A COVPOSI TI ON USEFUL | N THE CATALYTI C HYDROPROCESSI NG OF HYDROCARBON
FEEDSTOCKS, A METHOD OF MAKI NG SUCH CATALYST, AND A PROCESS OF USI.NG SUCH
CATALYST 5This invention relates to an oil-inpregnated conmposition, a

met hod of Ripgbdgombsh a conposition, and its use in thedgalisadoyhiboe:
hydr opr ocessi ng of hydrocarbon feedstocks. As a result of the recently

reduced requirenents on the 10 sul fur concentration limts for diesel
fuels, there has been a great effort by those in industry to find new
hydrotreati ng catal yst formnul ati ons and products that may be used in the

manuf act ur e of al commslrruon dbseyel. mndaat OfranyrodustsrorRoeESsvg pot t aught by
the art for EMoROCARBON EEEOSDOCKESt RNEETHODL BrCiexy 13iGn sbgwl raxmarbsm, famedst ocks
so as to neet sone of theArBROEESS roM@enNG SIHCHUCATALMATat i ons i s di sclosed in
U S. Patent 5,338,717. In this patent, a hydrotreating catalyst is

di scl oseds t hat i st i pr ' VI d/or W
het er opo?syaci d o%%lg?gl%s‘%éﬁgg? %ﬁ%é&g} %ﬁ%?%-gtml\éﬁsggg%e O i npregnat ed
support wi t hcepoggtieous asobtied@iorakingeduch ny cogensitivar Awy e dried and

thereafter ipgy %g_r‘él?n@CEa‘Ma&PtPc FRuBpMddss6 69 dndhatoMopetal salt of an
acid having an acidity of less than that of the (\i‘foup VI het eropol yaci d.

This i npregnZt¥¥§tetibport is then dried and sul fided to 25 provide a final
catal yst. The cahal ySte08POSidHeOBetdmalyosedudddl kBgui relénpat &nttheny al so be

rRde D0, P SAIEL DS UBBOLL kD, BOUD A2 U L LTl gt and the
reduci ng agentgredtyéefipragaynthepedisuldfduditng to fffadméhevibirnatea3Gngat al yst .

catalyst formulations and products that may be used in the
manufacture of low-sulfur diesel and other products. Cne
catalyst taught by the art for use in the hydrotreating of

15 certain hydrocarbon feedstocks so as to meet some of the more
stringent sulfur regulations is disclosed in U. S. Patent
5,338,717. In this patent, a hydrotreating catalyst is
disclosed that is made by impregnating a Group VI (Mo and/or
W} heteropolvyacid onto a support followed by treating the

20 impregnated support with an aqueous solution of a reducing
agent that may be dried and thereafter impregnated with a
Group VIII (Co and/or Ni) metal salt of an acid having an
acidity of less than that of the Group VI heteropolyacid.
This impregnated support is then dried and sulfided to

25 provide a final catalyst. The catalyst composition disclosed
in the ‘717 patent may also be made by impregnating a support
with both the Group VIII metal salt and the Group VI
heteropolyacid followed by drying and then treating with a
reducing agent, drying again, and sulfiding to form the final

30 catalyst.

Another catalyst useful -in the deep hydrodesulfurization

and other methods of hydrotreating hydrocarbon feedstocks and
a method of making such catalyst and its activation are

disclosed in U. S. Patent 6,872,678. The catalyst of the ‘678



Anot her catal yst useful in the deep hydrodesul furization and ot her nethods
of hydrotreating hydrocarbon feedstocks and a nmethod of naki ng such
catalyst and its activation are disclosed in U S. Patent 6,872,678. The

cat al yst ofywd bfeofd Patent includes a carrier upon WjighB.&hpee VI B
hydr ogenati on netal conponent and/or a Goup VIII hydrogenation netal

conponent and a sul fur-containing organi c conpound additive are

i ncorporated and further which has been 5 contacted with a petrol eum
fraction organic liquid. The catalyst is treated with hydrogen either

si mul t aneoushatamtt AnOTuRfst 8r c4 F8 drNGPEPaMALH0R @loubhermrganic 1iquid
(petroleumfraction). In U S. Patent 6,509,291 is disclosed a catal yst and
a 10 processP¥HCINFTIUI AGTAL CRIROPERT 88i 2 i Phati tonpri ses a

hydr ogenat i ofivdmigahactipanesl @fmpehtheraral & supruw-coetailniory argargep VI |
metal, or both, and a, suyl.fur-containing. organic.additive an ich has
first been contact g c\‘/ﬁs]tt{ﬁvgna%er délﬁng?I?aqtﬁddg?%efturrgg%lrjn‘ﬁﬂ}lrc%cﬁ?%eeﬁef ore

bei ng sul ¥ i deshtaflied 16l tdr gapeerdliegni fragtsgnesrddrdic Lheuicht dhgst is able to
wi thstand { he,dieat ent; ,2andh t.9as pa LY Lognduihio Ll Aciyal; gul i dation
step. The sulfidation is done by contacting the additive-contalning

cat al yst tha®T [f&eri ¥Ra ipeenpeiitiact el tiet Rrede olgante (BequrteWi t h gaseous

hydr ogen andesasubhiur- 20 containing conpound that is either H2S and/or a

compound that is _deconposable intg H2S to provjde the sulfided catalyst.
08 Patent 6. 339, Ga4 APEEPTsch 0o prab s B SFL4Te Aot HIFbET oa

hydr oconv@er spoicegat aby stultrhai ng antcatabyst GooppsMibh tedtalcompaposrenat and
optionally aﬁy é%égnéﬁicgpggkal component ¢of either a Group VI metal or a
Group VIII metal, or both, and a sulfur-containing organic
additive and which has first been contacted with an organic
liquid (petroleum fraction) before being suifided. The
15 organic liquid ensures that the catalyst is able to withstand
the treatment conditions prevailing during the actual
sulfidation step. The sulfidation is done by contacting the
additive-containing catalyst that has first been contacted
with the organic liquid with gaseocus hydrogen and a sulfur-
20 containing compound that is either H;S and/or a compound that
is decomposable into HyS to provide the sulfided catalyst.

U. S. Patent 6,329,314 discloses a process for the
activation of a hydroconversion catalyst that ccontains a
Group VIII metal component and opticnally a Group VI metal

25 component by impregnating the catalyst with liguid phase
petroleum fraction, a thicnic compound and a nitregenous
compound under certain specified conditions.

Many of the prior art hydrotreating catalysts contain
additives in order to impart certain beneficial properties,

30 and they often will have incerporated into them hydrocarbon
01l prior to their activation by contacting with a sulfur
compound. There is an ongeing need to find improved higher

activity hydrotreating catalysts, and it can be particularly



25 conponent by inpregnating the catalyst with |liquid phase petrol eum
fraction, a thionic conmpound and a nitrogenous conpound under certain
specified conditions. Many of the prior art hydrotreating catalysts contain

addi tives iy Qioslloers0 | npart certain beneficial properbcegs0dhoand they
often will have incorporated into them hydrocarbon oil prior to their

activation by contacting with a sulfur conpound. There is an ongoi ng need
to find i nproved higher activity hydrotreating catalysts, and it can be
particularly advantageous to find hydrotreating catal ysts that do not

requi re the asenehgéhiss aBOfﬂrtaermwe@eﬂaa&ddbtd;af@ayisasoﬂﬁ&r dbongy ovi de
enhanced cat alc%té,ci ropert| There is also.a r&ggd to.find nore econom cal
fio

manuf act ur i ngf Ul IR trh(?vé CRSMETABHRY GOAE YAt g M/t r eat i ng
catal ysts smpmasitie @rewvicdé catalyyst sothgernfebetThere act ialisdya trieaa cat al ysts

act i vat ed by%cﬁ"f&ﬁ&%fe"%c%&ﬁ%%ﬁ manufactﬁ‘% we@%as HOYLIES, d

conposi tion that conprisés a support material contalning a neta corrponent
of a nmetdl sedtihode eblagtivatinw hijuroratbon eitalyApstdrersenrbodi ment of the

inventive cQIRRSHLI OGP 198508 SAPRRA Lo MBI AN @hat NBlcah§sipaded with an
active nmetal precursor and hydrocarbon oil, wherein said support is

t her eaf t er tarcééﬁ’éﬂe%ttyh%?ﬂ]?’&}éﬁe PRAPEt, anot her enbodi nent of the

i nventive conposn&t@fulhalgprwdvsesdmgjrai edmpaaijalmhnwaaglaahpﬁmpport
mat eri al , whereln sai d :L I-|(r)a}r1~)n %Pted sup ort mat eri.al

vol atil es cottFERt® |IPF‘tteﬁéa a%od’é:aéfll?? WP\WF %ci_foa maky \Eﬁ‘é e| n into
sai d driBd netlaltibnprehatiecstasbpporil manerhat en@odnmr&gnﬁt‘eme W th

hydr ocar bon gl 20010.A01 £dgSELRDE dXCOLiKE CAIPASLT RS, Ry be made by

one of sever t he nventlve one such enbodi ment
conpri sing ikwesegorl By acmmetéhtzaﬁmqugog@n@t hpdrdasron &idppor t

material 10 ¥k Hes A d8LALsHNGQr PREATLY o8 UPRAHed R &1 18hiroddW. ang

i ncor porating hydrocarbon
yvet,” another embodiment of the inventive composition

15 comprises a dried metal-impregnated support material, wherein
said dried metal-impregnated support material has a volatiles
content in the range of from 3 to 20 wt. % LOI, and wherein
into said dried metal-impregnated support material is
impregnated with hydrocarbon oil.

20 The aforedescribed inventive compositions may be made by
one of several embodiments of the inventive method with one
such embodiment comprising incorporating a metal-containing
solution into a support material to provide a metal-
incorporated suppert material; and incorporating hydrocarbon

25 o0il into said metal-incorporated support material to provide
an olil-incorporated composition. Another embodiment of the
inventive method comprises impregnating a support material
with a metai-containing scolution to provide a metal-
impregnated support material; drying said metal-impregnated

30 support material to remove therefrom at least a portion of
volatiles contained in said metal-impregnated support
material so as to provide a dried metal-impregnated support

material having a volatiles content in the range of from 3 to



25 oil into said netal-incorporated support material to provide an

oi | -i ncorporated conposition. Another enbodi nent of the inventive nethod
conprises inpregnating a support material with a netal -containing solution
to provide a netal -i npregnat ed support material; drying said

met al - izgpiegnat gsh ;3Qnauppes tpdratehiy ahydbdamovieot heimfo emiatdtieast a
portion of volatiles contained in said netal-i rrgrflgnat ed S%JP ort materi al
so as U6 ArovPREA A edURRIE MPNBF eynated s iBpbttt matePPAf * i ng a

vol at i IRsteent entidsnpbhe venge efithr omB Hyalro28ribn 1L Eb; pamdide an

i ncor por.%t_i. ng hydr o%'ar bon oil, into said dried netal -i npregnated support
mat eri A TS6"RESYE T FORPLTGHiPicant portion of its pore volume with said
hydr ocarbon oil to provide an oil-inpregnated conposition. According to a
first aspect, there i ovi ded a. pethod of ' | yst osi tion,
wher ei %gfgirﬁ%t%ooﬁ &%ﬁg i §€5° |’n5g§ﬁ%r%st ipﬁgggéﬁg%h&e%%%téaﬁn%ag S I%ti on
into acappeet composimaber iwlerted npravd desthhodetahpi iwror:por at ed support

mat eri al ; i ncorporati ydr 18 il N i ] | =i r.por at ed
support mat equcéjgg?gé%r ir;dgleg%fo%q{-ﬁa%rl relgn%?le%ﬁgglrrpggg?t? on; %to ?gati ng with
hydr ogen sainchteetial - t;qoopddat @dustigdpontonpeertical sapdoshimpteydrdear bon oil
and CO%%%%%QQa*‘r"HCJ‘h geULL s ey al Jcé'gsafﬁb%%‘dﬁ - &lcp%'%éél?a'él%&%f at ed
support” material” contai ning sai d hydrocarbon oil that "has further been

t r eat edrasierhahydr agevidenanmal levodeaeaited eapraei blowoseathtd ivHdlhudes a
G oup %@Q@gég 1 Al EaMRoneNnt, sekegt eghSd.amib e BX OUMCAAShSti ng of cobal t
and ni cKel', "and wherein said Cg'oup 9 and 10 netal conponent is present in
an anmpuinwdrogarhen riidgeasf ¢ePRACIBIWItsa GURGuir combaindngnec BB ment
the netal; QL@PQﬂeﬂ{c_ofr#H:Q@éd i é%}pwiigsmé"tgi%p BniBl A ns QERANEREr S8l Behed
fromthe group consisting of nolybdenum and tungsten, and wherein said

, g .
G oup GidethRtcompdrahier sbeprederetrd Bh-taMyGdReI8R- t he range of from5 w.
%to 50 wt. % In one enbodiment, the netal -i ncorporated support nmateri al
cont ai ni ng said hydrocarbon oil .is uncal cined_and non-sulfided prior to

sai d t réarenemhRdimanidr bgrritetal GREPEMRYIREAHSE e G5o8Rt Aedtd wi% h

hydrogefitaS €oREMcdRd s_l cardty ARG RNE I @A Honk@BPEERALIS @obALt hend ange
upwardly to 250 C, in a gaseous atnosphere having a hydrogen parti al

pr essurE-Gkgly hand digeedP P2 bt CEWEr 2t P 0t b AL F2AnTPRRANSR thy dr "% eat ment

tinme perd @l hRcthe irARge efindd P Grdnhols syd.03100 bouss. s.1n one
enbodi nent, the hydrocarbon oil conprises hydrocarbons having a boiling
tenperature in the range of from 100 C to 550 C and can be sel ected from

hydr ocarbenenixbsdBeref, the mHRUpccangicsiti Bgrtferheavyudiapht Gacuker osene,
di esel, gas oil, olefins having carbon nunbers.in the ra of from12 to
40 car PERSL SPRPIRERELF O a HTh TP cf T RRUFHG 0% Bor HAREEPE™ i H% ho
range ofunfysesn l&rdowBereilm sane eupdsmental thepsnuppols mEdsenitain tareat ed
wi th hydrogen,is thereaft tregted wth sul fur conpound, and wherein
sai d trwgrﬁnjtn V\tﬁhtehran%%lﬁfr%%aﬁ%ggndﬂ%o %’gnggtt‘é'd by contacting said
support material treated with hydrogen with a sul fur-containing conpound

under contacti ondi.ti ons that, i,ncl ude sul fiding .t erature in the
range oft TOPSmE%g%&@etn(?% MR A SR ARG neg&Jpngggﬁ]?ema?Cn@%tlﬁg range of from

1 bar tewnfQibang said hydrocarbon oil is uncalcined and non-sulfided prior

to said treatment with hydrogen.

In one embodiment, the treatment with hydrogen is conducted at a
hydrogen treatment temperature in the range upwardly to 250 °c, in a
gaseous atmosphere having a hydrogen partial pressure in the range
of from 1 bar to 70 bar, and for a hydrogen treatment time period in

the range of from 0.1 hours to 100 hours.



According to a second aspect, there is provided a conposition nmade by any
one of the nethods disclosed herein. According to a third aspect, there is
provi ded a process, conprising: contacting under hydrodesul furization
process conditions a hydrocarbon feed stock with any one of the

corrplositri (O dﬁ@éﬂ[@ﬁmheﬁéitﬁ%}drg@farbﬂn%ilu cREibkVaés aiydrethessnd hatvingel d a
catal yst cqnposition ich exhibits sign can ro o

hydr odes AFdHPY at 817 LA a7 cthfctriat}??yo%v% ib%{adicrrr%& %@ﬁj ¢ and can

hydr odesdilfciezad i mma@akys&rmﬂﬂm@swr@ms}f The @ﬂdimﬂiioﬁ'ﬂs@@tﬁtcpfoﬂ he
invention further allows for a roved Jroce t he start up of
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sul fur conpounds or, otherw se, has appl i catl on in the hydr odesul furization
of hydrocarbon fe dst ock T p t e netal
corrponeﬁt Oflurteﬂ% ma‘“"sn(%’l ngg? %‘ll}t&g {a%té%rellrgratl %rﬁfglé%%r on o] [E%{)(gérislgt her eby
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The suppor i e. sui tabl e
i nor ga%c E)tx t?.lerl afl&?ﬁat&%?%tu%}%l céfal'{l;{?1 usegg?]?ﬁg%rn%%%g%gl yt P%al |y
active smtmlrtzmawm@dn@meste@mrml egdodggrosyithl @ siwefur-conbegarniac oxi de

mat ef | 4l dodehudtadl Wkide, Bld |6 bR E ARl ThaPuadBONGSdas 4 T CONI A,

bori a, i'tania and m xtures o any two or nore of such inorganic oxides.

The pr e&egmeedtumrsgamh@ oxrhges T dronskS nCt he 4% it #erh ofsulfédspppor t
materigl, de%rsgrgl B na, éhbécgf Akl bg@ @A wr@ parand m xtures thereof. Most
preferre however, 1s alum na. In the preparation of various

enbodi nents of the inventive conposition, the net al conponent of the

conposiAd QR4RY B d %%%Haré’é;?éi:ﬂ NtQe 0O SYRRQN bied Bl efdn%t;swl@fwnaaél tabl e
30 method or neans that provides the support naterial t is |loaded with

an act itk 2@t ahe prlediesBpthedusischesed MRFsiiti-on

According to a third aspect, there is provided a process,
comprising: contacting under hydrodesulfurization process conditions
a hydrocarbon feed stock with any one of the compositions disclosed

herein.
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i ncl udes the support material and a netal conponent. One nethod of
i ncorporating the metal conponent into the support material, includes, for
exanple, co-nulling the support material with the active netal or netal

precur sor e Yosddsd co-nmulled m xture of the two conpepefiksséresranot her
met hod includes the co-precipitation of the support material and 5 netal

conponent to forma co-precipitated m xture of the support material and
nmetal component. O, in a preferred nmethod, the support material is

i npregnated with the netal conponent using any of the known inpregnation
met hods suchofasni ﬂﬁ&miaenﬁva\ﬁtdae&sthmé m@@tppieaheatdswtarmzbal conponent into
the 10 support materi natcf on nethod to

i ncor por at e THECRELH™ @8&{5%ne§i?ﬁwﬁ? Jt":Wé ﬁ%’b&}y{@ﬂ% erical, it is preferred
for the suppudrodetelrfiualizéoidye choerhedid atoiaitshaped q&a:rttauul etheanpri si ng an

i norganic o r ggﬁ: r 1 £, met al
precursor, )ﬂﬁe%‘ﬁfﬁ erI P%%Fge %t:tciooﬁa%fe&toﬁg'%}g%ggagg%t%lc e wth an
agqueous ol utﬁ é‘heoimeenr?é@al furgihert ol ivpe fohears dppoeYedrmrest@drec6at ai ni ng a

metal of a rmiealst%&iupsek%&%delelf%mawgn shared: Pk €, the inorganic
oxide material, which preferably is in powder 20 form is mxed with water

and, if desired &pe rF@é‘ﬁ’@altJaO“pQEt A n‘d“’&ﬁ%h‘?n dREFBTeSH HisHER? ™ 0 form a
m xt ur e thatnazagibe tsﬁapﬁﬁls i@ raoraggl eneratreoxl isisoadesi vahl @ for the
m xture to he | nthe f E” of an extrudabl gepaste ui tabl e for extrusion

into extrudate 6a??r?pcqn§s B Ay b&8t PV ar0us 92% <h8pEe%uch as
cylinderd) tadmpobes, t?ettchamcqurnnaltmazés Swckadgldyiks", 1/8", 3/16", etc.

The suppor{ ARkSeLAl ioh, Lbc, LNent Lyc GomBRsN: h#%e{_ﬁ£§g eraly, is a

shaped particle rising am 1 norganic OXI e materi a e shaped particle
is then dri eQPP&HG@Fl@t aRdblrl rdypAes BG vedrali tdrors Bydroceaho? ncl ude a drying

tenperat ure #dqakREckANGR: Of sfgrRmt Shatertia1 200 {CooRE S & abYnedd10m 75 C to

175 C,
compeonent further has incorporated therein hydrocarbon oil to

15 thereby provide the hydrocarbon oil-impregnated compositicn
of the invention.

The support material of the inventive composition can
comprise any suitable inorganic oxide material that is
typically used to carry catalyticaily active metal

20 components., Examples of possible useful inorganic oxide
materials include alumina, silica, silica-alumina, magnesia,
zirconia, boria, titania and mixtures of any two or more of
such inorganic oxides. The preferred inorganic oxides for use
in the formation of the support material are alumina, silica,

25 silica-alumina and mixtures thereof. Most preferred, however,
is alumina.

In the preparation ¢f various embodiments of the
inventive compositicon, the metal component of the compesition
may be incorporated into the suppeort material by any suitable

30 method or means that provides the support material that is
loaded with an active metal precursor, thus, the composition
includes the support material and a metal component. One

method of incorporating the metal component inte the support



and, nost preferably, from90 Cto 150 C. After drying, the shaped particle
is calcined under standard calcination conditions that can include a
calcination tenperature in the range of from250 Cto 900 C, preferably,

from 300 CyW@2609%0633 and, nost preferably, from 350 C tpprRf&Sesor2dd2e
cal cined shaped particle can have a surface area 5 (determ ned by the BET

nmet hod enpl oying N2, ASTMtest nethod D 3037) that is in the range of from
50 n2/g to 450 n2/g, preferably from75 n2/g to 400 n2/g, and, nost
preferably, from 100 n2/g to 350 n2/g. The nean pore dianeter in angstrons
(A) of the cadwdmned, shapedeparddrckansid,n cbheuriangetid wbpbtom 50 to 200,

ferably, f 70 to.1 d, t f ly, f 75 to, . Th
Vol e of "t HE G P i SRt BaPt FEI D I8 FheTh @ PEHGE R PEHD5 ol § to
1.1 cc/g, predenabey,nifxtoreOo the/ gwe cconpdnectsy, Candanatbet peigicer abl y, from
0.7 to 0.9 3&4 udk§Send RAN LENARLELN 41O 9{? LRE dadqtal,pore volume of
S the p havi ng

t he cal ci ne aped particie 1s contained In ores a pore
di anet er Yyr el chaprBBH0 1o e er abitnrecipstatddaniFtem of the total pore

vol ume of thg,gakei ped 3hapsch RRELL CléndotichPNtcH, Ned 4 phlherpofes having a
pore dianeter greater than 350 A, and, nopst preferably, 20 less than 5 %

The ref er enc®&hesy eFbP (SHPPREL B8 TERL 6 YLBPFFHRAEENY Y HH6r B ume of the

cal ci ned shapgtbdpant iiRgabey tar theSenq@moprptéRtasn deimodsnesktbysmer cury

i ntrusion porosine Mtest neth measur ement t?}f t he pore
S

_ _ try, .AST O%D4284. _'[he
Size 25 di SUTBUCFON 1 ERE CalcrREE Sp6he fr PRy any? SUFt abl e
measur emiht sustortineaiterisiing a contact angle of 140 with a nmercury surface
tension of 474 d%ﬂgrlu q.{gl‘%rg g§e q‘mpregnation method to incorporate the
metal component into the support material, it is preferred
for the support material to be formed into a shaped particle
comprising an inorganic oxide material and thereafter lcaded
15 with an active metal precursor, preferably, by the
impregnation of the shaped particle with an aqueous solution
of a metal salt to give the support material containing a
metal of a metal salt solution. To form the shaped particle,
the inorganic oxide material, which preferably is in powder
20 form, is mixed with water and, if desired or needed, a
peptizing agent and/or a binder to form a mixture that can be
shaped into an agglomerate. It is desirable for the mixture
to be in the form of an extrudable paste suitable for
extrusion into extrudate particles, which may be of wvarious
25 shapes such as cylinders, trilobes, etc and nominal sizes
such as 1/16", 1/8”, 3/16”, etc. The support material of the
inventive composition, thus, preferably, is a shaped particle
comprising an inorganic oxide material.
The shaped particle is then dried under standard drying
30 conditions that can include a drying temperature in the range
of from 50 °C to 200 °C, preferably, from 75 °C to 175 °C,
and, most preferably, from 90 °C to 150 °C. After drying, the

shaped particle is calcined under standard calcination



In a preferred enbodi mrent of the invention, the cal cined shaped particle is
i npregnated in one or nore inpregnation 30 steps with a netal conponent
usi ng one or nore aqueous solutions containing at | east one netal salt

wher ei n t hgygBh@lozdepspound of the metal solution is anpgidsyRsBbal Or
active metal precursor. The netal elenents are those selected from Goup 6

of the IUPAC Periodic Table of the elenents (e.g., chromum (Cr),
nol ybdenum (M), and tungsten (W) and Groups 9 and 10 of the | UPAC
Periodic Table of the Elenents (e.g., cobalt (Co) and nickel (N)).

Phoslohor OES égﬂdi:tioﬁ:ssﬂlai a?ﬂgﬁicrlader@tgc@hce@armmleraltempéi@rtu&aeiﬁmp 9 and 10
metals, the netal salts in yde up_9 or tal_acet at es, ts,
citrates, oxfye® Oﬁyﬁ?‘?ﬁ(lzé 58%§%aFESprerfleF? ¥s frgﬂlécgq eé,toa%(gla?m or
nor e t her eof °c, Thadprefser pedfmbay, saiotrs3a®e°crreba$om|°¢r ates, for exanple,

such as nitrates I%f n| Ckeled col&a Ji:tlcq,e calpqgave dttﬁ%e “:P 6 netal s,
the metal salts incl Ge Pa OoXi dés or Pre erred are
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compounds in 't nation 15 solution is selected so as fo provide the
desi red net aPreisiee Y nemy fie 1§ Hafo &9%8 1%i BACofMASkePFPRVAEFEBN taking into

consi derati Oﬂr&nhqopomgvebm af/d.hens UpROT boBt @rdrakek nid® which the
aqueous solution is to regnated. and t ocarbon oil to
OSUE*E

e amu
be i ncor por aRRFHHRES e lﬁbn%tséﬁapﬁg ?arﬁtm?% ?%é&egg% 94 netal
conmponento Typifahl yo ttdﬁaoog)rmmﬂelrably),n fabmn®d ao ¢6opaury most he

| Toregnat i on SILLOD, L&y, 1390%ol LEOMD.QL L JQOgOLERper i ter.

The net al Yt he “Sup ort frat eralf “havi 1 conponent
i ncor por at edslttdradepnrtmgledepexrd thporandse OZSfaqalplq éawbzn thot - Whiadle t he

hydrocar bon ﬁ%A.fe'fr Eﬁ,ggt?(fgﬁdoc@%%' L on otcybe an@veﬁéé@@rbﬁe%l@e used,

but, generally, processing applications, the Goup 9 and 10 net al
conponent, ifeom Oeab‘éﬂ’ t0-&r Cﬁ(‘i’:kéllesspﬂé"?fbrt&ﬂl?er%néké]ro 5)c&A BRe present in

the supp@st patAaribake ARG &f %@abag@rﬂé@n@mp&ﬁmﬂemwa@t ed therein in an
anmpunt in the range of from0.5 wt. %to 20 w. greferabl froml w. %

to 15 wt. %c%ﬁﬁmﬁﬂs]t“ FPEF BY RS VaVETHMA PORE. dj%mteé;e PR A the Group
6 metal conpesEil,, pre®srabl®| yhdenynnor? tsungst €y, tpeef esatal yolume of

the calcined shaped particle is contained in the pores having
a pore diameter greater than 350 A, and, most preferably,
20 less than 5 %.

The references herein to the pore size distribution and
pore volume of the calcined shaped particle are to those
properties as determined by mercury intrusion porosimetry,
ASTM test method D 4284. The measurement of the pore size

25 distribution of the calcined shaped particle is by any
suitable measurement instrument using a contact angle of 140°
with a mercury surface tension of 474 dyne/cm at 25 °C.

In a preferred embodiment of the invention, the calcined
shaped particle is impregnated in one or more impregnation

30 steps with a metal component using one or more agueous
solutions containing at least one metal salt wherein the
metal compound of the metal solution is an active metal or

active metal precursor. The metal elements are those selected



nol ybdenum can be present in the support material having a netal conponent
i ncorporated therein in an anount in the range of from5 w. %to 50 wt. %
preferably from8 w. %to 40 wt. % and, nost preferably, froml1l2 wt. %to

30 wt. % Sydhmegdasnse-referenced wei ght percents for therhRi@koeReyIPONENt S
are based on the dry support material and the netal conponent as the

el ement regardl ess of the actual formof the netal conponent. To provide
t he hydrocarbon oil-inpregnated conposition 10 of the invention, a suitable
hydrocarbon oil is incorporated into the support material that al so has

i ncor por at edeidieeb e @srdeserivrad pda\Riict fevRChiFVendRliahepf£Ccur sor. The
hydr ocarbon oil is used t ill a_significant portion of the pore vol une of

il o]
the pores of P%'l?e’sﬁlbrbowmnﬁ%@r'i BPLYEFRR i(Mohs 33, BRAF T8l iPh t he
active net alGpreeu? sord 100of heteeDYPRT Reirdedac Clapessf itor Ebhaterg@npri ses a

support mateyj C i,.ni 0 nt_.and. hydrocarbon qil, that may
be install ed{é '?s"i (gggalalr?t éeg} ?aeng%g%k%le@gp?brPhﬁSgH?%ouas r(géc%%racié?f/’st em t hat
is to undergo desired tmafplpeowaggnt. i Frpréapafatirod 204 ¢f0 oetpys.otheo t he

i ntroducti onyfaiasstlf i:dkbngad @8dubhato,cap hdcludecgasid,ficdifg Agent or a
hydr ocar bon feedstock contai ning a concentration of an organic sul fur
compound. | t¢4tgagesi giiFPE aMYESB RS ofcarReniiRrenti bR tBat St Hertedppor t

mat eri al | oadded twbtdr adracthesofet fhe [HrOEUE 544 mietal0ialds G2b Gidied or
sul fided priaor its into a reagctor. ves or systemfor ultimte

t |_oadi n el . S
use as a hy(ﬂ%&é‘gﬁ'ff Lﬁqrzﬁf‘?'ﬂf%le(fateﬁﬁlsﬁs Bﬂl%r"[’%east % tmc%ﬁ‘?lb\érsﬁcfkfail&ed, in
situ, inla def dped. f eed thé r@duet 6ametstlarn t thy metateshits, iasldu ei nafter
more fully desGh! Befi MLEONES o LulBleep. dalety ned Lhat an
containing the Group 6 metal and ammonium ion, such as
ammonium heptamolybdate and ammonium dimolybdate. The
concentration of the metal compounds in the impregnation
15 solution is selected so as to provide the desired metal
content in the final composition of the invention taking into
consideration the pore volume of the support material into
which the aqueous scoiution is to be impregnated and the
amount of hydrocarbon oil to be incorporated into the support
20 material that is 1lcaded with a metal component. Typically,
the concentration of metal compound in the impregnation
solution is in the range of from 0.01 to 100 moles per liter.
The metal content of the support material having a metal
component incorporated therein may depend upon the
25 application for which the hydrocarbon cil-impregnated
composition of the invention is to be used, but, generally,
for hydroprocessing applications, the Group 9 and 10 metal
component, i.e., cobalt or nickel, preferably, nickel, can be
present in the support material having a metal component

30 incorporated therein in an amount in the range of from 0.5

o0

wt. % to 20 wt. %, preferably from 1 wt. to 15 wt. %, and,
most preferably, from 2 wt. % to 12 wt. %; and the Group 6

metal component, i.e., molybdenum or tungsten, preferably,



30 inprovenent in catalytic activity is obtainable when, prior to hydrogen
treatnent and sulfiding, the support material |oaded with the active netal
precursor is filled with hydrocarbon oil. Thus, not only are certain

econom ¢ bgpgbdobroefzeal i zed by elimnating, or at |eastpcifikdofiFidhszi Ny, the
costs associated with calcination and sulfidation of the catalyst prior to

its delivery and use, but also a nore active catalyst is obtained. 5It has
been found that the support material, |oaded with an active netal
precursor, that has been inpregnated with a hydrocarbon oil followed by

t r eat nent vvi:ﬁdrwbyaaﬁﬂg,ercaande gieeaaf irecheWsligpoa tSih fakiaQORROLHH apr ovi des a

hydrotreating .c st having a greater hydrodesul furization activity than
I be cappaittittaiinent) sithadefr Bt Thenbth oa rlh afouToct B but - whi o
has not beenrarnger egnattoadSWivth %a thy 80 ocar bonpwoiflerpbi pridom By\dtr.ogseraotreat nment
fol lowed by giltury! real meol. McLeatle keason Lor {his spmproverent in

'S

activi ty i s not known al nt e0r| e he presence of
15 the hyldr ol @bﬁ‘f@mef@mrzn@@i tmegh@atqrﬁgnﬁ?) fsfr the tgtddocomisments

oi | -i mpregnal,ed nGeBR A th@Nai P suBBoPL %%aggapfanfaygﬁ@g[maqaémmo@ﬁeﬁet s the
active catalyst sites fromreacting with the hydrogen_ thereby preventing

active phase®dgFattiion 5ﬁ%a]§41ﬁﬁér?%gthﬁha?t‘taéu§8r‘ac‘ﬁ ey i5sls. 20The
hydr ocar bon @inpotses. to fill the pores of the

To provide the hydrocarbon cil-impregnated composition

10 of the invention, a suitable hydrocarbon c¢il is incorporated
into the support material that also has incorporated therein,
as described above, the active metal precursor. The
hydrocarbon o0il is used to fill a significant portion of the
pore volume of the pores of the support material, which is

15 already loaded with the active metal precursor, to thereby
provide a composition that comprises a support material
containing a metal component and hydrocarbon c¢il, that may be
installed, as is, into a reactor vessel or within a reactor
system that 1s to undergo a start-up procedure in preparation

20 of or prior to the introduction of a sulfiding feed that can
include a sulfiding agent or a hydrocarbon feedstock
containing a concentration of an organic sulfur compound.

It is a significant aspect cof the invention that the

support material loaded with an active metal precursor is not

25 calcined or sulfided prior to its loading into a reactor
vessel or system for ultimate use as a hydrodesuifurization
catalyst but that it can be sulfided, in situ, in a delayed
feed introducticon start-up procedure, as hereinafter more
fully described. Moreover, it has been determined that an

30 improvement in catalytic activity is obtainable when, prior
to hydrogen treatment and sulfiding, the support material
loaded with the active metal precursor is filled with

hydrocarbon oil. Thus, not only are certain economic benefits



support material |oaded wth an active netal precursor can be any suitable
hydr ocar bon conpound or m xture of conpounds that provides for the benefits
as descri bed herein. Because the hydrogen treatnent of the support naterial
that is Iogp@g, deo¥ist h an active metal precursor and Waicghishoasdiobded or

i npregnate th the hydrocarbon oil includes exposure thereof to a gaseous
at nosphere contai ni ng hydrogen at a tenperature ranging upwardly to 250 C,
to obtain the maxi mum benefit fromthe inpregnation with the hydrocarbon
oil, its 30 boiling tenperature should be such that it predom nantly
remains in thealikbgdisly Rhasenalingheos it ackbhthdteMpeiatitge he tdets

hydr ogen- cont ai ni.n aseous at m)sghere durl g, treatngnt therewith. In terns
of boiling taear?ﬁé?ﬁég?f?é“lﬁ:ﬁn@%lmtnﬁé hyi0EY &P affy2sif6ul d

i ncl udes hydsicar b@nﬂ:sha\énﬂ@e@ hail 43wy beppersat ur eotd ddreveange of from 100
Cto 550 C anclI lgrgfer %gtgi om 150 C to 500 C. Possible suitable

hydr ocar bon 0i regna ion or incorporation into the 5 support

mat eri al 3 oaded Mtlkﬁsarbeantfwmtlat Hrecurrort gaheryrdl-.udeadsdudatbi |
distillate fg@%&@@é,me%a&hppécuﬁse& exaPhes NLA VPR £O0 &l ni ng

hydr ocar bons boi | I ng, haps, he range of from 100 C to 210 C

ker osene, diBgEIOCAERRY @aé B‘P]rlowﬂﬁlnﬁg tneasBeRt SR AYE9eRcRTdNs, diesel is
the 10 pref efd-adabyshk,06aER0N &Jllfurmr@muwppmlldgsl@q{m\srw@m@car bons
having a boilin erature in the r Lfro m1l70 Cto The
hydr ocar bon ‘éﬁtlagy g%)"a’rflg PaFIGEGF Y %ﬁ?‘t‘ %rézFBforbéaé:tllﬁlWﬁ}ﬁaﬁg t he

pores of 10 hecreuppppdriTabeertdl,cantacdiwighaad mamtal nemiippreairsore| ude

ol efin corrpudst at, ar U|da the Ievte ctin ghper at ure_of
t he hydr oge(r)lD con alr.lj]lﬂl ng g%éeouesn at hos r‘nere dlﬁtrl (r%gﬁi?@%%t r%n? %Jher ewith. The

desi r abl e olmsfiomst$ drvdrseenst nsré¢nhydrizgacrien i [sudfum yeatiert t her eof are
those ol efi nycQuPERNAS R8N T AG dnear BN FURREY 120 .0f SRl& ikhas 12 and,

general ly, having a carbon nunber in the rgﬁg{ge of from12 to 40 carbons. It
i's preferredfwy vhig seetrirEonpbuhtistieeri A3 tt Hee RFGEBRER BBN oi |l to be

those hayd ng He apudée 412038 LAIRCASy B heAPSAg-REEEr @R &&yd%&x@a@bbon nunber
is in the range of from16 to 36 carbons, The 25 olefins may be in an

admi xture witH ABRIHTEEAI COMPATLEL IR bidh&he serdeRse aPk AHVEE°8F™ &odmat i ¢
sol vents or p&j’b}te@fs tihre above: refterenced tpet fodreusndt &idg WiahetHa act i ons,

SHOn 25, e DB kST 038R ) 2R8I AR R e otger el e
sintering that cause activity loss.

20 The hydrocarbon oil used to fill the pores of the
support material loaded with an active metal precursor can be
any suitable hydrocarbon compound or mixture of compounds
that provides for the benefits as described herein. Because
the hydrogen treatment of the support material that is loaded

25 with an active metal precursor and which is filled or
impregnated with the hydrocarbon oil includes exposure
thereof to a gaseous atmosphere containing hydrogen at a
temperature ranging upwardly to 250 °C, to obtain the maximum
benefit from the impregnation with the hydrccarbon oil, its

30 boiling temperature should be such that it predominantly
remains in the liquid phase at the contacting temperature of
the hydrogen-containing gaseous atmosphere during treatment

therewith. In terms of boiling temperature range, the

10



30 content is above 5 wt. % and, in certain instances, it can be desirable
for the hydrocarbon oil to have an olefin content exceeding 10 wt. % and
even exceeding 30 wt. % The ol efin conpounds may i ncl ude nonool efins or
they may i RGhYRGo208d€fi NS With nultiple carbon doubl e BRRASGEGFHeCUl arly
desirable olefins for use as the hydrocarbon oil of the invention are

al pha-ol efins, which are nonoolefins with the carbon doubl e bound bei ng

| ocated at the al pha carbon of the 5 carbon chain of the ol efin conpound.
An especially preferred hydrocarbon oil is a mxture of alpha olefin

hydr ocar bon wglReHk8sn tdat ghaye1ikoBhd8 d anduday B9BraéPenpeiavigecul e.

A particularly inportant aspect of the invention is éq; t he_support

materi al havi P et HPesApLTent At ofPeraPEd F thARr & FPtv°bhe“uncal ci ned
and non- sul faked pabesrddlvi, Strapregnat esd B0 Hct heodnidnecautxamlei | . Cost
savings in the. preparati.gn of t.he conposition. are realized ot having to
performthe % Cfcolcﬁg Yo of stuf fjim(lfécfe‘rnggh)tls%neﬁg. lrfé:u%r?oﬁg%leoonvérn?gi&%as been
found thal, wwevrtheatepdedchedd oithiapreghat eeetdd pompusiriomis furt her
subj ect ed to; 4. Hydr ogen. L gabimnhiand sl dinad ealaent, dhestasulding

catal yst conposition exhibits enhanced catalytic activity. Before the

i ncor por at i ofeBTY PRBNHALr 68REHOH NG NYFFRGPRBS RP¥Pére- mardéPPal Having a
nmetal conponesd dangerporrabradifdieceid 2ipard, wakasdie WaeBséhe amat ghs 20

conponent is added to the s ort material, by inpregnatiQn using an aqueous
Sol Ui on of ¥ refBPRE AN SRt o LI PP LA an SuDGRE L el ) 1t IS

~~ 1 nport ant0 f oprd furzedetdl rocapb@grdt e dwisipparbicatigr iatlidesbe dried so as to

renove at |east_a rtiqon.of the volatile |liguid contained within the pores
of 25 the scopLoRBrlst MvPhe Tl EhED dms e S8 AL ERa Shn b 11 T ed
with the hydfowmarlB6n°Gitb. 39héChet al - i npregnat ed support material, thus, is

dried under drying.condifLoAs, that LAl ude sa%ﬂduagrifrmﬁ&gwé eed.hat is

| ess than a calcination tenperature. 30lIt is an Iinportant feature of the
i nvention t hate tife fikiAneg thenpreicdt aF et dEPPORT cieteRealrdpntgintep & s
conduct eds dogsi N0tohforftEe e Bukalotb Bt | Qpb BARE ALY £re ThUSiatde drying
t enperature shoul d not exceed 400 C, and, preferably, the
the elevated contacting temperature of the hydrogen-
containing gaseous atmosphere during treatment therewith. The
desirable clefins for use as the hydrocarbon oil or a portion
thereof are those olefin compounds having a carbon number
200 greater than 12 and, generally, having a carbon number in the
range of from 12 to 40 carbons. It is preferred for the
clefin compounds for use as the hydrocarbon o0il to be those
having from 14 to 38 carbons, and, most preferably, the
carben number is in the range of from 16 to 36 carbons. The
25 olefins may be in an admixture with non-olefinic
hydrocarbons, such as alkanes or aromatic solvents or any of
the above-referenced petroleum distillate fractions, such as,
heavy naphtha, kerosene, diesel, and gas oil. In general, the
olefin content of any hydrocarbon oil having an olefin
30  content is above 5 wt. %, and, in certain instances, it can
be desirable for the hydrocarbon oil to have an olefin

content exceeding 10 wt. %, and even exceeding 30 wt. %. The

olefin compounds may include monoolefins or they may include

11



drying tenperature at which the netal -inpregnated support material is dried
does not exceed 300 00, and, nost preferably, the drying tenperature does
not exceed 250 C. It is understood that the drying step will, in general,

be conduct ggh ffooh@y8r 5 tenperatures than the af orenenti-@agshok/FARAr at ures,
and, typically, the drying tenperature will be conducted at a tenperature

in the range of from60 00 to 150 C The drying of the

met al -i npregnated support nmaterial is preferably controlled in a manner so
as to provide the 10 resulting dried netal -i npregnat ed support nmateri al
having a volgilddias €o eat tigiad chsbbh ddabh ke Chdrtls.r afge.culbeiyol atil es

content of the .drjed tal -i regnat ed _su rt terial houl d be

controlled s estlﬁﬁt’f? toq%(gégsn o Eg‘ée%% 36 &Fgr%ag%of’ Glﬂe"%d'?e or 1 oss on

ignition, isimdehthed ae thphperleéntagetlishwerghionbossfiofs twheh madeeri al after

its exposure [ a [ r f._48 for eri of - t hour s,
cgr%oﬁ cl;lo&gle b%lgﬁ?ﬁ)éﬁ%glfoé)ateﬂ} %t Qh alsl(&) ac‘:ar gn éf t\#%

whi ch can be represented ow ng fornul ai” (sanpl e wei ght before
exposur e 3 esgmbanptiaieicghthafdlef iexpurena) - M tispee¢ed lyyrielered di vi ded

by (sanpl e wajghtaPedPe1eXPOsWi€lnrd tod 8120 RNekeRreflen thie LA of the
dried netal -inpregnated support material to be in the range of from1l w. %

to 20 wt. % HSFUIADHSH5r BFAER rfg@™ 1§ o 30wE29Bd0 atgmguPerofioiealgri ed

met al - i npr egnat ed sappRilafB epaktis: fadpkberod mpeeghnatedom 1 dohe

hydr ocarbon Qqil as eagl [ er descri bed her?i g 25The hydr ocar bon

oi | - i npr egnat &d “BBRYOs MEFBht Ha"9 iy SREPONCHIRPHR® tHFEREBI 2 her ex situ
or in situ, shdreihydrs dgennand:iwetihazd swinf-anl Siodmgowney iands 1 ndeed, it is
one of the h ficl S ihvent i hat it p its the

shi ppi ng andﬁg)g:le?géé%d o} @gu%gen-hgél'c%%%ﬂzog’dgg%hpq%g}ct ?%)\ﬁ“}gos gér%ﬁer eactor in
whi ch it carPispazetiwntcddihe rrospraitinn arhytkadgendt peatarehevitesof ol | oned

by a sul furigatd.0n SiERa1fenfalhi 8F JBRHigPEsh s‘%:@ﬁs hydfOCAL PO e, ,
oi | -inpregnated conposition can first undergo a hydrogen treatnment that is

then fol | onwetF WREhPEGe4CHBRL ERATY hWaek (HPPUPYRERAFSHAR . o1l -impradnatieddr ogen
treat ments i nedrpdest BXPAsi pgrihe ByEyQaaEbes SiHyirbpseInatedegomp@sition to

a gaseous algg¥%%ge£§%atment, the resulting catalyst composition exhibits
enhanced catalytic activity. Before the incorporation of the
hydrocarbon oil into the support material having a metal
component incorporated therein, particularly when the metal

20 component is added to the support material by impregnation
using an agueous solution of a metal salt (metal-impregnated
support material), it is important for this metal-impregnated
support material to be dried sc as to remove at least a
portion of the volatile ligquid contained within the pores of

25 the support material s¢ as to provide pore volume that can be
filled with the hydrocarbon oil. The metal-impregnated
support material, thus, is dried under drying conditions that
include a drying temperature that is less than a calcination
temperature.

30 It is an important feature of the invention that the
drying temperature under which the drying step is conducted
does not to exceed a calcination temperature. Thus, the drying

temperature should not exceed 400 °C, and, preferably, the

12



5 contai ning hydrogen at a tenperature ranging upwardly to 250 C
Preferably, the hydrocarbon oil-inpregnated conposition is exposed to the
hydrogen gas at a hydrogen treatnment tenperature in the range of from 100 C

to 225 C, {hgleaobsbisPr €f erably, the hydrogen treatment pi-@RRSoPIMESL 1S 1N
the 10 range of from 125 Cto 200 C The partial pressure of the

hydr ogen of the gaseous atnosphere used in the hydrogen treatnent step
generally can be in the range of from1l bar to 70 bar, preferably, from1.5
bar to 55 bar, and, nost preferably, from2 bar to 35 bar. 15 The

hydr ocar bon @iJingMprg@rat@d 6enpasht £10N reSa Copach et thpddre gaseous

at nosphere at the aforenentioned tenperat é& .and pressure conditions for a
hydr ogen t r 5t57EREL thSB 8t 19685 iPH ‘ﬁ’écereéiné of 7 f#¢n B°9F REEFSTA%6Y100 hours,
and, preferatiley aryhe; hydsagenrs reatnest ekcasd peni d s f amsdrdoud to 50 20
hours, and st eferably, from.2 hours to, 30 _hours. ul fiding of

t he hydr ocapq}oartf g{l? -ﬁ%rr’%ggﬁ:aef) e‘fjmcldrnl)%sqetnie(r)%l’ago tee(rq’grlﬂfucﬁgg FedR"tF eated with
hydr ogen tantdrpedansegstimp dhy cioresentionadl trerhodtkmeswnand those skilled
inthe art. Jhysaifie AYi06s LdiBated. iy OCakbognpidch iy gunat ed

conposi tion can be contactéed wth a fur-cont ai ni ng conpound, which
can be hydr ogEwResdtytedén orea repffp SGnErTh&P ICstaethposabl e i nt o hydrogen
sul fide, under thgec@Atiagt bNO1HEOREL41-GRSrefndtha EoYsMd @AteEXxamkes of such
deconposabl e conpounds i ncl ude ner cang)t ans, CS2, thiophenes, dinethyl

sul fide (DVEIEeIERAPSED GPPhiAd dPstIta e (BRES) FoaPE 15t EFRrabl y, t he
sul fiding i sreamcenpdichied bytacahpeddmagetihsupodicogetetirs@ahedi eprEposi ti on,
under suit abl ul furization.treatnment condition w t-h _a._hydr.gcar bon
foedst ook ¢ ALt ghes e REhLOtoRt TR C ORI O Ranat! WS VArARRIOOT, ()
conpound of ¢dugehydeDddeboniddedteboknrranndeedasuppganingtenidéur conmpound,

particul ar| Yoo 98 whichclsiiapiscathy: Gantabiefhd B.Deld doce df goill ates
that are processed by hydrodesul furization nethods.
The LOI, or loss on ignition, is defined as the percentage

15 weight loss of the material after its exposure to air at a
temperature of 482 °C for a period of two hours, which can be
represented by the following formula: (sample weight before
exposure less sample weight after exposure) multiplied by 100
and divided by (sampie weight before exposure). It is

20 preferred for the LOI of the dried metal-impregnated support
material to be in the range of from 1 wt. % to 20 wt. %, and,
most preferred, from 3 wt.% to 15 wt. %. The dried metal-
impregnated support material is further impregnated with the
hydrocarbon oil as earlier described herein.

23 The hydrocarbon coil-impregnated composition of the
invention may be treated, either ex situ or in situ, with
hydrogen and with a sulfur compound, and, indeed, it is one
of the beneficial features of the invention that it permits
the shipping and delivery of a non-sulfurized compesition to

30 a reactor in which it can be activated, in situ, by a
hydrogen treatment step followed by a sulfurization step. As

earlier mentioned, the hydrocarbon oil-impregnated

13



5Suitabl e sulfurization treatnment conditions are those which provide for
the conversion of the active netal conponents of the hydrogen treated
hydr ocarbon oil -i npregnated conposition to their sulfided form Typically,

the sul fi di‘pgzgﬁm},@ﬁature at which the hydrogen treat edc:Q;shoshRear bon

oi | -inpregnated conposition is contacted with the sul fur conpound is in the

range of from 150 Cto 450 C, preferably, from 175 Cto 425 C,  and, nost
preferably, from 200 Cto 400 C. Wen using a hydrocarbon feedstock that is
to be hydrotreated using the catal yst conposition of the 15 invention to

sul fide the hyfiRgenod reat ed:eonpaskdd ennyliheysulkustgatd enagondi tions can
be the sane as the Erocess condi ti ons under which the hydrotreating is

performed. THRESEPELISHY Yo FBSSIRAETEET WHitEN2 t HE TR dFBBRAT Cr eat ed hydr ocar bon
oi | -i npregnat ed aagpesiddgen tsesukht dadtigaaseraldosiaqnce hiyaréhriba range of
from1 bar to. 7Q bar ap{gf erably, .froml 5 bar tg 55 har, and, nost
preferably, PHom@iB&aTes SBmpetion ASEhoted “abdve *"one of the benefits
provi ded Hy tdredipdnodardropenidt knpermgpratede comudstt vorerdflyt be 456vention i s
that it can L1 [ r stem. j : p using a
so-cal |l ed de?gyg%é#ée%aggiyhtn%%dggta ?%%%?%cé%%@%%hﬁ% gé{mg%e%i? ged

i ntroduct i onipreyeeded o the hekeosr ¥stéEnt BHITERIeRNEIAI&@8 A react or vessel

contai ni ng t handayvdE 96ArRORNSI } arifePb e diRiedog oupesi tdone, fadsst nbgider goes a
heating step to raise the tenperature of the reactor and.the hydrocarbon 30
oi | - i npr egnal & SCBRPYsi T PORYERAER REMP HIREF et HRSGTapPEDartatfoh™ or t he

i ntroduct onr&fgeaosutfdndiing @geot2@r “beat ed hydrocar bon feedstock for

processing. This_heati tep includ introducing_into the reactor the
hydr ogen- cont ai niTﬁa pag%gagtpf%sesuéfﬁo?tg Bt %3‘%@?%& Ffo%heen Freathrent
condi ti ons. #roephéhe Uvedr byerhe hgdtogam toéatiramthytewcaEmisonlly |can

i npr egnat ed MROSiL | I Lel s dhergatter -gr ed weth.a sukbfyr ;cgnpound in
t he manner algepear ?Péergglggczrjfbeg&%ereﬁ. 51t kl%% %gen ourl{(?j t%at tﬁe
hydr ocar bon ®ad feohd d?&ﬁ.‘i,ngnd, most preferably, from 2 bar to 35 bar.

15 The hydrocarbon oil-impregnated composition is contacted with
the gaseous atmosphere at the aforementioned temperature and
pressure conditions for a hydrogen treatment time period in
the range of from 0.1 hours to 100 hours, and, preferably,
the hydrogen treatment time period is from 1 hour to 50

20 hours, and most preferably, from 2 hours to 30 hours.

Sulfiding of the hydrcocarbon oil-impregnated composition
after it has been treated with hydrcgen can be done using any
conventional methed known to those skilled in the art. Thus,
the hydrogen treated hydrocarkon oil-impregnated composition

25 can be contacted with a sulfur-containing compound, which can
be hydrogen sulfide or a compound that is decomposable into
hydrdgen sulfide, under the contacting conditions of the
invention. Examples of such decomposable compounds include
mercaptans, C3;, thiophenes, dimethyl sulfide (DMS), and

30 dimethyl disulfide (DMDS). Also, preferably, the sulfiding is
accomplished by contacting the hydrogen treated composition,
under suiltable sulfurization treatment conditions, with a

hydrocarbon feedstock that contains a concentration of a

14



conposition, after undergoing the hydrogen treatnent followed by treatnent
with a sul fur conpound, exhibits a greater catalytic activity toward

hydr odesul furi zation of a distillate feedstock than do other simlar, but
non-oi | 10 WoRegehatsed, conpositions. As discussed ear lpc@fushfbfiabz 11 IS
theorized that the presence of the hydrocarbon oil contained in the pores
of the support material having incorporated therein a netal conponent
serves to protect the active catalytic sites fromcontact and reaction with
hydrogen 15 during the hydrogen treatnent and thereby preventing

degradat i on auitusi Bb@Idund. thad cadse @Gldovhd Yod @$8. hydrocarbéni S recogni zed
that the hydrocarbon oil-i mpre nat ed como sition (f)if t he .invention, after
its treatnent®SHSERHYEF0IEN Afd 9801 F UTULTE SOMOGRPY RATRCPISE at al yst for
use 20 in thaehytltcl risatiypgealflyhydnociarddonn fgadet ecksdisthil satad al yst i s
particularly. ef I L caf i Lnvol.ving .t.he hydrodesul furization of
hydr ocar bon ?he%ztdgfq%cirs%,cgg%%i%@é%gg?%#?nsf?fﬁfl z{'slo eré%t oé%’ﬁd to be an

excel | ent3 cat al ySpitarleysel fyritzasihy drsdéseht ondatior efredilxtsd | ate

feedst ocks, it RSpPAdeCUbANLhdIcBRGLesil® BRKE,AD M TL Gadigy sul fur
distillate pr oduc? havi ngba sul fur concentration of |less than 15 ppnw,

pref erably, FE®STEREH L0 PPV IrAan RSt epr _YFCLBIYON |%8ds than 8 ppmw. I n
t he hydr ot r eaidragnapp] icoabbonsi.ont Be tnedroear bR o0kbrm 3Gvbips EGHAL ed

conposi tion, preferabl sed in a del ayed feed. introduction procedure or
ot hbrvi se r 1l SUTERTIT ] SPOATORR s QRGP COfs "HBECITbedeabEYe. | s
cont act et urdetrosatihabloe1himsedes uéd wdmpatioivrcdndesntasedi vixa thydr ocar bon
f eedst ock t%ﬁ}t{_u%ygé@%lulng ?gsi atggnj_gaen%ter gg_:i n of15§uJCT gr . 4§'61gcnor e typical
ed hy bon Tee dl

and preferr rocar stock 1S a petrol eamm e distillate cut
havi ng a boindedgrakehperfapnr € atf’C atndeph&i engr ewsir préfeddnd yr afige of from

140 C to 4105 o5 (HNQsE deMprLatyyisg éﬁ%(c&%@é%ﬂ%@d%{@éé ahangs boiling
tenperatures of the mddle distillate. anples of refinery streans
i nt ended t o BePenBYikpEdearehiuvdinEet e AfitAGYDF qeraasEtifinsef] teg e i ncl ude

strai ght 1y unifliestidd ale shuglde bakl hp@rdgant be-diRlierensad tbeh) itg range, such
as, kerosene, jet fuel, 10 |ight diesel ojl, heating oil, heavy diesel oil,

and the crackedUai 6151 rafeediteorh a3 PECtE§ i orF, BEPCHES oil, and
hydr ocr ackercadiddt i dhsatueser e dar ehernettot eesitnac ks ofe dfhvemedy eris ve

Thel i eoer liRdeny UL AR L0 REQESRR hiatbdla EhEatl b8l G001 100 1
oil-impregnated composition is sulfided generally can be in
20 the range of from 1 bar to 70 bar, preferably, from 1.5 bar
to 55 bar, and, most preferably, from 2 bar to 35 bar.

As noted above, one of the benefits provided by the
hydrocarbon oil-impregnated compositicon of the invention is
that it can be utilized in a reactor system that is started

25 up using a so-called delayed feed intreduction procedure, In
the delayed feed introduction procedure, the reactor system,
which includes a reactor vessel containing the hydrocarbon
oil-impregnated composition, first undergoes a heating step
to raise the temperature of the reactor and the hydrocarbon

30 oil-impregnated composition contained therein in preparation
for the intrcduction of a sulfiding agent or heated
hydrocarbon feedstock for processing. This heating step

includes introducing into the reactor the hydrogen-containing

15



15140 C to 400 C. The sul fur concentration of the mddle distillate
f eedst ock can be a high concentration, for instance, being in the range
upwardly to about 2 weight percent of the distillate feedstock based on the

wei ght of %@f;ﬂg%ﬁblssulfur 20 and the total weight of Ghgyudiesdidtieat e
feedstock inclusive of the sul fur conpounds. Typically, however, the

distillate feedstock of the inventive process has a sul fur concentration in
the range of fromO0.01 w.% (100 ppmv) to 1.8 wt.% (18,000). But, nore
typically, the sulfur concentration is in 25 the range of fromO0.1 w.%

giggg pp%) 34 :ht6tm¢ a?(:%l?er%ﬁ@m@@%dro@@ﬂ tf&%?eﬁﬂm&lghhﬁmnsf rﬁm 0. f18 W .
pp to 0 s under st 00 at the re erences
herein to tkféftsel’fl F}&‘? RYGHP TR t&FaF'ﬁgnv% i°%t £Pe élyéerS%]&%Cl“o€&&are to those

conpounds t hatprageatwt rahbys frdwad it 1as dhstedftetret 3éhtfe@edstiock or in the

hydr odesul f ur |lzfed ?(lmfﬁolulnl aj\t_lﬁ_e%honq’g&ge are cheg&ggrlbggn}g%mq]s t hat
ic

contain a suitur general y Inc Side"organosur fur conpounds.
The hydr dcar bon &flhasmperegnaived thapodiet hpirgfarbhe @W@n@t@mmy be

enpl oyed as g patt. of, aaztéy'Jnfan&ofrﬁ;a%@r (oM { halnRROVESASWELT

contacting it or iIts derivatives Wt d‘?as/tl | | at e feedstock under
sui tabl e 5 HMrEaRSIATUFE T ALE @Nlé‘éﬁdi‘%“ip%gd't REPLREYS iOFBdEt he presence of

hydr ogen and:zﬂ:ﬁl?fﬁ&@c@ﬁ!vi@ﬁ aﬂowar:@srswx@da&dlﬁma@fﬂruroe aSuch suitable
reacti on systens ian i nclude fi xed ata g tems, ebul |l ating

catal yst bed S\t &H f§leﬁ?1f‘i’cé‘dt1?3?a %/é’tt f/sst % PAPdPLed catal yst bed
syst ens. 1Theinpirefes ey a:emysmtlonssws;t elﬁmcssidaiateamlﬂe&hheneimdas asfi xed bed

of the inventiye, eaf st oaL0ed WA DLD A LEAGLOL, Ye3seloeqyigped with a

reactor fee nmeans, fee duc ng the
distillate fiae dbe aededsn o6 tfhae spppetomaressel hagadg alnroegeeortest f | uent outl et

means, such ramneéfdegsmtc&éogeﬁtegeﬁ%zw BB tdrawi ag the react or
ef fluent or t treated hydrocarbon product or the ultra-low sul fur

distillate praéadEtiq sdiee heramegebtrcty @8dereaction wilde hygEperRiesul furi zati on
process genefalihy onRehahiesgal taebymimdeanyl nddzgt hbandneaggi on pressure in

the range of from
degradation and sintering that cause activity loss.

It is recognized that the hydrocarbon oil-impregnated
composition of the invention, after its treatment with
hydrogen and sulfur, is a highly effective catalyst for use

20 in the hydrotreating of hydrocarbon feedstocks. This catalyst
is particularly useful in applications involving the
hydrodesulfurization of hydrocarbon feedstocks, and,
especially, it has been found to be an excellent catalyst for
use in the hydrodesulfurization of distillate feedstocks, in

25 particular, diesel, to make an ultra-low sulfur distillate
product having a sulfur cencentration of less than 15 ppmw,
preferably, less than 10 ppmw, and, most preferably, less
than 8 ppmw.

In the hydrotreating applications, the hydrocarbon oil-

30 impregnated composition, preferably used in a delayed feed
introduction procedure or otherwise treated with hydrogen and
sulfur, as described above, is contacted under suitable

hydrodesulfurization conditions with a hydrocarbon feedstock

16



20 689.5 kPa (100 psig) to 13,789 kPa (2000 psig), preferably from 1896 kPa
(275 psig) to 10,342 kPa (1500 psig), and, nore preferably, from 2068.5 kPa
(300 psig) to 8619 kPa (1250 psig). The hydrodesul furization reaction

t enper at ur gy Seodeegneral ly in the range of from 200 Cy-38%dkntam420 C
(788 F), preferably, from260 C (500 F) to 400 C (752 F), ang, nost
preferably, from320 C (608 F) to 380 C (716 F). It is recogni zed that one
of the unexpected features of the use of the inventive hydrocarbon

oi | -inpregnated conposition of 30 the invention is that, in a del ayed feed

i ntroduct i oncigppldypation, hhbes resubherdtieat 8k ysti fhas thehgpificantly higher
catal ytic activi t)r/L than certain other alternative catal yst conpositions,

and, thus, itYREG, 270 RFEABFETY BYFEOFHR ol CeHPEFat T VRIRFEFBHH™ r equi r ed
process tenperdtler asstidladegtvehaainyd volildesWduperaatdiconr The flow rate
at which the disthliale feedsiack he charoed 1ol heoreaction, zone of the

i nventive proces rsts generaﬁ’ly such as to providé aliquid hourly space
vel oeity {LHB\Asq nenperatamge afe ppredin@ichinitiad 20dHroilinghe term "l iquid

hourly space &elQgilYeg o%StHé"rﬂdg%e&{Etiﬁéﬁé.t m?k'é@rdfc%f{x?éxj of the

rate at which the distillate feedstock Is charged to the reaction zone of
the inventi v%tr@aﬁlée$%tqweﬁot9/(§?%H@Cb‘é?e%é)’aiihm \Fh@eﬂewr@hefv@% of

catal yst congaitnedatd theuheantia@8nhzons eswhiGhdt e Yol i) & f eedst ock
is charged. The preferred LHSV is in the range of fromQ,05 hr-1 to 5 hr-1,

mor e pr ef er ablSy PeEPETHGE PRI ES 6289Fn SPCladd, Kr58Febiefi&FabiSts from 0. 2
hr-1 to 2 hriilghtlBiésdis cplef satadqgt 61 Chakgey hyidisegenipl eng whd h t he
distillate feedg{t gcgis'gtolltlggesr eact 'ho‘_gs zE%ecgél?t Qﬁli nyentive process. In this

i nstance, th& hydrogen is°sonetT mes Tt eferr 0*as Rytrodén Treat gas. The

hydr ogen tremd gasroctaskes dhetiddetas - dhehypde Dgerdr Eatsteekt of tike anount of

distillate inventive distillate hydrodesulfurization process is a middle

distillate boiling in the diesel boiling range of from about
1S 140 °C to 400 °C.

The sulfur concentration of the middle distillate
feedstock can be a high concentration, for instance, being in
the range upwardly to about 2 weight percent of the
distillate feedstock based on the weight of elemental sulfur

20 and the total weight of the distillate feedstock inclusive of
the sulfur compounds. Typically, however, the distillate
feedstock of the inventive process has a sulfur concentration
in the range of from 0.01 wt.% (100 ppmw) to 1.8 wt.%
(18,000) . But, more typically, the sulfur concentration is in

25 the range of from 0.1 wt.% (1000 ppmw) to 1.6 wt.% (16,000
ppmw), and, most typicalily, from 0.18 wt.% (1800 ppmw) to 1.1

e

wt.% (11,000 ppmw). It is understood that the references
herein to the sulfur content of the distillate feedstock are
to those compounds that are normally found in a distillate
30 feedstock cr in the hydrcodesulfurized distillate product and
are chemical compounds that contain a sulfur atom and which

generally include organosulfur compounds.
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20 feedstock charged to the reaction zone and generally is in the range
upwardly to 1781 nB/nB (10,000 SCF/ bbl). It is preferred for the treat gas
rate to be in the range of from89 nB/nB (500 SCF/ bbl) to 1781 nB/nB

(10, 000 SCR{blodo209Br € preferably, from 178 n8/nB (1, O%TE%E({OQ?‘;ZLQZJ[ 0 1602
nB8/ nm8 25(9, 000 SCH bbl), and, nost preferably, from 356 nB8/n8 (2,000

SCF/ bbl) to 1425 nB/nB (8,000 SCF/ bbl). The desul furized distillate
product yielded fromthe process of the invention has a | ow or reduced
sul fur concentration relative to the distillate feedstock. A 30

particul arly advanbagpousaaseedi10indheyraRYeddiRsREOSEST ket hat it is

capabl e of providing a deeply desulfurized diesel product or an ultra-| ow
sul fur di ese+nYﬁQF&8%t@aWk?ea?gé%ﬁ%?dnﬁfé%lH%§Fe?¥naq¥héu¥?ﬁ9%§uF?iﬁtQﬁ stillate
product can &@temathstdrdligenckint pabitartibbalt icx liessdddiaatbBepprmw or any

of the other nccht %%gs%lfur gggcteerétdrsgtilgns as destcri bed el sewhere herein

(e.g., less Than 5ﬂﬁflor |'ess tﬂ%nLTﬁeﬁpﬁﬁzﬁggeless than 8 ppmn). 5The

f ol | owi ngS exlanplodiesal Bigizeseont evbridot forrst et indwdhrcavde ddet aresaaspect s of
the inventio Ve A0 { S S bt scope of
oy h@kﬁg{% aln%Tﬁn ”Qlevta%e{ggté(}%ﬂ bE 25 ahd M dil R 01& .

the invention. \ I'S_exanp scribes the preparation of the 10
hydr ocar bon BH9R isHpFRYfatedcebipSEPEF I OGP e Udey ERxedrragadyitheedon- oi |

i npregnat ed epMRAS) téMN.1ating catalyst bed systems, slurried catalyst
systems, and fluidized catalyst bed systems. The preferred
10 reactor system is that which includes a fizxed bed of the
inventive catalyst contained within a reactor vessel equipped
with a reactor feed inlet means, such as a feed nozzle, for
introducing the distillate feedstock into the reactor vessel,
and a reactor effluent outlet means, such as an effluent
15 outlet nozzle, for withdrawing the reactor effluent or the
treated hydrocarbon product or the ultra-low sulfur
distillate product from the reactor vessel.
The hydrodesulfurization process generally operates at a
hydrodesulfurization reaction pressure in the range of from
20 689.5 kPa (100 psig) to 13,789 kPa (2000 psig), preferably
from 1896 kPa (275 psig) to 10,342 kPa (1500 psig), and, more
preferably, from 2068.5 kPa (300 psig) to 8619 kPa {1250
psig).
The hydrodesulfurization reaction temperature is
25 generally in the range of from 200 °C (392 °F) to 420 °C (788
°F}, preferably, from 260 °C {500 °F) to 400 °C (752 °F}, and,
most preferably, from 320 °C (608 °F) to 380 °C (716 °F). It
is recognized that one of the unexpected features of the use
of the inventive hydrocarbon cil-impregnated composition of
30 the invention is that, in a delayed feed introduction
application, the resultant catalyst has a significantly
higher catalytic activity than certain other alternative

catalyst compositions, and, thus, it will, in general,
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Non-oi | i npregnated conposition An amount of dried and cal ci ned
standard alumna 1.3 nmtril obe extrudate was i npregnated with a 15

ni ckel / nol ybdenum phosphorous cont ai ni ng i npregnation solution. This

i mpregnati j:QN was an aqueous sol ution nmade by g ! i ckel
oxide (N O)%,Vb ﬁn@%’%ﬁgnum trioxide (M03) and phosphori cgg@gko;é?\@%%ﬁi oni zed
water with heating and stirring. A volune of the inpregnation solution was
used 20 to fill the pores of the extrudate so as to load it with 4.2 wt%
ni ckel, 18.5 wt % nol ybdenum and 3.3 wt % phosphorous, with the wei ght
percents beiggveBeardl VoRBstSivENQ 1sWregbat Bbextotsi) eupsraliewed to age
for two hours, and, then, it was dried . in air at 100 C to reduce the

vol atil es 25%hé&r 81 7Pt 373URbritleAESBIE¥F1520# 981 0 provi de the non-oil

i npregnat ed conposé tilaw. rhysracanhon id dispiBgnat ecedxamprsision The
hydr ocar bon gi.lLApreanat ed, canpositi of yas fRde. by Lmregnaing an amount
of the non-oil Pnpregnated conposition, as descri bed ‘abovée, with a

vol une of5 algirereldf isvick a#lto eonvadaningiahphdouikelismdeavehgrifavom 18 to 30
carbon atorrs%lf[—%{{}g ﬂff“@h%gr?né’@%%' E¥oRfo @178 9M &G0 ARPY O¥LIBLELY 90 % of the

pore volunme of the non-oil Tnpre nateq[ conposition was filled wth the
al pha ol ef i nildayif. hoprd vappRre GrePFHTE /oPF, ViREVIPRGSH ¢ E9PBFatT e in the

range of froamb@@ciD 1000 MRS rhtPragnated dmat aithe Rea- eédadtrpkegnat ed
conposition,, which had been preheated to %bout .85 00, to provide the

hydr ocar bon 6 IFP283§9Pe fRAEFLIRP TS 8h. HhiSARPER Bve Process in

10 wvolume per hour divided by the volume of catalyst contained
in the reaction zone to which the distillate feedstock is
charged. The preferred LHSV is in the range of from 0,05 hr™’
to 5 hr™?, more preferably, from 0.1 hr'l to 3 hr!. and, most
preferably, from 0.2 hr’l to 2 hrl.

15 It is preferred to charge hydrogen aleong with the
distillate feedstock to the reaction zone of the inventive
process. In this instance, the hydrogen is sometimes referred
to as hydrogen treat gas. The hydrogen treat gas rate is the
amount of hydrogen relative to the amount of distillate

20 feedstock charged to the reaction zone and generally is in
the range upwardly to 1781 m®*/m® (10,000 SCF/bbl). It is
preferred for the treat gas rate to be in the range of from
89 m*/m* (500 SCF/bbl) to 1781 m®/m’ (10,000 SCF/bbl), more
preferably, from 178 m*/m® (1,000 SCF/bbl) to 1602 m®/m®

25 (9,000 SCF/bbl), and, most preferably, from 356 m*/m> (2,000
SCF/bbl) to 1425 m°/m’ (8,000 SCF/bbl).

The desulfurized distillate product yielded from the
process of the invention has a low or reduced sulfur
concentration relative to the distillate feedstock. A

30 particularly advantageous aspect of the inventive process is
that it is capable of providing a deeply desulfurized diesel
product or an ultra-low sulfur diesel product. As already

noted herein, the low sulfur distillate product can have a
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Thi s exanpl e descri bes the procedure used to treat the hydrocarbon

oi |l -i npregnated and the non-oil inpregnated conpositions of Exanple 1, and
it presents performance 10 results fromtheir use in the

hydr odesul f b@ahioey of a diesel feedstock. Tri clel-g@nkhdoworreoz

m cro-reactors were used to test the hydrodesul furization activity of the
hydr ocarbon oil -i npregnated and non-oil inpregnated conpositions described

in 15 Exanple 1. A 50 cc vol une, based on conpacted bul k density of whol e
pell ets, of each conposition was used in the testing. The reactors were

packed with extmudabeserdtaeasd «naBPOSitdsantnahisohpydl &rdehyited taet h 80- 60
mesh SiCin the volunetric conposition-to-diluent ratiq of 1:2.8. The
conposi t i onsC e "BFT A BT FTEGEARER SIPFi R TSTAGES HEFEYRLE f eed

i ntroducti onm¢rcdaedare wWhesehhanhes canposbt | BrsswaBadh | Isppleated up and
condi ti oned Jt_)élssc%ggcéi ng Lt wi th pure hydrogen at the operating pressure
and at a tenpérature i AP "range of from149 C (300 F) to 204 C (400 F)
for a tin®e perio@heffdloutin®>xbRprhesirare Pok$owiedgte hiwthpdr ogen treat ment,

the conmposi t] 00 M5 SWehi e H3lRds &t kAUl Sl granian «gaptaidingg DVDS to

provide a sulfur content of 2.5% The activity of the compositions were
tested by chif FiengorHeeeat orifkitt RS L1151 EAeRY Fre&lSt BEIENEECA- di esel boiling
30 range having the distillation prepsgires (per ASTMtest D-2287) that are
presented in Table 1. The_ feedstock had a sul fur con%ent of 1.8 wt.% and
it was charged t o theBRLE STeSHNPLH Wes PO ¢a att &16r essure of 1075
psig, ati@ Hwirecadb@s ofi0-prmrsgaetad |daoditioi oY sipaceveet e tapd( LHSV) of

0.86 hr-2. The hydrogen gas rate charged.to the reactor was 4,500 scf
H2/ bbl . The Wei g aver age ¥e terrpe‘? aturée {WABT) was adjusted to provide a

treated product Hawtaig anbreursted atiehat was 10 ppmw.
An amount of dried and calcined standard alumina 1.3 mm

trilobe extrudate was impregnated with a

15 nickel/molybdenum/phosphorous containing impregnation
solution. This impregnation solution was an aqueous solution
made by dissolving nickel oxide (NiQ), molybdenum trioxide
(MoO3)} and phosphoric acid in de-icnized water with heating
and stirring. A volume of the impregnation solution was used

20 to fill the pores of the extrudate so as to load it with 4.2
wt% nickel, 18.5 wt% molybdenum, and 3.3 wt% phosphorous,
with the weight percents being on a dry basis. The
impregnated extrudate was allowed to age for two hours, and,
then, it was dried in air at 100 °C to reduce the volatiles

25 therein to a content of 7.3 wt% to provide the non-o0il
impregnated composition.

Hydrocarbon coil-impregnated composition

The hydrocarbon oil-impregnated composition was made by
impregnating an amount of the non-oil impregnated compesition,
30 as described above, with a volume of alpha olefinic oil,
containing alpha olefins having from 18 tc 30 carbon atoms,

and having a density of 0.79 gm/cc. Approximately 90 % of the

pore volume of the non-0il impregnated composition was fiiled

20



FIG 1 presents the results of the testing with plots of the WABT as a
function of run length (in hours) for the non- oil inpregnated conposition
and for the hydrocarbon oil-inpregnated conposition. It can be observed

from t hese yah 8do5/00b913t hat the hydrocarbon oil -inpregnat e¢rfRBHRSGIHI20N
exhibits a significantly better hydrodesul furization catalytic activity

t han does the non-oil inpregnated conposition by requiring a nuch | ower
tenperature to achieve the specified sulfur reduction of the feedstock. The
al so show that the 15 hydrocarbon oil -inpregnated conposition exhibits good
catal ytic stwyd ikhy ypes élidrenidalihe dne a@bﬁ&idﬂeaiﬁ_{lﬂ oD 22&{hqgof Diesel
Feedst ock Wéer;np]érature 01/(1)*1 t lef %gngo/g g; %rom ?L%g %L%% ‘;IC(? ﬁ\ras impregnated
into the non-o0il impregnated composition, which had been pre-
heated to about 85 °C, to provide the hydrocarbon oil-
5 impregnated composition.
EXAMPLE 2
This example describes the procedure used to treat the
hydrocarbon oil-impregnated and the non-oil impregnated
compositions of Example 1, and it presents performance
10 results from their use in the hydrodesulfurization of a
diesel feedstock.
Trickle flow micro-reactors were used to test the
hydrodesulfurization activity of the hydrocarbon oil-
impregnated and non-oil impregnated compositions described in
15 Exzample 1, A 50 c¢¢ volume, based on compacted bulk density of
whole pellets, of each composition was used in the testing.
The reactors were packed with extrudates of each composition,
which were diluted with 80-60 mesh SiC in the volumetric
composition-to-diluent ratioc of 1:2.8. The compositions were
20 conditioned and sulfided using a delayed-feed introduction
procedure whereby the composition was first heated up and
conditicned by contacting it with pure hydrcgen at the
operating pressure and at a temperature in the range of from
149 °C (300 °F) to 204 °C (400 °F) for a time period of about
25 12 hours. Following this hydrogen treatment, the composition
was sulfided using a liguid hydrecarbon containing DMDS to
provide a sulfur content of 2.5%.
The activity of the compositions were tested by charging
the reactor with a blended feedstock of a diesel boiling
30 range having the distillation properties (per ASTM test
D-2287) that are presented in Table 1. The feedstock had a
sulfur content of 1.8 wt.%, and it was charged toc the

reactor, which was operated at a pressure of 1075 psig, at a
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rate so as to provide a iiguid heourly space velocity {(LHSV)
of 0.86 hr™'. The hydrogen gas rate charged to the reactor
was 4,500 scf H?’/bbl. The weight average bed temperature
{WABT) was adjusted to provide a treated product having a
sulfur content that was 10 ppmw.

FIG.l presents the results of the testing with plots of
the WABT as a function of run length (in hours) for the non-
o0ll impregnated composition and for the hydrocarbon oil-
impregnated composition. It can be observed from these plots
that the hydrocarbon cil-impregnated composition exhibits a
significantly better hydrodesulfurization catalytic activity
than does the non-o0il impregnated composition by requiring a
much lower temperature tc achieve the specified sulfur
reduction of the feedstock. The also show that the
hydrocarbon oil-impregnated composition exhibits good
catalytic stability over time.

Teble 1 — Distillation (D-2287) of Diesel Feedstock
With 1.8 wt.% Sulfur

% °F

IBP 268
5 384
10 425
20 473
30 493
40 519
50 542
60 564
70 585
80 609
%0 641
95 663
EP 714
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90 641 95 663 EP 714 20 CLAIMS 1.A nethod of nmaking a catal yst
conposition, wherein said nethod conprises: 5incorporating a

nmet al -contai ning solution into a support material to provide a
nmet al -i ncor porated support material ;

CLAIMS
1. A method of making a catalyst composition, wherein said
method comprises:
5 incorporating a metal-containing solution into a support

material to provide a metal-incorporated support
material;
incorporating hydrocarbon oil into said metal-
incorporated support material to provide an oil-

10 impregnated composition;
treating with hydrogen said oil-impregnated composition;

and
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i ncorporating hydrocarbon oil into said netal -incorporated support materi al
to provide an oil-10i npregnated conposition; treating with hydrogen said

oi | -inpregnated conposition; and contacting with a sul fur-containing
conpound sai d hydrogen treated oil-inpregnated conposition. 23a 2. A
method as recited in claim1l1, wherein said netal conponent includes a G oup
9 and 10 net alcogerpenent wellee ediffamddie oy cOMdsindgLofd cobal t and
ni ckel , and wherein said Goup 9 and 10 netal conponent is present in an
amount 5 in t AYdaegE & @18 wWimpmpane LG \qompRsit3onx net hod as
recited in any one of clains 1 and/or2, wherein said netal conponent
further includes a G oup 6 netal conponent selected fromthe group

consi sting of nolybdenum and 10 tungsten, and wherein said Goup 6 netal
conponent is present in an anmount in the range of from5 w. %to 50 wt. %
4. A nmethod as recited in any one of clains 1-3, wherein said

net al -i ncorporated support nmaterial containing said 15 hydrocarbon oil is
uncal ci ned and non-sul fided prior to said treatnent with hydrogen. 5. A
met hod as recited in any one of clains 1-4, wherein said treatnent with
hydrogen is conducted at a hydrogen

23a



20 treatnent tenperature in the range upwardly to 250 C, in a gaseous

at nosphere having a hydrogen partial pressure in the range of from1l bar to
70 bar, and for a hydrogen treatnment tinme period in the range of fromO.1
hours to 100 hours. 25 6. A nethod as recited in any one of clains 1-5,
wherein said hydrocarbon oil conprises hydrocarbons having a boiling

tenperature i & thaeHangs dedirtea LD G dion 550 Whevd rcayn e repdgict ed from
hydr ocarbon m xtures of the group consisti of heavy napht ha, kerosene,

di esel , FREPSNENtiEG IS SFad RFSIP Cardith ﬂ?ﬁrﬁﬁ%l igPERRR S En el /¥t 93 om 12
40 , ' .of, ' i b .in th
to carops th%“%f%'%} l&%)?‘%l%é:tlﬁ'lgér& A4 ns | 3G AT, 0&3}&‘3{%&{%{‘ 6f e

range of from 18 to 30. as recited 1n any one
wher ei n Badal Erawgathemd il med asluldamp agearpo uired 1irse ssortduict ech Bymaorit act i ng

said support ,material t ted with hydrogen wth g sul fur-containing
conpogndlﬁn§@F 53“?5%5F%§%58hé%t s thg’gﬁ%WGﬁe‘H sul fiding tenperature
in the range of from 150 00 to 450 C and a sulfiding pressure in the range

of from1 bar 10 to 70 bar. @ 8. A nmethod as recited in any one of clains
1- 7, wherei n gy Mitheg 3ai gerhbsd pbk 2P NERRAIA Hdridwarlberddior2irnt o sai d

met al -i ngaLRAnat ggi?,{“ﬂBQéi g@ﬁg&ﬁ&{t ﬁ?%ﬁq ti%c;ﬂu’a%%r ROE3LEM ﬁ“ﬂ@?él
material Is dried so as fo contain a volatiles content I'n the range of
from 3 t cop@onent¥%skOected. £om oriposytdwgn amde diy nanpfomelgbdehemnehdods of

cl ai 1 .through 8.
T& tungs%%n, and wherein said Group 6 metal component is present

Q.

in an amount in the range of from 5 wt. % to 50 wt. %.

4, A method as recited in any one of claims 1-3, wherein
said metal-incorporated support material containing said
15 hydrocarbon oil is uncalcined and non-sulfided prior to said

treatment with hydrogen.

5. A method as recited in any one of claims 1-4, wherein
said treatment with hydrogen is conducted at a hydrogen

20 treatment temperature in the range upwardly to 250 °C, in a
gaseous atmosphere having a hydrogen partial pressure in the
range of from 1 bar to 70 bar, and for a hydrogen treatment

time period in the range of from 0.1 hours to 100 hours.

25 6. A method as recited in any one of claims 1-5, wherein
said hydrocarbon o0il comprises hydroccarbons having a boiling
temperature in the range of from 100 °C to 550 °C and can be
selected from hydrocarbon mixtures of the group consisting of
heavy naphtha, kerosene, diesel, gas oil, olefins having

30 carbon numbers in the range
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10 10. A process, conprising: contacting under hydrodesul furization process
condi tions a hydrocarbon feedstock with any one of the conpositions of

claim?9.

10

of from 12 to 40 carbons, and mixtures of alpha olefins

having carbon numbers in the range of from 18 to 30.

7. A method as recited in any one of c¢laims 1-6, wherein
said treatment with a sulfur compound is conducted by
contacting said support material treated with hydrogen with a
sulfur-containing compound under contacting conditions that
include a sulfiding temperature in the range of from 150 °C

to 450 °C and a sulfiding pressure in the range of from 1 bar

to 70 bar.

25



10

8. A method as recited in any one of claims 1-7, wherein
pricor to said incorporating said hydrocarbon ¢il into said
metal-incorporated support material, said metal-incorporated
support material is dried so as to contain a volatiles

o

content in the range of from 3 to 20 wt. % LOI.

M

9. A composition made by any cne of the methods of claims 1

through 8.
10. A process, comprising: contacting under

hydrodesulfurization process conditions a hydrocarbon

feedstock with any one of the compesitions of claim 9.
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