pore volune of the catal yst. For exanple, per volune of catalyst, the

vol une of [@021]t i on Sustatlecearribes (Supportd) @an inclode catatyst sudpdt, sucless t he pore
volune of the catalyst. Preferahly, a sufficient |evel of . netal can be

i npr egnat &AT3G{0kIe% ssetpas)slﬂlcamcarbag%m@ ractahxiden suehhas alimiga; %ﬁ%a,t ype of

sol ution. anpl e.16 provides. further.details,regarding.a catal formed
accordi ngsﬁﬁaﬁ?@l%ﬁl@%%@W ZI5pon gy (?rﬁﬂlé’#? aoﬁ.tan[‘%ﬁ%%l}%hgearﬁwg%[yher

enbodi nen ' LOR:1SQ! U By F and

i ncl udes g%sfgﬂtrgﬁlafeé%hgﬂg@%??ﬂ%gi gr bf:égrnpon%@?} a%;h r?%#ﬁﬁ#?%@%% S(\glllelé met al
conponent as ghmn®Ashetd @l §appd; etPoPhEXURG Glapstaling phasepnedhlas, an organic
additive. In enbodinents where a solvent different fromthe organic

conpl exi nalphgemt thetauske, adidiey and/ar other ipropdrtichef mretal mixede suppostsi ng agent
(such as carboxylic acid) to Goup VIII nmetal corrpogent |I.f5 G oup VIB
metal conpembaconsoledhy agding promotars andiasrdapantsy onpy cengellingdhe 2, and

preferably | ess.f.han out. 6. In an alternative anbodi nent ere the

or gani ¢ a\é'fnﬁ‘r‘? RE%*{?JBS%H‘I%%“@P%H 8‘gf’Lh¥c(fqngWAt{n%ﬁbeu?}§°'(l%tu \i\ﬁ dmultiple -
COCH grou r:at C A Joft. FIENR e group VIII
net al gconpﬂ?r?g%(%ﬂageldulgidcﬁ ngpcaﬁl ﬁ.lrlrnlllleét:% c?gtr'rponentt) QES’EP E%IHP %z%hlg%/gﬁt % toplo,
pr ef er abl opdntk @adtdehalependg espeviab} flubdne, phvaphérus Theroqy puiriaMatds oup VI | |

met al conponent nmay be added as a netal conpound of linmted solubility,
e.g., CoCewmth pxisles dad magnesiahPnopiaterssonh eshdlogens genarally dndragreithey react s
with the organic. acigd conmponent to.forma soluble nmetal conponent. The
order of H?I%FW§%6?etﬁ€?’§%eéB%%%W ei@mtbaéﬁ ‘S‘?R?QFS%I'I‘%”’(S TH ¥cess
conditions. for .m Xi L j he m xing step are
general | y%’r%g?'e%lg}tﬁdg% @é@%&gﬁhgﬁgg&&ﬂﬁcﬂgpbﬁ@%r eferred to solubilize
metal conponents of limted solubility prior to adding the other netal
conponent §0022] i s, Ip.ag.embpslimiebt,dhe suppiut at carcienpampriterably podsesmt

tenperature at their natural pH (if a suspension or solution is applied),
agai n pr oldr8eforqyelume pey WW@@&@HPPW-S%JBI&Q pye ‘Epeé%mﬁéﬂbﬂi‘tag of

limted | ubi | i | ddi h I . [0034] A
or gani ¢ a0t THRPr{SBAL heyiEn POV apipicn dEtse Pais sréCCOEMBPOHRy al'so be.
added Lo, bhstol BB S9BRE LOmRPLEANIBR 010 DcE" 0 Qiedibntdtipbidesi Tod as

part of the cat t precursor, 1t may to t solutron used to

i npr egnat faving 1agerpde VoMﬂeﬁfeMBétbﬁﬂﬂirhiz\h% tiieylobdingdsfdthpr joar with
Goup VIB or oup VIIl metals, may be added together with the third netal
salt, or solutios peddetiviskighimpreignation step. | npr egnati ng sol uti on. The anount
of organic additive may range froma nolar ratio of 0.01 to 5 noles
additive | e ff:. Q; t B ey I | . [0035]In an
enbodi ment, 2a orggr%ls?lgglgit% %égﬁgeﬁltgg 1?%@npouﬁ%j/ﬁﬁac\?i@gr?gﬁ2 to 10 carbon
atons and céﬁ’?b@iti@n@ﬁls@tcdrﬁﬁﬁtang additgsial dbMpenerttiai BWoudetigmllyol s, gl ycol s
and ethers thereof and al dehydes or ketones. Exanples of such additives

i ncl ude gpyeseat in lytdroproskssieg hgtakysts ichosian geidisyommongntseag., di propyl ene
glycol, trimethylol propane, diethylene glycol, triethylene glycol,
tetraet hyl ene glycol, ethylene glycol nonoethyl ether, ethylene glycol
nonobutyl ether. Organic additives having at |east 2 oxygen atons include
pol yet hyl ene gl ycols having a nol ecul ar wei ght |ess than 600. [0036] Still
ot her additives are compounds having at |east 2 nitrogen



atons and having 2-10 carbon atons. Exanpl es include ethyl enedi am ne,
propyl ene di am ne, 1, 3-di am nobutane, and 1, 3-pentanedi am ne. O her

addi ti veswpnodsudei7sonpounds havi ng at- 8§ east one oxygen &Comsand/ 0orse9
nitrogen atom such as ethanol am ne, diethanol am ne and triethanol am ne.

I n yet anofher enbodj nent, the orgapj.c additive can he conpogsed of two or
more sui t RBPEPhOrgRAT Orz%cﬁoc“ill?@%% Heaa t[%ﬁﬂ‘tﬁ’tefaﬁ% Tare 'fniegﬂ&and

m xing of the inpre tion sokutien, ift.] | .. p keep the
M 00 O A ok SRS RESL AT ook R BRGERL bl SEERRpP <o
facilitat ?raﬂé’i%%n*}ﬁ&‘&Ls' 49, OF. SR NGRMRANG S, KEHENE fridiu, ¢BFhAEMN,

t enper at ures above the solVent boiling point or different pH values can be
used. |f wheadieng iioanpttinung paliadiuingicobak) eickelsmolbideadmouincat i ncreased

tenperatures, the suspensions and solutions that are added during the

m xi ng st apotava, pr smgstenl YAl tkessanetal eompaundscare gsaerallyrpresent in 8hénhi ch can
be substantjally. equal, to the reaction {enperat . ,[8Q38] The i npregnati on
sol ution F'élltﬁ‘fg OHgdgH‘etC@th%t COmpREon E"Pﬁe %‘?T‘p%’gfi&e%rgf@? |y having the
pore volu , fer W STn oty r to 80C,
using t hegﬁlégd%g?gh%}q\%\gﬁﬁggogﬁﬁ écﬁ%ﬁ%gg@ e tq%’/ecﬁteume (iz)sfaé#h%slcér{%p Eéﬁgti on

sol ution EpYLhOBrdMiCcoMBBuAdLBaYGE Blatcpil t HY HiEly S preberser!PABet . for
exanple, 172 tinmes the ter pore volune, in order to increase the anount
of metal eulfidasion)itidhbelievedahat atPeast arpaiptign of e sulfijed mesdlsatelstle i xed,
such as gentlg stirred, as inpregnation solution is added to the fresh
support t someBowelirsedly atiindire¢slt Pandto amergapicasoraperyuirhasedgnaterighe
support. In inci.#)ﬂi_en wet Bess :Lpgs?regnati on, the water pore volune of the
support i ST QERAGTESLer N tRE CAYStsane vol une of the inpregnation sol ution
is added to the support so that all solution would go into the support. A

slightly [@02Rr VoFesdstaoky shitableeidr Pﬂ)@@iingbyﬁthﬁeﬁﬁlysts)@fthii fiwentipport . For
exanple, If the water pore volume of the support is 1.22 cc/g@of support,

1.5 cc (2dwlude fedstocksiforghagrodustionl ofidigtillate fudle havieg lowrsublnery gram of
SUppor t magMRiEn BiIANe Eedsiagks tisds ot feeatviThAng RO AP RIBRal

i mpr egnat i.Q TVRI I a Ghr t t and for a
| TP eanat S e o YR ok sRETRAE R Bl R R B4R, 2nd for 2
120C i n ajfeaShired3’ ASTMTS BO O ASTINE28RUBENEA Bdnt HilASYal of ByntALG® Pe heat ed
at drying tenperatures of from 200 to 450C for a time sufficient to yield a
parti al | ysewices.nBrtfertd focsistdvhy argthase havisigdoiling points franbd70 twBs@nt of at

least 5 wt. % based on the calcined catalyst. 1t is believed that
cal ci nat i 00 andisugablsrfer prodaicing distillaieduslsi pspeciably dipselffuelsowi ng

i ti T [ pi d m_.xi di,ti he th

not e abolEedsPoks BAE§aTh IS Hrugis oF SHFaRser 000 bR EPRgIREI e

[ ti | | ted
cararysr et Pt W {68 bRt vEPABLToERRERD F3.d RE AT 005 on
cycl es ar gt cdif@éjﬁfbceégedtiﬁfihé Bre3eht ]5@%@485 SiUred difropén caiteadsned, the

i npregnation cycles are continued until the desired netals content is

at t ai ned. midyebeanmeanired bymstimlasd &8 TMemesihpds D5458yanddD462%, ubspeetivblysed on
the nmetal concentrations and volumes of the inpregnation solution used for
the inpregnat Aoy ST PR EURSORPREFAR AEYONAND'CHRVERSIGNELObY any

sui tabl e techniques for netals content, such as TCP, XRF, and
the Iike. @[@m i npregnated support is then dried. In enbodi nents

i nvol vi ng i ng AHbb e RYfithe dvedioncpal first
drying stg?)ﬁrﬂ]y beﬁluglgg, vﬁngt&éj%éir%gél?’%%?%gres a?e those sufficient to
remve wapipatédby imprdgiatiagnaiupgoftupitleah impecgmyingaolidnamd about 60 to
120C, in air or an inert atnosphere such as nitrogen. After the optional
dryi ng st eplcinihg. Onsedhoimpregnatedoaupppeed gatahyst pesquosasas beenyi ng
tenperature f. from about 200 to 500C, .preferably 200 to 450C, .nore

pr ef er abl §u@cd%ﬂe5§’te°§’@?ﬁ ftjhea%alﬁzg}%orgpgsflggla.b@ep@g egnabienAeheion 01y oduce a

partially. i r N i drying step
may vary 8§§£ .ﬁggg%;$h§§%%?ﬁ§§H%$%?H8 orggﬁgﬁgéggﬁénéﬁbgﬁgThis further
heating i préfertbly reup VIBZndén-ABbR heal Gtsup VIPREhpdindsdareepose organic
conmponent s i ncl udi ng organi c acids and any organic additives to organic
resi dues, which can be characterized in terns of residual organic carbon.
In an enbodi ment, at |east a portion of the organic residue remains on the
catal yst precursor, so that residual organic carbon constitutes about 5 to
20 wt. % preferably at least 10 wt.% and preferably 15 wt.% or |ess, of
the wei ght of the catalyst precursor (includes support, netal conplexes,
and organi c residual carbon). Note that the organic residues remaining in

T Y T - s .




[ 0042] Whi | e not wishing to be bound to any theory, the organic residue my
i nfl uence netal dispersion and may hel p avoid unwanted crystalline phases.
The resi dumal2oevgartsc carbon content of9a catal yst precuPsoruseso7natsad yst may
be anal yzed by any conventi onal carbon analysis instrunment, such as LECO
carbon analy r ora&ion. The, effective anount

of 11 me T Br G BoBAIE SomDandS, Bioly heniTe SQEIPONDLS SRATERME. dog| + o

i . . _ )
Lo oaa 't o Shfipibng 3ROT afe phﬁﬁﬁ%ﬁﬂgﬁh\%ﬁ%%ﬁ SAMlis SRSs diegmie ?ﬁ?tnace s
ramped 1 gR T TR o cop, ARBHYISZRC | BIVRRE) R etorke Thyi ng! par i a

cal ci nati on rrred o I'n the presence of: flow ng
oXygen- coptealniompaiarls(iaclute sblublé sdtsniridringélnbleddompainds tharbeomenert gas
(no gaseous supply). It is preferred to carry out the calcination in the
presence oblubte umdsricerfain sutitions. INondipeiting] xangjlahef stritableyCpar t i al

cal ci nati on/ deconpositi on, step can be conbi ned vin th the recediﬂ% opti onal
drying st BFFCAEsOL compauads inglhde sarbonptes, nifratey; sylfaies, dnefates: 6RIaTidRRL t he
preparatign.conditio r niroll esi t . m xed

sol ution ﬁxﬂfs‘”‘ﬁ Yot bgﬁl{sﬁﬁr&&%\#e& %cr??ﬂe;\%%é%a%%&? g%eg(l?? #tggrmét%ﬁ S r uption
during th i } i S C } Hqﬁg A&t y, it is
pr ef erredqog%lﬁ(f?ﬁgxé’% g@?ﬁ@@é’???ﬁﬁuﬁgﬁg ne Pdé%jf al ys%rggdgggursor
prior to glucduateNCottagrdty dCopiyins Caoiacpto,0€6s naplthehatd] €o dxatate,aCal yst

precursor produces the catal yst conposition. The sulfiding process may take
pl ace ex $materComalateuCamyruvateheo ghecalatasandmixtuees thersiods Ereferredhe ex

situ proces e catal yst precursor is contacte ith a sulfiding agent
Such hs nERGLER ard Bebestrn PRFORGGE FOmBORaS eondbAkRB meldl ot eyt od
tenperatu ' ' uffi ¢l.e 0 fi t cat al yst

precur sor aﬁﬁmérﬁkgﬁnﬁ?}éq(ﬁge gjrl%(%:gé;]g?{gt’r%% ’ggp’g%tf/éf hg&é‘c’u‘?@%r B?s | oaded into
the hydr Oiét{a&%i'ebﬂﬁob%’ﬂﬁfe‘)rn@%di@ ﬁéi@c?ﬁéspﬂ;oh{bl YaicAQRT) phespldtihgdica
sul fi di ng agent such as hydrogen suffidé in the presénce or absence of a
hydr ocar bacid{ 8P hicteropphrangencaupbumntds, WaSidetaropel ypnioni cbadpalindsct | y by
deconposition of an additive (spiking agent) added either directly to the
hydr ogen GoeMo-Yabetsropalyanieniceapounds.. allsyi meta) cxgarmenivm tmngstafeser ve as a
hydr ogen | fide precursor inclyde at, | east ane of car i sul fide,

t hi ophene?ﬁﬁ%m%'t RATA-Hekdr QF nalyfingstats); agetyl acefanafes; (f’](ogi“é#%%sul fide
and organi.gG: ol i K i | i met hyl disulfide.
Al ternati \k/)&d%g, @Zﬁ %gggF?@ﬁ%&gtﬁ%@?&@gﬁmﬁkﬁzﬁl gﬂég@é%\i&l e?h sul fur compounds
that decopp®diheéntsZanyifitabld Ea6Gs VITIAR G PIS thetil rehgatiticaf beaigegr at ur e
for a period of time sufficient to sulfide the catal yst precursor.

10045] | n eprepareGrcupWeHerdbroapi ¥IB npptasobatidnsd et al - cont ai ni ng cat al yst
is inpregnated with an additional netal, |ower drying tenperatures nmay be

nbout 450 2R CrosREPRL Arids dfe P AR FIRGCR LHidmiC Blifesinf BLaRVL  109C 1O
enconpass %@i'@iﬂi’f’i?@ﬁaﬁﬁ Rs lof ofdrfid c@w@l’ég{igg gg&ﬁ@ shitsle ifSr ﬁé%aal?éreﬁn with

hydrogen at effectTve tenperatlres a res, and include

hydr ogenaincbude pyraivid acid] Jevglinityatidydsketokulonie atidpketohgldcamiencid; ogenat i on,
hydrodenet al | ati on, hydrodearomati zati on, hydroi soneri zation,
hydr odewathinglycalid apidd Aeasetd Rutygici acid, Ud3 ngetone dicarbpxyhy @acisk Bae*Q ng.

v of r caPRREIPICHIERYBBLEF ek 2ar T AT PUGEOAEH: Si8Genat | on.

[0047] degﬁ{aﬁgfci J@d,%—g% Eaieﬂﬁﬁoicné’c%,ve?hﬂeé’f%ﬁﬂtaf& %?ycjo'i'ictat&?d,rgq&&%e,wo c
glycine, oxamic acid, glyoxylic acid 2-oxime, ethylenediaminetetraacetic acid,
nitrilotriacetic acid, N-methylaminodiacetic acid, iminodiacetic acid, diglycolic
acid, malic acid, gluconic acid, acetylacetone, citric acid, tartaric acid, aconitic -
acid, suberic acid, tricarballylic acid, malonic acid, succinic acid, glutaric acid,

mucic acid, and glycolic acid. Note that the ammonium salts of acids are also



to 400 C, preferably 200C to 400 C at pressures in the range of 740 to
20786 kPa (100 to 3000 psig), preferably 1480 to 13891 kPa (200 to 2000
psig), awpaoces/orei’ecity of fromO0.1 td0L0 LHSV, preferalpCy/u3271001869 LHSV,
and a hydrogen treat gas rate of from89 to 1780 nB8/nB8 (500 to 10000
scf/B), preferably 178 to 890 nB8/n8 (1000 to 5000 scf/B)..

[ 0048] Hydseitatles Preferrpdiosganig acislg aee slyoxyhs geil, aralaseli¢ agidednt ani nants in

Sul 1 ae. - Kecgplnic ARy b g uicRid RAthinit: A Be SR o P om e

hydr ot r eajgg._ ' VLI | l;gu dskéi ppers,
knockout gfgﬂ)réﬁgﬁ@k?ﬁgd ’IL{;ﬁLdggy%%ECﬁhagB%%%@?: geeétgi %gosr?g)gge?%n stage can be
conpri sedggfox(ynie a@[d,@f@vitia&ﬁg ahddxakretionsidor reacti on zones each of which
can conprise one or nore catalyst beds of the hydroprocessing catalyst.

pr ef or rod [0G0n o1 REgsis AGe SHiebiEdrs ufé Bee Aradidsal B BrevDba beds.
ebul |t i gy Rtan SUGE VhREnyBtha P KIrR OB Soub 1 RE SRS AP A O
e on r e S

heati ng between reactors or reac zones, ween cata eds in

the sane teRdistg Of carBagkyli®AcidQTOOHa Ry xaiae Qv NOACE=0) fydroxo -

desul furization rteaction is generally exothermc. A portion of the heat
gener at ed QHirketg -G, anrirert ANId2 camidee -COeNEY, anindWeNOH jthsolh 8Bk, r ecovery
option is not avail able, conventional cqoling may be perf.ornmed through
cool i ng uePPxY:ieEsOETs and sombinatinsiiaerspt.olhese groyps are sadjHonaldy of a

hyd h Lo t.hi ti t.i t t

be more cARRTAH At Biet PindinE RO oePifing RS RIER Sord A et on o
t her y; in: -l &4 :

cat al yt s (RN Ll il o BARRoNdt SYihGuaRhG, USind By Boy PIATMCT 1he

subj ect hylopy rie &l bélibvea tRatconsplBRARRSSf ﬂhbgiﬂgﬁﬁbigYJ)ﬁp’dﬁﬂﬁ% thRlyst DS and HDN

of distillate fuels. The nultiple inpregnati on sequence of catalyst

supports hamatpn sepreplpps en vmportest nele.h nmet al conponents in anpunts as
defined above followed by calcination effective to produce controlled

anounts o ani c LALE | f4 di.pg: | t i L Vi

cat al yst _510%51] ﬂ%sfdéﬁ%o%ngg&gr;(%#pt;@gétmclC%géeiﬁs\'/téﬁ F gurlgﬁsﬁag%&r)ﬁntégt%ut not
limt thigdinvention haybePRphred byl MRS ot TRkerdw tidhsifiohefethp cat al yst
preparation. Catal ystS were prepared using comrercially avail abl e al um na
supports bach agCohNi,farl Zrowi thg GroupeVIB phus Group VIII mdtd]) cdsapdikdis byavi cat
AL- 2700, |l arge pore alumna beads with particle diameters in the range of
1.2-2.4 nhgv iffgrent suethody, Opge hy eatalypiprecurson & wdfided, ibbecomesor e

di anet er 299 A, density: 0.45 glcc ter pore,volune: 1.14 cc/g,
wnter por Mectng cuaboftioR. I pnoeibogimdit, Mt BiraReG1 ESmpohent thay

be added to a commercially available hydrotreating catalyst. Such

commercially available catalysts normally comprise at least one of Co, Mo, Ni
or W on a carrier. Preferred commercially available hydrotreating catalysts are
those containing Co and Mo supported on an alumina carrier. For example, a
commercially available hydrotreating catalyst, such as RT-601, KF-757, or KF-
848, available from Albemarle Catalyst Company, can be impregnated with a
solution containing at least one of Co, Ni, or Zn components, followed by

_ drying, optionally calcining, and sulfiding.

[0029] In yet another embodiment, a solution comprising Group VIB,
Group VIII metal components and a third metal component, when the third

metal is Zn, can be used to impregnate a support. After impregnation, the



(2) SC-1736: Davicat AL-2750, large pore alum na beads with particle
dianeters in the range of 2.4-4.8 mm BET SA: 244 n2/g, Hg pore vol une:

1. 23 cc/ gvormeak/gm7por e di aneter by Hgl11162 A, density: @C48/Sgé00cwm2186@t er
pore volune: 1.22 cc/g, water pore volune per cc of support: 0.52 cc/cc.

[ 0053] The follow ng procedure was used for ippregnati t.he above al um na
supports $Rtalysh PEAUEIAr £oes Sy ﬂé"a?%‘f?é‘t“@nﬁggel?ﬁ W@ii“ﬁh?g AEPgric acid in a
citric acid.toq:o agol ar ratdio . 1.2 and the aqueous m xture heated at 50C
unti |t he RHBEALY calFining,and ful ed. Amoni um hept anol ybdat e was added in
an Mo/Co ratio of 2:1 to the resulting solution and stirred wi thout further
heating up@030]t he hnstilhanothbepmbodimdriah steginvdsoinv@@gndtilsh prowesd cani tric acid
was added to the resulting solution to adjust the citric acid : cobalt

mol ar rat be used which yodvasHatpregnating asupporthwith despletiorocmprisingt i onal
groups. Thus, nol ar rati f- COOH functi onal ups, t.o ¢ t was 5.4,
o The mottae B SV3% rdee, St commronsni ke Badum 818 B Slud Yl

Et hyl ened'h?e%' . i SN0 j L until the

et hyl enedi amlnn(%: % rezllttél)}o‘){aiab%dagﬁgd%lg s#r%?emﬁhétris%%@ét ﬁyﬁf gg{riggl %Hnd

[ 0054] Al UBPﬂénzﬂBP%lEﬁlir'ﬁ%Tﬂg 38ppSIE WithiG WER and tVIIL AR td1SWiRdRat i on
solution at a rdtio of 1.5 m 'per gram of support. The i npregnated support
was heat eimpregaated withaeolitioncanpiidig at deastione ofiCd, D, &75& for 4 hr. The
cool ed support was inpregnated in a second cycle with the sane inpregnation

sol uti on gempopentsofadioweddy dryingropsicasllycaliupipgr and sHEdingport was t hen
heat ed under nitrogen flow at 110C for 4 hr and at 375C for 4 hr. EXAMPLE 2

[ 0055] Thi iomgnpl eI PettinbffdrethBRifkAt, Ghuppiticah el egﬂaﬁéd’w}{h A catal yst
was prepared by a doubl e inpregnation of Support SC- 1735 with a solution

cont ai ni n@Gréop WB, metal foldlowed by (drying andasptitin@ly malcningaandtheh 4l. 8) and
et hyl ene g}lﬂycol et hyl ene ]%Iéécol :citric acid nolar ratio of 1.8). The
i mpr egnat &woup YIb metad and ithisd metal qagnporent sarbe addad, nghamtbeghirdl m  of

support after .c? ci ni at 375C under ni tr? en. The cal ci ned support was
sul fided P naf"%g'gerdgisamzmﬁ”ﬁ%mé‘rﬁ? 19h-eat gas rate of 700 Scf/B
(125 nB/nB), and tested for HDS activity in a reactor wwth a catal yst

| oadi ng of0082) cc.In gtill:@rmnl_iéﬁ@ﬂbodihﬁn@,mtqu@)haddmfo@mbﬂe%bé@dKﬁtﬂ gnfine(r)
757 (KF-757) was evaluated in a parallel reactor under the same condition.

After an solutiohuslerryf odimigtuse epmposes e Girgsp YIBuweetal,subreun ¥dillt o a virgin
distillate feed (Feed #1 in Table 1) at a tepperature of 625F, a total of
500 psig Picéals aRean SRANC RYEAP. gaentiar addityug, avhere theooreapicsiddiiver 144 he

cormer ci afryesuSrablenl PSRN oRBouRS bt R R b RheM i ¢ ons on
anot hor 1 Rt R QR A R AR oL N b T o v
changed t Grbotie 3B el and Sroup VIEbn@dtdlicande providedlasgaksslit & pedfered psi g,

625F, and a hydrogen gas treat rate of 700 SCF/B. Cat aIGyst activity was
135% whenembpgiment, ablerst orgofithe érroup &/ ISametal salliand dhe Group M Ilimeta

o e g st S S R T Bl LNELPRSH N Fat on and
example, when 2,4-pentanedione (acetylacetone) is used as a solvent, either the
acetyl acetonate salt of a Group VIB metal, such as molybdenum, or the acetyl
acetonate salt of a Group VIII metai, such as cobalt, or both could be used to
form the solution, slurry, or mixture. In a preferred embodiment, impregnation
of a catalyst with this type of solution is performed by using an amount of
solution that is similar to the pore volume of the catalyst. For example, per

volume of catalyst, the volume of solution used can be from about 0.9 times to

1.05 times the poré volume of the catalyst. Preferably, a sufficient level of



Sul fur, wt% N trogen, ppm APl Aromatics, w% T95, F Feed #1 1.86 167 32.2
32.8 773 Feed #2
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metal can be impregnated in the support with a single impregnation using this

type of solution. Example 16 provides further details regarding a catalyst

formed according to this embodiment of the invention.

[0033] In various other embodiments, the impregnation solution may be an
aqueous solution and includes a soluble Group VIII metal component, a soluble
Group VIB metal component, at least one organic complexing agent and
optionally, an organic additive. In embodiments where a solvent different from
the organic complexing agent is used, the molar ratio of the organic
complexing agent (such as carboxylic acid) to Group VIII metal component
plus Group VIB metal componént is from about 1 to 10, preferably at least
about 2, and preferably less than about 6. In an alternative embodiment where
the organic acid includes multiple acid functional groups (such as multiple —
COOH groups), the ratio of organic acid functional groups to the group VIII
metal component plus Group VIB metal component can be from about 1 to 10,
preferably at least 2, and preferably less than 6. The Group VB/Group VIII
metal component may be added as a metal compound of limited solubility, e.g.,
CoCOs, provided that the metal compound of limited solubility reacts with the
organic acid component to form a soluble metal component. The order of
mixing of metal components is not critical and the process conditions for
mixing process conditions during the mixing step are generally not critical. In
an embodiment, it is preferred to solubilize metal components of limited
solubility prior to adding the other metal components. It is, e.g., possible to
add all components at ambient temperature at their natural pH (if a suspension
or solution is applied), again provided that it is preferred to solubilize metal

components of limited solubility prior to adding the other metal components.

[0034] An organic additive (other than the organic complexing agent) may

also be added to the impregnation solution. If an organic additive is desired as
- part of the catalyst precursor, it may be added to the solution used to

impregnate the carrier. The organic additive may be added together with

Group VIB or Group VIII metals, may be added together with the third metal



0.45 39 37.9 25.7 670 EXAMPLE 3 [0057] A catal yst was prepared by a double
| npregnati on of support SC- 1736 with a solution containing Co, My, citric
acid (citwocoesni7dt7€0 nol ar rati o of 118) and et hyl enedi &Cirnis2007/021869

(et hyl enedi am ne: Co nolar ratio of 1.8). The inpregnated support contai ned

475 Mb03 and 123.6 Co0 1 .of ort aft | ci ni t 375C
omaernt sl i b a4he el b Bor SRR o T ShOuBEP S {2020
kP datre f / / HDS
activity PG addge niFiiee St Aoty iy aEOOTh SRR G 10,
conmer ci aljgfe 3 Trbap VaB et plyeSroaNAVIALRStal.n @ parallel reactor under the

sane condition. After an i n-g)l tu sul'fiding step, the catal ysts were

of "625F,  WESal ofh SoEmpeRYnEHo4R TG ARIAVE 8RB GRROKLMVIRGL o of 700
o the Kr23870 i alois Fl ESERbE i er Eo e alie B BB Lt S yar
was pre paBEI}Og% irg'figccﬂé" and E%?éi%?er@ag)ﬁﬁmg@}glg% o REfomRs 2B x@niples GF s?'éH port

( SA6578, ce area = e Inpregnated wth a

sol uti on gaditivedintdudeglybRal, pYyoeydls ctslche(glycoly pfopatént ggcopl ar ratio of
3.55). The support vvasgggflci Ir%% at 375C ungggr nlpt rpgg%r]. tgpmet al content
in terns dipropylehe gkyoddstrinacthylohpoopater diethydemd ghycolydnethglenatglycothe

cal ci ned support was, sulfided in situ at 500 psi (3448 kPa) and a treat gas
rate of 7tdrastiyleng ghsohgthisngglyce Bloéﬂeé‘d?e&l% “&]éYlieOP &Y%k a reactor with

a catal yst_| oadi of 0 cc._ln.conparkison, rcially avall.abl e KF-757
was eval umoél(?%flhﬂ%ﬂbeér ? rlgéplcraéiéigtl“()ers%drég a{]lﬁggtgw%egnﬁpﬁsdﬁaug\gt er an
in-situ s ek tihe; ' oavirgindistillate
feed (Feegbyfq?ﬂngq%%%c’lf)ﬁhgtﬁgs?&e%géel?gft,ﬁ'ré?%?g g?l%{le,?gg@'t ot al 019 500 psig
pressure, and a hydrogen gas treat rate of 700 SCF/ B. After 336 hr of

runni ng of0836dd, t iilkether gdditivessargcqompaupdsdavirgnak least 2HutREeY57 run under
the same conditi .0n .a, basi f 1.5 d ki netics, EXAVPLE 5 [ 0059] Th
) our SRSk RS BR 2R EikPu oy BRIy SRS (00591 The

propylene diamine, 1,3-diaminobutane, and 1,3-pentanediamine. Other

additives include compounds having at least one oxygen atom and one nitrogen
atom, such as ethanol amine, diethanol amine and triethanol amine. In yet
another embodiment, the organic additive can be composed of two or more

suitable organic additive compounds.

[0037] During preparation and mixing of the impregnation solution, it is
generally preferred to keep the temperature below the boiling point of the
solvent, such as water, to facilitate easy handling of the components. However,
if desired, temperatures above the solvent boiling point or different pH values
can be used. If the reaction during the mixing step is carried out at increased
temperatures, the suspensions and solutions that are added during the mixing
step are preferably preheated to an increased temperature which can be

substantially equal to the reaction temperature.

[0038] The impregnation solution is then added to the support (the support
preferably having the pore volume range noted above), preferably at

temperatures from 20 to 80°C, using the incipient wetness technique. The



supports. 8.66 g pyruvic acid was m xed with 6.88 g cobalt acetate
tetrahydrate to make a uniformslurry. 9.76 g anmoni um hept anol ybdate (AHM
t et r ahydrwiDeowszsodsssol ved in 10.25 gl1Bl- water at 40C. Phe/UskhM7ooisat i on was
added slowy to the slurry without heating under stirring. Stirring was
continued until all cobalt acet afte was di ssolved. The resulting solution

( Co/ Mo/ pyMalnree gt the) impragnation salution mypy K¢ thanthe gvatar porgveime o \ wo;

Yor egnat DRGSR ofot e, atines oot Bod BeR HBRE K &7 ca 1o

90- 300 n ; i A : / V§ h8rsol ution
and heat eg’(%%aég?fﬂ? ?g{v@hggﬁl@%%lc%ﬁlgﬁn%l% sf[u% °ﬁg|%€3?%tgyf Lh?nsg@gggondi tions:
20C t o 556h@ild Yo/ rined, bl@i}ﬂaﬁ'%elﬁg@tfr%d, 10 imibrégnabion solutiMGs addéd & mi n; hol d
at 120C for 4 hr; from 120C to 330C at 1.2C mn, hold at 330C for 4 hr. The
resul ti ngthefresh suppeststol ensnegyersmedistiibatioornf the metali compows @vef thene sarme
sol ution and heatedq i.n,the sane.manner .as the %(% irr%:%gnati ofn The fi nal

mat eri al WBRPQTE- dPZBEIPICHL SYRIngsS 1PEsaNation; g WeIFT RY B 9tthe zati on and

Nor o SPARFER dbiapm tyc TG ¥Siutne O 4R Mppegrbh solgrfiste) oV Oy

aci d sol ugu&’éu t@ﬁg%ggggfet%%ﬁbamluﬁmm ga,ﬂu@ thB%u?%[‘r?.egxﬁ%lWIyas the

catal yst descri be The resulting matérial was ed"a second

time w thldrg&Ogolaind inay dermsed ob gtt morandtdie ehtedthagapportn Fohexampie, manner .
The final material was re-sized to 90-300 ;m and tested for

hydr odesulif theiwatet perearmduing i dbie pippasyisna2 e¢/g ¢foupppithe.Sces @3fed material s
were sulfided ip. situ at 500 psi (3448 k and a treat gas . rate of 700
Sot 1 B (125°G78) ABimBEnauRn SeluRon chi B6 Used 10F SXFTY Bra CesEPBeTw i 8 caral yst
| oadi ng ot e elne i.son, commercially avail abl e KF-757 was

eval uat edllih%m%t awglalléllcé))ggg@@tezlr under the sane conditions. After the
in-situ sulfiding step, the catalysts were subjected to a virgin distillate
f eed (Fee{0039]i n TEhe empjegmiated supppetrmay thendie ddéd-andisubjeeteddd a600 psi g

pressure, and a hydrogen gas treat rate_of 700 SCF/B. AfAéer about 160 hr of
runni ng olfastere addiionalimpragnationgysledypicallys wneplosarednied atapout 380 hr

of running on feed, t first catalyst displayed, H ctivity 150% of the
<. 757"+ ufbranerafires ad for (iRt dry Be HEIT Sodshstatutler | s whi 1 e
t he secon i ayesho RYAR MY 9 Iy LE 6
[0062] msﬁlﬁﬁﬁfﬁgtﬁga@ﬁ@m%ﬁ% i eaq{s;%gifgiasttgﬁg]{%%é??esleepr{e n Col Ni / Mo/ W
hydrotr easﬁpmarcﬁiaﬁl alsd be hemba at deyihp eempsraturgeof faim 200 t@4560C for'a bond
energy, etc. of the nmetal sulfur bond/cluster towards an optinmum val ue for
t he HDS r o sufficientto yisldja pactialhnesicined eatalyst havisgraeesidwal orgasig/si s 86,
226-230 (1984)). In the raverage heat of formation nodel” the .synergistic
i M- sul { FEROOBSOPISN 68 S6leaSEh o Bated emitegateippRsRrOT ol S ekELEd ol
Table 2. Aver Heat i i i "W/ From

Chi anel |'i ﬁla tc_ﬁ%?qgho%rﬁgﬁ%ﬁ 5§¥é@1{e§x@§{n§ %g@ésg%f %@e(@g%?_ M S conmpound

Heat of FoqfBRidnaflon. The impregnation and mixing conditions may be the same as

-

noted above for subsequent impregnation cycles following the first

impregnation cycle.

[0040] If the total metals content of the supported catalyst precursor
attains the target metals content, further impregnation cycles are not needed. If
the target metals content is not attained, the impregnation cycles are continued
until the desired metals content is attained. The amount of metals on the
support may be calculated based on the metal concentrations and volumes of

the impregnation solution used for the impregnation. The metal contents may



(kcal /nol) Average Heat of Formation with MbS2 (kcal/nol) Mo S2 65.8 65.8
MhS 51.1 58.5 FeS2 42.3 54.2 FeS 24
WO 2008/079178 -15- PCT/US2007/021869

be further verified by any suitable analytical techniques for metals content, -
such as ICP, XRF, and the like.

[0041] The impregnated support is then dried. In embodiments involving
forming a catalyst precursor on a support, an optional first drying step may be
used, where drying temperatures are those sufficient to remove water from the
impregnated support and may range from about 60 to 120°C, in air or an inert
atmosphere such as nitrogen. After the optional drying step, the impregnated
support is further exposed to drying temperatures of from about 200 to 500°C,
preferably 200 to 450°C, more preferably at least 300°C, and more preferably
less than 400°C, to produce a partially calcined catalyst precursor. Note that
the desired drying step may vary depending on the nature of the organic
components. This further heating is continued for a time effective to partially
decompose organic components including organic acids and any organic
additives to organic residues, which can be characterized in terms of residual
organic carbon. In an embodiment, at least a portion of the organic residue
remains on the catalyst precursor, so that residual organic carbon constitutes
about 5 to 20 wt.%, preferably at least 10 wt.%, and preferably 15 wt.% or less,
of the weight of the catalyst precursor (includes support, metal complexes, and
organic residual carbon). Note that the organic residues remaining in the
catalyst precursor after drying are no longer in the form of the original organic
additive(s) or organic complexing agent(s) that were impregnated on the
support. While an organic residue is maintained on the partially calcined
support, the original organic additive has been chemically decomposed or

reacted into a different form.

[0042] While not wishing to be bound to any theory, the organic residue
may influence metal dispersion and may help avoid unwanted crystalline
phases. The residual organic carbon content of a catalyst precursor or catalyst
may be analyzed by any conventional carbon analysis instrument, such as
LECO carbon analyzer manufactured by the LECO Corporation. The effective

amount of time for decomposition will be that needed to reach the desired



44.9 Co9S8 19.8 42.8 Ni3S2 17.2 41.5 CuS 12.7 39.3 ZnS 46 57.3 [0063]As
can be seen fromthe above heats of formation, in this sinplistic
WO 2008/079178 -16 - PCT/US2007/021869

residual organic carbon content and will generally range from about 1 second
to about 24 hours. In another preferred embodiment, the furnace is ramped
from room temperature to about 325°C in one hour. The drying/partial
calcination/decomposition can be carried out in the presence of: flowing
oxygen-containing gas (air), flowing nitrogen, or static air or inert gas (no
gaseous supply). It is preferred to carry out the calcination in the presence of

an inert gas such as nitrogen.

[0043] The drying/partial calcination/decomposition stép can be combined
with the preceding optional drying step as a single continuous step. It will be
understood that the preparation conditions are controlled and designed so that
the mixed solution does not go through violent evaporation, spill or interruption

during the entire drying/partial calcination sequence.

[0044] Finally, it is preferred to sulfide the at least partially calcined
catalyst precursor prior to or during the hydroprocessing process. Sulfiding the
catalyst precursor produces the catalyst composition. The sulfiding process
may take place ex situ or in situ and in the gas phase or liquid phase. In the ex
situ process the catalyst precursor is contacted with a sulfiding agent such as
hydrogen sulfide and hydrogen, e.g., 10% H,S/H,, at elevated temperatures for
a period of time sufficient to sulfide the catalyst precursor. In the in situ
process, the catalyst precursor is loaded into the hydrotreating reactor and
contacted with hydrogen containing a sulfiding agent such as hydrogen sulfide
in the presence or absence of a hydrocarbon feed. The hydrogen sulfide may
also be provided directly by decomposition of an additive (spiking agent)
added either directly to the hydrogen treat gas or to the feedstock. Spiking
agehts which may serve as a hydrogen sulfide precursor include at least one of
carbon disulfide, thiophene, mercaptan, organic sulfide, dialkyl disulfide, diaryl
disulfide and organic polysulfide, preferably dimethyl sulfide or dimethyl
disulfide. Alternatively, the catalyst precursor could be loaded with sulfur
compounds that decompose to H,S when treated under hydrogen at elevated

temperature for a period of time sufficient to sulfide the catalyst precursor.



nodel Co and Ni should function as pronoters for MyS2 (as expected), but Cu
and possibly Fe should also act as HDS pronoters of MbS2. The pronotion
activity wo 2as/aadsFe i s not nornmallyl@bserved. This di eCrasancy2isn9
observed vs. cal cul at ed activity is ascribed to electronic effects outlined
in Harris & Chianelli urnal Catal ysis 98, 17-31(1986) .where the
concepts $9043e cobh?‘@h? ERents “819(‘? %e{(@tlﬁgtsgppglﬁﬂ meg tﬁ?&%aéfnr“&ngth and the

e A o L W T

adequat el \)Iwrlf@hgds Th%ich R dlmeRa e qﬂgi@r%gg)e% S dNEdm m}terrs and

expl ai ns ttl e or no promotion |s In the Cu and Fe systens.

Tabl e 3. Aoo?&néyb&wm(]er and HDS Activity binetallic M, Sy/ MoS2 From

Harris & Chianelli, Journal of Catalysis 98, 17-31 (1986). Catalyst Phase

ngzAC%g;t@gﬁ_ﬁiMMPﬁdgé%Sl m2) Activity Paranmeter MxS2 MS2
[0046] The term "hydroprocessing" encompasses all processes in which a

hydrocarbon feed is reacted with hydrogen at effective temperatures and
pressures, and include hydrogenation, hydrotreating, hydrodesulfurization,
hydrodenitrogenation, hydrodemetallation, hydrodearomatization,
hydroisomerization, hydrodewaxing, and hydrocracking including selective
hydrocracking. Preferred hydroprocessing processes include hydrotreating.

Preferred hydrotreating include hydrodesulfurization and hydrodenitrogenation.

[0047] Hydrotreating conditions involve temperatures in the range 150 °C
to 400 °C, preferably 200 °C to 400 °C at pressures in the range of 740 to 20786
kPa (100 to 3000 psig), preferably 1480 to 13891 kPa (200 to 2000 psig), a
space velocity of from 0.1 to 10 LHSV, preferably 0.5 to 5 LHSV, and a
hydrogen treat gas rate of from 89 to 1780 m*/m® (500 to 10000 scf/B),
preferably 178 to 890 m*/m? (1000 to 5000 scf/B).

[0048] Hydrotreating typically reduces nitrogen and sulfur contaminants
in the feedstock by converting these contaminants to ammonia and hydrogen
sulfide, respectively. These gaseous contaminants may be separated from the
hydrotreated feedstock using conventional techniques such as strippers, knock-

out drums and the like.

[0049] The hydrotreating reaction stage can be comprised of one or more
fixed bed reactors or reaction zones each of which can comprise one or more
catalyst beds of the hydroprocessing catalyst. Although other types of catalyst
beds can be used, fixed beds are preferred. Such other types of catalyst beds
include fluidized beds, ebullating beds, slurry beds, and moving beds.

Interstage cooling or heating between reactors or reaction zones, or between



0.76 M/ Mo MhS + MbS2 1.07 400 Fe/ Mo FeS' + MbS2 1.55 400 Co/ Mo Co9S8+
MbS2 2.60 575 N/ M
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catalyst beds in the same reactor or reaction zone, can be employed since the
desulfurization reaction is generally exothermic. A portion of the heat
generated during hydrotreating can be recovered. Where this heat recovery
option is not available, conventional cooling may be performed through
cooling utilities such as cooling water or air, or through use of a hydrogen
quench stream. In this manner, optimum reaction temperatures can be more
easily maintained. It is also within the scope of this invention to use other
catalysts in the case of multiple catalyst beds. Such other catalysts may

comprise conventional hydroprocessing catalysts.

[0050] The subject hydrotreating catalysts possess high activity for the
HDS and HDN of distillate fuels. The multiple impregnation sequence of
catalyst supports having large pore volumes with metal components in amounts
as defined above followed by calcination effective to produce controlled

amounts of organic residues, and sulfiding leads to high activity catalysts.

[0051] The following examples will serve to illustrate, but not limit this
invention.
EXAMPLE 1

[0052] This example is directed to catalyst preparation. Catalysts were
prepared using commercially available alumina supports having the following

properties:

(1) SC-1735: Davicat AL-2700, large pore alumina beads with
particle diameters in the range of 1.2-2.4 mm, BET SA: 150 m?/g, Hg pore
volume: 1.16 cc/g, median pore diameter by Hg: 299 A, density: 0.45 g/cc,

water pore volume: 1.14 cc/g, water pore volume per cc of support: 0.51 cc/cc.

(2) SC-1736: Davicat AL-2750, large pore alumina beads with
particle diameters in the range of 2.4-4.8 mm, BET SA: 244 m?/g, Hg pore
volume: 1.23 cc/g, median pore diameter by Hg: 162 A, density: 0.43 g/cc,

water pore volume: 1.22 cc/g, water pore volume per cc of support: 0.52 cc/cc.



Ni 3S2 + MbS2 4.01 700 Cu/ Mo CuS'

Note: "Activity Paraneter"” is estimted from graphs, exact nunerical
not |i st esloiznospeapes EXAMPLE 7 - Synt hd9i-s of Bi net al | i c PCONIS2@I7 02186
Catal yst A

[0053] The following procedure was used for impregnating the above

alumina supports with a solution. Cobalt carbonate was mixed with citric acid
in a citric acid to Co molar ratio of 1.2 and the aqueous mixture heated at 50°C
until the cobalt carbonate dissolved. Ammonium heptamolybdate was added
in an Mo/Co ratio of 2:1 to the resulting solution and stirred without further
heating until the ammonium heptamolybdate dissolved. Additional citric acid
was added to the resulting solution to adjust the citric acid : cobalt molar ratio
to 1.8. Note that citric acid includes 3 -COOH functional groups. Thus, the
molar ratio of -COOH functional groups to cobalt was 5.4, and the molar ratio
-COOH functional groups to (Mo + Co) was 1.8. Ethylenediamine was slowly
added to the solution with stirring until the ethylenediamine:Co ratio was 1.8 to

form the impregnation solution.

[0054] Alumina support SC-1736 was impregnated with the impregnation
solution at a ratio of 1.5 ml per gram of support. The impregnated support was
heated under nitrogen flow at 110°C for 4 hr and at 375°C for 4 hr. The cooled
support was impregnated in a second cycle with the same impregnation

solution at a ratio of 1.34 ml per gram of support. The support was then heated

under nitrogen flow at 110°C for 4 hr and at 375°C for 4 hr.
EXAMPLE 2

[0055] This example is directed to the catalyst testing protocol. A catalyst
was prepared by a double impregnation of support SC-1735 with a solution
containing Co, Mo, citric acid (citric acid:Co molar ratio of 1.8) and ethylene
glycol (ethylene glycol:citric acid molar ratio of 1.8). The impregnated support
contained 442 mg MoO; and 115.1 mg CoO per 1 ml of support after calcining
at 375°C under nitrogen. The calcined support was sulfided in situ at 500 psi
(3448 kPa) and a treat gas rate of 700 Scf/B (125 m>/m®), and tested for HDS
activity in a reactor with a catalyst loading of 1.0 cc. In comparison, the
commercially available Ketjenfine® 757 (KF-757) was evaluated in a parallel

reactor under the same condition. After an in-situ sulfiding step, the catalysts

+ MbS2 0.41 200 Zn/ Mo ZnS + MbS2 1. 34 400

val ues
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EXAMPLE 3

[0057] A catalyst was prepared by a double impregnation of support SC-
1736 with a solution containing Co, Mo, citric acid (citric acid:Co molar ratio
of 1.8) and ethylenediamine (ethylenediamine:Co molar ratio of 1.8). The
impregnated support contained 475 mg MoQOj3; and 123.6 mg CoO per 1 ml of
support after calcining at 375°C under nitrogen. The calcined support was
sulfided in sifu at 500 psi (3448 kPa) and a treat gas rate of 700 Scf/B (125
m>*/m’) and tested for HDS activity in a reactor with a éatalyst loading of 1.0
cc. In comparison, commercially available KF-757 was evaluated in a parallel
reactor under the same condition. After an in-situ sulfiding step, the catalysts
were subjected to a virgin distillate feed (Feed #1 in Table 1) at a temperature
of 625°F, a total of 500 psig pressure, and a hydrogen gas treat rate of 700
SCF/B. After 144 hr of running on feed, the catalyst HDS activity was 300%

of the KF-757 run under the same conditions.
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tetrahydrate was dissolved in 10.25 g DI water at 40°C. The AHM solution

was added slowly to the slurry without heating under stirring. Stirring was
continued until all cobalt acetate was dissolved. The resulting solution
(Co/Mo/pyruvic acid) had the following concentrations: 1.1 M Co; 2.2 M Mo;
pyruvic acid/Co molar ratio = 3.55. After the preparation of the impregnating
solution was completed, 1.2 g of SC-159 alumina (sized to 90-300 pm) was
impregnated with 1.62 g of the Co/Mo/pyruvic acid solution and heated under
flowing N, according to the following furnace conditions: 20°C to 55°C at
1°C/min; hold at 55°C for 10 min; 55°C to 120°C at 0.3°C/min; hold at 120°C
for 4 hr; from 120°C to 330°C at 1.2°C/min, hold at 330°C for 4 hr. The
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resulting material was impregnated a second time with 1.54 g of the same
solution and heated in the same manner as the 1* impregnation. The final

material was re-sized to 90-300 um and tested for hydrodesulfurization and

hydrodenitrogenation.

[0060] Alternatively, 1.1g of SA-6175 -- Saint-Gobain NorPro -- (sized to
90-300 um) was impregnated with 2.21 g of Co/Mo/pyruvic acid solution, as
described above, and heated in the same manner as the catalyst described
above. The resulting material was impregnated a second time with 1.99g of the
same solution and heated again in the same manner. The final material was re-
sized to 90-300 um and tested for hydrodesulfurization and

hydrodenitrogenation.

[0061] The calcined materials were sulfided in situ at 500 psi (3448 kPa)
and a treat gas rate of 700 Scf/B (125 m>*/m®) and tested for HDS activity in a
reactor with a catalyst loading of 1.0 cc. In comparison, commercially
available KF-757 was evaluated in a parallel reactor under the same conditions.
After the in-situ sulfiding step, the catalysts were subjected to a virgin distillate
feed (Feed #1 in Table 1) at a temperature of 625°F, a total of 500 psig
pressure, and a hydrogen gas treat rate of 700 SCF/B. After about 160 hr of
running on feed, the temperature was adjusted to 640°F. After about 380 hr of
running on feed, the first catalyst displayed HDS activity 150% of the KF-757
run under the same conditions on a basis of 1.5 order kinetics while the second

catalyst displayed HDS activity 225% of KF-757.
EXAMPLE 6

[0062] Most attempts to explain the synergistic effect seen in
Co/Ni/Mo/W hydrotreating catalysts emphasize the “average heat of
formation”, bond energy, etc. of the metal sulfur bond/cluster towards an
optimum value for the HDS reaction (see, e.g., Chianelli, et.al., Journal of

Catalysis 86, 226-230 (1984)). In the “average heat of formation model” the



Co ratio Relative Volumetric Activity to Base Binetallic CoMo vn 0.1 0.84
Ni 0.1 0.95 0.16
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synergistic M’Mo sulfide pairs possess an average heat of formation of ~ 40

kcal/mol.

Table 2. Average Heats of Formation of bimetallic M’,S,/MoS,
From Chianelli, et.al., Journal of Catalysis 86, 226-230 (1984).

M-S compound | Heat of Formation | Average Heat of

(kcal/mol) Formation with

MoS, (kcal/mol)
MoS, 65.8 65.8
MnS - 511 58.5
Fe$S, 423 54.2
FeS 24 44.9
COgSg 19.8 42.8
Ni;S, 17.2 41.5
CuS 12.7 39.3
- ZnS 46 573

[0063] As can be seen from the above heats of formation, in this simplistic

model Co and Ni should function as promoters for MoS, (as expected), but Cu
and possibly Fe should also act as HDS promoters of MoS,. The promotion
activity of Cu and Fe is not normally observed. This discrepancy in observed
vs. calculated activity is ascribed to electronic effects outlined in Harris &
Chianelli, Journal of Catalysis 98, 17-31 (1986) where the concepts of the
covalent contribution to metal-sulfur bond strength and the number of “d”
electrons in the highest occupied molecular orbital are combined into a single
“Activity Parameter”. This activity parameter adequately predicts the synergy
observed in the CoMo and NiMo systems and explains why little or no

promotion is observed in the Cu and Fe systems.
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Table 3. Activity Parameter and HDS Activity bimetallic M’,S,/MoS,
From Harris & Chianelli, Journal of Catalysis 98, 17-31 (1986).

Catalyst Phase HDS Activity Activity
(DBT molecules x Parameter
105! m'z)

MoS, MoS, 0.62

MoS, MoS, 0.76
Mn/Mo MnS + MoS, 1.07 400
Fe/Mo FeS, + MoS, 1.55 400
Co/Mo Co,Sg + MoS, 2.60 575
Ni/Mo Ni3S, + MoS, 4.01 700
Cu/Mo CuS, + MoS, 0.41 200
Zn/Mo ZnS + MoS, 1.34 400

Note: “Activity Parameter” is estimated from graphs, exact numerical values
not listed in paper

EXAMPLE 7 - Synthesis of Bimetallic CoMo/alumina Catalyst A

[0064] Citric acid, cobalt carbonate, and ammonium paramolybdate were
combined in water in a 0.72:0.48:1.0 ratio and stirred to dissolve. An alumina
support was impregnated with the citric acid - cobalt — molybdate solution to
incipient wetness and dried at 110°C. The concentration of MoO; was 164

mg/mL of support.

EXAMPLE 8 - Third Metal Addition to Bimetallic CoMo/alumina Catalyst A

[0065] To the bimetallic catalyst of Example 7 was added a third metal at
the third metal:Co ratios found in Table 4 (see Example' 13). When the third
metal was Fe, Co, Ni, Cu, Zn, the metal acetate was dissolvedina 1.0 M
aqueous solution of citric acid and added to the CoMo/alumina to incipient
wetness. When the third metal was manganese, the aqueous acetate was added
directly to the CoMo/alumina to incipient wetness. The impregnated support

was dried at 110°C

EXAMPLE 9 - Synthesis of Bimetallic CoMo Catalyst B

[0066] Citric acid and ammonium paramolybdate were dissolved in water

at a 0.5:1.0 molar ratio. An alumina support was impregnated with the citric
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acid — molybdate solution to incipient wetness, dried at 110°C, and calcined at
425°C. After calcination the concentration of MoO; was 294 mg / mL of
support. Cobalt carbonate was dissolved in an aqueous citric acid solution
where the molar ratio of Co metal to citric acid was 1:1.8, the Co solution was
combined in a 2:1 ratio and then added to the Mo catalyst precursor so that the
ratio of Co:Mo was 0.48:1.0. The catalyst was dried at 110°C.

EXAMPLE 10 - Third Metal (Zinc) Substituted for Cobalt

[0067] Citric acid and ammonium paramolybdate were dissolved in
water at a 0.5:1.0 molar ratio. An alumina support was impregnated with the
citric acid — molybdate solution to incipient wetness, dried at 110°C, and
calcined at 425°C. After calcination the concentration of MoO; was 294 mg /
mL of support. Cobalt carbonate and zinc hydroxycarbonate were each
dissolved separately in an aqueous citric acid solution where the molar ratio of
Co and Zn metals to citric acid in each solution was 1:1.8, the Co and Zn
solutions were combined in a 2:1 ratio and then added to the Mo catalyst
precursor so that the ratios of Co:Mo and Zn:Mo were 0.32:1.0 and 0.16:1.0,
respectively. The catalyst was dried at 110°C.

EXAMPLE 11 - Synthesis of High Cobalt CoMo/Alumina Catalyst

[0068] This catalyst was made similar to bimetallic

CoMo/alumina catalyst B, but the Co:Mo ratio was 0.72:1.

EXAMPLE 12 - Sulfiding

[0069] This example is directed to a description of a sulfiding and reaction
testing protocol. Reactions were performed in parallel in a multi-well, high
pressure reactor. In this reactor aluminum vials containing catalyst and oil
were placed in a reactor shell that was pressurized with reaction gas and heated
to high temperatures, so as to maintain the vials at substantially the same
temperature. During reaction (and sulfiding) the entire shell was shaken at 500

rpm to provide mixing of the catalyst and oil in the individual vials. Access of
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the gas into each of the vials was controlled by a restrictive orifice over each
vial. The feed used in these reactions was a blend of hydrotreated distillates

containing 630 wppm S and 365 wppm N.

[0070] Known volumes and masses of catalysts (70 pl) were charged to
aluminum vials (6 cc) along with 2.5 cc of liquid feed. Catalysts were sulfided
in the liquid phase in the blend of hydrotreated distillate feedstocks at 400 psi
under an atmosphere of 10% H,S in H, at temperatures as high as 315° C.
After such treatment the sulfided catalysts were transferred under nitrogen to
an inert atmosphere glove box where the sulfided feed was removed and the
catalysts washed 4 times with 3.5 cc of fresh feed. After such washing fresh

feed (1.85 cc) was charged to each vial.

[0071] The vials were then placed back in the reactor, pressurized to 200
psi with fresh reaction gases (3% H,S in H;) and heated to reaction temperature
(330°C) for 24 hours. Once the reaction was complete the product liquid was

analyzed for sulfur and nitrogen content.

EXAMPLE 13 - Testing of Third Metal Addition Catalysts

[0072] When Mn, Fe, and Cu were added to the bimetallic CoMo catalyst
A, the activity of the third metal addition catalysts were lower than
comparative bimetallic CoMo/alumina catalyst A. In contrast, when Co, Ni,
and Zn were added to the comparative bimetallic catalyst A, the activity of the
third metal addition catalyst was greater than the comparative bimetallic
catalyst A, and in general activity increased with the loading of the third metal.
The ratio of Co:Mo in comparative bimetallic catalyst A was 0.48:1.0, which as
is well known in the art is close to the optimum CoMo ratio of 0.5:1 for the
combination of Group VIB and Group VIII catalysts. Thus it is surprising that
further addition of Co and Ni in a subsequent step improved the performance of
the third metal catalysts. Even more surprising, addition of Zn to comparative
bimetallic catalyst A yielded a third metal addition catalyst with greater activity

than comparative bimetallic catalyst A. Based on literature in Example 1, Zn
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addition was expected to perform similarly to Mn or Fe. The results are

summarized in Figure 1 and in Table 4. Figure 1 is a graph showing the effect

of third metal on a CoMo HDS catalyst on the relative volumetric activity.

Table 4 is a summary of the effect of third metal on CoMo HDS.

Table 4. Effect of Third Metal on CoMo HDS

Relative Relative

Volumetric Volumetric

Activity to Activity to

- 3 3 Element / Bin‘i‘:ts:“ic 3rd 3" Element / Bin‘::ts:mc

Element Co ratio CoMo Element Co ratio CoMo

Mn 0.1 0.84 Ni 0.1 0.95
0.16 0.85 0.16 0.86
0.22 0.86 0.22 1.04
0.29 0.91 0.29 1.06
0.36 0.84 0.36 1.13
0.42 0.73 0.42 1.13
0.48 0.81 0.48 1.11
Fe 0.1 0.89 Cu 0.1 0.92
0.16 0.91 0.16 0.90
0.22 0.78 0.22 0.91
0.29 0.78 0.29 0.82
0.36 0.68 0.36 0.88
0.42 0.73 0.42 0.86
0.48 0.71 0.48 0.89
Co 0.1 1.03 Zn 0.1 1.03
0.16 1.07 0.16 1.00
0.22 1.15 0.22 1.14
0.29 1.08 0.29 1.20
0.36 1.13 0.36 1.15
0.42 1.15 0.42 1.22
0.48 1.29 0.48 1.25

EXAMPLE 14 - Testing of Third Metal (Zinc) Substituted for Cobalt

[0073]

Substitution of one-third the Co for Zn while maintaining a total

Zn+Co vs. Co ratio with Mo constant at 0.48:1 yielded a ZnCoMo/alumina

catalyst with 1.11:1.0 activity ratio relative to bimetallic catalyst B. Thus Zn

may be substituted for Co in standard catalyst syntheses with retention and

even promotion of performance.
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Example 15 - Testing of High Cobalt CoMo/Alumina Catalyst

[0074] Increasing the Co:Mo ratio to 0.72:1.0 from 0.48:1.0, from cobalt
added in one-step, decreased the catalyst activity to 0.86:1.0 relative to
bimetallic catalyst B. The activity of this catalyst is significantly lower than
the third metal addition catalyst when the third metal as cobalt was added to a

similar level in a second step according to the invention as seen in Table 4.

Example 16

[0075] This example is directed to preparing a catalyst using a Group VIB
metal, a Group VIII metal, and an organic additive. In this example, the
organic additive functions as an organic solvent. Water was not included in the
‘solution used to prepare the following catalyst, although minor amounts of
water could be present in the solution without harming the resulting catalyst.
Cobalt and molybdenum were supported on an alumina support by using the
acetyl acetonate salts (Co-AcAc and Mo-AcAc) as precursor compounds.
Acetyl acetonate was used as the organic solvent. After impregnation, the
catalysts were calcined in nitrogen before catalyst sulfidation. The catalysts
thus prepared were evaluated side-by-side with RT-225 and KF-757,
commercial CoMo/Al,O; catalysts available from Albemarle Catalyst
Company. For further comparison, a catalyst of CoMo/Al,O3 was also made

with cobalt nitrate and ammonium heptamolybdate.

CoMo/Al,O; Prepared by Impregnation of Cobalt Nitrate and Ammonium

Heptamolybdate

[0076] Al,O; was selected as a support to deposit CoMo metal oxides.
The support had a surface area of 306 m?/g, a 0.85 cm’/g pore volume, and a
pore size centered on 73 A, as determined by BET data taken from N,
desorption profiles. The Co and Mo precursor compounds used in the
preparation were cobalt nitrate hexahydrate and ammonium heptamolybdate
tetrahydrate. A mixture solution containing Co and Mo precursor compounds

was prepared according to the following procedure. Cobalt nitrate hexahydrate
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was dissolved in distilied H,0. Then, an appropriate amount of ammonium
heptamolybdate tetrahydrate was added to make the final solution. The catalyst
of CoMo/Al,03; was prepared by an incipient wetness technique. After
impregnation, the catalyst was dried at 160°F under vacuum overnight for 14
hr. To impregnate 15 g of alumina support, 4.99 g of cobalt nitrate tetrahydrate
was dissolved in 10 g of distilled water, and 6.29 g of ammonium
heptamolybdate tetrahydrate was added into the solution. The volume of the
final solution used in impregnation was adjusted according to the pore volume
of the support. The metals content of the catalysts were 6% cobalt as CoO, and

24% molybdenum as MoOs;.

CoMo/Al, O Prepared by Impregnation of Co(AcAc), and MoO,(AcAc),

[0077] In order to carry out the following inventive example, first a
solution of MoO,(AcAc), was prepared. For example, 90 g of ammonium
heptamolybdate tetrahydrate (NH4)sMo0,0,44H,0 was dissolved in 180 g of a
solution of 15% aqueous ammonia. 210 ml of 2,4-pentanedione (HAcAc) was
added into the mixture solution. The molar ratio of HAcAc/Mo was 4. Then
150 ml of concentrated nitric acid (70%, density 1.40) was slowly added to the
mixture solution. When the solution was cooled to room temperature, a yellow
precipitate was formed. The solid precipitate was recovered by filtration,
washed with distilled water and ethanol respectively, and then dried in a

vacuum oven at 140°F for 14 hrs.

[0078] A CoMo-AcAc/Al,O; catalyst was prepared by an incipient
wetness technique. The Al,O; support mentioned above was used as a support.
The Co and Mo precursor compounds used in the preparation were cobalt 2,4-
pentanedione or Co(AcAc), and MoO,(AcAc),. A solution containing Co-
AcAc and Mo-AcAc was prepared as following: to impregnate 15 g of alumina
support, 12.14 g of MoO,(AcAc), and 4.57 g of Co(AcAc), were dissolved in
10 ml of HAcAc. The mixture solution was heated on a hot plate around 80°C

to facilitate CoMo-AcAc dissolution. The volume of the final solution used in
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impregnation was adjusted according to the pore volume of the support. The
metals content of the catalyst was 6% cobalt as CoO, and 24% molybdenum as

MOO3.

[0079] The Al,O; support was then impregnated with the solution. An
amount of solution roughly equal to the pore volume of the support (per
volume of support) was used during impregnation. After impregnation, the
catalyst was dried at 160°F under vacuum overnight for 14 hrs. Then catalyst.
calcination was carried out in a nitrogen atmosphere. Before calcination, the
furnace was purged with nitrogen for 2 hrs to remove any residual oxygen
inside. The furnace was ramped from room temperature to 617°F (325°C) over
a 1 hr period under nitrogen. The catalyst was calcined at 617°F (325°C) for 4
hrs. The N, flow rate was adjusted at 5 volume/volume catalyst/minute. The
calcined catalyst contained 5.5 wt% CoO, 24 wt% MoOs, and 5.5 wt% C by
analyses. The CoMo metals content was close to the target catalyst metals

content of 6 wt% CoO and 24 wt% MoOs.

[0080] The CoMo-AcAc catalyst contains about 5.5 wt% of residual
carbon incorporated in catalyst, which may limit the growth of CoMo oxides.
Without being bound by any particular theory, it is believed that the carbon
may form a framework that assists in maintaining separated, smaller crystallites
of CoMo oxides. As a result, it is believed that the carbon framework improves
the dispersion of the CoMo oxides. After sulfidation, the highly dispersed

CoMo oxides are converted into highly dispersed sulfides.

[0081] The two types of Co/Mo Al,O; catalysts described in this example
were subjected to a series of characterization tests, including oxygen |
chemisorption, temperature programmed sulfidation, X-ray diffraction, and an

evaluation of diesel hydrodesulfurization.

Oxygen Chemisorption

[0082] The two types of CoMo/Al,O; catalysts described above were

dried under helium with flow rate of 60 ml/min to 650°F, and then cooled to
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300°F. Helium was replaced with a mixture of 10% H,S/H, gas and the sample
temperature was increased to 450°F and held for 1 hr. Maintaining the H,S/H,
gas flow, the sample temperature was increased to 650°F and held at this
temperature for 1 hr. The sample was then cooled under flowing H,S/H; to
212°F. H,S/H, was replaced by flowing helium and the sample was cooled to
ambient temperature. A mixture of 10% O,/He was swept into the reactor in
discrete pulses of 250 microliters at 2 min intervals with 1.5 min purge between
pulses. Complete titration of the active sites by the oxygen, termed as
"breakthrough", is achieved when sequential peak areas stabilize and the
measured peak area of a given pulse decreases slightly from that of the
previous pulse. Oxygen concéntration, pulse volume and pulse area / count
were used to calculate the micromoles of oxygen consumed in the titration of

the active sulfided metal sites.

[0083] Table 5 shows the oxygen uptake and cobalt dispersion of the two
CoMo catalysts described in this Example, and RT-225, a catalyst that is
commercially available from Albemarle Catalyst Company. RT-225is a
CoMo catalyst supported on alumina that has a CoO content of 1.2 wt% and a
MoO; content of 4.2 wt%. The oxygen chemisorption data indicate that CoMo
sulfides weré better dispersed on Al,0; when CoMo-AcAc precursor
compounds were used to prepare the catalyst rather than the AHM and/or
nitrate precursors. The CoMo-AcAc catalyst has the highest oxygen uptake
among the catalysts, with a value of 272 pmol/g (Table 5). CoMo/Al,O3
prepared from cobalt nitrate and ammonium heptamolybdate has the lowest
cobalt dispersion of 17.6%. Cobalt dispersion was calculated by assuming that
oxygen uptake is only from Co sulfide, and Mo sulfide makes no contribution
to the oxygen uptake. The commercial catalyst A has the highest metal

dispersion. Because it has low metal loading, the overall oxygen uptake is low.



100731Substitution of one-third the Co for Zn while maintaining a total
Zn+Co vs. Co ratio with Mo constant at 0.48:1 yielded a ZnCoM/ al um na

cat al yst wot2bosln7d781. 0 activity rati e3iel ati ve to bi net aCrius2aanaisyst B.
Thus Zn may be substituted for Co in standard catal yst syntheses with
retention and even pronotion of perforfaﬁce Exanpl e 15 - Testing of High
Cobal t CoMb/ Al umi na Catal yst [0074] | nct@ i$1g the Co:M ratio to 0.72:1.0
fromO0.48:1.0, fromcobalt added in one-step, decreased the catalyst

activity refhest I O TeratTve U0 DI MElGHLbhke, frbias VoL B IGhispartianydel YO

thi s cat a[§Ebzsl F2900c0WM 3BMoDIRALY, | OWET T han gde (nir _ﬁ'ﬁm—rlrre al_addp.3 1 on cat @l yst
when the (éwcad+reivebyan.ombal T was|added tad1a simlar [evel nma second
st ep accol ekCr@+24%MongAl ' [seen in2Pable 4 IExanple 3% [0075] This
exanple is directed to preparing a catalyst using a Goup VIB netal, a

G oup VI ;owqal . TRE saifaée &Ai0F théldioM A cATALID SafleralliRatidr i Or gani ¢
additive functions as an organi c solvent. Water was not included in the

sol uti on nitesgends@ddmmt/e. (This Eathlysthasp pateavoleme afl 0. hbuglg witharpaeount s of
wat er coul d be {)r esent w t he sol ution w thout harm nfgq the resulting

cat al yst . sizgisgnterethat by ddersuriage aecasis sprdles thasrthatobihgariginal bt by
i th tyl t t | t . Co-.ACcA - AcAC.
compounas sapea of 06 o Bnafi GareBerisnl 53Vl pfinEihe SEnPOAbE S,
sul T 5 dar SotTace aea SF UMD SSpi6tiéy SREhATCclote B P PSS BBhANLS | |

RT- 225 angupgfor? Sthe o4 KoeldNed83haahapusd siz@vaitedlumind om Al benar | e
Cat al yst Conpany. For further conparison, a catalyst of CoMd/ Al 203was al so

made wi t hsomboat 73 it Hatwee ven dhe porenv eluntecs tdeoxsiaydxtifrom 0.85Ms/g\o 0.5 1Pr epar ed

by Inpregnation_ of Cobalt N trate and Ai”mmoni,um Hept anol ybdate  [0076] Al 203
was sel ecte@, #hich mayherdug to EalMesnetabdfposidenpn m—agg.form%(i S¥PPBrt had a

surface area of 306. np/ .85 cnB/ g pore volune, and a pore size
cent er ed gwoy%orgfedglgqgggg@s%ed by BET data taken from N2 desorption
profiles. The Co and My precursor conpounds used in the preparation were

cobal t ni TegiperdtaraPydranmed8ulfidanon um hept anol ybdate tetrahydrate. A
m xture solution containing Co and Mo precursor conmpounds was prepared

i sool voq 0GB <. | TraBiidehagrm ko iR eI BrY Shfoar
hept anol yQ?@(@% ; ?—'Mijcfraéfan’{"ﬁ@agg‘%figgll)‘? DelBi eH'Micfr@)E‘a?lbncﬁ,oéci{gfé The

catal yst o Al 203was™ pr epar y ‘an incl plent wetness ni que. After

i mpr egnat iv\ﬁthMS]G\Iﬂﬁtt@lS/?toﬂm/Idelgdﬂ\taslﬁ@EfwmhYESamtty@i\seAlﬁﬁeght for 14
hr. To inpregnate 15 g of alum na_sugport, 4.99 g of cobalt nitrate
t et r ahydr theecatalystiwvas eharged iim theomicrobaldneg, ithe systemtveas punggd avittn 190 of

e Al e L P BB S Ao 1
. ; %
cobal T as BT EsHh Salo e Ry ekt BulRbut I80L AR sh B A0 g © e
| mpr egnat { Gdin e mpelaseC T Re MicrdaP{ceSH§tkm was ramped from room
temperature to 600°C at 4°C/min, and held at 600°C for an additional 4 hr.

[0086] Figure 2 shows TPS profiles for the inventive CoMo-AcAc catalyst
and RT-601, a commercially available alumina supported CoMo catalyst made
by Albemarle Catalyst Company. The TPS profiles reveal differences between
the commercial CoMo catalyst B and the CoMo-AcAc catalyst, even though
they are both alumina supported CoMo catalysts. Both catalysts showed some
initial weight gain before the temperature reached 250°C, which may be due to

catalyst sulfidation. The TPS profiles indicate that the CoMo-AcAc/Al,Os



[00771In order to carry out the follow ng inventive exanple, first a

sol ution of MbO2(AcAc)2 was prepared. For exanple, 90 g of ammoni um

hept anol yWwoaves/w7et7sahydr at e ( NH4) 6Mb20244H20 was di ssol peu/tisnooz®018g9 of a
sol ution of 15% aqueous ammonia. 210 m of 2, 4-pentanedi one (HACAc) was
added into the m xture so|ution. The nolar, ratio of, HACAc/ My s 4. Then
150 i of celaletaxperianseq signi captlyomorgwieight dessithan thepsommerapbwi y added t o

he m ion. W h At l ed ,
yor 1 ow pr et BF dbo JRuehA BBl et ColBMbCTEr el by
yellow | AR B Covered by
i e i n- RS R ERR s Ao Thiuop e S oA Y I TR HE Yo" Cat al yo

was pr epadadng yhatempegatare progieinasisul iditivpmcedhe Al 203 support nentioned
above was used as a support. The Co and Mo precursor comnpounds used in the
preparati e cobalt. 2.4- pentanedi one or Co(AcAc)2 and MbO2(AcAc)2. A
sol ution &8 i O%nd Mo- AcAc was prepared as followng: to

i npregnate 15 g of alum na support, 12.14 g of Md0O2(AcAc)2 and 4.57 g of
Co( AcAc) 2[0e87¢ di sXRIY adaliysis ol thé saxhplddevis. obthiaediusingr eBsukentDdn was heat ed
on a hot EIgate around 80C to facilitate CoMd-AcAc di ssolution. The vol une
of the fi Fadeavrymapnfacturgdiby Biuker AgkSandequippedayithsa Manteecbhighhg to the

pore volune of . the s ort The metals content e al yst, was 6%

cobal t assﬁﬁfédeé?ﬁioézf/ﬁ?réltbg&éﬁ%*‘%%‘i ‘R/E&’s‘t?‘rgfé@t?gg%mﬁ %?’éujﬂaﬁrt was then
i npr egnat e | Ut | b elhut L.an I | to the
pore vol uﬁgﬁéﬂfﬁ{;ﬂgggﬂglgor re %%eﬁ\}zﬁggn%aoP ﬂé&?pglr{ k&mTégég%’aM %ﬁi%gg

i mpr egnat h@7941degFecs HRUIHE BiiPtep )G 16RESAY St was dried at 160F under
vacuum overni ght for 14 hrs. Then catal yst calcination was carried out in a

nitrogen at nosphere, Before calcinatig t he furnac pur ge L th

ni trogen {88} hrsFﬂngPérﬂ\%NSaﬁer@é’i‘gEfﬂCtW?m ﬁgpﬁioﬁ@‘%@ﬂ e was
ranped from rogmt erature tog 617F (32 qver 1 hr i der

it ogen. SHeSRaRGRER Ristben: B bl codf T RSk GRRLSHERS 1) o
rate was gehddsireforthedol MAFRONRIONRal BhY KR gadetn. The CoMii ned catal yst
contained 5.5 wt % CoO, 24 wt % Mb03, and 5.5 wt % C by anal yses. The CoM

met al s copkrles h/a@sdhmlsecatalggheretaﬂ@eh hoyss crysedliihe on@dcale of 6 wt % CoO
and 24 wt % Mb03. [0080] The CoMb- AcAc cat al yst contains about 5.5 wt % of
resi dual smabenthandbe pesohutim ofithe XRDy or pthenwise highly disparsedhen gheowt h of

oA Gt N B RO o ) S,
ol Lo CNE A aSbaBRR LY At BsbeBll et ChMREL SR g7 (ne

sul fidati ' 08 RV 8. ePhCRlYPa R dre 61 fleal GRMY LSO Wed foi ghl Y
di spersedﬂ{sifjlldfa:ag%%i.sgd[ﬂggé%]o?he/gm types ofr Co/ Mo Al 203 caétig)l ysts descri bed

in this efemiihg theCoMol e eatalyst B X6 ndlg. Becahse thetsarfaranramof thet s,
i ncl udi ng oxygen chem sorption, tenperature programed sul fidatjon, X-ray
di ffracti suppaahis greatey thandhe surface arcadiseded, ty Bbysdisperse tha metels kg gen

Cheni ti 0082] The two.t. / Al 203 | described ab
wer & or1 GERCRUTBI) WA SWEHSTHE Shpt AL S0P PBHETA T oA ARG PPERA (ohen

cool ed toy, amorphous.

Catalyst Diesel HDS Evaluation

[0089] Figures 4 and 5 show the HDS relative volumetric activities
(RVA) of CoMo-AcAc/Al,O; versus several catalysts. In Figure 4, CoMo-
AcAc is compared with the other CoMo catalyst prepared in this Example, as
well as with RT-225 and KF-757. In this set of catalyst HDS activity
evaluations, all of the catalysts were sulfided using 3% H,S balanced with H,.

Virgin distillate was used as a breaking in solvent. The feed used for the



300F. Heliumwas replaced wwth a m xture of 10% H2S/H2 gas and the sanple
tenperature was increased to 450F and held for 1 hr. Miintaining the H2S/ H2
gas fl ow,woOheossdgapBe t'enperature was-iBAcreased to 650F aau/usedod/oatset hi s
tenperature for 1 hr. The sanple was then cool ed under flowing H2S/H2 to

ot TP B3 e B D W AUTD 1R T,
0 sor e B SBIRBLN ol Bk RGeS RS M P B O°

terned as caﬁlg%ahwgm%'mmﬁc The \Cathly e WebEeysitel b tiREAKtiHARN RSt abi | i ze
and the neasured peak area of a given pul se decreases slightly fromthat of

t he previ aus tgmpaatureoyf3é¢6°C andanpressureof 200 ipsie. vAS shiewnmd Figursd, ar ea /
count were used to cal culate the mcronoles of oxygen consunmed in the

titrati onthef CoMo-detioeatalyst prowitlodeat deast ptlddo aptiogBpdwantegeredatigstor he
hl S ExanpiessthanenisBigsicd” AL e i A0emmiagec PP OV 08 Kol o rrom |
Al bernar | . < 205 i .an al uni
that mas. STEB e BB Sl Py ofmiictheiE  RalehyRARIIG BT, o) oo

chem sor piy jtANEd fides were better dispersed on
Al 203 mgﬂéégxmma@ ¢ah8s §Kbn GPVELRYS.

precursor conpounds were used to prepare the catal yst
rather than the AHM and/or njtrate ﬁ.r ecursors. The Colb- AcAc  catal yst has
the hi ghe$90¥ygenkFigprar Pravidsy adheheseamparison with KEr 7o) waidy 272" nol / g

hept amol yBEaEeh e et BAEUR comBrisar G CoRlsAThE B30s BRI iy <per i on
was cal Cuwgﬁg 4bwnq%§ufé SIiEIE)élbl%tA@A}Sgi%ﬂ KIPI73k8wérR todtkd ugfn%rﬂn%éiu' fide, and

Mo sul fide es no contribution to the oxygen uptake. The conmerci al

catal yst deéysly hydeotheaybddistibateal Tliis el bada deitaofs@.878 giasatl 23RCrret al
| oadi ng, the overall| oxygen uptake is |ow. WO 2008/079178- 32
- PCT/ 1JS200d contadee 5¥bppemsS aishaBh ppnoN. Ube dess were earisdoutet 0@ pad si on, %

RT-225: 1. (2)0(:0.0+4. 2%\b0 /AI,ZO% 90.0 40.3
500 psig respectively using batch reactors.

[0091] Figure 5 shows the activity of the CoMo-AcAc catalyst relative to
the activity of commercial catalyst B for each run. In Figure 5, the HDS
activity evaluations were carried out sequentially. The first test was performed
at 200 psig hydrogen partial pressure. The HDS activity is about 2.6X as active
as KF-757. The repeat run showed a somewhat lower activity of 2.25X. When
the hydrogen partial pressure was increased from 200 to 500 psig, the relative
HDS activity increased to 2.8X.



6%C00+24%vB03/ Al 203-Nitrate 141 17.6 6%Co0+24%b03/ Al 203- AcAc 272
33,9 [0084] The surface area of the CoMo-AcAc/ Al 203 after cal ci nation
in nitrogen is 244 n2/g. This catal yst has a pore volunme of 0.51 cc/g
with a pore size centered at 74 A. The surface area is smaller than
that of the original A 203 support of 333 n2/g. If a conparison is
made with the alum na support, the surfacé area of CoMb supported
alumna is close to that of the original alum na support. The pore
size of 74k A€l ose to that the pore size of the alum na support 73
A. However; the pore volunme is decreased fromO0.85 cc/g to 0.51 cc/g,
whi ch may be due to CoMo netal deposition and in-situ formed carbon

i ncorporated in the cagtal yst, Tenperature Programmed.Sulfidation , .

[ 0085] Tenper at ur e- p]r'ogﬁ'%{ﬂ%eéﬁfoé lﬁl?agpncgeﬁ tuﬂmfGﬁFkgﬁr%%ce?éﬁgr‘?aéaéy%lff’mé?gﬁlﬁé:
a Rubot herm 1- M crogram Magnetical |y Decoupl ed M crobal ance equi pped
with MS5. About 0.5 g of CoMb/ Al 203 was used for each TPS anal ysis.
After the catalyst wad dhendgedajseluiion shinyy obetherreiature pantaiyiog eteerione
purged with 100 mMiImn f i j |i s
replaced with a m xture ((Ii)lf%figf’l/? Eﬁ?ﬁg]l%g@é%@gﬂgg%%\k%?dﬁﬁ? &\qgmvm th
10% H2S/ H2 gas for 30 msalvatt;r oom t enperature. The m crobal ance
systemwas ranped fromroomtenperature to 600C at 4t/ mn, and held
at 600C for an additional 4 hr. [0086]Figure 2 shows TPS profiles for
the inventive CoM- ACKY iffazhisis ugpdtlwiA the BLERAIRNSGY, 3k nfxdneai | abl e
al um na supported CoMo catal yst nmade by Al bemarl e Catal yst Conpany.
The TPS profiles reveal differences between the commercial CoM

catal yst B and the CopMp- tégg o
al um na supported Col\/bwcdgﬁﬁﬁ/}%?%ﬂ%g%tﬁd g}gjﬁg]ﬁ%g?s e%)algv\%é Oggﬁlg%hiq? ﬁ%q ¢
wei ght gai n before the tteppdnet apatislbaabécd2b)Eegnatédshpprayhavingdiretal o

(c::g‘}vg‘l_ X(S: :[A\C/Sx: fzbgat Ion. TI}I?G'[Z;HIS cc%ﬂgnrt %I' i)c!:t\eir%eﬂ zﬂj%lut(:: %-80 Emh%f catlcm?ated as metal

oxides, and a carbon content of between about 5-20 wt% based on the
weight of the partially calcined, impregnated support, the organic
solvent not being present on the partially calcined, impregnated

support; and

d) sulfiding the partially calcined, impregnated support that includes at

least a portion of the carbon content.

2. The process of claim 1, wherein at least one of the Group VIB metal and
the Group VIII metal is provided as a metal salt, the anion of the metal salt being a

conjugate base of the solvent.

3. The process of claim 1, wherein the solution, slurry, or mixture comprises

at least one additional transition metal.

4. The process of claim 3, wherein the at least one additional transition metal
is Co, Mo, Ni, W, or Zn.



cat al yst expefienced significantly nore weight |oss than the

commerci al catal yst, which may be due to additional deconposition of
Co and Mo acetyl acetonates, and /or renoval of residual carbon by
hydrogen striping during the tenperature programed sul fidation
process. X-ray Powder Diffraction [0082]3%<I_?D anal ysis of the sanples
was obtai ned using a Bruker D4 Endeavor, manufactured by Bruker AXS
and equi pped with a Vantec-1 hi ghspeed detector. The 2 theta scan
used a Cu target atS.%eg}éc@ﬁ%f‘&ﬁiim; w-}qgl%mqinfpfergﬂ%ﬂ%ﬁs%@gﬁ iR sheolfion,
t aken between 2 and 70 2 theta. The step size was 0.01794 degrees and
t he ti me/ sslapyi e mixture eqoprises [ragesiarhg thesugparheitk 2 anlupercdgolution per
diffractio ter f - ACAc/ Al 2 af.ter.calcination in.nitrogen.
't can be. SeRiaibolls R I AR AR Betin o1 B il fir L Bt e Mol PR
t he resol uperomhesabfsupport.ne XRD pattern. The CoMb oxi des phases in
the catal yst are either anorphous, crystalline on a scale snaller
than the resolution of the XRD, or otherw se highly dispersed on the
surface of aluni na. g Naltoldtor il RbYSHeddRRIBHASS B3 GORRd AR
Mb03. The surface area required for a nonol ayer di spersion of Mo
nmetal oxides at this |loading is about 200 n2/g. The surface area of
the al um na support uged for form t he Colb- AcAc. catal yst.is,K 30
n2/ g. Because the surfﬁjceg lgéaé%%gfso?%gn’ssuup ort Oﬁlﬁgr%nrxgue{ 8?1%?131:% 3 ﬁeésq one
surface area needed to f uGtoppdilBpr¢tsiant heleambat Graup AINMel, ayeit,ledst one
is not surprising that the XRD pattern for this catal yst appears to
be anor phous. Catal yst Di‘g%rf“’?-i?%f’lﬁ‘}%ﬁgt“ﬁon [ 0089] Figures 4 and 5
show the EIDS relative volunetric activities (RVA) of CoM-AcAc/ Al 203
versus several catalysts. In Figure 4, CoMbAcAc is conpared with the
other CoMb catal yst pflpapwaednatingy sippidmplhdhe spdutigel plugsy, apimikuRy- 225
and KF-757. In this set of catalyst HDS activity evaluations, all of
the catal ysts were sulfided using 3% H2S bal anced with H2. Virgin
distillate was used a&)a dyegkhaighprepnaet veppiort al kenfeeatkesisfiorh @00 the
catal yst eval uation was dl\igsgp&% h]l)éﬂr otreated distillate that contained
334 ppm S and 40 ppm N. t C 87 Profeced friedy IMRIFRIRIAISUPRHL t he feed were
hard sul fur conpounds such as DEDBT. The catal ysts were exposed to
the distillate feed at_a tenperature of 315C and a pressure of 200
psig. As shown in Fig(fPe swbjecting thpNedimpreeaated spppo kaatilepstongt furteersicle

That the activity. advant asar Chapb st Lighedaka siakh kb sl ©
catal ysts shown i n Tabl e GroupjBlapd €voupeV Hi mstals dontenhef lexyganboyrt2akded
val ues shown in Table 5. [Q090] Fjgure 5 provides a.further conparison
wi th KF-757, which provi déd”tft u’é‘%@éﬁé§°tet2§8f“id\‘7?=t‘§/pr88'f?ﬁg;ri son to

CoMo- AcAc in the tests shown in Figure 4. In Figure 5 CoM-AcAc and
KF- 757 were tested using another deeply hydrotreated distillate. This
feed had a density of (9. grgigdlycelcpingtheinpgerdiet Bivped hadoe il SrawyVIB

395 ppm N. The tests were,g L&Y gp]gsg .. 0
respectively using batch rne?g?{(l)fs .Iﬁ%bagéﬂ‘%?%&re @g%oa&gh%?emac 4’\%0{@
of the CoMb- AcAc cat al yststepeldast terepératurdsef &rom 20tty 460°C fomaeineisatticient to

catalyst B for each run. ILn,Figure 5, the. HDS actjvit val uati ons
were carried out sgquenti’ﬁ%fi?.p%#ﬁgyfz?lf’é‘?&@fg%é %8?%6&%%?“‘%‘6’0
psi g hydrogen partial presstheof bEhgedilaBo@ G20/ wi%, HaSePRPME w2idhXoPhe
active as KF-757. The repeat run showed a sonewhat | ower activity of

2.25X. Wen the hydrogen Rsgfaliysricredsiguresnaid simmortetis osaniconpbaing
500 psig, the relative H%ef?tcﬂ:o't Béihé’ pfegéilrt 3&%%%ah9all§/'c§%incd, impregnated

support; and



-35- CLAIMS 1. A process for making a supported hydroprocessing
catal yst, conprising: a) preparing a solution, slurry, or other

m xture containing at |east one Goup VIB netal, at |east one G oup
VIIl metal, and an organic solvent; b) inpregnating a support with
the solution, slurry, or mxture; c) dr;_ghng the inpregnated support
at a tenperature of from 200 to 450C to produce a partially cal cined,
i npregnated support having a total netals content of between about
20-60 wt % cal cul at edg@s aBkdhe %'cﬂ%ﬁmd@ﬁ}ﬂ;oﬁchﬁ‘ﬁQ@ﬁ'(é%ﬁ&&%lff&ing

bet ween about 5-20 wt % based on the wei ght of the 1partl al l'y cali ned,
i npregnat ed support, the engtionstogubdusata sppportgd catglyphthatamtludes at leest a
partially calcined, inpre d) sulfiding the
partially cal cined, i npre‘g‘%ﬁ% g“@%%‘gg‘?‘% C({nﬁn? i ncludes at |east a
portion of the carbon content 2. The process of claim1,

wherein at | east one B.netal and the Goup VIII netal
is provided as a met dl eé‘%ﬂ Od Otfﬁgmaﬁr Bhergm tL%%“%t%Pleg%t?doﬁﬁépﬂbtoé‘t least

conj ugat e Baskirtaér R o?@ie}é?[ﬂ) and (c) until an impRegndB& s@p@ﬁ%ﬁn@fa tGta PG Bup
wherein the solution, sl urr}/ or mxture conprises at |east one
addi t i onal Vi and GrouprV Hematals content of at least4bomtiié woseselueéd.cl ai m 3,
wherein the at |east one additional transition netal is Co, My, N,
W or Zn. -36- 5. The process of claim1, wherein

i npregnating a supprThenhtthod bigclsial &)twherein Silkbkgatic @inplxigdgent is an

conpri ses | re t t he su W t h vol u f sol utj pe i
vol ume of ﬁagfﬁﬁi@gov@lnﬁé %ﬁéﬁl&ﬂ?ﬂ 25U st Ipast ghe gl lr%nctwnal
vol une of Efb@p S&lBA&T froﬂ%%lb\éﬂﬂllm1@fC(§©HPWcﬁ'0xamate acid -NOHfC= d\ HHR&ESOH

for making a supported droprocessing catal yst, conprisin
gketo L , amine N%/-Iz, an?lde CO-NHg imine : —)(lfNOH epgyr‘:)y =COC=, or thiol: -SH.

3

9. The method of claim 6, wherein the organic complexing agent is glyoxylic

acid, pyruvic acid, or citric acid.

10. The method of claim 6, wherein the impregnated support is partially
calcined at a temperature from about 200 to 450°C.

I1. The method of claim 6, wherein the impregnated support is partially

calcined at a temperature from about 300 to about 400°C.

12. A process for making a supported hydroprocessing catalyst, comprising:

(a) preparing a solution, slurry, or other mixture containing at least

one transition metal and at least one organic complexing agent;

(b) impregnating a catalyst including a support and at least one Group

VIB metal with the solution, slurry, or mixture;



(a) preparing a solution, slurry, or other m xture containing at

| east one Group VIB netal and at |east one Goup VIII netal, and at

| east one organi c conpl exing agent; (b) inpregnating a support with
the solution, slurry, or mxture; (c) drying the inpregnated support
at tenperatures of from 200 to 450C to _produce a dried, inpregnated
support; (d) subjecting the dried, inprégnated support to at |east
one further cycle of steps (b) and (c) until an inpregnated support
having a total Goup Vi§ a&%@tﬁyﬁnﬁ&éﬂaw@t&;@tﬁt aqatlﬁé}tm&fs Ob%w@m@ to
about 20-60 wt% cal cuI ated 'as netal oxides, 1s produced; (e)

partially calcining the i n’ﬂ)ﬁﬂé’gﬁapwuwﬁ)é‘mﬁ, llhm‘@gfrﬂgedapat&bisaha\@gmpﬁtayl B
and G oup VIl netals cont o 0] % ste

(d) at tenperatures of frol(r?rltlg%l (f °t Qﬁé@g%[l}; aHE”'{t|22§136%s“’1f\6>]I Ct‘l:]ic%rfilp]d 2 ittal
yield a partially cal ci nedoxidgs agimmbbxsampmt of eawvéengbautca2 b @tts, based on
content of between about 5-20 w % .hased. qn the i ght of the
partially cal cined, inpr egt]ﬂﬁtvf?éﬁhsBpg‘ﬁrdf‘ed’tlﬁ@retgflﬁmﬁ?‘@p%nﬁdex| ng agent
not being present on the partially calcined, inpregnated support; and
- 37 - (f) sulfiding the calcined support from step (e) under

sul fi di ng conditions té&)predidiag thesimsgompeegnaiad shiglyst framstep (Wunders at
| east a portion of the car hod of
claim6, wherein the dri edgﬁﬁdlﬁgg%ﬁf;tﬁcena t%B%’S%"rea ufiq Em? { one
further cycle of steps (b) and (c) until an irrpregnat ed support

havi ng a total VLB and G .V metals content o | east
about 35 W %is pr ucedf, process OP‘HE"“Q WHGE e f3Rsien ’("PF'QI ﬁraé"‘St\Kﬂ%(r ein
t he or gani gasamigxhng agent is an organic acid that contains a - COOH
functional group and at | east one additional functional group

sel ected from carboxylic acid -COOH, hydroxamate acid - NO-I—C—O

2%3;3)(0:' O—|_, kg: Ot h%%?’fh%&%s o im ?ir\»g)%rmﬁht%gt% ((:-jﬂﬁg?tqfa s Com é’ rZn.

wherein the organic conplexrng agent is glyoxylic acid, pyruvic acid,

t d V\:h
ok bunat ed_Sunpor {15 ThE A (A 21 wgﬁ%ﬁsatwg’ RRGs Probyhismn or

200 to 450fngsten. 11. The nethod of claim®6, wherein the
i mpr egnat ed support is partially calcined at a tenperature from about
300 to about 400C. 12. A process for making a supported

hydroprocessi ng catgl ygfie n6QRPbf §hiltPi2, (wa)ere% e @ﬁéﬂ&& BB cHhda 08 2t Ie%srt] gre

sluny, or other m xture contalning at | east one transition net

at | east ofieouwpr\gdmetakonpl exi ng agent; (b) inpregnating a catal yst
including a support and at |east one G oup VIB netal with the
solution, slurry, or mxture;

17. The process of claim 12, wherein the solution, slurry or mixture further

comprises at least one Group VIII metal.

18. A supported hydroprocessing catalyst, comprising;

a support;
a Group VIB metal;

a Group VIII metal, so as to achieve a total metals content of between

about 20-60 wt%, calculated as metal oxides; and



- 38 - (c) drying the Fnpregnated catal yst at tenperatures of from
100 to 450C to produce a dried, inpregnated catal yst having a total
netal s content of between about 20-60 w % cal cul ated as netal

oxi des, and a carbon content of between about 5-20 w % based on the
wei ght of the dried, inpregnated suppor i and (d) sulfiding the
dried, inpregnated catal yst fromstep (c? under sul fiding conditions
to produce a sulfided catal yst. 13. The process of claim
12, wherein the transi QR 518 o4, ibhsth thH\éédn%%chélthrHﬁl?é support
14. The process of claim 12, wherein the transition netal is Co, N
or Zn. 15. Théthemetelsofen ordanicresitue fatagddisrheaties G gy B

metal is nol ybdenum or By;ﬂﬁg?%§Qgent on the supg?rt Eo a te{-arlrﬁgragl OCFf?‘ {J?L}q 26&)'58

12, wherein the support contains east “one oup

met al . 17. Thsboor é8EESons timk aufificikds sovhatrtbe orghdie cSmplekingAgent
slurry or mixture further conprises at |east one Group VIIl netal.

18. A supported hydr oproREEEs OEéﬁea?“PE? ™, conprising: a support; a

Goup VIB netal; a Goup VIIl netal, so as to achieve a total netals
content of between about 20-60 wt % calcul ated as netal oxides; and
- 39 - between abouvheein@t gesip rbdivadf dre arbanicsaidiarethainsicgtthe edtalysiafter

support angllf'@aqlo%%ﬂlecaa%ts an organi c residue formed by heating an
organi ¢ conpl exi ng agen on the support to a tenperature of from

about 200C to about 450C for a t| rre sufficient so that the organic

conpl exi ng agent is,n resent e ort, , . .
P g ag 19. OILhe%ata yst of c ann lg wﬁ I'p i?l ti:le organic residue is formed by heating

the organic complexing agent in the presence of an inert atmosphere.

20. The catalyst of claim 18, wherein the catalyst further comprises at least

one additional transition metal.

21. The catalyst of claim 18, wherein the support has a pore volume of at

least 0.35 cc/ce of support.
22. The catalyst of claim 18, wherein the catalyst is sulfided.
23. A sulfided, supported hydroprocessing catalyst, consisting essentially of:
a support;
one or more Group VIB metal oxides or sulfides;
one or more Group VIII metal oxides or sulfides, so as to achieve a total

metals content of between about 20-60 wt%, calculated as metal oxides;

and



wherein at | east a portioh of the organic residue renmains on the
catal yst after sulfidation of the catal yst. 19. The

catal yst of claim 18, wherein the organic residue is forned by

heati ng the organi c conpl exing agent in the presence of an inert

at nosphere. 20. The catal yst ,9f claim 18, wherein the
catal yst further conprises at |east one additional transition netal.
21. The catalyst of claim 18, wherein the support has a pore vol une
of at |east 0.35 cc/gqeffs BURRY fbout 5-20 wt‘V base@gn tﬁg%nfﬁﬁ{eﬂl\ye?%htgfthe
claim 18, wherein the catalyst is sul ed’ 23. A sultided pported
hydr opr ocessi ng cat ajupgerf a frhsn@ttalmgf elsglanmpaetsicgued@rmed be/dpptmgqn wgelic
or nore Goup VIB netal oxi des one or

metal oxides or sul f74es GXI%agfgp?no%gé?Ppeo%;z[bﬁ eéTtuWec’cfg’iogl %Sﬁfzdr?t bé?
bet ween about 20- 60 ato¥e 430aCdul Afiad seficiert 2l thaxhel@ganiadsinplexiff agendis not
| east 5 between about 5-20 Wt % based on the conbined wei ght of the
support and the met aPESenben ta SERYENi ¢ resi due formed by heating an
organi ¢ conpl exi ng agent on the support to a tenperature of from
about 200C to about 450C for a time sufficient so that the organic
conpl exi ng agent is not present on the support.



