; } ~e3e\ YA06FT@H2WO U2/ U~1235 PCT/ U SU | [1-482U2 SLURRY HYDROPROCESSI NG FOR
HEAVY O L UPGRADI NG USI NG SUPPORTED SLURRY CATALYSTS FI ELD OF THE | N\/El\ﬂ'l@
An enbodiw@e/08R3 he i nstant invention is directed to an iPGTEHOME2S| urr

hydr opr ocessi ng process. BACKGROUND OF THE | NVENTI ON Sl urry hydroprocessi ng
(SHP) is a technol ogy capable of providing a | ow cost neans for upgrading
heavy crudes. Nunerous patents exist that teach the use of hydroprocessing

to obtain upgaded products from heav%&?rudes 3,622,495 and U. S.

3, 622, 498 descri hSIURRYHYDROPRO SSiNGdTQR@E%eWy@Ibconver sion of a
hydr ocar bonaceﬂ%RM@éGsUlENG:SUHQRG%B SHURRY CATAJVSFS The process
utilizes finely divided catal yst selecte romthe netals o oup V-B
"VI-B or VIII of the periodic table. Preferred netallic conponents are
vanadi umFIBLDOETHE INVENFEON, ni ckel , ni obi um nol ybdenum tantal um
and/or tungsten. The Goup VIII noble netals are not generally considered
‘for use. The catal yst may be conbi ned with a refractory inorgani c oxide
carrier, but the pr ces facilitated, .when the sulfide of the

nmetal is unsupport uge% '%81“? @WW@%%‘%‘H’% tedl toan ntegrated
hyd d At | t t of th
y rocracsw gedp%&rsﬁﬁy%,ggé gf €si duum conver si on. east part o e

cat al yst rocracking is extracted fromthe reacti on zone
and subjected to a hydrotreatnent regeneration fol]o ycl e back to
the hydrocracking ste The process is said to red m@@ E meﬂductlon to a
consi der kA6 P pEATONPCT/ USU 1

conventional slurry hydroproceSS|ng has met w th varyi Hg%* degrees of
comerci al success, there still remains a need in the art for processes and

slurry catalysts t @Eﬂ&%&pﬂo@egsm &136) ¥ £lelfinGidPy Sapasik' of pr¥viding

a low cost means for upgrading heavy crudes. Numerous patents exist that teach

N ‘.LL" &

the use of hydroprocessing to obtain upgraded products from heavy crudes.

U.S. 3,622,495 and U.S. 3,622,498 describe a slurry process for
effecting the hydroconversion of a hydrocarbonaceous charge stock containing
sulfurous compounds. The process utilizes finely divided catalyst selected from
the metals of Group V-B, VI-B or VIII of the periodic table. Preferred metallic
components are vanadium, chromium, iron, cobalt, nickel, niobium,
molybdenum, tantalum, and/or tungsten. The Group VIII noble metals are not
generally considered for use. The catalyst may be combined with a refractory
inorganic oxide carrier, but the process is said to be facilitated when the sulfide

of the metal is unsupported.

U.S. 4,525,267 is directed to a process for hydrocracking
hydrocarbons for residuum conversion. At least part of the catalyst utilized in
the hydrocracking is extracted from the reaction zone and subjected to a
hydrotreatment regeneration followed by recycle back to the hydrocracking step.

The process is said to reduce coke production to a considerable degree.

U
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As the supply of low sulfur, |ow nitrogen crudes decrease, refineries are
processing crudes with greater sulfur and nitrogen contents at the sane

ti me thatwembsushental regul ati ons are mandating | ower | PEEVESUHHE20Rese

het eroatons in products. Consequently, a need exists for increasingly
efficient desul furization and denitrogenation catalysts. Wat is needed in
the art is an inproved process and catal ysts whi ch upgrade heavy feeds
econom cally and effectively. SUMMARY OF THE | NVENTI ON An enbodi nent of the
instant invention is directed to a prozess conprising the steps of: (a)
slurry hydroprocessing (SHP) a hydrocafbon feedstock, at slurry

hydr opr ocessi ng conditions, in the presence of a hydrogen containing treat
‘gas and in the presence of a supported netallic catalyst conprising a
supported sul fi de oWkile ¢@pehtionsl sRiey hydtdprooessingohdssmeevath mﬁngt | east
one netal selected fromthe group consisting of non-noble Goup VII

‘metal s, Glegrpeswicommerciabsutccasss there stillvemants anesdeimthe artifos prpeesses s an

i norganic refractory oxide carbon, or m xtures thereof and wherein said
catal yst HMSSIHFYAALAINES tg?tafﬁrﬁlilé%ﬂ Bnprovv%ytﬁﬁmqgsﬁlec@,w/ USUL/ - L82U2 about
0.5 to about 100 microns to obtain a first product stream conprising said
catal yst and a hydroprocessed feedstream (b) separating said first product
into a catalyst-freasRhedbsply JiERSubfly, Bw AkRIgEACregeY dichéddg, Stream (c)
recycling at |l east a portion of the catalyst-containing streamto said

hydr opr oceedmienigs ateprocassingehides DS caler Gl foF andihitFogaiRimténtgat thel depi cts
one possible flow schene for the instant invention, Feed and ﬁhurry

cat al yst $AmeHme hahopyisyBentakragylatons ase mngﬁgnaﬁ@wehw&mf hesene react or

1LV iRt A SRR s s AP EBRL S 0o 0"

desulfurization and denitrogenation catalysts.

What is needed in the art is an improved process and catalysts

which upgrade heavy feeds economically and effectively.

SUMMARY OF THE INVENTION

An embodiment of the instant invention is directed to a process

comprising the steps of:

(a) slurry hydroprocessing (SHP) a hydrocarbon feedstock, at
slurry hydroprocessing conditions, in the presence of a
hydrogen containing treat gas and in the presence of a
supported metallic catalyst comprising a supported sulfide of at
least one Group VIII non-noble metal and at least one metal
selected from the group consisting of non-noble Group VIII
metals, Group VIB metals and mixtures thereof wherein said
support is an inorganic refractory oxide carbon or mixtures

thereof and wherein said catalyst has an average diameter of



means, where the effluent is separated into a catalyst-free streamand a
catal ystcontai ning stream The catal yst containing stream after w thdrawal
of a purgeO92/p¥aMm to control solids concentration in the PE€IAIOt/H8202ui d, is
recycled to the hydroprocessing reactor along with fresh feed. The catal yst
free streamis then separated into gaseous and |liquid products. The gaseous
products include hydrogen which can then be recycled to the slurry
hydr opr ocessing reactor. Figure 2 depicts another possible flow schene
where volatiles are renoved before the_separarion of the first product into
a catal yst-free and catal yst-contai ni n%r stream WO (12/11S923S -4 PCT/ U
S01 /.18202 Figure 3 depicts another possible enbodi nent where the

‘vol atiles are renoved fromthe first product stream during separati on into

a catalyst free and cafialhys!s RP&HG’%itrl'OOancrr&g@fq]ro sfﬁﬂsygfbtd“fctw‘% Shown)

slurry hydroprocessing reactor can be passe ugh a co

"and introduced into a@uqinmg&ndmamwtmdthFmgsmewere t he
hydr ogen gas, along with anmmoni a and hydrogen sul fide by- products fromthe
hydr opr ocessi ng reactions, nmay be separated fromthe liquid effluent and
recycl ed back for reuzﬁ)el n the h%/ﬂ(ir en stream The recycled gas is usually

passed through a scruBtBLPCRATRHNE st rodugbinto g ara&@% & and
ammoni a. This is usuallygg nhlbltlng ef fect of
such gases on the kineti cs%ﬁqﬁagd&? gg‘tfl ng ancggtlpéaghto reduce corrosion in
the recycle circuit. Fresh make-up hydrogen can be introduced into the
recycle circuit. The gas-free |i UId fromthe gas-liquid separator then
enters a solids separ &)oiecydlingatf casterpomanmfrﬂme catalyst-centainihggaream t he
like, in order to d|V|dethe rotreatln tor effluent into a

cat al yst cont ai ni ng st r eal® S& é ﬁPB%‘iPé?mggF"é’a DETAI LED DESCRI PTI ON OF THE

| NVENTI ON An aspect of the instant invention provides an integrated slurry
hydr opr ocessi ng process which provides a nore effective and efficient

process IBRIFPFTPESCREFPEONOFTHE FIGURESf rom the slurry. The process nmay
al so include separating sard catalyst-1ree product streaminto gaseous and
| i qui d hydrocarbon conponents prior to said step (c). A w de range of

petr ol eum and Chemﬁgh:é‘l"ih’éﬁfc?sr&%‘?&%ﬂﬂgu” ¥ Scififle B Y fhtRfocessed 1

accordance with the esent” I nvent
invention. Feed and slurry catalyst enter the hydroprocessing reactor along with

hydrogen. The reactor effluent is then passed to a separator zone that may
comprises a cross-flow filtration chamber, as shown here, or other separation
means, where the effluent is separated into a catalyst-free stream and a catalyst-
containing stream. The catalyst containing stream, after withdrawal of a purge
stream to control solids concentration in the reactor liquid, is recycled to the
hydroprocessing reactor along with fresh feed. The catalyst free stream is then
separated into gaseous and liquid products. The gaseous products include

hydrogen which can then be recycled to the slurry hydroprocessing reactor.

Figure 2 depicts another possible flow scheme where volatiles are
removed before the separation of the first product into a catalyst-free and

catalyst-containing stream.



WO 02/ 059235 PCT/ USO01/~82U2 -5 feedstocks, which will typically contain
both nitrogen and sul fur, include whole and reduced petrol eum crudes,

at nrospherw@ 0f#2%acuum r esi dua, asphal t enes, deasphal t ed dATEYSOEAHEA2 oi | s,
FCC tower bottons, gas oils, including atnospheric and vacuum gas oils and
coker gas oils, light to heavy distillates including raw virgin
distillates, hydrocrackates, hydrotreated oils, dewaxed oils, slack waxes,
Fi scher-Tropsch waxes, raffinates, naphthas, and m xtures thereof. The
heavy feeds which may be treated in acgordance with the teachings herein
are heavy feeds, defined as feeds having an APl gravity of < 10-15 with a
viscosity of > 60 centistokes at 60 [err] C, including heavy crude oils and
‘vacuum resids. The |ight feeds which can be processed herein include feeds
such as kerosene, hbmguradatepmgs andthes possibletembodiment sihors the vadatiles | s,
straight run vacu gas, oils et¢. and m xtyres thereof. Typically, such
‘feeds wi |11ret{§v‘@v§3?€ﬁmithﬁflﬁﬁim93w sticam, GuRg SAPAZAAN It arcgtalyy free1050 ~F

(about 16 . a di of the instant [nvention
(illustra e‘gcﬁﬂgfyéu{ 8‘3‘%"3’% 5“%%?&%%“5@%%%?%33 PIQESFINE ( SHP)
catal yst, reabfrGatitle d@yél{ﬂﬂ@gglﬁ RobR4 (h 5 h&dd S an

ext er nal rpurrp- aroung)l i ne an céogsﬁéwgf%o@%ﬁa%%@h%%?gggfIow
filter chhgidrsepatatathorodisergagingameansvhere thednairogeragak, abongewithur e,
consists of a vapor ,zqne and_|1i Hydr.ogen and gaseous products are

uid zone.
removed fRBMAMRRa0d by %ﬁeﬂdféﬁegbmm%ﬁmgwgbsairepr.occﬁfgn&muons,
catalyst-free liguid s wthdra roygh ,the grossflow filter, and the
resul t ant (%{%gl %?g?fag%‘iwf'é?f‘hf'}?gqu\%g&ﬁﬂ“?'ﬁgdﬂé‘c?ﬁﬁk"gﬁgﬁﬁdfﬁETFB%Fc%‘?hF after
renoval o ' r j [ reactor.
The r ecyc{‘}é&g?%gﬁn@hﬂmgﬁﬁgggggbIi%'}'éli%gpl IFJ/S seﬁg%gﬁglgggﬁ}%bg% ggﬂdi rectly
to the reshivm) torreproaeihyellogér sulfide ahd aaimériad Hiis éxusualgdetomfindygd fresh
catal yst may be used in conbination with the recycled catal yst. Catal ysts

whi ch” maybesause pf thesmhibiting effeat ohsuchrgaseson thpkinetios obhpdsptrestingland ~
ang. m xt uHES 1 Fiisg coraBit i O o et o PRk R ad rdacp o " ™
ol yhaenui REE nd t Ol Bttty ThOBR- Hed MO ATRL IR IRNECS o1 s

wi || haveseparastoetieneemesedotids sepgriany, 6r @ fileboviculinbflash, ebauifudder m crons
and can be prepared directly frompre-sized i norganic oxide materials or

obt ai ned W likedin prdgrite diwide theohydrotsating s¢acjorsfilucabingo hdtalysteat i ng

catal ysts. Preferabl t e cat.alysts will be prepared ex-situ by crushing
commer ci af PHfANAE ?’5?#/'@ aﬁ'ataa?rygllgy atal yst supports to obtain the
desired catalyst dianeter. It is believed that the selection and control of
the particle size distribution of the catal yst enhances solid-liquid

separ at i O(DETAISEPDESCRIPYIONOF THE INVENTION Ul f uri zati on process. The
ex-situ preparation provides exibrTrty to control the particle hardness
and attrition resistance, intrinsic catalyst activity and other catal yst

exan) e of a useant anc Al of BE Bl GeVeUR ot shoniEra eI iR, 0o
V1T non RAPBRIccbSREIRARSS ik VAR pibre VL anl R iche PP ot 1

The ol arby éhpovieg sépdratonaf prrlucefiom te dlugyi s 0. 1/1 to 3/1, preferably
0.25/ 1 to 2/ 1, nore preferably 0.3 5/ 1 to 1/ 1, and nost preferably

0.4/ 1 to 0.7/ 1. WO 02/ 059235 -7 PCT/ USO1/-L8202 Anot her useabl e

sul fided catal yst c rises at | eas hree netal s
Y The process may eﬁso 1;mc ude separat?ng said catalyst-free product

stream into gaseous and liquid hydrocarbon components prior to said step (c).

A wide range of petroleum and chemical hydrocarbon feedstocks

can be hydroprocessed in accordance with the present invention. Suitable




wherein at | east one of said netals is a Goup VIII non-noble netal and at
| east one of said netals is a Goup VIB netals where the ratio of Goup VIB
metal to V@ORPSNBI| non-noble netal is fromabout 10:1 to PAHAROIHE2DQ),
supported on an inorganic oxide. In yet another preferred enbodi ment the
supported sulfided netallic catal yst has a precursor represented by the
formula: (X)b(MO)~(WdOz; wherein X is a non-noble Goup VIIl netal, and
the nolar ratio of b to (c+d) is 0.1/1 to 3/1; the nolar ratio of c to d is
? 0.01/1; and z = [2b + 6(c+d)] 2. In apother preferred enbodi ment of the
present invention the Goup VIII non-imoble netal is selected fromN and
Co. In still another preferred enbodi nent of the present invention the
"Goup VIIl netal is Ni, and the X-ray diffraction pattern of the catalyst

i s essentfealldtyclyyavhitipwdllwpically xohedin both @iadken ahd duifur-ikelude #iglems and d
= 1.70 Angstrons. In yet another preferred enbodi nent of the present

'i nvent i omandrednesdipetreleinm oudps, tatmpsphirid andv&sum tesidua) asphalignesie nol ar
rati o of t is.1/10 to .10/ Desired catal ysts that _are used to process
vy T cctrasmaAlisceils SHolsRils, FOG s Dalioris, 8at ofSangRding Ammospherie, -
distillat |l ref.ery. [ I, i ters_are between
12.0 and . ch%%g%@%é@%&%ﬁrﬁp godﬁhégﬂawsgg d%ﬁgﬁé%eﬁ@a Y ween 14.0
and 18.0 ﬁ@mﬁﬁgﬁlmﬁmg%&&&at&%%@&u&{%'d‘e%é%dﬁls, 51a6%waxis ef er red

medi an pore di anmeters > 30 nm “These nedi an pore diaheters aré
typi cal | yFidehersTriopsech twaxely mpffinmtesymiaplithas, and mixtures thereof.

The heavy feeds which may be treated in accordance with the
teachings herein are heavy feeds, defined as feeds having an API gravity of <
10-15° with a viscosity of > 60 centistokes at 60 ° C, including heavy crude oils

and vacuum resids.

The light feeds which can be processed herein include feeds such
as kerosene, home heating oil, straight run atmospheric gas oils, straight run
vacuum gas oils etc. and mixtures thereof. Typically, such feeds will have a
boiling point in the range of about 60 to about 1050 °F (about 16 to about 566

-3

C).

In an embodiment of the instant invention (illustrated in Figure 2, a
feedstream and slurry hydroprocessing (SHP) catalyst, along with hydrogen are
fed to a reactor, which includes an external pump-around line and crossflow
filter chamber. The crossflow filter chamber, which operates at reactor pressure
and temperature, consists of a vapor zone and liquid zone. Hydrogen and
gaseous products are removed from the vapor zone to a downstream separator.
Upgraded catalyst-free liquid is withdrawn through the crossflow filter, and the
resultant catalyst-containing liquid is recycled to the reactor, after removat of a

suitable purge stream to control solids level in the reactor. The recycle stream




The process conditions in the hydroprocessing reactor will depend on such
things as the particular feed being treated. Such conditions are readily
adj ust ablwol99/084385 ski |l l ed arti san within the ranges herei PGTAlYMS20Eener al
process conditions for SHP include tenperatures of about 500 to about 900 F
(about 260 to about 482 ~C), preferably about 650 to about 850 F (about 385
to about 454C) and nost preferably about 725 to about 850 ~F (about 343 to
about 454 ~C) and pressures from about 300 to about 2500 psig (about 2170
to about 17,339 kPa), preferably about_ 500 to about 2500 psig (3,549 to
about 17,339 kPa) and nost preferably g\'bout 800 to about 1000 psig (about
5,617 kPa to about 6996 kPa). The hydrogen treat gas rate is suitably about
‘200 to 2000 SCF/ B (standard cubic feet per barrel) (36 to 360 nB/ nB),

pr ef er abl ganatiofed dibéktlyotolthe Qedetbror(ientive @ wdthdie fPash fEb& stremhdence tinme is
suitably fromabout 0.5 to 4 hours and preferably about 1 to 2 hours. For

‘heavy f eefidditionally, tirﬁ&h eatahyst may hetusgdrin sombinatinewith therecytbstb - ~F (552 +
~C to 552 conversion of at |east about 30% preferably about 40% and
nost pr efC@F%PM?/ fromabout 50 to 60% Catalyst concentration on feed w |
range fromabout 1 wt%to 30 w% preferably about 5 to about 20 % It is
to be understood that the hydroprocessing of the present invention can be
practiced in one orCamlgsts GicH ﬁﬁ¥lﬁﬂﬁﬂ1zéﬂ(in<iﬁé‘nh@nﬁbﬁ%é§ orfedei t her
countercurrent flow or cocurrent | ow node. By countercurrent flow node we
mean a praatalystsmide suppoeismayheoriiprisks imoeganié refractopuoxides suctead sitica,t he f1 ow
of hydrogen-¢on ni.n treat as. WO 02/ 089235 PCT/U S(11 /-1L82112 g_

The slurr umms@ F-‘h thezeoie earbonrandpixgires of carhopcand worganic be

eact L?edfgﬁ%s@b%"#i% o RSO WHEBfTHARE: sBbBuRe SoldeX o ™ {he T eod may
be m xed mblybdenli na&N, @apiteh, mdlﬁltgéﬁnﬁiﬁw%fhm{ee&télgsﬁvﬂpami on
tenperature’ire a furnace or preheater. Alternatively, the hydrogen gas can

be i ntrochavecinaverage dianmter tangirgyftompabone 65 togabam iOSrmicTines arbearor
contains the sl uc{,q!lEd f ﬁ | yst as revi ously descri n@fd Recycl e of the
react or &1 pgparedgizectly ﬁﬁ‘P@%‘Eﬁ WW@O hobidinediby t he

reactor z e pr ferred odi. ol i ds separation
from ¢ ne 1SAGcinEtng e SRS E»ﬁw*%?%h@fa‘i@?ﬁrw%@x% ing step
integrated with a punp around loop in the slurry reactor. In the turbul ent
cross-flow filtration zone there is mnimal build-up of filter cake, which
i ni m zes probl ens Breferably,abe vatalysts wilbbe prepiired exSitacby qraslabgi shed
separation steps such as gravity settling, centrifugation and ot her
commonl y $ammereially availeble eatalysts and satalyst supperisto gidgsired t h

ot 1 of entoiet AR, ‘RiLBIPEE hotind SPRERG 5‘@?88éﬁ§28§ﬂﬂ‘a§ﬂ Rt 1y

that has @igg{butRncstthe cafily §tfbﬂh£ﬁc%§ts‘élldQR§ﬂd’rs§pﬁﬁn8ﬁlaﬁﬂtsi ficaHify t he

cross-flow filtering system The skil tisan can readily sel’ect such
par amet eriprowes the hydrodeselfarizatibnepriocessndhe exesitiapreparationt provitledi anet er s
on the order_of 0.5 to 25 mcrons in size wil| be utilized. The performance

of the cr%@gbxlawtmcwtmlﬂg:mraplerwdmsendmwmwcgwmsw. lter media
ai ds. Thes di i ds can be s eC|aII articles in the size
range of %lé'tg %C%Vdg'eﬁtf?ﬂ?’ff%@ YShRropgftie r{adltéqgh&%)[c e filter nedia
surface t 9235 PCT/ USOL/ - 18202 - 10per for mance.
Filter desi gn can e| t hﬁﬂysb g&)aggi&fl ushed or continuously purged

configuration. The cross-flow filtration step can be either close coupled
to the reactor in an external punp around |oop or integrated into the
reactor design as aAsicaxample of atuseable satalystisia supporied sulfided materiglunp

Lo phra e SiBcy PrashEsof SepreSMET by the'roTamula OULY). W% 7SS "9
Group VIII non-noble metal and Y is a Group VIII non noble metal or a VIb

metal. The molar ratio described as the ratio of b:c is 0.1/1 to 3/1, preferably
0.25/1 to 2/1, more preferably 0.35/1 to 1/1, and most preferably 0.4/1 to 0.7/1.



separate substantially all of the catalyst fromthe |iquid hydrocarbon
product. Thus, the separation step is typically carried out under

condi t i onsOwlhER233TAXI M ze separation to produce a recycl alFCT/EsY 18202

catal yst product having a maxi mum concentrati on which can be punped or
conveyed to the feed. This is typically in the range of from about 5 wei ght
percent ("wt. %) to about 75 wt. % preferably in the range of from about
10 . %to about 50 wt. % and even nore preferably in the range of from
about 15 wt. %to about 35 wt. % Except for cross-flow filtration, the
separation step may conprise the use 6f° centrifuges, cyclones, filters or
even settling and drawoff. The foll ow ng exanples are neant to be
‘illustrative and not limting. Exanple 1 A supported slurry catal yst was
prepared by reduci ngnbfiferisésble suRIddRiatdlost! n?ﬁag NnyPe yst
(Catalyst A). A sanple of Catal ‘;s;gt A waagd?wéetqbb Il er%n%:?liég overﬁ?g % and
‘dried at Whereid dbleabponSefisdid mietalsA§ & Ciroapl Vilhnow-nableddel aad aBldastr s, a
fine powdered_catal yst sanple was obtained with W) 02/0S9235 -11

PCT/ USOL/ ongobsaidengialsdg a o¥IB metals whese the etionfdGraupr ¥H3 metaltor t o
hydr ot r eajd n ts. It was e-greated. wt.h hydrogen and hydyogen sul fide
under 100670 éﬁ@é@é“ﬁi‘ﬂﬁ)“‘%@f{sﬁ%@ %PBE!QTQ‘%%?P&%%ESW?%‘?J W at 725F
(385 ~O) {iRkofific ¥kiye €s both to sulfide and to activate the catalyst. Table
1 provides additional physical properties of this catalyst. Table 1.

Physi cal Properties of Pre-treated Slurry Catal yst A Physical Properties of
Slurry Catalyst A Mo, Mt%5.9 NI, wt%1.73 Surface Area, nez/g 121 Pore

Vol ume, cc/g 0.41 Mstyetranesheripreteredembodiment thesupported sulfidad: al

hydr opr ocessi experinment invol ved charqi.ng,an. autocl i\t 0 g of
Fosi " (AL REATEY eRoRNES 2 mieCisSoAEPresPaled 1B ToRmutE; GRIMAN IR on ¢ he
basi s of v K. i 1 . :o [ T5F
(413 ~ Q) %ﬁ?fg}rﬁqkogﬁ%é ?'S’GFG%MH{&@@P%%W%&@?S of q%dfcgﬂdﬁ_té%r s
Hydrogen pas] {d 9MEthd HoPatatie Wiio d 3¢ DEAV1lavd b= [2BH6(@AdFRS ecti ve
hydrogen partial pressure of about 900 psig (6307 kPa). The "autocl ave was
then cooled to 300F (149 ~ C) and vented, and the |iquid containing the
In another preferred embodiment of the present invention the

Group VIII non-noble metal is selected from Ni and Co.

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

In yet another preferred embodiment of the present invention the
molar ratio of bto (c+d) is 0.25/1 to 2.0/1 and the molar ratio of c to d is 1/10 to
10/1.

Desired catalysts that are used to process heavy feeds have median
pore diameters between 10.0 and 35.0 nm. For distillate boiling range feeds,
preferred median pore diameters are between 12.0 and 20.0 nm; and most

preferred median pore diameters are between 14.0 and 18.0 nm. For heavy



catal yst was di scharged. The product was separated by filtration through a
two | ayer of filter conposed of one sheet of #2 and one sheet of #3 Wat man
filter papen2/0s9Ehe solid was washed with tol uene and dri edWIindi/48242 uum
over night. WO 02/ US9235 PCT/ US(11/.182U2 -12The product oil was anal yzed
for metals, sulfur and M crocarbon Residue (MCR). Table 2. MId Slurry
hydr opr ocessi ng tests of supported slurry Catalyst A Conditions 775F (413
~C), 1000 psig H2 (6996 kPa), 2 hours. The catal yst was charged at 12 wt %
on feed equivalent to 0.5 W% M on feed. Brent VacuunResi dArab Li t Vacuum
Resi dTotal Liquid Product uali FeedCycl'® 1FeedCycle 2N, nl03.6727. 316. 0V,
nB81. 7795. 718.7_S w %. 170. 264. 181. 37MCR W % ~14. 99. 6824. 312. 8 Tabl e 3.
‘Limted Catal yst Recycle Tests of the Supported Slurry Catalyst A on ALVR

Condi ti ongedd préferti3nedian ggé@?&ni&éﬁ dr€99%0 i) Thie Iﬁe(hQ# dre L he catal yst

was charged at 12 wt%on f or the first cycle, equivalent to 0.6 wt % M
‘on feed. dian@tess are wypiballyogetemeined by Hgpatosimgtryd Product FeedCycl e 1Cycl e
2Cycl e 3Qual ityNi, PPM27.114.520.521.6V, PPM5. 718. 623. 925. 3S,

wt %l. 181. 441. 641. 70CCR, wt %24. 313.514.514.8 WO 02/ 0s923S

The process conditions in the hydroprocessing reactor will depend
on such things as the particular feed being treated. Such conditions are readily
adjustable by the skilled artisan within the ranges herein taught. General process
conditions for SHP include temperatures of about 500" to about 900'F (about
260 to about 482 "C), preferably about 650 to about 850°F (about 385 to about
454°C) and most preferably about 725 to about 850 'F (about 343 to about 454
°C) and pressures from about 300 to about 2500 psig (about 2170 to about
17,339 kPa), preferably about 500 to about 2500 psig (3,549 to about 17,339
kPa) and most preferably about 800 to about 1000 psig (about 5,617 kPa to
about 6996 kPa). The hydrogen treat gas rate is suitably about 200 to 2000
SCF/B (standard cubic feet per barrel) (36 to 360 m*/m?), preferably about 500
to 1500 SCF/B (90 to 270 m*/m®). The residence time is suitably from about 0.5
to 4 hours and preferably about 1 to 2 hours. For heavy feeds, it is preferable to
attain about 1025 + "F to 1025 - 'F (552 + "C to 552 - C) conversion of at least
about 30%, preferably about 40%, and most preferably from about 50 to 60%.
Catalyst concentration on feed will range from about 1 wt% to 30 wt%,

- preferably about 5 to about 20 wt%.

It is to be understood that the hydroprocessing of the present
invention can be practiced in one or more reaction zones and can be practiced in
either countercurrent flow or cocurrent flow mode. By countercurrent flow
mode we mean a process mode wherein the feedstream flows countercurrent to

the flow of hydrogen-containing treat gas.
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achi eved for both Brent VR and ALRV, and HDS was particularly higher due to
Ni conponents of the catalyst. The recycle test, though not under optinum
conditions, indicated that the supported slurry catalyst could provide
reasonabl e recycle activity maintenance (Table 3 ). In addition, since the
supported slurry catal ysts are nmade ex-situ, their particle size can be
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distillates, asphaltenes, deasphalted oils, cycle oils, FCC tower bottons,
gas oils, hydrocrackates, dewaxed oil, slack waxes, Fischer Tropsch waxes,
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zone there is minimal build-up of filter cake, which minimizes problems
associated with filter binding. Other established separation steps such as gravity
settling, centrifugation and other commonly known techniques may also be
employed in combination with cross-flow filtration to enhance the process

performance.

The most efficient process will employ a catalyst particle size and
functionality that has been selected for the reactor conversion objectives and the
cross-flow filtering system. The skilled artisan can readily select such
parameters. In the most preferred embodiment, catalyst particle diameters on the
order of 0.5 to 25 microns in size will be utilized. The performance of the cross-
flow filtering step may be enhanced by the use of filter media aids. These filter
media aids can be specially sized particles in the size range of about 5 to 200

microns that are used to pre-coat the filter media surface to enhance filter
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I norganic refractory oxide catal yst support is selected from al um na,
silica amdomemsazses thereof. 5. The process of claim1l whdGVuB03/a8202
catalyst is a supported sulfided material prepared froma precursor
represented by the fornula (X)b(Y)~ where Xis a Goup VIII non-noble netal
and Yis a Goup VIII non-noble netal or a VIb netal and the nolar ratio of
btocis 0.1/1 to 3/1. 6. The process of claim1l wherein said catalyst
conprises at least three netals and wherein at | east one of said netals is
a group VIII nonnoble netal and at onmd0of said netals is a group VIB netals
where the ratio of group VIB netal to group VIII non-noble netal is from
‘about 10:1 to about 1:10. 7. The process of claim 1l wherein said cataly
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‘(c+d) is donPighrdtiond/ 1; the nmolar ratio of c:d is > 0.01/1; and z = [2b +

6(c+d)] 2. 8. The process of claim1l wherein said Goup VIII non-noble netal
is nickel. 9. The process of claim8 wherein sai d cat al yst has an
essential ly anorph x-ray.diffraction patt rystal peaks at
d=2. 53 Angstrons anﬁ‘%qos?tﬂ%‘ﬁgém% step can er' cfost coupllec{' to the

reactor in an external pump around loop or integrated into the reactor design as a

section of the reactor in combination with a pump around zone (not shown in the

figures).

In most slarry hydroprocessing operations it is desirable to
separate substantially all of the catalyst from the liquid hydrocarbon product.
Thus, the separation step is typically carried out under conditions which
maximize separation to produce a recyclable active catalyst product having a
maximum concentration which can be pumped or conveyed to the feed. This is
typically in the range of from about 5 weight percent ("wt. %") to about 75 wt.
%, preferably in the range of from about 10 wt. % to about 50 wt. %, and even
more preferably in the range of from about 15 wt. % to about 35 wt. %. Except
for cross-flow filtration, the separation step may comprise the use of centrifuges,

cyclones, filters or even settling and draw-off.

The following examples are meant to be illustrative and not

limiting.

Example 1
A supported slurry catalyst was prepared by reducing the size of

commercially available NiMo catalyst (Catalyst A). A sample of Catalyst A was
wet-ball milled overnight and dried at 100 -110°C for 3-4 hours. After calcining

at 400°C for 3 hours, a fine powdered catalyst sample was obtained with
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properties of this catalyst.

Table 1. Physical Properties of Pre-treated Slurry Catalyst A

Physical Properties of Si Catalyst A
Mo, wt% 59
Ni, wt% 1.73
Surface Area, m%/g 121
Pore Volume, cc/g 0.41
Median Particle Size, pm 3.6

Example 2

A typical hydroprocessing experiment involved charging an
autoclave with 100 g of resid (ALVR, Brent VR), and appropriate amount of
catalyst chosen on the basis of wt% metal on feed. The mixture was stirred at
1500 RPM at 775°F (413 “C) under 1000 psig (6996 kPa) of hydrogen pressure
for 2 hours. Hydrogen was flowed through during the test to maintain an
effective hydrogen partial pressure of about 900 psig (6307 kPa). The autoclave
was then cooled to 300°F (149 ° C) and vented, and the liquid containing the
catalyst was discharged. The product was separated by filtration through a two-
layer of filter composed of one sheet of #2 and one sheet of #3 Whatman filter

papers. The solid was washed with toluene and dried under vacuum over night.
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Ni, ppm 10 3.67 27.3 16.0
V, ppm 38 1.77 95.7 18.7
S wt% 1.17 0.26 4.18 1.37
MCR wt% 14.9 9.68 24.3 12.8

Table 3. Limited Catalyst Recycle Tests of the Supported Slurry Catalyst A on
ALVR. Conditions: 775°F (413 ° C), 1000 psig (6996 kPa) H,, 2
hours, the catalyst was charged at 12 wt% on feed for the first cycle,
equivalent to 0.6 wt% Mo on feed.

ALVR Slurry Hydroprocessing
Total Liquid Product Feed Cycle 1 Cycle 2 Cycle 3
Quality
Ni, PPM 27.1 14.5 20.5 21.6
V, PPM 95.7 18.6 23.9 253
S, wt% 418 1.44 1.64 1.70

CCR, wt% 24.3 13.5 14.5 14.8
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In summary, it has been demonstrated that the supported shurry
catalysts could be utilized to improve the quality of feeds. In the case of the
slurry Catalyst A (Table 2), better upgrading results were achieved for both
Brent VR and ALRV, and HDS was particularly higher due to Ni components of
the catalyst. The recycle test, though not under optimum conditions, indicated
that the supported slurry catalyst could provide reasonable recycle activity
maintenance (Table 3). In addition, since the supported slurry catalysts are made
ex-situ, their particle size can be better controlled and the size distribution can be
made particularly narrow, thus providing for better solid-liquid separation

relative to soft, small particle catalysts.
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CLAIMS:

1. A process comprising the steps of:

(a) slurry hydroprocessing (SHP) a hydrocarbon feedstock, at
slurry hydroprocessing conditions, in the presence of a hydrogen containing treat
gas and in the presence of a supported metallic catalyst comprising a supported
sulfide of at least one Group VIII non-noble metal and at least one metal selected
from the group consisting of non-noble Group VIII metals, Group VIB metals
and mixtures thereof wherein said support is an inorganic refractory oxide,
carbon and mixtures thereof, and wherein said catalyst has an average diameter
of about 0.5 to about 100 microns to obtain a first product stream comprising

said catalyst and a hydroprocessed feedstream,;

(b) separating said first product into a catalyst-free product stream

and a catalyst-containing stream,;

(c) recycling at least a portion of the catalyst-containing stream to

said hydroprocessing step (a).

2. The process of claim 1 wherein said hydrocarbon feedstock
is selected from the group consisting of heavy feeds, distillates, asphaltenes,
deasphalted oils, cycle oils, FCC tower bottoms, gas oils, hydrocrackates,
dewaxed oil, slack waxes, Fischer Tropsch waxes, raffinates, naphthas,

hydrotreated oils and mixtures thereof.

3. The process of claim 1 wherein said catalyst is selected from
a supported sulfided metallic catalyst wherein said metal is selected from

molybdenum, nickel, tungsten, cobalt and mixtures thereof.



10z 4!10%& ()- " S210%& () -
1'110%z& ()-, ! 109% V& () - 44#4f 44n66dEj _@ 1L109%&' ()- 109%&' ()-1 -&10%& () -
951098 (WO 03MEES () - "&10%&' ()-688::::;~ b@1!9 ! 10%z& (ACTYUSOIE82& ()- 10
10 10" -s!109%& ()-"+109%&' ()- L!109%& ()-f~;

; M<MP??2dEb@ 1! @t 10% &' ()- s-s10%& ()- !10%& ()-LS10%& ()-

Y:110%& ()-L10%& ()-???@aoaodC 1! 109%&' () - 109%& ()- 10z 10z

10z&6: ! 10% & ()-"14y10%& ()- 210%& ()-
@AAABBBCABbLC 1! ! HL109%& ()-11090& ()- 10%& ()- S10%&' ()-M 109%& () -

"10%& () - CCOCC3D{ DEdELC 1! ! 90! 109%&' ()P 10%&' ()- * 109& ()-,) 10%& ()-

9s' 109%&' ()- $109%& ()- EhEEFFFF%qFb@ 1! & ! 109%&' ()- & !10% & ()- 10 10
'10s37 109%& ()- sy5@ 10%& ()- 3 10%& () -

qFXFGLGVZG G Go@ 1! 9*"10% & ()-9*"10% & ()-9*"10% & ()- @ 10% & () -! cy10%&
0)-

4.  The process of claim 1 wherein said inorganic refractory

oxide catalyst support is selected from alumina, silica and mixtures thereof.

5. The process of claim 1 wherein said catalyst is a supported
sulfided material prepared from a precursor represented by the formula (X)s(Y).
where X 1s a Group VIII non-noble metal and Y is a Group VIII non-noble metal
or a VIb metal and the molar ratio of b to c is 0.1/1 to 3/1.

6.  The process of claim 1 wherein said catalyst comprises at
least three metals and wherein at least one of said metals is a group VIII non-
noble metal and at one of said metals is a group VIB metals where the ratio of
group VIB metal to group VIII non-noble metal is from about 10:1 to about
1:10.

7.  The process of claim 1 wherein said catalyst is prepared
from a precursor is represented by the formula (X),(Mo)(W)4O,; wherein X is a
non-noble Group VIII metal, and the molar ratio of b to (c+d) is 0.5/1 to 3/1; the
molar ratio of ¢:d is 2 0.01/1; and z = [2b + 6(c+d)]2.

8.  The process of claim 1 wherein said Group VIII non-noble

metal is nickel.

9.  The process of claim 8 wherein said catalyst has an
essentially amorphous x-ray diffraction pattern with crystalline peaks at d=2.53
Angstroms and d=1.70 Angstroms.
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12.  The process of claim 10 wherein filter media aids

comprising particles in the size range of about 5 to about 200 microns are

utilized.

13.  The process of claim 10 wherein said cross-flow filtering

step 1s integral to said slurry hydroprocessing step.

14. The process of claim 1 wherein said process further
comprised separating volatiles from said first product stream prior to said

separation step (b).

15. The process of claim 1 further comprising removing

gaseous overheads during said separation step (b).
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17.  The process of claim 1 further comprising separating said
catalyst-free product stream into gaseous and liquid hydrocarbon components

prior to said step (c).

18.  The process of claim 1 wherein said supported metallic

catalyst has a median pore diameter of between 10.0 and 35.0 nm.



