CATALYSTS, PREPARATI ON OF SUCH CATALYSTS, METHODS OF USI NG SUCH CATALYSTS,
PRODUCTS OBTAI NED | N SUCH METHODS AND USES OF PRODUCTS OBTAINED 5 Field of
the Invention The present invention relates to catalysts, preparation of
such catal ysts, nethods using such catal ysts, products obtained in such

met hods and uses of products obtained. Background of the invention

10Crudes (whether in the formof crude oils, or solid or sem-solid

hydr ocar bons such as bitunmen) that have one or nore unsuitable properties
that do not allow the crudes to be econom cally transported, or processed
usi ng convent carrlysraci BREPRRETION ©FCSUTHD CAYALESIEY, r BETHADSA6F "k @dvant aged
15 crudes". DJ.sa d i nders the
di sadvant age%c(%r g%@h‘%ggmﬁr%%%% %gg%gn | g’hg{; %%%g%oﬁ%atl o% %Eﬁd/ or
treatnment facilities. Di sadvant BREEICEFSUERBAINERI ng hi gh vi scositi es,
additionally, may also include hydrogen deficient hydrocarbons. Wen
processing 20 .disadvant aged,Grydes having hydrogen deficient hydrocarbons,
consi stent qu en may need to be added to inhibit coke
formation, parti €t &TC§erE EVEVht @ "eéApRT dtourasd aifd Shi BFFirésset e are used

to process tdresdisadantaged ek Lstes ulslmajosgm choyeMer, hS®estly to produce
and/ or costk%ﬁZS to transport to treatnent facilities, Conventi onal

met hods of aeirg t'hE i &Wt9P§%6§V¥VS%?cﬁhgra?@ﬁﬁvﬁﬁfﬁﬁﬁﬁ'crude i ncl ude
contacting tteekdisadyaft agedneetdsmat el evated tenperatures and pressure
wi th hydrpogen in.the p ce catal ys osits forned durlng 30
proce53|%g may a%%ﬁ%ﬁlé?%gﬁh the1%§?ggfmpd¢éguo$(th’c%¥§1yst Whi |l e

vi scosi ty ariorsotivehypropebbiressateap douvednbytiedntaet wofe the feed with
the active L8l dilibbee SIRLLEE; ROLES: Ofo LR CRIAI Aok LhRk.! BE wepoSits
and/or |arge conpounds contributing to viscosity can not enter.

Di sadvantagé§06Pm€ﬁﬁ@énf¥%ﬂﬁﬁ0r§%@eﬁysP§0%ﬁﬁ?a@ha%lW%é?“V%ﬁﬁhoﬂélS|gnlflcant

amounts of Mdr egeitd,Na08 d&nnbR) Priegessed N® as “disadvantaged

15 crudes”. Disadvantaged crudes may have a high viscosity that

renders the disadvantaged crude undesirable for conventional
transportation and/or treatment facilities., Disadvantaged
crudes having high wviscesities, additionally, may also
include hydrogen deficient hydrocarbons. When processing

20 disadvantaged crudes having hydrogen deficient hydrocarbons,
consistent quantities of hydrogen may need to be added to
inhibit coke formation, particularly if elevated temperatures
and high pressure are used to process the disadvantaged
crude. Hydrogen, however, is costly to produce and/or costly

25  to transport to treatment facilities.

Conventional methods of reducing the high viscosity of
the disadvantaged crude include contacting the disadvantaged
crude at elevated temperatures and pressure with hydrogen in
the presence of a catalyst. Deposits formed during

W  processing may accumulate in the larger pores of the catalyst
while viscosity and/or other properties are reduced by
contact of the feed with the active metals in the smaller
pores of the catalyst that the deposits and/or large

compounds contributing to viscosity can not enter.



hydr ogen deficient hydrogens and the | arger pores of the catal yst becone
filled. Thus, the activity of the catalyst 5 is dimnished and the life of
the catal yst is reduced. It would be desirable to have a net hod
and/or a catalyst for reducing the viscosity of disadvantaged crudes at

el evated tenperatures and m ni mal pressures for a prolonged period of tine.
10U. S. Patent Nos. 6,554,994 to Reynolds et al., 6,436,280 to Harle et al.,
5,928,501 to Sudhakar et al., 4,937,222 to Angevine et al., 4,886,594 to
MIller, 4,746,419 to Peck et al., 4,548,710 to Sinpson, 4,525,472 to
Moral es et abisac4dadOye203rt@nbeuthoall ebralysts4ad8IniQletiey RDahbberg et al .,

15 and 4, 191,636 .to Fukui et al. d§$cribe vg%gous processqgi systens, and
catal ysts for Prééeddi RFCEPRISS BRYSF df S aVSAt Syt °EFtides® U S. Publ i shed
Pat ent Appl i matricgan Niest.i 2006 01/83444n 2 @ntihtlou gl r200 50183448 tthe Bhan et al .

20080150818 10 BN ‘2t Al " 20080165008 15 BhdA o Al 300KG147850 to Bha

20050150818 to an et a 8 to an et” a 20 to Bhan
et al ., 20050167324t Hregughd 20050167 332 the ocBlams et salreduo®ds50173301 t hr ough

20050173303 to Bhan,&h: gale, 3209600603184 ShaRihode0831465 heyBhan;
20060231456 to 25 Bhan; 20060234876 to Bhan; 20060231457 to Bhan and

20060234877 1Y BRARCIE067000086 10 Bhans&tvaal-29e20576600808 to Bhan;
20070000811 4izvidBad etenplratlriseenatiionak) Rudlsisaass ofdxNasprMRn2008/ 016969
and WO 2008/106979 to .Bhan; and U.S. Patent Application Nos. 11/866, 909;
11/ 866, 916; 011886, 99% t hr ough 11/866, 923; 11/ 866, 926; 11/ 866, 929 and
11/ 855, 932 to Sh#ns etpaaknt MNad.ed, Cet,0M9dr t3,RODO0T (s arte af.el ai.ddcpatent

appl i cat i ons, and, desgribe var,Qus, processes.. SYst e, 4,896, £atalysts for
processi ng crudes and/ or di sadvant aged crudes.

Angevine et al., 4,886,594 to Miller, 4,746,419 to Peck et

al., 4,548,710 to Simpson, 4,525,472 to Morales et al.,

4,499,203 to Toulhoat et al., 4,389,301 to Dahlberg et al.,

15 and 4,191,636 to Fukui et al. describe various processes,
systems, and catalysts for processing crudes and/or
disadvantaged crudes.

U.S. Published Patent Application Nos. 20050133414
through 20050133418 to Bhan et al.; 20050139518 through

200 20050139522 teo Bhan et al., 20050145543 to Bhan et al.,
20050150818 to Bhan et al., 20050155908 to Bhan et al.,
20050167320 to Bhan et al., 200530167324 through 20050167332
to Bhan et al., 20050173301 through 20050173303 to Bhan et
al., 20060060510 to Bhan; 20060231465 to Bhan; 20060231456 to

25  Bhan; 20060234876 to Bhan; 20060231457 to Bhan and
20060234877 to Bhan; 20070000810 to Bhan et al.; 20070000208
to Bhan; 20070000811 to Bhan et al.; International
Publication Nos. WO 2008/016969 and WO 2008/106979 to Bhan;
and U.5. Patent Application Nos. 11/866,909; 11/866,916;

30 11/866,921 through 11/866,923; 11/866,926; 11/866,929 and
11/855,932 to Bhan et al., filed Cctober 3, 2007, are related

patent applications and describe various processes, systems,



U S. Patent Application No. 11/866,926 describes in Exanple 24 a catal yst
that includes 0.02 grans of silica- 5 alumna and 0.98 grans of al um na per
gram of support, nickel and nol ybdenum The catal yst has a nmedi an pore

di ameter of 155 A, with at | east 60% of the total nunber of pores in the
pore size distribution having a pore dianeter with 28 A of the nedian pore
di aneter and a surface area of 179 n2/g. 10 Contact of a hydrocarbon feed
with the catal yst and hydrogen at a tenperature of 410 C and a pressure of
3.8 MPa produces a crude product that has a reduced viscosity as conpared
to the hydrogad henzfead whihachydiagerueonsuapbi ofi sabv3be e/ nB. The
distribution of pores in the pore volune of the 15 catal yst is not

di scussed in %%?ﬁple 24. I n Exanple 26, the catal yst includes an al um na
support, alum navoxi datkhnesgplandt ol wbdenutdodebad .detheiloat dlnyst has a
medi an pore

€ D ' i on_of. pores in the
pore vol une. Hﬁ%ﬁi%c%qz# %é deg%%fEmnqgeeé)a? édg%cognﬁﬂ B3 8 MPa
produces & crlugenprodudt 28 hatarsast aalnedne etk viosepsift yurkydr.ogenkebnsunpt i on

was not di Scm%lwamtuﬁe W&C%%ag%mgag@n@aygﬁwreoﬁ R g1 26.
Al t hough, V|sco§sty reduction can be achieved with both of these catalysts,

t he hydr ogen!torsutiptli 6 {e25teltqti Velrentyift 2BPPReCdaPPoitali"PtBt i cat i on

NOSh \C/i\D 2]90835(_9&3635% an@t&d?)&%&/ 1&9@91(7139&'[ pox%;@maﬂ@%ﬁd Iwbl&héﬁi al ysﬁt s and
met hods of using the catal yst to produce rocar bo qcts avi ng
reduced pitcH® Pfﬂ?rméﬁdx REtS %Hhﬁaﬁﬁﬁé¥ﬁ fhe? | |E5§ h¥dr ocar bon feed.

The cat ahystsordeserobed hiytrdoeaiph esedd amdln!ti’r)le cacilude an@0ussuppert havi ng
2 S A S A, R YRdODaNd kel dhe gabal waks baye med an

por e di anet et's o ess surface areas rangin rom 133.5 2/ 9
to 332 nR/ g.a Thedhyrraeat bomtphetuc tredpreducedobitcant aetpafedatoheavy

hydr ocar bon .t ﬂy&ﬁ?oa%%ﬁ' YIS w@%h tLNRALALLH €5n0hmAd8nCoangt pressures of
1900 psig (abqut 13 , rc%@ﬁave reduced " pitch and sul fur content as conpared
A

to the |ﬂ|t|@ﬂ/%ydr6 THREd O TRESC S CdlY BAZS dOMBE i Sédss 5

reducti ofs of 236981 sy ndt dM JHLABLG P SSURES: Wat h W niaRb: hydr, oges
consunption It woul d be advantageous to_ be abl e 5$ onvert a

hydrocarbon‘F@é&yﬁﬁfﬁ”&uﬂ?ﬁﬁﬂhPéwﬁgFiﬁ PRMG 't REPBYEY 8%4 "&Cononi ¢ val ue,
into a crudengr adugicchani ngraa .detheasedl o Hascasiddiabypeont acti ng t he

hydrocarboncjeegtgggﬂ?g&glﬂal hgdbo gg C&Es%ﬂBtkl ghgorgsultkgg crude
product may, Rereafter, ' be conver ec ednhy ¢arbon products
usi ng convenkw@na¢hhwﬁro€¢w§ﬂmtngfdaﬁaherQnarbon feed fy &I endit woul d be

advant agapus, oubave ueal al ¥shal SolQheCalN Ads O4lt-ddiggonversion of the
hydr ocar bon fee wi'th ong use ?
viscosity. Hydrogen consumptlon was not discussed for the

procass using the catalyst of Example 26. Although,
viscosity reduction can be achieved with both of these
catalysts, the hydrogen consumption is relatively high.

25 International Publication Nos. WO 2008/016969 and WO
2008/106979 to Bhan describe catalysts and methods of using
the catalyst to produce hydrocarbon products having reduced
pitch, sulfur, and MCR as compared to the initial hydrocarbon
feed. The catalysts described in Examples I and III inciude a

30 support having 2% silica in 98% alumina, molybkdenum and
nickel, The catalysts have median pore diameters of less
than 100 A and surface areas ranging from 133.5 m”/g to 332

m’/g. The hydrocarbon products produced by contact of a



Summary of the invention It has now been found that a hydrocarbon feed
with a high viscosity can be converted into a crude product having a 20
decreased viscosity with mninmal hydrogen consunption by using a specific
hi gh surface area catalyst. In addition it has been found that such high
surface area catal yst has an increased useful life. Accordingly, in
sone enbodi nents, the invention provides a 25 catal yst conpri sing:

one or nmore netals from Colum 6 of the Periodic Table and/or one or nore
conpounds of one or nore netals from Colum 6 of the Periodic Table and a

support; whergis, hb@r@d&%@@htwﬁt@m@% S@%aﬁwm QaLO%exg@@m&up@s Q2 qgnam of
silica and 30 from 0.80 grans ranms of al um na per gram of support,

and wherein t%é‘”@a?ﬁ‘?%{r’eﬁa@fé%arﬁ’% 3?%‘:‘%6‘1‘3 HF31 d4¥E 3AG M g, a pore
size distri bpl;ttld)ﬂavmtéhl&u%dd)rﬁf@npo&e cﬂhm@zﬁ‘ﬁé@l‘tooﬁ:healtnlmfﬁlsi 100 A, and at

| east 80% of pore me o] por i.aneter of at nost 300
A Fur P4 ey TR N sof(rgrzé"?gent)llh&SB %‘?DS]} ﬁ\é |r%5vgir{1)t ﬁ%n (ﬁrSSW %:Ies a catal yst
conpri si ng: E@het@pnm?emﬁe@a}ltsr Bt omCoklnpr Gsofes hexunem odiag Tabl e and/ or
one or nore conpoupds,of,.ane,pr nmore metals from Col um 6 of the Periodic
Tabl e and a }guppggt & g?nothe support conprises fromO0.01 granms to 0.2
gram of silica and V‘P‘blrﬁ 998@)‘1‘{;3{“&?}’@@?‘{)9 G099e rdRstofcAVERt i per gram of

support, 10 gpdovaessi tcbhewsat al Msdn exBbi-hitis,, 0nBd OmdrREErPEAKSWDEt ween 35
degrees and 70 degrees, and at |east one of the peaks has a pase w dth of

at | east 10 ‘i%ﬁ‘lo@ég V%lléledef‘éfroman@ﬂu%%/ RYOFAGE i P act (6 at5%t t het a.

Further, 1n ﬁnﬂﬁmeﬂﬁQQtMBnténtﬂhhethmwgm&bamﬂ@HDWEd®3uahlﬁlmm&ﬁod of maki ng
a catal yst co risin t1o/C0" @HIIin ne or. nor ngﬁcgl§afron1Cblunn 6 of
the Peri odi ¢ ¥ ABPE" and/S8FP61d or ' Hore compounds “ofP one or more metal s from
Col um 6 of tiwreeRéténdive Fabtetart bo seduppot thmgommﬁnderfadhrﬁé:tsal / suppor t
conposi tion, J%QQrgbgW;ﬂqoﬁgpgg%}ogge Lomprkses fkom 0. 01 grams to 0.2 gram
of silica an romo0 gr ans grans of alunlna per gram of support;
and cal ci nifhgedHe iapt Bl Mouppora acoapedaoentathayet enpdrdt’éke from 315

Cto 760;€ to.Prav dea ctal cidedneataloysts hayd Rgasosbacear @aref at | east
340 nk/ g, a pore size distribution

long useful iife.

Summary of the invention

It has now been found that a hydrocarbon feed with a
high wviscosity can ke converted into a crude product having a
20 decreased viscosity with minimal hydrogen consumption by
using a specific high surface area catalyst. In addition it
has been found that such high surface area catalyst has an
increased useful life.
Accordingly, in some embodiments, the invention provides a
25 catalyst comprising:
ong or more metals from Column 6 of the Periodic Table
and/or one or more compounds of one or more metals from
Column 6 of the Periodic Table and a support; wherein the
support comprises from 0.0l grams to 0.2 gram of silica and
30 from 0.80 grams to 0.99 grams of alumina per gram of support,
and wherein the catalyst has a surface area of at least 340

m’/g, a pore size distribution with a median pore diameter of



25 with a nmedian pore dianeter of at nost 100 A, and at |east 80%of its
pore volunme in pores having a pore dianeter of at nost 300 A wherein
surface area is as determ ned by ASTM Met hod D3663 and pore di aneters and
pore vol unes are as neasured by ASTM Met hod D4284. 30Further, in sone
enbodi nents, the invention provides a nethod of making a catal yst

conpri si ng: co-nmulling one or nore netals from Colum 6 of the
Periodi ¢ Tabl e and/ or one or nore conpounds of one or nore netals from
Colum 6 of the Periodic Table with a support to provide a netal/support
conposi ti on, amhekei md me §mpmr ueggmdo«ses f1:0fb0e Ok 1ghaNsn t2x@s2 gram of
silica and fromO0.8 grans of um na per gram of support; and
5cal ci ni ng nléqvélnﬁsﬁ orret db%?ﬁft%l Pfo‘?'lt JPsh ¥ rature from315 Cto 760 C
to provide a cal cungtk:catal yste enbetieienti hehaCohuemt nmptabiat al yst

exhi bits one, e Kk tween 35 degrees and 70 degrees, and at | east
one of the peg{?slry(ggswgﬂ%%agep dth of at |east 10 degrees, as determ ned by
x-ray diffractiopnato2mohetmetalar Eher Coilpms gmeferbodiarentss Tahéei nvention

provides a nethed ofec RLOAYEL NGuRoGAHAR PEQNUGE oSO HAZE NP om
contacting a hydr ocarbon feed with one or nore catal ysts to produce a total

product that“IRePubied’ tthe Beiidelipr Bict and 57 \ivepPer é(“thelr%h%tu‘@ne of the
cat al ysts cospidoseScnei06s e 0ed Bld-alk oo @Dugﬂan@ af sthe-sPerntiodi c Tabl e

and/ or one o nor. e ounds of one or from um 6 of the
Periodi ¢ Tab emaRdSéjl %BBOW O wHePEIH togoajs‘ﬂ?ﬁ%‘r Petotnpti 8 Cg S¥FSHT 0. 01 grans
to 0.2 gnansamf wdskléioa tandcdradms0. 8higranson«o o, 89-2Pegkansetofeal um na per

gram of supPeY brecand: Wer o) udhie ColUN.0 NELA! coatal Y3L hag.aysyriace area

of at |east a pore size dis ution WI an pore di aneter
of at nost 190aAe ‘amhapfl@*as?tease%%fdagﬁsemra@ @et@rménued poregakavi ng a
pore di amet ef; 4f-.at; wsk 300, A, and 25wherein surface area is as determ ned
by ASTM Met hod 03663 and pore dianeters and pore volunes are as neasured by
ASTM Met hod T382r. Rt thée, @ipddBret enfs8di Mg 1o i 9va¢ehtd on provi des a

met hod ofis prieduwekings a;laqqaugea pieducts CRppLisiqig: 30contacting a hydrocarbon
feed wth one or mor e catal sts
co-mulling o or more metals from Column 6 of the
Periodic Tabie and/cor one or more compounds of cne or more
metals from Cclumn & of the Periocdic Table with a suppoert to
provide a metal/support composition, wherein the suppori
20 comprises from 0.01 grams to 0.2 gram of silica and from 0.8
grams to 0.99 grams of alumina per gram of support; and
caleining the metal/support composition at a temperature
from 315 °C to 760 °C to provide a calcined catalyst having a
surface area of at least 340 m?/g, a pore size distribution
25  with a median pore diameter of at most 100 A, and at least
80% of its pore volume in pores having a pore diameter of at
most 300 A, wherein surface area is as determined by ASTM
Method D3663 and pore diameters and pore volumes are as
measured by ASTM Method D4284.
30 Further, in some embodiments, the invention provides a
method of making a catalyst comprising:
co-mulling one or mere metals from Column & of the

Periodic Table and/or one or more compounds of one or more



for at |least 500 hours at a tenperature of at |east 200 C and a pressure of
at least 3.5 MPa to produce a total product that includes the crude
product, wherein at |east one of the catalysts conprises one or nore
metals from Colum 6 of the Periodic Table and/ or one or nore conpounds of
one or nore netals from Colum 6 of the Periodic Table and a support;
wherein the support conprises from0.01 grans to 0.2 grans of 5 silica and
fromO0.80 grans to 0.99 grans of alum na per gram of support, and wherein
the Columm 6 netal catalyst exhibits one or nore peaks between 35 degrees

and 70 degregssaland-ah doeash E‘Dr@ﬁ{ ofe the:pgaksraas @idaseswhih ef at | east
10 degrees, as deternlned by a¥8d|ffract|on at 21%%eta 10Further, in
0

sone enbodlnﬁﬁﬁ%Letﬁé“?ﬁ@éﬁ???ﬂﬁi TRYE 180 ¢ riGES Y ddic £ Bduced by t he
net hods as desgrdibed ahave. 01 gramsFufuhergrmmcﬂbselﬁnmadﬁnﬁﬂmsp 8 he

i nvention pr vi de ro osi tion atota
Ni / Fel V cont ht"o a?h%g 5 ﬁgggﬁ1a§@15gﬁg}§gﬁgﬁgg@ Eﬁg%M Met hod
D5708; 5 a re:gildueu@ome*eaﬂt/scutapatt lcwapt s O:izngehns tﬁ@pegarfameof
hydrocarbon eonpasit+on.assgederm Bﬁ%@)é AIM VBER0G, 8307, whereind

distillate content of at |east 0.2 granms per gram of hydrocarbon
conmposi tion B determi hEGthy BSTMMetHEdPEE3e 20a87%Hl PEfFTont ent of at

| east 0.04 gb@meelaesss Heaireof A}Wnocwm@spomsitt L@fsasndet ermiened by ASTM
Met hod D4294; %%8# reS| e content of at t 0.06

grams per gri hﬁ?d?&@ﬁ?b%ﬁ§§bﬁgd§i i°6A" H (ﬁgf%?%ﬁﬁ?dd%vﬂﬂg?ESZS Met hod
D4530; and wbherneirayt fief fipde bearshon-cemaosi tion has a viscosity of at nDst

100 cSt at 37, 8ch%rasl Igesto%rn%l o% RxnéST%NEEP\Pe%%%gmmdesfu a itk AR

sone enbodlneﬁi n provi‘des a transportation conpr|5|ng
one or nore dfsnwﬁbahﬁaQOCtmﬁimﬁoﬁsmpr@@mpedﬂﬁmon1the hydr ocar bon

conposition as deggringd aboyesrocarbon fﬁeatmrh ohB ép%r@nb%mgggs t he
i nvention provides a diluent ‘produced fromthe héhrocar on conp05|t|on as

descri bed ab®ve@roPRCe (it tthéR! eGP ErtaE, IreltdntesPe riomds pees FicE -

15 wherein at least one of the catalysts comprises one oOr more
metals from Column 6 of the Periodic Table and/or one or more
compounds of ong or more metals from Column & of the Periodic
Table and a support; wherein the support comprises from (.01
grams to 0.2 grams of silica and from 0.80 grams to 0.99

20 grams of alumina per gram of suppori, and wherein the Column
6 metal catalyst has a surface area of at least 340 n@/g, a
pore size distribution with a median pore diameter of at most
100 A, and at least 80% of its pore volume in pores having a
pore diameter of at most 300 A; and

25 wherein surface area is as determined by ASTM Method
D3663 and pore diameters and pore volumes are as measured by
ASTM Method D4284.

Further, in some embodiments, the invention provides a method
of producing a crude product, comprising:

30 contacting a hydrocarbon feed with one or more catalysts
for at least 500 hours at a temperature of at least 200 °C
and a pressure of at least 3.5 MPa to preoduce a total product

that includes the crude product, wherein at least one of the

4]



5 enbodi nents nay be conbined with features from ot her enbodi nents. For
exanpl e, features from one enbodi nent may be conbined with features from
any of the other enbodi nents. In further enbodi nents, additiona
features may be added to the specific enbodi ments described herein. WBrief
description of the draw ngs The invention is illustrated by the
followng figures: FIG 1 is a schematic of an enbodi nent of a contacting
system FIG 2 shows x-ray diffraction plots of intensity versus
15 degrees 2-Theta of nolybdenumtrioxi de and an enbodi nent of a catal yst.

FIG 3 is a giapliseal cdrpriesentinat bpmok Aefraliuenafolaner sidg pReduct versus
run tinme for_various catal }s FIG 4 1is aI?raphicaI represent ati on of

. YyStS.
inl et pressufe 28161 "¢HE PR 0P et IS FurP HOHBYY o1t VAT Qud©tEt al yst s.
Det ai | ed dese¢tiqitsi OncofColben i mventh®rreriodic Advaatages efptwow:a hydrocar bon

feed with a high.viscosity can be convert int cr.ud roduct having a
decr eased vig%%g?Pyg%ﬁtﬁﬂ%?ﬁ%ﬁﬁpgﬁ§%?%géﬁgg%ﬁguﬁﬁ%ﬁ%ﬁobg'géﬁﬁﬁgnapa hi gh
surface af eastldtcal yad stramel dds crpbed-ch@r 8P rgrafigechi aghvng ue f Eoe gaeea

catal ysts, pé@%&a?&@,“ Qb SuehGat Al ¥&h Smn COMRGY | 1428 ,BY dL.gGa5 bon feed
W th such catalysts, the Eroducts obtained from such processes, and the

uses of the Pro@icheroBLarhdiP Hran descerbee Hefel h.dErEai P80 2Enbodi ment s

of the inventdpns.asardeserphad hesel nakh M@ detad lieaderre used herein
are defined gljollom§. . "ASTM refgr atq,gnerjggnhsgﬁndard Testing
and Mat eri al $897ees, as gefegpiRad §¥ Fardr € 1 aRb Oy rEvit YPAE 15. 5 C (60 F).
APl graviity is asudeter,niinesbsy eASIddridat-hodcHI68A2en GAhoNTeviyedr agen
e e 102 oL BT S LR AT FE A0 Plod S TG gRLRORJRee and he
Further, in some embodiments, the invention provides a
hydrocarbon composition, comprising:
a total Ni/Fe/V content of at least 200 wtppm as
15 determined by ASTM Method D578
a residue content of at least 0.2 grams per gram of
hydrocarbon composition as determined by ASTM Method D53(7;
a distillate content of at least 0.2 grams per gram of
hydrocarbon composition as determined by ASTM Method D53(07;
20 a sulfur content of at least 0.04 grams per gram of
hydrocarbon compositicn as determined by ASTM Method D4294;
and
a micro-carbon residue content of at least 0.06 grams
per gram of hydrocarbon composition, as determined by ASTM
25  Method D4530; and wherein the hydrocarbon composition has a
viscosity of at most 100 cSt at 37.8 °C as determined by ASTM
Method D445.
Further, in some embodiments, the invention provides a
transportation fuel comprising one or more distillate
30 fractions produced from the hydrocarbeon composition as

described above.



"Bi nodal catalyst" refers to a catalyst in which at |least the majority of
the pore volune is distributed in two io statistical distributions of pore
di aneters, each statistical distribution having a significant peak when

di spl ayed on a pore vol une versus pore dianmeter plot. For exanple, a

bi rodal catal yst may have 30% of its pore volunme distributed in pores

havi ng a pore di aneter between 50 and 100 Angstrons 15 (with a peak show ng
at 80 A and 25% of its pore volume distributed in pores having a pore

di ameter between 300 and 350 A (with a peak show ng at 320 A).

Boi ling range di stfiQut] ans sbRE drbealvidiacathon hegd:iod heotodad oproduct,
and/ or the crude pr oduct are as determ ned 20 by ASTM Met hod D5307 unl ess
ot herwi se nefit{¥ifédproduced 'fESmﬁlﬁhﬁlr’?%bo?é?roéﬂpgszl%ﬁﬁal tenes that are
i nsol ubl e i naBspentangsrokh aSphaI tenes content is as determ ned by ASTM
Met hod D2007. t}'l' Cc7 g@ nes; rtef ers. to afltenes that are 25
i nsol ubl e i n n- hept &RETPCT © %ﬁzﬂen Res" Cont eht" i8¢ 5}3 ‘det’er mi ned by ASTM
Met hod D3279embodiment Cotaymive XcomtiakQsyl'tir ééetmschofone whemor e metal s of
Col um X of riodic .Jab / OF_..Qn r n f e or nore
metal s of Co%ﬁgrr%(? eg?gt hggge!re?%@l% f%%u‘%eg fﬁm ﬂa%%cgé?gsmﬁ nds to a
col um nunbefe ($GPIBRANDITE, f@aq‘%ﬁvofr@fhé’ﬂpe@fddiec O‘F%l%lf EenbrgtneEEnpl e,
"Colum 6 netal (sh' ehefiahs chBo MR NeE, nchﬁtETEﬁﬁ seht R Lalynpe &Rkt he
Periodic Table and/or one or nore corrpoun S of one or nore netals from

Col um 6 of FReMBerPoth CloTappedinents dessgifay Ber&iBnent (s)" refers to one
or nore ebenmepist @bs@ﬁipﬂmnXoﬂftHeharBﬁrngzdl c Table, and/or one or nore
conmpounds 5 of o nore el ermen s of X he Per.i odi C Table, in
whi ch X correspoﬁgg f%vemé(?fluﬁ% at(efjo}rcj’ye&haerr% lio“fé’ 918796¥°%he Peri odi ¢
Tabl e. For exarrpIEéG "C@lmmrnsdﬁerralten"emf (z8) enbedigrestt of Gnecotaqoimg el enent s
from Col um 15 .0f the Periodic Table and/or one or nore conpounds of one or
more el enents’ Wfrom Col urm 15 of the Periodic Table In the scope of
this applicationFIgei ghahogt w1t di-£frarhirher Parsi Qﬁllentl%ll‘a“ﬁéy weeisght of a
conpound ,of gefELAl 2ff1€€9at Be Reri-dhen I@%Qz_déﬂfén@hgn Qf iR 8L SR of rom the
Periodic Table, or weight of a conpound of an element fromthe Per| odi c
Table Is is €afcWPited as the wei ght of metal or the weight of elenent. For
exanple, if 0.1 gﬁarrs3 of s Mbgaapr&c%eﬂb;ﬁezrsegt@mcﬁf otad al-yslue tdre =cal cul at ed
wei ght of the r%)é gnum metal in s 0,067 grams of nol ybdenum

t al i
metal per graff 2P ATy SEFS9HEs PF? nig’ra?'%lfJeoruls'5 £8 %0t Act i ng, combi ni ng,

or pulverizing offiat 4 eiast ywipisiehst enoesetogetdrent suclett hagsatrel east two
substances ape Jxed, | %'Olégps %%”L%Jh £and, Py C@Ltilgfs%‘és Comul ling can

Iy un orm or

often form a subst an ormogeneous m xt Conul I'i ng

i ncl udes t hel2& aoyiel d a paste that can be

extruded or form@vam%e%xgmsw% H?aédc%lr%m sRheoids, Rkl s, tablets,

cylinders, irregular extrusions or 1oosel
viscosity can be converted into a crude preduct having a

decreased viscosity with minimal hydrogen consumption by

25  using a high surface area catalysts are described herein.
The high surface area catalysts, preparaticn of such
catalysts, contacting a hydrocarbon feed with such catalysts,
the preoducts obtained from such processes, and the uses of
the products obtained are described herein. Certain

30 embodiments of the inventions are described herein in more
detail.

Terms used herein are defined as follows.



bound aggregates or clusters, by any known extrusion, nolding tableting,
pressing, pelletizing, or tunbling nmethods. 30 Conulling does not include

i mpregnation nmethods in which a fornmed solid is imersed in a liquid or gas
to absorb/adsorb conponents fromthe |iquid or gas. "Content"” refers
to the weight of a conponent in a substrate (for exanple, a hydrocarbon
feed, a total product, or a crude product) expressed as weight fraction or
wei ght percentage based on the total weight of the substrate. 5 "W ppni
refers to parts per mllion by weight. "Distillate” refers to

hydrocar bons w t hhv@thei .4 ngsr anaewd st i dduhber bekwesn k82 C (360F) and 343
C (650 F) at 0.101 MPa. Distillate content is as determ ned by ASTM Met hod

D5307. 10" Het@F®atds” refers to oxygen, nitrogen, and/or sulfur contained
in the nol ecul ar ‘sprugt4rie vof refdrpdrocarbeonavHet eroat s’ cconab et .i S as
determned b STM t hods E385 far 762 f tal nitrogen, and
D4294 for su é AT Faﬁsbas|%mﬁi1P899ﬁ9%$g¥§%§108 ﬁ?%%%gen conmpounds t hat
have 15 a spKa of Atesg et Iatrodn Bagieot ajd rapgeat{igNtyrhe asrdettergs ned by

ASTM Nethod B2830, 1 yqroca iAF 0GPD, SO L& HENEILD dydiggen, and/or a

conpound and/or conpoun that when in the presence of a hydrocarbon feed
and t he cataﬁ?é%ﬂmﬁ@écbyﬂﬁﬂﬁrﬁW@Héiﬁ?%?bgen to 20 conpound(s) in the

hydr ocar bon feed. -rEAmBMQI an%elww Cx%f@ﬁfy donal ughes1 oyt ih Semek kinmited to,
hydr ocar bons (for exanp hydr ocar bons such as net hane, ethane,

propane, and!'B8tarfdf, mﬁﬁP@FY Bﬁ'ﬂ¥&P8F% VA HBF eGt MACHHEEFal An'tE may be
conduct edigt 0 sassEsS chbhedinatr-ipeoibits of phydr dgenctarayi dadh tseaPbstihel

conmpound(s) in th carbon feed., ' LH f vol.upetric liquid
feed rate pef* fd?%PtX8TuaVln9 2atarys ugﬁd F%§€§ ress%%‘yedhours (1-11).

Tot al vol unmepofe oa:tlamys*tensgscmm!daaedtély p_éumatiiogne@imidlelr gat aI yst vol unes
in the contagting,,z@0€s,AS deSELed: Nl 6. pdQ Lbguhd dTxtup&ey efers to

a conposition t I'nc ohe or nore compoun at are |iquit
standar d t enperzeiasehantpressts aigpstE @tveqn I\?Iﬁaaﬂ%elr%i ﬁa%@?o“lﬁef er red to

as "STP")ys oryua e @§ktgmlh alt ignchpdes; aseombiinat hor ebige of nore
conpounds that are gU|d at STP with one or nore conpounds that are solids

at STP. disfeioyitedi it peraf 8yt %fp%regﬁh?"&et&& Bevvsd éP0 1yl kal i
met al s, al kabbnex e@ith aretcakSshaiing, aar®@niag, chromi um or

Boiling range distributions for the hydrocarbon feed,

the total product, and/or the crude product are as determined
20 by ASTM Method D5307 unless otherwise mentioned.

“Cs asphaltenes” refers to asphaltenes that are
insoluble in n-pentane. Cs; asphaltenes content is as
determined by ASTM Method D2007.

“Cq asphaltenes” refers to asphaltenes that are

25 insoluble in n-heptane. ¢y asphalitenes content is as
determined by ASTM Method b3279.

“Column X metal{s)” refers to one or more metals of
Column X of the Periodic Takle and/or one or more compounds
of one or more metals of Column X of the Periodic Table, in

30 which X corresponds to a column numper (for example, 1-12Z2) of
the Pericdic Table. For example, “Column 6 metal(s)” refers

to one or more metals from Column 6 of the Periodic Table



5 conbinations thereof. A content of netals in netal salts of organic acids
is as determ ned by ASTM Met hod D1318. "M cro-Carbon Residue" ("MR")
content refers to a quantity of carbon residue renai ning after evaporation
and pyrolysis of a substrate. MCR content is as determ ned by WASTM Met hod
D4530. "M neral -oxide fines" refers to oxides of nmetals ground to
desired particle size. Exanples of oxides of netals include, but are not
limted to, alumna, silica, silica-alumna, titanium oxide, zirconium

oxi de, mmgnesi um oxi de, or 15 m xtures thereof. " Mol ybdenum cont ent

in the hydrogaspon Jneedy r{o%feeéémgo%nhgeoic%ee@}; FreMpéydenunyin the feed.
The nol ybdenum cont ent incl udes the anmount of inorganic nol ybdenum and

or ganomol ybdERLW P PhetHed@r i My bdeHum content in the 20 hydrocarbon feed

is as determ ned ‘1AM @bh@@lt @580Zefers to olbReesad caahablysty refers to
a catalyst in which at |east the 1518 y of the pore volune is distributed

"n one stati SPTEH! WPSt PbIEF oSt APRAEE GPS, OF P8t SOTRTTES
di st ri but isoncliavien@ramstgrilbneard ofeakl whner df gplcayediwaricar@bi«qgore vol une

ver sus pore dhani%stxe plLot ndgrt{}eéargghgmn a .mponndal ¢ aq&qltys%%%ahave 50%

of its pore vol tme i'n rosrpe avi ng a pore dianeter nd 300 A
(with a peakoét L‘Il%@’eA}OdiCI\léTphitha" ref exanrtle, hwl@@arb%rﬁl@@ﬁpbhéhts with a

30 boiling r@@ﬁ@rsdlt%t LhOu %r@eeh\éﬁ@&@%r{;m( &00uf) 18ngk 182 £ {360.F) at
0.101 MPa. Naphtha content is as determ ned by ASTM Met hod D5307.

"Ni / VI Fe" ref@bke tagenpeKkaIe, oV aidd GRTPIHGY, CbrontoRbi FaiS ERET¢THET eof .
"N/ VI Fe gontept "cdieherss e the eeabent @biaickel, vanadium iron, or

conbi nati ons thereof, The Ni/V/Fe content 5 incl ud i C |ckel
vanadi um and i r on-"cGRPOUHEE 815\1/0‘7}‘615 8?%%&&&%811@“’618%61%% ﬁgg‘?hr#og‘nd
or ganoi r on cenpaerdedidhmlie/ Wdghecoat entcompoasi deét ermataéd £hym ASEM Met hod

51?7ﬁ§dr ocar bonr:foc{lmg:iab (—.;r,el;r\fésél%]f?t %%r leelce%%in% Pl%[mertﬁeolterqf%%igefabﬁ%pi c meter
or weight of a compound of an element from the Periodic Table

15 is calculated as the weight of metal or the weight of
element. For example, if 0.1 grams of MoOj3; is used per gram
of catalyst, the calculated weight of the molybdenum metal in
the catalyst is 0.067 grams of molybdenum metal per gram of
catalyst.

20 "Comulling" refers to contacting, combining, or
pulverizing of at least two substances together such that at
least two substances are mixed through mechanical and
physical forces. Comulling can often form a substantially
uniform or homogenecus mixture. Comulling includes the

25 contacting of substances to yield a paste that can be
extruded or formed into extrudate particles, spherocids,
pills, tablets, cylinders, irregular extrusions or loosely
bound aggregates or clusters, by any known extrusion, mclding
tableting, pressing, pelletizing, or tumbling methods.

30 Comulling does not include impregnation methods in which a
formed solid is immersed in a liguid or gas to absorb/adsorb

components from the liguid or gas.
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10" Non- condensabl e gas" refers to conponents and/or m xtures of conponents
that are gases at STP. "Organonetallic" refers to conpound that includes an
or gani ¢ conpound bonded or conplexed with a netal of the Periodic Table.
"Organonetallic content” refers to the total 15 content of netal in the
organonetal Ii ¢ conpounds. Organonetallic content is as determ ned by ASTM
Met hod D5807. "Periodic Table" refers to the Periodic Table as
specified by the International Union of Pure and Applied Chem stry (I UPAC),
Novenber 2003. 20"P (peptization) value"” or "P-value" refers to a nuneral
val ue, which repr mmbsm h@sfial:@cmauhaénghendemcwomﬁomhahtgnes in the
hydr ocar bon feged P-V det rmned, b STM Met D70 "Pore

di aneter”, " ﬁﬁgf%rr?tﬁo J:dleéffjna}i’eer’" gﬁ%mpﬁgpgxzée\%lﬁn%q qu?c?u“% por e

di aneter, rredlraem puide mm&erexmdsmﬂ@ vol gime frast dst erniveiethtby ASTM

VBt hod DA264,LARLEULY POIOSLABLIY Bt, B £OBLACS: aRdl gaequalolo 140). A

mcroneritic mstrument( croneritics rcross, Ceorgia,

U S A) nmdy DELRIIEd rEbetetter e Phreseid0ovabuesight. "Resi due" refers to
conponent st hat haa\i%tﬁl_b&!e"'l Dg:d,ange W&%b%ﬂ@%@b%%@@%&:@%@@o F), as
determ ned by ASTM Met hod £o | mpur i ties

and/ or coke fjﬁ%&“é’Pél?%sl?ﬂLHBF% llgr? t fief ??ﬁpdrpbc%?doéﬁ% e%d?Gt’Bt al’ pitoduct

m xture. SedOoeft Mps.aspidet el atdednbyntASEMeMaddrednD48D Ty Sethi nent may al so
be determ neg] Byoc{ %%3%19” Hot Filtration Test ("SHFST") 5 as described by
Van Kernoort et &l . ih'the Jour. Inst. Pet., 1951, pages 596-604.

"SCFB" refers to ‘Eﬁteaﬂd@mberbr&:ferreetocﬁxygas,p@rtrbaenela@VOhyﬂrlcf@ar bon feed.

"Surface areay,, of; ;qCat AlkShol &A% -d6L&IT,080, by, ASTMAQMEL hod DB663.

Heteroatoms content is as determined by ASTM Methods E385 for
oxygen, D5762 for total nitrogen, and D4294 for sulfur.
“Total basic nitrogen” refers to nitrogen compounds that have

15 a pKa of less than 40. Basic nitregen (“bN") is as
determined by ASTM Method DZ2896.

“Hydrogen source” refers to hydrogen, and/or a compound
and/cr compounds, that when in the presence of a hydrocarbon
feed and the catalyst, react to provide hydrogen to

20  compound({s) in the hydrocarbon feed. A hydrogen source may
include, but is not limited to, hydrocarbons (for example, C,
to C; hydrocarbons such as methane, ethane, propane, and
butane), water, or mixtures therecf. A mass balance may be
conducted to assess the net amount of hydrogen provided to

25 the compound(s) in the hydrocarbon feed.

“LHSV” refers to a volumetric liquid feed rate per total
volume of catalyst and is expressed in hours (h™). Total
volume of catalyslt is calculated by summation of all catalyst
volumes in the contacting zones, as described herein.

30 “Liquid mixture” refers to a composition that includes
one or more compounds that are liquid at standard temperature
and pressure {25 °C, 0.101 MPa, hereinafter referred to as

“STP”), or a composition that includes a combination of one

11



"V&O' refers to hydrocarbons with a boiling range distribution between 343
C (650 F) and 538 C (1000 F) at 0.101 MPa. VA& content is as determ ned by
ASTM Met hod D5307. |S"Viscosity” refers to kinematic viscosity at 37.8 00
(100 F). Viscosity is as determ ned using ASTM Met hod D445. In the
context of this application, it is to be understood that if the val ue
obtained for a property of the substrate tested is outside of limts of the
test method, the 20 test method nay be nodified and/or recalibrated to test
for such property. "Hydrocarbon feed" refers to a feed that includes

hydr ocar bonsq ¢ Ryg0eafkan ckegthMaY-ci DEdHGes: ity LStRALd bl ked to, crudes,
di sadvant aged crudes, stabilized crudes, 25 hydrocarbons obtained from

refinery prot@8eedsorhdf Rrfr ¥ 9ef o F -Exanpl es of hydrocarbon feed

obt ai-ned from refivaesys pmoGesSESalng! sidergbtiic alcedpotrdfiem tethitkalil ong

resi due, short, residue, .naphtha, spi | and/or_hydrocarbons boiling above
538 C (1000 EYto5r i SHUv G that d5Fa 30/ "one SOt neie ™t NE Kydr ocar bon
feed is ascrudeyinhelenn @lesoof ef &r redtdra as wrtrde feethtaCr saezopfcrude feed

refers to a Eﬁ%ﬂai%f agjy&isr Qgal Ocﬂa%e‘é‘/ﬂﬁr%h @nggﬁﬁﬁ%ﬁgﬁgu&eﬁgand/ or retorted

from hydrocarbon contai ning fornations a as not yet been
distilled and/ or "Facei@raPh yrReaiisivpl | EdCRA) acarteat nenfte®agPlaty to produce

mul tiple _cong@mtt? Wity $BECEddiGub 019 i h@NaE o¢H ShAdUEEOASanssuUCh as
at nospheric distillation nethods and/or vacuumdistillation 5 nethods.
Crudes may bBYEUIYES Skrfi S8BFFHRtCandf Ot PPETid. > SCRradEESRBY " thdude f or
exanpl e acoal asti teReg daosands or crude oil. The crude or crude feed may
be stabilized to “Por m almst grgi Ili.zed,,crufde, %\I so ref erEed tt9 as_ st %bi lized
crude feed. Stabi IT28t1 60 8y TRECUAET Bt “7 PHSE® Phited f o? " Hr enoval  of
non- condensab¢ elegases, ranatiete st s, Exampdenbehatiidas dtheresais from t he crude
to forma stapijjzed,cruge. n§&‘01£{ g’rtéé)'éé,zéiﬁlﬁirha@)éi?{éae”sﬁ??_ﬂvgm at, or

proxi mate to, the production an retdrting si'te. Stabilized crudes have
not been di seiuntied, ahbifaorivnsofidget onediipndpxsidd,| adonesigmt peedarenr facility
to produge nulidplke copenrents with specific boiling range distributions
(for exanple, naphtha, distillates, VG, and/or lubricating oils).
Distillation inclf8éEPdpue FREFEE LT nfitCedYHEOCHPRBs PHEt | éeg‘i’f%ﬁ il ati on

met hods and/ gfie agHUMt drskbl yiddnon 20 Rt hees. Wndi séiddseduand/ or
unfractionated stabilized ceres may incl ude c.onﬁgfg?n&s t hat have a carbon
nunber above“F i ATt Te5 o R e¥s 6T 5 %A Cofpditnts per gram
of crude. Exanprescofbsinabi by zed cerades Mongbdmweimwhohte=rar udeshe t opped
crudes, dgsal{ed Grudesi.desalied L ORRSd (ChYdRS AL AR GRAR) nati ons

t her eof .
“Monomodal catalyst” refers to a catalyst in which at

least the majority of the pore volume is distributed in cne
statistical distribution of pore diameters, the statistical
distribution having a significant peak when displayed on a
25 pore volume versus pore diameter plot. For example, a
monomodal catalyst may have 50% of its pore volume in pores
having a pore diameter between 70 A and 300 A (with a peak at
150 Ay.
“Naphtha” refers to hydrocarbon components with a
30 boiling range distribution between 38 °C (100 °F) and 182 °C
(360 °F) at 0.101 MPa, WNaphtha content is as determined by
ASTM Method D5307.
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"Topped" refers to a crude that has been treated such that at |east sone of
t he conponents that have a boiling point below 35 C at 0.101 MPa (95 F at 1
atm have been renoved. Topped crudes nay have a content of at nost 0.1 30
grans, at nost 0.05 grans, or at nost 0.02 grans of such conponents per
gram of the topped crude. Some stabilized crudes have properties that
allow the stabilized crudes to be transported to conventional treatnent
facilities by transportation carriers (for exanple, pipelines, trucks, or
ships). O her crudes have one or nore unsuitable properties that render

them di sadvant ageq;; /by sadvartaged crudes RaY.deunacseplable to a
transportation 5 carrier and/or a treatnent facility, thus inparting a | ow

econom ¢ val G8WGARerdi ' d%d9aht aged crude. The economic val ue may be such
that a reservoir ‘hat/rdclcudestt herdisadvant agedesat Uske niskdeenmed too costly
to produce, transport, and/or treat, 10The propertjes. .o he hydr ocar bon
feed, such ag?Fot " Exanpi’e Fﬁec%Vﬁﬁégl%FS&Sggﬂvgntié%i“@&dg%§xﬁéﬁn ary
widely. 5 indheidkydnagambonniced, sachiias fwot iexangrgoancs udel/beed, may
have a vi scosi f, | e 10 ¢St at 37. 8. e .cSt,, .at | east
1000 cSt, orggé%rgﬁggé%bé%aéngﬁFég?EBE%d1§¥%%mﬁ§8%oca géﬁg?ée Pesuch as
for exanpl e HilY¥Aidecheetht wayahalpdeaninmP byr &AM Yebbohst’049, at nost 15,

or at nost 10. | teggeyFurdfels Pavie @301 ARILGr axidds Of a4s IRAStuSic The
hydr ocarbon feed, such as for exanple a crude feed, nmay have a total

Ni / V/ Fe cont BRteoPfapY#e4eeen 0062 granms or 20 at |east 0.0001 grams of

Ni / VI Fe per gram-abnhysiReaeboh faeediefers to Thwndaydnocamnhpar f eed, such as

for exanple a,crude havgﬁ? t ot al hetqégﬁgons content of at | east
r

feed, ma :
0. 005 grans EfxﬂﬁF@r8§fﬁﬁ§°BéW“bF of “hydr 6¢ 4t feed; 25In sone
enbodi nents, the “foydecearthaoniftedfhas tat copasind 081 gredmsenfaroxygen

cont ai ning_coupounds Ast, o7 AN a1y WYdLaeaLhon fesd, and.waerein the crude

product has Xygen ntai ni ng conpo s conten nost 90% of the
hydr ocar bon Periddixygen-ccont arasnegetohipoundstediit eaterapier ehe 3Gadxygen i s
as deteranego$B%d%Szﬁﬂ$é¥éhognE§§5Drganometallic compounds .
Organometallic content is as determined by ASTM Method DBSC7T.
“Periodic Table” refers to the Periodic Table as
specified by the International Union of Pure and Applied
Chemistry (IUPAC), November 2003,

20 “P (peptization) value” or “F-value” refers to a numeral
value, which represents the flocculation tendency of
asphaltenes in the hydrocarbon feed. P-Value is5 as
determined by ASTM Method D7060.

“Pore diameter”, “median pore diameter”, and “pore

25 volume” refer to pore diameter, median pore diameter, and
pore volume, as determined by ASTM Method D4284 (mercury
porosimetry at a contact angle equal to 140°%). A
micromeritics® A9220 instrument (Micromeritics Inc.,
Norcross, Georgia, U.S.A.) may be used to determine these

30 values.

“Residue” refers to components that have a boiling range
distribution above 538 °C (1000 °F), as determined by ASTM
Method D5307.
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The hydrocarbon feed, such as for exanple a crude feed, may have a residue
content of at |east 0.01 granms of residue per gram of hydrocarbon feed. In
sonme enbodi nents, the hydrocarbon or crude feed may include, per gram of
feed, at least 0.2 grans of residue, at |least 0.3 granms of residue, at

| east 0.5 grans of residue, or at least 0.9 grans of residue. The

hydr ocarbon feed, such as for exanple a crude feed, 5 nay have per gram of
hydr ocarbon feed, a sulfur content of at |east 0.005 at |east 0.01, or at
| east 0.02 grans. The hydrocarbon feed, such as for exanple a crude

feed, may have pei.gfamof Bydrocar bam, fieeds ad)clrogen teantent of at |east
0. 0005, at least 0.001, or at |least 0.002 grams. 10 The hydrocarbon feed,

such as for éx¥fPéealeriiGe TERFaThay TRAPETates Pyephsl fénes™tont ent of at
| east 0. 04 gradEnc@f 8¢ dLastethidBcorantsTef MOEhasphabt enesapesntgmam of

hydr ocar bon feed; and/or .at |east 0,02 grans_or at,hleast 0.0 ra of
asphal t enes 6%‘0 dﬁﬁaﬁ’?{ﬁmﬁ}?a?o%r 6n P ekd FoThe Hyd 6%%?&%35 f(eség,%rrsgih as for
exanpl e ascradeldseedpedray NavekanbER: caontzént iofthat Jbeastin@t 002igrans of MCR

per gram of tﬂygilr’o%%rggrggffie_%gq_ The hydrocarbon feed, such as for exanple
a crude feed, may dve & content of netals in netal salts of organic acids

20 of at |east 0.'GG0D1 xpfamws ©f srerdsxd pebigriantoPfhydr eear boifeed
The hydrocar hen,f&edarisuichk.ag. for exanple a crude feed, may further have a
nol ybdenum content of at least 0.1 thprr]é The hydrocarbon feed, such as for

exanpl e a crude fe¥dTaTs SFEY” fUr ChERHAKFE ARy kiNFASHF-ESBY Bt on of t he
above nenbvi onethqar opesti es. The hydrocarbon feed, such as for exanple

a crude feed, may_ j.nglude pe ramof feed: at |east.0.001 grams, at |east
0. 005 grans, or at\}GBea]%'etf%é.sogo g‘}@ﬁ'gcﬁb%}?d%%érab%ﬁéwgt 48930 boi ling range
di stri buti ondbstnieeni®b B@wamd G0 °C &500.°1D1advPa38atC | @480 TH0GL grans, at

| east 0.005 I 8418 apQr ated g%%en% g%dgég%s%%imcg%gcgiﬁp%t% h a boiling

range di stribution bétween at 0.101 a; at least 0.001
grans, at |e8830D.005 granms, or at least 0.01 grans of hydrocarbons with a

boi Iing range di stgibytign betuween 300,00 apd, 400G ata:03304 4Pa; and at
| east 0.001 grans, at |east 0.005 grans, or at least 0.01 grams of

hydr ocar bons (W% h Fa - boT 159§ 1 Fange 85 &f <t Bat i b BebtBeMelbe 0¥ 4and 650 C
at 0.101 MpPa. In kRe acdtekhesr embodigmntacidie hydiocar ben feed, such as

for exanple a grude Legd, ToVuldehy9e B8L:9L8m el .Feedie @Y of the
substrate tested is outside of limits of the test method, the
20 test method may be modified and/or recalibrated to test for
such property.

"Hydrocarbon feed" refers to a feed that includes
hydrocarbons. Hydrocarbon feed may include, but is not
limited to, crudes, disadvantaged crudes, stabilized crudes,

25  hydrocarbons obtained from refinery processes, or mixtures
thereof. Examples cof hydreccarbon feed obtained from refinexy
processes inciude, but are not limited teo, long residue,
short residue, naphtha, gasocoil and/or hydrocarbons boiling
above 538 °C (1000 °F), or mixtures Lthereof.

30 In one embodiment the hydrocarbon feed is a crude,
herein also referred to as crude feed. Crude or crude feed
refers to a feed of hydrocarbons which has been produced

and/or retorted from hydrccarbon containing formations and
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| east 0.001 grans, at |east 0.005 granms, or at |east 0.01 grans of

hydr ocarbons with a boiling range distribution of at Wnost 100 C at 0.101
MPa; at |east 0.001 grans, at |east 0.005 granms, or at |east 0.01 grans of
hydr ocarbons with a boiling range distribution between 100 00 and 200 00 at
0.101 MPa; at |east 0.001 granms, at |east 0.005 grans, or at |least 0.01
grans of hydrocarbons with a boiling range distribution 15 between 200 C
and 300 00 at 0.101 MPa; at l|least 0.001 grans, at |east 0.005 grans, or at
| east 0.01 grans of hydrocarbons with a boiling range distribution between

300 00 and 4QQ; 90 rat Red0LMpasn andcatideast/& QLcaramayat | east 0.005
grans, or at | east rams of h)j/?drpc,ar bons with a boiling range 20

east 0.01 g |
di stributionbetieed #0F ErEALREB0TEcti®. 101PeRCce MIti8LRe hydrocar bon
feeds or crudempeedssmaycH Rebode,c peilHaraofe faedyiaitileast s10:H00% grans,
at least 0.00 rams, or, at_|least 0,01 gra of _hydrocarbons._ with a
boi | g ang@ A BETTBGCT o 0F B BSETH0 200 %t GoATN WOk TLaE Rt on t o
25 hi gher sborktmgiscofpeteniey Oy picdatl] yserttheodicadvantagédutd ude has, per

gram of di sagyaataged cludge ALQRLRL. Aossiich MNdRoCabARR 0T Al oSt 0. 2
grams or at nost 0.1 grans. Sohe hygrocarbon fe.ed.s or crude feeds may
i ncl ude, per cgr@mMGE - f Sl crafle | aseuge OFEdgrande atapedsedoto0® gr ans, or

30 at |east Q.9d:gnansy ofrxdrocar beps: Mid Roaadaitkbngi Fangeudd stribution of
at least 200 C at 0.101 MPa. rocarbon_feeds or crude feeds

01 MPa _ Some hydr of ) [ )
may i ncl ude, fp&Y- gitaht bf?4en, "ai ll”@%l%‘ﬁe'o?éﬁﬁll%f’é’ﬁs,l”&]tteldeégt 0. 005 grans,
or at | east rBuddaighansorofcohyéfacaebons wi tvht@r, bekbtog arange distribution
of at |east g{S}rprC Exar‘rptl es o£ tcrudg,% t hat r’r]'c(gl"gC1 be tre%tigfgzu ing the

natlipng thereg rom e crude - a st
processes deSETTBEdRET it FReIUGE, “Bht“are rot Tintted to, -5 crudes from

of the foll owrnde r eguonsstebil hertdonl day W.f8en QudurCotstoramdosouttiver n

California, Canada Tapssands, azi LLan..Sant gs.and Canpos basins, Egyptian
@l f of Suez, 'Cha{ej{%, -IE;Un?lt eg Ki arllg om Nor'tht Sga,' Angol a O fshore, Chinese

Bohai Bay, VenezUdlekh!zadd gruded dypsiarctakger ndioriesiiad Suider a.

Tr eat nent;sof rdi sadyant agad ¢ udes )My £phanee theipropes thegu@f the _
di sadvant aged crudes such that the crudes are acceptable for transportation

and/ or treat RehtiPle compopratp it SPEOH elal vdiP BE"FOpPedr A ¢8scri bed
herein. The grélexprpdeiCtnab@skd t idagtinmels, eatarenthdpbr tiherhygrogar bon 15
{roatmont . PPOBOti BSPoT &SR UGG BF bUUS pr e anss Begkr bed harel n are
cl oser to thetworghespondistglpaoper tibesodf aWdstr FTexasm | diitser kel atre crude
than truazgydEQEﬁgd%qn 6§%¥%ti9£e&léﬁﬁggrt&%éﬁ%@t?&ﬂéﬂ%ﬁpggggfnlzed crudes
may include compenents that have a carbon number above 4 in
gquantities of at least 0.5 grams of components per ¢gram of
crude. Examples of stabilized crudes include whole crudes,
topped crudes, desalted crudes, desalted topped crudes, or
25 combinations thereof.
“Topped” refers to a crude that has been treated such
that at least some of the components that have a boiling
point below 35 °C at 0.101 MPa (95 °F at 1 atm) have been
removed. Topped crudes may have a content of at most 0.1
30  grams, at most 0.05 grams, or at most 0,02 grams of such
components per gram of the tepped crude.
Some stabilized crudes have properties that allow the

stabilized crudes to be transported to conventional treatment
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20 properties of Brent crude, than the hydrocarbon feed, thereby enhancing
the econom c value of the hydrocarbon feed. Such crude product may be
refined with | ess or no pre-treatnent, thereby enhancing refining
efficiencies. Pre-treatnent may include desul furization, denetallization,
and/ or atnospheric 25 distillation to renove inpurities. For exanpl e,
in some enbodi nents, renoval of at |east a portion of the organonetallic
conpounds and/or nmetals fromthe hydrocarbon feed is performed before the
hydr ocarbon feed is contacted with other catal ysts. For exanple, a small 30
amount of - or gapoyml;yhdenym.angdl.al. 1QEganacoRper ({ £k axAMm! €, at nost 50

wt ppm at nmost 20 wtppm or at nost 10 wtppm) In a hydrocarbon feed may
reduce the a®tP¥iingsef tEdar aby s igpbn COREACITWESt FtvehydfotarteR feed with
the catal yst ynsuitable ThEHFRNEs GFhad Bydicacanbpmil:aedantugaacor dance with
enbodi nents descri bed rein may include contacting the hydrocarbon feed
with the cat &FyaYESF2pR° £TE6RT JE0 R W&e%@%ﬁr t(?oﬁbtr’??é‘ts\é%%atdfontvm or
nor e cont act cagrzonesd/ 4N aatbegiorhactang izenethat iheastingne prwoperty of a
hydr ocarbon Legd fay, be,changed By comtact of, ke hydl acanben feed with one
or nore cataFysts relative to t he sane property of the ydrocarbon feed. In
sone enbodi neatse reenbactuichgthat pertorrsd ri hhathengtedendéeof a hydrogen
source. |n sque, 40, e9008i TRALS; s thenbY HRIEPs SRULEEpESaRRe or nmore

hydr ocarbons that, under certain contacting conditions, react to provide
rel atively siaftsrarbuntsd/oF hyRftogen to conpound(s) in the hydrocarbon
feed. In gone enbodi pests-tibe dydmecayhatalped sy, have aslBowi scosity of

at |l east 100 cSt at and contact.i n%gcondci?ti ons may be controlled to

37.8 C,
produce the GFHERE-SpFBAUTIECePhRT Haa8Y PHEWTE SRR nE% R XA 88Tty at 37.8 C
of at nost 50% ofrHeheydt®eedbt yraak, t becthydr 6carddonpleed catd87{&dC, and
viscosi ty is as determ ned by ASTM Mthad D445 2015, sore. eqbodiment s the
hydr ocar bon Fadd" may have a c%pper content of at 1east 1 'wtppm and
contacting cof@iddtonst meesthel ¢dhtass) | ed sguehattha00PheSterakdé’ pt¥ oduct has a

copper cogtent ofxal , BSI-90% ofedhesudr-acarponfised coppae £Qnf ent,
wherein the copper content Is as determ ned by ASTM 25 Met hod D1318.

FIG 1 is a Sehemgei a0 dAPlconpatty g 89t iy 1800 Ma5at * P udés™@Ynt act i ng

zone 102. Theghydr aear bonnkeegwnt@r spupshieam goatacdddig szone 102 vi a
hydr ocarbon feed conduit 104. A contacti

ng zone naBL%lbe a r§ac or, a portion
of a 30 reactor, "Wl PYPIEAEEPE i GiFS of °D PEALLDrE*BP L8 hTHAE | U t her eof .
Exanpl es of maganivachki figrazone/virel vdetentsSbacked. daed ¢ e@mtar grand ioxed bed

reactor, an e | at i pg d react . nti nuous SLi k reactor
(" CSTR"),Z%a %Fﬂ%ﬁ.stzteﬁ-%e gF%%%tO%; f‘“g"g%r dy readc %grfﬁ%%%?%%rﬁ?ﬁm d/ i quid
contactor. Céedd:guration of one or nore contacting zones is described in

U.S. Published P%%%“Eyﬁﬂﬁ%&%@ﬂiﬂﬂxﬁbsu&pgéo%§§4$ém%geahéﬁugg ﬁ&xh which is

i ncorporated herein reference. I'n certain 5 enbodi nents, the contacting

systemis onmay leoGphetitid HALOTFRSREP CTEENFi ¢y 2 CoRR ALY -§P 2t WE By dr ocar bon
feed with capalysttsledds R0t @i RG BYSILM-A00 MRY;;be a continuous process
or a batch process. The contacting zone may i nclude gne or npre catal ysts
25 In some embodiments, the hydrocarbon feed has at least
0.001 grams of oxygen centaining compounds per gram of
hydrocarbon feed, and wherein the crude product has a oxygen
containing compounds content of at most 90% of the
hydrocarbon feed oxygen-containing compounds content, wherein
30  oxygen is as determined by ASTM Method E385.
The hydrocarbon feed, such as for example a crude feed,

may have a residue content of at least 0.01 grams of residue

per gram of hydrocarbon feed. In some embodiments, the
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10(for exanple, two catalysts). In sone enbodi nents, contact of the

hydr ocarbon feed wth a first catalyst of the two catal ysts nmay reduce a
portion of selected netals content and/or conpounds that contribute to

resi due content of the hydrocarbon feed. Subsequent contact of the reduced
met al / resi due content hydrocarbon feed with the second catal yst decreases
viscosity and/or increases APl gravity. In other enbodinents, viscosity, C5
asphal t enes, C7 asphal tenes, organonetallic content or conbinations of

t hese properties of the crude product change by at |least 10% 20 relative to

the same propghti&speh &he hydracarhep feedqaf trh gox agt reéat he
hydr ocarbon feed with one or nore catal ysts. In ceftain enbodi ments, a

vol ume of cat&f§istl-PnIFHE EéntATtdvhg %%H@aFE P 87 PRhgE FROMMFD ¥61 %to 60
vol % 20 vol %t @stgk,%s oF 3&:\Rk% 0 A0 1¥e1%00Qb g4t al y@dwﬁe of 25
hydr ocar bon feed jn hé% con ac:ﬁ%a In_so odi nent.s, lurry of

S
catal yst and hydrotafbon Féeg” e&f%l n?:lllﬁldéasf F%?neﬁ{aﬁg? gréjﬁﬁd efﬁl gr ans,
0. 005 grams teyShagrapsy ornlclhgramsritca 3egdans s@iifwatcalnysmt per at00 grans

of hydrocarbqp, ;Le%dobgn tatlelgc(i)%L acty ”%E%”eleg’ C@nbgc&m conditions in the
e, bu

contacting zone may I nclud t aré not limt temperature, pressure,
hydr ogen source f“]l’?@WhYWGéalﬁ b1 eadk! lBewWF Obre*eBRbe matcrefs f4vsh eof .

Contacting C%Q'ﬁdv@”éef n;xsamgf ekedLaB:sS rake, LoRtEQldredohoeft @duce a
crude product with Qem ropertl es. Preferably the contacting

tenperat ure P§ Hi29te 59002300 Ys75¢o el Urb 5di Aentee st eriffer SE#% in a

contactimg zope wobaﬂgﬂ] ffé@dif) 350€ 19 AM0ecCamflcom 36MCrtod94(yC, 5 or
from 370C to 430 C LHSV o the h dégqc?r on feediwbld4 %eneral I y.range from

0.1 h30 hH 0%%° (% 'Cdt%‘;f’i‘é‘ th 56° 18 P4 8%15 h-1, 1.5
[f' to 10 h-leaor 020&1gﬂaﬂt5005 ¢LI asphaltsone mnbodemem $ydL¢HS\bios at Ieast 5

n-1 at least . Lhayoftad §aSL 48 obClu ol 8tad 63SL: 20 d b Aupard ol

pressure 10 o0 y rogen I'n the contacting zone may range fromO.1 MPa to 8
MPa, 1 MPa tesghdRgpe® mPRaoten e iVRgdrerar®oMPeed 5 MPa. I n sonme enbodi nents

the partigal pr essﬂ%ﬁ%eh?&rd&gbgigeﬁee@BYS% als k@@%xa%pﬁe MPa.ruhd &QE
enbodi nents, a partia ressure of %/ rogen e at nost 7 MPa, at nost 6

MPa, at nost ™Y NEae fHGR ERBER St & |3r?d\%l %ho‘i/%érﬁ'i}%lrctfg’é“ﬁ%%%ﬁ ceis

supplied as grgasjf(ﬁga@r@g@gphefeehjydr ogen gas) a ratio (as determ ned at
normal conditi ons_ of 2 C ten‘ger ére a 13 bar ressurﬁ ﬂer ei n bel ow
R gkes 2

referred to as Nrﬁ?ian%y (o]aand 6us” (‘]’Fo 2h alivee ¢ 5 dr ocar bon

f eed typical hyy rnanges dagrapnt of metals in metal salts of organic acids
20 of at least 0.0000%1 grams of metals per gram of hydrocarbon
feed

The hydrocarbon feed, such as for example a crude feed,
may further have a molybdenum content of at least 0.1 wippm;

The hydrocarbon feed, such as for example a crude feed,

25  may further have any kind of combinaticn of the above
mentioned properties.

The hydrocarbon feed, such as for example a crude feed,
may include per gram cof feed: at least 0.001 grams, at least
0.005 grams, or at least 0.01 grams of hydrocarbons with a

30 boiling range distribution between 95 °C and 200 °C at 0.101
MPa; at least 0.001 grams, at least 0.005 grams, or at least
0.01 grams of hydrocarbons with a boiling range distribution
between 200 °C and 300 °C at 0.101 MPa; at least 0.001 grams,
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20 0.1 Nm8/n8 to 100,000 NnB/nmB, 0.5 NnB/nB to 10,000 NnB8/n8, 1 NmB/n8 to
8,000 NnmB/nmB, 2 NmB/nB to 5,000 NnmB/nB, 5 NnB/nB to 3,000 NnB/nB, or 10
N8/ n8 to 800 NnB/nB contacted with the catal yst(s). The hydrogen source,
in sone enbodinents, is conbined with carrier gas (es) and recircul ated

t hrough the 25 contacting zone. Carrier gas may be, for exanple, nitrogen,
hel i um and/or argon. The carrier gas may facilitate fl ow of the

hydr ocarbon feed and/or flow of the hydrogen source in the contacting
zone(s). The carrier gas nmay al so enhance m xing in the contacting zone(s).

In some enbodi-NBalst, 020@D JIRAE 0aeN 80U L8 0f 01 LxATPLE N AYIELARR Met hane
or ethane) may be used as a carrjer _gas and recircul ated through the
A

%) | . ah

contacting z&pgh @ pollinggangeticgentebiircBehirent®r Céhfatty n§ zone 102

cocurrently wit . tchembydrocasbondseed, mia ghyds ocar bessf eedosandiist 104 or

separately via gas copduit 106. | ontacting zane 102,. .contact of the

hydr ocar bon Pée%taf?ﬁga&égtgrvﬁi‘g?§¥%Hﬁ€%§0§?€8%§|agF%&&89 tH&" i ncl udes a

crude productiisamnducinn Sserweenbddl fends] 6§as’C lat Sohil etvbodi nents, a

carrier gas is conbined wth : ocalbansfeed;.andtQr; tbe.,hydrogen

source in condui?HQSGEQ%%%ﬁiS%Q%MQ%gghgﬁmhagdéﬁgib?onf%%%iEggzéhe 102 and

be transport édrtoagPhera prodestiary FonesiclWistsrageay essérss: ot

combi nati ons 1ther @0boYi @-Landyi t1HA8. o |dbsSquEngMRedhfrent:s: ¢ her tot al

product may contain groceSS|ng gas and/or. gas forned during processing.

Such gases mAYTHhATUABITIBELERXAMHTE, 2 yirdg8n &Aer PFUst ™ 'Cafbon i 6ki de,

carbon nofpoxmde; EXCesSatgaseousmydeogrinssoll ©E, gkbmandionecasicarri er gas.

| f necessary excess ga b parated.fromthe total_ .product and

Feoyot ed 1o Bohtactrit Syoten TH0. ot Aran. of FAlhor et B oPier

processi ng zbnesingstrenagelivessiaits onobeioomi hot i ‘chsntharedt. at rb.s6ie

embodi ment s, ,gas [r 9@5&1{;%.%;'%%mtsbeaé”l%%%%%!o?os%rgf{{?ss,t 010520, A0l % based on
at” nost vol % ba

total product, sed on total product, or at nmost 1 vol %
based t he tofafl prregactt predacadorenviighe eabbdioneatge dHskir el tien

non- det ecfsable..gmuabs of gass@r ecprodiced desing ¢omact oof d.hesfeed with
the catalyst. In such cases, the total product is considered the crude 25

product . at }qs&ohe’ Chvgarfreritts 2t al¢4rd8 - PitTREF PhpFedcotrimtopped) i s
produced fromen r£%6LV0Hd raffe SERALALE P botwdcd GOt actanwi 4 ome or nore

por (1 on of 1 Ab. hydtokBrbah a0 read™] b Qlpdrarea e, H & RN S Rnown 1n -
the art (foroexanmpkest sparngopgns nEnbydneagepas atiitbna Ypridgsgreamgeduction) to
o c0uce S, QIELSALEGT Leely Rl oIl Roguit o, obLat et partim Ly
have a boiling r&vge hydrocarbon feeds or crude feeds may include, per
gram of feed, at least 0.001 grams, at least 0.005 grams, or
at least 0.01 grams of hydrocarbons with & boliling range
distribution of at most 100 °C at 0.101 MPa, in addition to
25 higher boiling components. Typically, the disadvantaged
crude has, per gram of disadvantaged crude, a content of such
hydrocarbons of at most 0.2 grams or at most 0.1 grams.
Some hydrocarbon feeds or crude feeds may include, per
gram of feed, at least 0.001 grams, at least 0.005 grams, or
0 at least 0.01 grams of hydrocarbons with a boiling range
distribution of at least 200 °C at 0.101 MPa.
Some hydrocarbon feeds or crude feeds may include, pexr

gram of feed, at least 0.001 grams, at least 0.005 grams, or
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di stribution below 95 C or below 100 C may be at |east partially separated
fromthe crude to produce the hydrocarbon feed. In sone enbodi nents, at

| east a portion of naphtha and 5 conpounds nore volatile than naphtha are
separated fromthe di sadvant aged crude. In sone enbodi nents, the
crude product is blended with a crude that is the sane as or different from
the hydrocarbon feed. For exanple, the crude product nay be conbined with a
10 crude having a different viscosity thereby resulting in a bl ended
product having a viscosity that is between the viscosity of the crude
product and the;dis3cosh ¥ :@hstHe 1Ghve8arddAsanptiher neXaim @angdre crude
product may be bl ended with crude having a TAN, viscosity and/or AP
gravity that 98t PuGiet tfedt, 124v6r 88 produci ng a product that has a

sel ected pr oper t Wxtaﬂ@lest s::fbet:w thhatnisphest eg-dateperdingotné he crude

duct dt ded b t ahl f
P et ot B e arR e e P L et st B Feist8riouged or ude

rent 85 di'sa
is separaﬁedctadénﬂmbmhﬁfhydr@@@Kb@nQZﬂxﬁeed oﬂh@ehy@hhbaﬂb@n<ﬁééd is then

contacted w g:'& 29NeQr s ML fat M%trﬁ 50&*%%\89%ﬂ seh&ct ed.prppgrty of the

hydrocarbon teed to forma't ota pro |'east a portion of the tota
product andlﬁﬁntﬂsIaéés%8W¥0§ob@$kﬂ$roﬁgzpkﬂ@@déubﬁdﬁhéﬁe#wéﬁﬁﬂheUﬁkﬁﬁél pr oduct

may bl ended wh it Nb§@§t3e@ p&sédl@noefsr?o'iet hen dicsadyantagad, crude and/ or a
different crude to obtain a gro uct having the desired properties. In

some enmbodi MERPLEVSLAR EHiide PR HTCE afifl IPIPRES IR SHURY %r oduct are
transportied to a mebinety cadndisiEtankhesh andhos Mavaehhanal kyedi stilled to

produce one or nore 30 y ar bon %rac ion The h ro rbon fractions nay
be processed fFBrodtice t%ﬁné cf%ﬁn r%ﬁ%ctsggﬁéﬁl raﬁ%bor% %IOH fue
| ubricants, erechermpcabs: kaenmhna@oan@kxn@panahmngxe&tméni dlsadvantaged

crude and/or hydr.gca 0 nd/.o t is
described U. S. Pu % Eﬁgnggggﬁtf ﬁé%g%iggg§%f %%0%%%%%%%4p%%9%%an et a

which is i ncéh@d?lal@édpm@tnr%?u]rtéﬂér‘éJ?RﬂetIPﬁtWt af ntienbodirpentsn t he

crude proguctcfas 3t gbsaskhed0fe 21, pl?énge@]ferb@%tsu%@bm pRem at least 200
Wt ppm or at | east 220 wt ppm of Ni'/V/ Fe.” In sone enbodiments, a total

Ni / VI Fe cont 8t BOrFRRY c?rft&id@rp?w&@?“?s FOORED1ES09F BUUEEY920% or 90%t o

110% of the piéMdrepeomient 2of adeibydracaihomcd eedsel ncccentai n
enbodi nents, the crug groduct has g t ot al NI/%?FG VVg n a range
0

t ent
fromo0.1 to SBBEFSROAPMY FFEREIELS PoOWESk SBHTS r o 1o Jtaorl 560" Wt ppm or from
100 to 350 wtppmthe nydrdaarsomefenbhodi ndnrtssy tdheher ndergpipoddtis has a t ot al

ol ybde”;&g}l O?P%;ﬁé}tu%} ﬁ%ﬁ%‘%ﬁfc % aty ﬁ%eSQéﬁrho%érggr?t b4 tﬁédr ’E?n C5% or

at nost enum content o rocar on fee ertain
enbodi ment s, e@h@@madéh@m@u@mlma@laet@ﬁ aﬂhen’@YW@ﬁhm cderdentSudngi ng from

0. 001 wt ppm t.0,de \{&&B@B&t QM0 005 1k PPN 9 0s loWMBPPYe Arebimmi0. 01 to 0.05
wt ppm I n some enbodi ments, the crude product has _a copper 20 content of at

most 90% at Ch®EPYSEUHaTiNgt rAHEY "9094 HCHeRE I BoppEF e COAERE" bfAthe
hydrocar bon fgedidel AeC@It@iRation, demetallization, and/or atmespheric

25  distillation to remove impurities.

For example, in some embodiments, removal of at least a
portion of the organometallic compounds and/or metals from
the hydrocarbon feed is performed before the hydrocarbon feed
is contacted with other catalysts. For example, a small

30 amount of organomolybdenum and/or organocopper (for example,
at most 50 wtppm, at most 20 wtppm, or at mest 10 wtppm) in a
hydrocarbon feed may reduce the activity of a catalyst upon

contact of the hydrocarbon feed with the catalyst.
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enbodi nents, the crude product has a total copper content ranging from
0.001 wtppmto 1 wtppm or fromO0.005 wippmto 0.5 wppm 25In certain
enbodi ments, the crude product has a total content of netals in nmetal salts
of organic acids, per gramof crude product, in a range fromO0.1 wppmto
50 wt ppm 3 wtppmto 20 wt ppmgrans, or 10 wwppmto 1 wppmof total netals
in metal salt of organic acids per gram of crude 30 product. I n
certain enbodi nents, API gravity of the crude product produced from contact
of the hydrocarbon feed with catalyst, at the contacting conditions, is

increased by at |8aSkndac alr al BABoArb@l A:@8Sts BecBradlcd gast 10 relative
to the APl gravity of the hydrocarbon feed. In certain enbodi nents, API

gravity of tRBPRFIYETHr RAFCELPAMFES IR rHH A0E6VdD CoPH2¢ 0 ™0 Pdr 12 to 25.

5In certain agrb@@&amahsmet&mcmm @é@&ilgcstt(baslra aVbSﬁ@@ﬁlylgoéozaé most 90%
at nost 80% _at A nost or at_nost 10% I.S

0% t
hycr ocar bon FRRS: TMEON SR6oM okt &1 THG GPRGHITY S ¥ne B e product
is at nost 1@060ta@tingDstncb08): brasat omestrcb@OteSiL al hysonmrenbotiarent s, the

sul fur cont eﬁ%y%g crﬂgmg (%J%gff rﬁitih b Ll?et h@%%car %Qn ?‘&emq.hn%%? %r at nost

70% of the sulfur cont rocarb | N sone enbodi nents the
sul fur conteWPr@qutﬁéYQt%dfélpkb‘dhd{O F8e sameenstrdtg2ogridits per gram of

crude producthydir&eax%hff@e&oni@%n@f eﬁl&%llnén%uct%n@g@gﬂrgt igmy range from
0.001 grams to 0.1 grams, from0.005 to 0.08 grans or fromO0.01 to 0.06

grams per gr&RFBPTEAUdR Preodtetence of a Nidregwe WNB6E nert $9°% he nitrogen
content ofo tBebed @R P OLHiC hyli BogtdYebord3Q% oﬁ@%ﬂ Qoi@@%dr@baﬁﬂ%)&lo 110% of
t he 20 nitroggn contdent of the r{v)tdrgcar bon feed. In some enbodi ents t he

ni trogen cont8At’ of “Ehe“Er Gd8 PrEdGEt T SR LRt 6202 g a%o" ¢ gram of
crude productreldhierenit srgén anonttenb fohydigeor udeqopodut ts)may tlaenge from

0. 001 grams %ﬁ]d r%rgn@eedfromo 005 to 0.08 grans or fromO0.01 to 0.05 25
grans per gra “crude product In some enbodi ments, the crude
product includes,In going seppldérerttar tseructnpceshodf et 05 bgrvarm to 0.15

grams or fsr O%QC&%LQVéﬁﬁaé QeQs43 03 255 Af 3hyg|rqge%n[%%orgfd%m9<£ crude
product. The crude product may include, inits nol ecul ar
conditions may be controlled to produce the crude product;

the crude product having a viscosity at 37.8 °C of at most
50% of the viscosity of the hydrocarbon feed at 37.8 °C, and
viscoesity is as determined by ASTM Method D445

20 In scme embodiments the hydrocarbon feed may have a
copper content of at least 1 wtppm, and contacting conditions
may be controlled such that the crude product has a copper
content of at most 90% of the hydrocarbon feed copper
content, wherein the copper content is as determined by ASTM

25  Method D1318.

FIG. 1 is a schematic cf contacting system 100 that
includes contacting zone 102. The hydrocarbhon feed enters
upstream contacting zone 102 via hydrocarbon feed conduit
104. A contacting zone may be a reactor, a portion of a

30  reactor, multiple portions of a reactor, or combinations
thereof. Examples of a contacting zone include a stacked bed
reactor, a fixed bed reactor, an ebullating bed reactor, a

continuously stirred tank reactor (“CSTR”}, a fluidized bed
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30 structure, fromO0.8 grans to 0.9 grans or fromO0.82 grans to 0.88 grans
of carbon per gram of crude product. A ratio of atom c hydrogen to atomc
carbon (H C) of the crude product nay be within 70%to 130% 80%to 120%
or 90%to 110% of the atomc HCratio of the hydrocarbon feed. A crude
product atomc HCratio wthin 10%to 30% of the hydrocarbon feed atom c
H Cratio indicates that uptake and/or consunption of hydrogen in the
process is relatively small, and/or that 5 hydrogen is produced in situ.
The crude product includes conponents with a range of boiling points.

I n some enboghdmBks, a theaor tletbkpdued ahasqd hskhld abesgontent of at | east
110% at |east 120% or at |east 130% of Wthe Distillate content of the
hydr ocar bon f8EGIUTHE B 8Fi P16 BoHt &hf “OF e 28P e Sp BT ®ffay” be, per
gram of crude. Jr educisheadnratgrangepiromion0@O0LogsaNE @ Oo Gsrgirnams
(0.001-60wt9%., 0.00 0. 1- 50wt 9 or ramst004
grams (1- 40\€J%,' wglc::l'hgi qﬁ <E ora?@gr%ar&agob reQ %/Q%enr udeQ (*@:r {n has a VG
cont ent, boi¢rilh¢glibem%eﬁh34®®tta©t5®8®y§te® JlfOPnl\/Pa C@@lé’@%q @m130% 80%to

120% or 90%anl10%0fi160e. VECODl & Bl {hEcLYALOCathon, fged. |0 some
enbodi nents, the crude product has, per gram of crude product, a VG content

in a range fFUmLa0t 65)0600%0 i 0530 8 gt HimEa YOPO (AL SGPAREYYS 0. 7 gr ams,
0.01 grams t@r&e@sgmmsbaeéh Grbegeans to 0.5 grans. In some
enbodi nents, the_crude product has a resilécxe content of at nost 90% at

most 80% or at MBSt BOFS b T HEF % ade’ RE oF tHE A§uio¢arbon feed.
The crudes pr otuc ex2bpmy thavetapest gr.aniof sefaudebpdioduet, @rntastdue cont ent

in a range f(g%rph %ggg{s e@domtqgmggrgtnscatcgly%t ggr s, t0 001 grans to

0.7 gramns, ramns, “%r 0.1 to 0.3
grans. In socrﬁetaém'bb@hmmnnfsduqeh@ gmd@nppédmecmaé faettaétsatm@&nand C7 30

asphal t enes &Qﬂ%@ngoﬁ&m@ﬁsnﬁﬁﬁ:ggﬁgrﬁﬂmgn§$1%%%%u@hxﬂ@§ktlﬁ%%h@r at nost
50% of the total C5 and C7 asphal tenes content of the hydrocarbon feed. In

ot her enbodi MEhrsarkie fesdasphkPeerRs €6ttt °6f “hhe R a@fdcar bon feed is at

least 10% ndta1l/eastc@0%nenahybeastrrdl%aly then Oo.28phahd enes content of
t he hydrocarbon feed, In certain enbodi m;nts t he hydrocarbon feed has, per

gram of hydrGt&rBsh FSG25S° (OEEPEY a0 DOpRAFTeAEs eohtédt rangi ng
from 0. 001 gIrarmhéf) @D ddmgtitays vi Ocdklithyo O hSpgiarmesorc0. 05 granms to 0. 15
grans. ad haﬁgrtal n_enbodi crude rodu ct, has MCR cont ent of

th
at nost 95% nost" Sgo@rg%?omfttaﬂ (f Cé)ﬁg/aotf Thé N@F?con &nt tfh tfe
hydr ocar bon Eﬁr@exéxtieﬂs sﬁnehemenpmcmctdem%mgat hea€d a¥phal t enes

content of tha.Rydsocarhen, ike U ALRENG. AR ekald wely, stabl e
NCR cont ent naf'lncrease t he SSE%B?Ity O?gq% ﬁygrocargon %g ?to%al
product mi xt¢gact of the hydrocarbon feed with one or more catalysts

In certain embodiments, a volume of catalyst in the
contacting zone 1s in a range from 10 vol3® to &0 vol%, 20
volg to 50 vel%, or 30 vel% te 40 vol% of a total volume of

25 hydrocarbon feed in the contacting zone. In scme
embediments, a sliurry of catalyst and hydrocarbon feed may
inciude from ¢.001 grams to 10 grams, 0.005 grams to 5 grams,
or 0.0l grams tc 3 grams of catalyst per 100 grams of
hydrocarbon feed in the contacting zone.

30 Contacting conditions in the contacting zone may
include, but are not limited to, temperature, pressure,
hydrogen source flow, hydrocarbon feed flow, or combinations

thereof. Contacting conditions in some embodiments are
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The crude product has, in sonme enbodi nents, from 0.0001 grans to 0.20
grans, 0.005 grans to 0.15 granms, or 0.01 grans to 15 0.010 grans of NCR
per gram of crude product. In certain enbodi nents, the crude product
is a hydrocarbon conmposition that has a total N /Fe/V content of at |east
200 wt ppm a residue content of at least 0.2 grams per gram of hydrocarbon
conposition; a distillate content of 20 at |east 0.2 grans per gram of
hydr ocar bon conposition; a sulfur content of at |east 0.04 grans per gram
of hydrocarbon conposition; and a micro-carbon residue content of at | east
0. 06 grans pedSntgfoaﬂTh@de‘lpdb@@@a’ honreaapasthdionitansbariviscosi ty of at nost
100 cSt at 37.8 C. . 251t de_' able to. only sel etctlvely reduce one or
nor e conpone%]f(?effto?s exar’rﬁ?(%ra i AR Y IR SCATESn T 68d wi t hout
signi ficantl| yeashangiomg thesoar@umbo@fmesuhf Ll’ferr@ldé‘@frel\llthé FenitAct hey

hydr ocarbon feed. In this _nman eg pt ake roi‘n contacting may be
"concent r at e of*30"1%ch §?r?;595|pe8u>c/ 4% r%lt3 dl&C?l o%%of %Ot her

conponent $ Reduttinoh7®TC sul 430 “Cypi calisy Déqlher dgdtdmerpat afaest wi.oli ncl ude
addi ti onal | o] a n R ck d{/ ar balit ver sji gn of

hydr ocar bonsn&% épt%l%%n{aé}ﬁé ?P+ L(I}I’@ f 27or%ﬂo{tlher&%egker)cc)gtt%%)rnrs}1 ma?) gttl’l bute to
hydr ogen con&urist 2Bnhdurd Ag' b@obfe§15|rn@ Sdihce lFess oforsdch hydrodgen is al so

bei ng used to redueg OthesqcRIPONENsy k8 ddhacbydrogarban feed ;the anmount
of hydrogen u§ed durl ng the 5 process may be pmini ni zed. A catal yst havi ng

mi ni mal amouht + ot (‘:‘8?&%‘935 P 10°RetalleeFt %P B gh stirfafde2aressang a
sel ect ed 1por e diy@'&:b@@UtﬂnOBh@’&;}br@S&tﬁﬁg |z|anéa@h,5pmaﬁ@e o.a‘ro@lorrppmﬁm $oin a

o oduct wi 1 1dced ¥ Seodify a8 Samiar Sie thel 2 nyar babrtion feed. In

sone enbodi nmemtes embh@]mmdet‘qnar @dmtta]rrayehamea afnhpimalenchange lalu ot her
properties a a h I fe T rude product
may have accgepqt%gg?eg S\?Poperill%s@%&?&g‘lﬁg\?vsi de(tjpar pgl a%gggf(%eg to treatnent
faciliti es amdirogedptiver bpr dtessitng Wiv .t 8¢ Rott fSM&Xar@ﬁl a8est hyd@erecar bon

feed may ;have a hhoBn8RO/ES Yin BHEcR No/ M E&RRdEQEr Uk E UL, £ankgnt that is
acceptable to neet treatnent and/or transportation speC|f| cations. Such

hydr ocar bon #&éd Aty (58 RBAEPIEH PEREAy 98§ eatted@ (it ¢ hiathee bamdrgst
described hegeiR Ry1 r&ﬁ‘é&k[‘&né" §C9§dct YeMpd QUL 320 1201 5 gduci ng Ni/V/ Fe or

sul fur content. In sonme enbodi nent's, contact of a hydrocarbon feed
usi ng the catZfspPsrs: dESErp bedt ek ef o g tt@nﬁﬁerNé‘tﬁ?éso%fthﬁ JREHES 200 C and
pressures th)ﬂ-ifro@@ﬁtscﬁwwgat@rt}@t hgr@xsagazbwaféydo@glg@@alaycr:ylaiﬁ;sppfegﬂct t hat
has a vi sc05|t of at nost 100 25 cSt at 37%. totoal %@Felv content of
at |east* OOOvilztﬁBrr{m at? e°q4e° {‘Emt Oof Mt /‘I“eégt “E) BO09F4re per gram of

crude pr oducmm?/ﬁg (ibSB]d)dC&t@&gwnt.’emm?ﬂzf\? ab b emEst N0/ grame’ per tgram of crude

product, a Séﬂ o yGontent 95 1\13 8(90 %43/%3 ame per gré rphoghecrude product,
and a mcro- car bon ési due
catalyst(s). The hydrogen source, in some embodiments, is

combined with carrier gas{es} and recirculated through the

25 contacting zone. Carrier gas may be, for example, nitrogen,
helium, and/or argon. The carrier gas may facilitate flow of
the hydrocarbon feed and/or flow of the hydrogen source in
the contacting zone(s). The carrier gas may also enhance
mixing in the contacting zona(s). In some embodiments, a

30  hydrogen source (for example, hydrogen, methane or ethane)
may be used as a carrier gas and recirculated through the

contacting zone.
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30 content of at |least 0.06 grams per gram of crude product.

Catal ysts used in one or nore enbodinents of the inventions may include one
or nore bulk nmetals and/or one or nore netals on a support. The netals may
be in elenental formor in the formof a conpound of the netal. The

catal ysts described herein may be introduced into the contacting zone as a
precursor, and then becone active as a catalyst in the contacting zone (for
exanpl e, when sulfur 5 and/or a hydrocarbon feed containing sulfur is
contacted with the precursor). In certain enbodi nents, the catal yst

incl udes Col umm @haeﬁ@dx(o?g)an Qgiﬂéanmﬁﬁ%tnab(:%oﬂt@@k:w@,zowtume not |imted
to, chrom um nolybdenum tungsten. The cataly %%Fave per 10 gram of

catal yst, a ‘E%‘t%ﬁre%]r%rﬂ"’rté et éﬁy(%?c?:rc?}?f‘eﬁ?e%fmét hy B°D0G6E, at | east
0.01 grans, adndigastol. cﬁzsgpafﬁeamdﬁm glal aorlrcaﬂgelcﬁ@omzﬁ Gﬂﬂjaoglia@rs to 0.6
granms, O. 001 ra ra 005 gr ra 0.01 grans to
0. 08 grans. F%n sg%m% erfgnnfélf?}en het H%(Q%Oé:ga?yst 6hl@ﬁlc ngs %I? %s 0 0001 grans
to 0.06 gfansraofucel ametelmetaducs) tper igramiaf acatradey strodhat,semd,

enbodi ment s, ; canpAUBAS, AfFPL UM 6 MBY alof8) odddel KOS OXIades, Such 4as

nol ybdenum tri oxi de and/ or fungsten trioxide. In certain enbodifrents, the

cat al yst i ncludegbdney “Cohubhe evREred @odr ford yredPtniice Ledrtiinds. I n 20 an

enbodi nent, the-eatal cy&tdub_BCimesT@@lamml yhslenymandsar sediddenym oxi des.
I n sone errbodl mséog R %gcata i ncl udes a conbi nati on of Colum 6
r

net al (s) with°%n hEt p§rF?%nFOCBFH%§”'f’CQi%mgC&'PU%S 7-10 netal (s)
i ncl ude, ibut sermgRotedddlst edr tawmb2bamenganesssoft eCanetnidut: rdteni um iron,

cobal t, nickel, rut eni %%O{i)%ﬁl‘el}“%gl um L@%Qi%@od%%@rkﬁp fCOFll: i‘] m plati num

or mxtures theréof: Thé cata hav er gram-o yst, a total
Col utms 6- 10pwEteak(s) wontedfon gaa fmg@l fivomarrpeasting. 00Dkhgr ans, at

| east 0.001 gééergsmaetldc%ata %ﬁegamﬁrearrﬁgd%an salfpaé?ecgib& 0001 grams to

0.6 grans, 0.001 grams to 0.3 grans grans grans, or 0.01
grans to 0. 08igrisss. C%W@oﬁ@@ﬁ@@dl?@ﬁ% JpFROVGalEIYRICN ABTiRkfes Col urm 15

el ement (g} i ghBAgi Li @katl@rtafss CO'IE'”E‘@ceﬁ‘slle, nfﬁlteale(iééss |g|3a51@ri§? wenbodi nent s,
the catal yst has at npst at nost rams or 01 grans of

rams
Col urms  7- 10b%réltgdpfe’i”"bfcﬁ‘?nt& adaPEISPSE, 2pe) %ﬁﬁ?l ﬁ’éﬁ?%tlnf?he cat al yst
does not i ncépdenCobumsir7 i, W&'ﬁ:ah§pox5|eﬂ S@I’fﬁzh@m‘bpd:bdmm sgtdmeeat al yst
cont ai ns at rmosrta g Qg ranms, at lga ns th r. 8t st800e005 per gram of
catal yst of ©On or hore et alfs Inmis® G arid 10 61"t he Periodic Table
and/ or one o¢mbmaecmm@aﬁd§rmucededwnwotbe qompeandss et onet 010 nore netal s

from Col upms gl"a%gs%&) o%f Bbgl o'dggfc aM ;E@Q% & vlol" ab§§e'd| ani’:gttaﬁer
embodi ment the cata yst oes escri be any such netal s.
proeduct, or at most 1 vol% based the total product produced.

In some embodiments, minimal or non-~detectable amounts of gas
are produced during contact of the feed with the catalyst,
In such cases, the total product is censidered the crude

25  product.

In some embodiments, a crude (either topped or untopped)
is produced from a reservolr and separated prior to contact
with one or more catalysts in contacting zone 102. During
the separation process, at least a portion of the hydrocarbon

30 feed is separated using techniques known in the art (for
example, sparging, membrane separation, pressure reduction)
to produce the hydrocarbon feed. For example, water may be

at least partially separated from a disadvantaged crude. In
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A molar ratio of Columm 6 netal to Colums 7-10 netal nmay be in a range
from0.1 to 20, 1 to 10, or 2 to 5. 1In sone enbodi nents, the catal yst

i ncl udes Colum 15 elenent(s) 15 in addition to the conbination of Colum 6
nmetal (s) with one or nore netals from Colums 7-10. In other enbodi nents,
the catal yst includes Colum 6 netal (s) and Colum 10 netal (s). A nol ar
ratio of the total Colum 10 netal to the total Colum 6 netal in the
catalyst may be in a range from1l to 20 10, or from2 to 5. In some
enbodi ments, the catal yst includes Colum 15 elenent(s) in addition to the
Col um 6 net ghdier @ﬁme‘é‘scmlao@@bﬂm&bﬁ gheeNGS 11 Ne) wdegphosphorus. The
catal yst may have a total Colum 15 el enent cqntent, per m of catal yst,
in 25 range ?%%ﬁﬁié’“éﬁ%é’fl&f’aﬁ £0°9. kielﬁf”a]n%o 6. BODHGr Q‘Faﬂ%astto 0.06 grarms,
0. 00005 gr anpati0:.20103sgr=anBed Qﬂ‘ro@n Gﬁ)@lcrgtianso tpa 0BuOO I hgr apBrodarbso e
enbodi nent s, Lolu 6_neta r,in,comination i | umms 7- 10
netal (s) are mACOPEBra ed@ml()(t”%] a s% 157 ?Ltopfoorm ef Ega]%}wl%)%sfmd

certai n efbodimentgs @ﬂwmla@lel ehefntr(ay)ltm ergl seprdrserporat adiew t h a
support to fg{gg(}vlggtg?gaalcxgge I n enbodi ments in Whl ch the netal (s) and/or
el ement (s) are suppor t he wei ght of the cat al i ncludes all support,
al | metal (s), and aPPiecBREATIETS: THE SUBPOEOMRY bhs porBted &Hdhi dicl udes

silica and alHen@nat niSQAB @M@b”@ﬁtcﬁ,ffbf&tslfﬁﬁﬂrﬁhd nghuslesrshl i ca and
alumna in cor%anatlon with limted (flm)unts of ot fractory oxides, 5

porous car bon®HhaseldChat e Pafs, oebF 11%e s 8FCc ol %t‘fo dNEherESs 2
Ref ract ony oxiutes hmayngj rCButes reatt vag®snoy thanebedréamltahgymma, sSilica,

st ca- al umt pa,. AL AL oKL e, 21 Loonium ok de.  mpgnesiumoxi de, or

m xtures there pports e al ne om'a commercial manufacturer
such Was Cryisrisohy Calt azfﬂys@sl@nﬁr@@mmghdgﬂ@ viiPc¢Hos pdntheTexas, U. S A.).

Porous car box&msedlmn%&h@#sega%hydeaheb%u@g &:Bakcd it 84 $QngaGt 1 vat ed
carbon and/or porous graphite. Exanples of zeolites include Y-zeolites,

beta zeol it esithhsraenitwizent iTs, VZESMsE tY eld/LrasAP hrid ev by i et &3 zeol tes.

'S Zeol i yes Mel@en@pt@ie@egyfﬁ&@uauc@rm@rf@a@t mapufact ures1such as Zeol yst
(Vval |l ey Forge, Pennsyl vani a, % certain gnbodl nents, the

support i ncIQﬁﬁ?réﬁ tallﬁn}i’efﬁeeae? & éle&uﬁ?tfﬁf PEPRRHE-YalPdnt Ha,crore

conbi nat i onspidiEeoind lthesoneicenbok Merhsed thedsupperyt benghitdesef rom 20
0. 0001 gramstoOZO granms 00 r 0.11 gL ars, 1 grans to
0.05 grans o S|tlr|ans tactilgn g?ﬁgrts m8n599é[ r%r?r% mt?ggbme Qcam; to 0.999
grans, or O. %amaﬂt%dgpan@ ofs abpamatad F@c@rpoth¢|mroﬁad0®r onst ed base
such as sj |1 fad.nboe R, SUPROKT 0By JNhbLcSRLERLS AR oGOk bl evat ed

25 tenperatures I ncor poration o Icainto th support may assli st in
di spersing catalyete tr?etcaﬁgqe( fao B e bR @rowﬁmﬁfat%thaﬁ(%qa%}onml um 6

nmetals in cofianabi Aiyiat BoGol waBEdi- 10 aret @dtSh) pbhriemgbeuined he support.
Di spersion of catalytic rret | s throu hout t he support may allow formation

of a 30 cat al3Fét RERAYY 3”‘%&?’? de' &t¥a foPoRt e a5t ® A MNRRP P SE | east 360
/g, or at feasthdObual/ groduct mafaiiahnyst that abavessa hapge isurbace area

wWth a m m n%e %1sa£van%];qggtcrt dtel gn otrala &nger% uedeqeo 0 a63rr71Et al (s)) on
procduct having the desired properties.
In some embodiments, the crude product and/or the
blended product are transported to a refinery and distilied
and/or fractionally distilled to produce one or more
30  hydrocarbon fractions. The hydrocarborn fractions may be
processed to produce commercial products such as
rransportation fuel, lubricants, or chemicals. Blending and

separating of the disadvantaged crude and/or hydrocarbon
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the surface of the catalyst nmay be prepared by comulling the catalytic
nmetal with a support. Conulling of the support and Colum 6 netal (s) nmay
forma substantially uniformor honbgeneous m xture. In sonme enbodi nents,
wat er and/or 5 solvent may be added during the conmulling to facilitate
formng the mxture into a paste that may be extruded or formed into
extrudate particles, spheroids, pills, tablets, cylinders, irregular
extrusions or |oosely bound aggregates or clusters, by any known extrusion,
nol di ng tableting, 10 pressing, pelletizing, or tunbling nethods.

Columm 6 net al{$) +8pgh §:SURPOIIndTRY b&:LoREaSI&d ;W sdySUbbabl & m xing
equi pnent. Exanpl es of suitable m xing equi grrent i ncl ude tunblers,

stationary sﬁ‘é‘?lils‘*hérl 3 GRGhaPr MRt épn °><e|2§ Tt or4ékatpiEsanpat ¢ -type or
cont i nuous tym&&m1bnpaﬁkp6kxak§heaeﬂaaﬂyr@E@eﬁmgeneralIy known mi xer, or

Iy k d t | t ab| id
gng?glr ?s)ysug %ﬂr}ter 4 Cﬁdfrgogaﬂe%mt@rtgﬁal%rﬁ’ﬁ%épﬁ%(ﬁi% g‘? tngfj’é?‘rﬁog) are m xed
until thesColurm, 6ametedss) 5o swt(p@rne)arsukrssanzﬂ(nlvdtyprharmgene«mmj y2di sper sed
|0 the SUPPOLLor PO hSRERSL o Ploche, FolAID, 6, el 8LLS) ipyihe support may
e a

i nhi bit coki n I"'urm dgh 't énperatures and/ o
pressures, thusteall ediliy hydiocarbent fleeds® c‘ehtlaﬁlom nfij)sltgni@@oal@tr am)unt S

of residue ang ar, high o %ﬁesm t/lveeet&n%nrerQﬁe@r%egy@;oad%es sdgperat ures
and pressures not obt ai nabl e 25 g usi ng conventional catal ysts nade using

i mpr egnat i on™ TP HUSECOPATEITe ERDOFIRENPES SN ¢ |°h§r06F1aNJs/lYp§58rt
contai ni ng sktddeatand £Q4abllj’é1 Srameval (&) shoo necpers Meednhar ceat@gyst surface.

A snoot her cat al sur.face | ower the Bro d dlt of the catal yst
surface beca‘ﬁispé”%/eés I%J]L?mﬁ "SPPRs Hr r%%"(p]{)b eg %d ?glﬂg the Col urm 6
metal (s) with thenssrqammretnba&iirmmS(fdre e:xadpl;e:;odmonuﬂnets rzagtotanl contrast to

i mpregnation, t S Lti al.Ls) {Q reside
under the sur é%gﬁo Cr%]‘et)egﬁb(jed gd&cﬁ%t ;@fﬂ E?al ys %q or tetxgér% eO énbedded in

t he support)at I"eadi hy to Béssoatetal O‘@rthteheosmde@ee tdreeniwoof d-het her wi se

occur injshey edded-Jgt al 1 cakal Y8l enbBa SRR e Mbodi 1RBL Spr RVLNY | ess
netal on the surface of the catal yst extends the life andpor catal ytic

activity of bt¥e acaPhtyselBhdaitofPRtEHt TPBSSTY £ ¥pBriiBH BEPRhM&Eetal to

nove to the stgfmceref d.hescatgysd durivgptiser Fhemnetal sonmysmve to the
surface of the catal yst through erosion of the surface of the catalyst
during cont altPF the cat al yst with a hydrocarbon feed. W t hout

wi shing to bound Ibysamy eklbndlrﬁfnttshe‘dﬁey crintle | grdduougids tshatppdre addi tion

intercal gfi ogd%%g]/ Of ¢ | ngtg)q gtc (gg%ogﬁm sorof(,mtJeﬁ:(ﬁ %toal ypt.s, mmy change
u

the structure er o inthe m 6 oxi &e crystal
structure tocwmrbselamntablfytfr@aﬁddm@ﬁmrl bfeGol umesrt@dtal in the crystal

structure of .hhey;ephedded cabaly stoadfie n@tdere Lkt Ag (! vap&metal may be

det er mi ned using powder X-ray
ranging from .00l wtppm to 1 wtppm, or from 0.005 wtppm to

0.5 wtppm.

25 In certain embodimenis, the crude product has a total
content of metals in metal salts of organic acids, per gram
of crude product, in a range from 0.1 wtppm to 50 wtppm, 3
wtppm to 20 wippm grams, or 10 wtppm to 1 wtppm of total
metals in metal salt of organic acids per gram of crude

30 product.

In certain embodiments, API gravity of the crude product

produced from contact of the hydrocarbon feed with catalyst,

at the contacting conditions, is increased by at least 2, at
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diffraction nethods. The order of elenental nmetal in the catalyst relative
to the order of elenental netal in the 20 netal oxide may be determ ned by
conparing the order of the Colum 6 netal peak in an x-ray diffraction
spectrum of the Columm 6 oxide to the order of the Columm 6 netal peak in
an x-ray diffraction spectrumof the catalyst. From broadeni ng and/ or
absence of patterns associated with Colum 6 netal in 25 an x-ray
diffraction spectrum it is possible to estimate that the Colum 6 netal (s)
are substantially randomy ordered in the crystal structure. For exanple,
nmol ybdenum t nkbexi dg apdidhe sildcafalupdnacsuppont.chayimg apfredi an pore

di aneter of at least 180 A may be conbined_to form an 30 al um na/ nol ybdenum
trioxide mi xPGFEEYTRE Wit YAERTARAN 6% te RASCH GePi Mt ipatter dFef or

exanpl e, def gpate- Do, + EOQ2ZvasdiAaubd0kmeaksion Theosappant taoty,bdenum
trioxide m'xtour]e2 may ge heat treated at a tenperature of at |east 316 C
(600 F), at fedst 43 "C (800 F), or at least 538 C (1000 F) to produce a
cat al yst that does: mett@&ixhichbtdanepast ettre fondenirybdenumsdizoxi de in an x-ray
diffraction , ar, 2, an epge aof, g 0 pgak),. 5In sone
embodi ment s, i%%%%t:ﬂ?: %\Eg {at %?ﬂ%&é %t%%%s??sh%o%?g}ﬁ%qndrgﬁf%‘? ms a Col umm
6 netal / supp@PEt Mi%%t af ethd igepe-tenbbdifehtrdrowtbasi ee%thd/ 6P %ttcer is added
to the Col umambodmieaks s UIROKE s MKty 61 tihaasshdd Jrbahef mat kenu@fr the Col um
6 mstal/supporé m xture into garticles. The 10 water and/or dilute acid are

added in such@hodnt Bo3nd%y Sudr Aethod?d 48%required to give the Col um 6
met al / support m xtruken@ destiteshtGoNshetancy rsaittahkeof actbectaddred i nto
particles. Exanples.of acids include, but, are not limited to, nitric acid,
acetic acid, Fs0 11’(% e Aci ,S%a%%%’hﬁgr%%% SPirc’ gccfﬁa.sgn%e" Oth & Col um 6
met al / suppor suhiwt gretemy detkarhvedoratirpdeed clles sass regpbkdowmnitsechni ques

0 the art such a5can extiuder: JTheopard iobes.{ 9t Ludales) oy be cut using

known catal yst cutting nethods to form particles. e particles 20 may be
heat treat ed9at™ia PeEnperacdr eride ®rpdege fPond @5 uC ton280 Cfot"from 85 C to

235 C f0nsa Deido0%:0haii My( Eoio¥a0Rl £.00100: 058 DOUTSInaNG/ 0 UNET| ¢ he
noi sture content of the particle has reached a desired evel . The Colum 6

net al (s)/ supPott® &RdP ot? e e MO8 25 méPal (X)) FLABPART” BAPEIL] es may be
heat treatedctesd @irbaad:.in the presence of hot air and/or oxygen containing

air at a tenperatyre in a range between 315 C and 760 C, tween 535 C and
760 G or ' betveon E0BTE SARCRESERr 0T Tb A P QUTE et S5° SOReL hat at
| east a portpordwfc the7Golkunmh3030 86% 16 Meal sear’dsconveriteds tithd he

cor respongi ng; ide. The te condi tieps whi ch t he
particles ar el{(:%f?%%ng&ézk%a;/t ge %uecﬁgtgﬁcg%éi{bﬁg péc%ge struscct%%re of the final
cal ci ned m xemredimgneprtheoplieteaes formitthefpdie Srdackandecangs at

least 0.02 grams per gram of crude product. The nitrogen

content of the crude product may range from 0.001 grams to

0.1 grams, from 0.005 to 0.08 grams or from 0.01 to 0.05
25  grams per gram of crude product.

In some embodiments, the crude product includes, in its
molecular structures, from 0.05 grams to 0.15 grams or from
0.09 grams to 0.13 grams of hydrogen per gram of crude
product. The crude product may include, in its molecular

30 structure, from 0.8 grams to 0.9 grams or from 0.82 grams to
0.88 grams of carbon per gram of crude product. A ratio of
atomic hydrogen to atomic carbon {(H/C) of the crude product
may be within 70% to 130%, 80% to 120%, or 90% to 110% of the
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surface areas of the catal ysts described herein. Calcining at tenperatures
greater than 760 C may increase the pore volune of the catal yst, thus
change the distribution of pores and the surface area such that the
catalyst is not as 5 effective in renoving conpounds that contribute to

hi gh viscosity and/or residue.ln one enbodi nent Colum 6 netal (s)/support
conposition may be calcined at a tenperature in the range from 315C to
675C, in the range from400C to 650C, or in the range from450C to
600C, in order to create Wa |arge surface area. A catalyst with

di spersed nmetals; dmaycadyant 3geous iy have Rl enger hi fe.ddhapohhe:
conventional hydroprocessing catal yst, at elevated tenperatures and | ower
pressures (féFeBiamiferatienyératurds bf H* péaste dgdresasoat feehst 400 C
and 15 pressutesidfi/at ra0st 4o Miesat ndDSHtakdPhd/OF &ndstis: & AvWPa). The
sel ected disBersed met al_cat al st,na¥ al I ow a rocess %P be run w t hout
rechar gi ng of YeHAHGi hG tife PEAEETS SE, TEHUS VEOEL > B Lpr BRESY AG2E he

hydr ocar bon heedgmy i bepecmnem valdiyuvadvant ageous. The catal yst nay be
contacted 20 wit hvdr ocar hon f.e for at |least 500 hours, at_|least 1000
hours, at | east 98%00%%§}$f0a Cﬁéég u@ﬁbdmﬁga?%ﬁihfl Bast *6690°hours or at
| east 9000 hearking pointd.n sone enbodi nents, catal ysts may be characterized

by pore structure, Vahi QU4S-ROEE ST WAL UG RALAIRILS 824 NElude, ; 2o but are
not limted to, pore dianeter, pore volune, surface areas, or conbinations

t hereof . The“BatHltyst HayeRabel i stritinti 6AVDf ol hl L4pFant #8Y B pore

Si zes versgustporg sadiangteicontdhe Jredhampeteathanetes. ofrkhe pore size
distributionDngﬁ%Bguin a rangeffron130 A to 100 A, 50 A to 3090A, or 60 A
to 80A LT EAP af YE ey Hae SRV FoRs O81 gk YSPP Bt 8R*Rith a medi an
pore di anet errodfe girobeast iG0aArarafe Feastd . 9004 @famat taustc §0OA. I n sone

enbodi nent s, cat.a t h a_pore.  size distributj M th di an pore
di aneter in éb p(gonlggbr\lr:%fﬁ :goﬁilt%l%fﬁot ,d' A {0 9{9; E@‘EC ”éO ﬁrfoo"rEgOA, W th
at | east 60%Iofnsm toofal gnamberl-of0wsdies in the pore size distribution

having a gore di aneLer. Wt R0 30mefve 540 c%?éqaf%dgf:%tﬁb% 2 PB4 an pore

di aneter. In sone enbodi nents, pore volune o ores may be at | east
0.3 cnB/ g, atoieadt DeviignBbgiwerm U3HWost A3PCcaB/.10LnMRxer Pdi H0%

enbodi ment s, VoL gure. of ,por r o f _ 2 99 cel g,
0.4 crdfg to ?%ﬁco%;gmor 1908 &5 8y (ange 5P 36RO P

the hydrocarbon feed. In some embodiments, the crude product
has, per gram of crude product, a VGO content in a range from

20 0.00001 grams to 0.8 grams, 0.001 grams to 0.7 grams, 0.01
grams to 0.6 grams, or 0.1 grams to 0.5 grams.

In some embodiments, the crude product has a residue
content of at most 98%, at most 80%, or at most 50% of the
residue content of the hydrocarbon feed. The crude product

25 may have, per gram of crude product, a residue content in a
range from in a range from 0.00601 grams teo 0.8 grams, 0.001
grams tc 0.7 grams, 0.861 grams to 0.6 grams, 0.05 grams to
0.5 grams, or 0.1 to 0.3 grams.

In some embodiments, the crude product has & total Cs and Cy

30  asphaltenes content of at mest 90%, at most 80%, at most 75%%,
or at most 50% of the total s and C; asphaltenes content of
the hydrocarbon feed. 1In other embodiments, the Cs

asphaltenes ceontent of the hydrocarbon feed is at least 10%,
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i 00.7 cnB/g. The pore volunme of the catal yst includes pores having a
pore dianeter between 1 A and 5000 A and pores having a pore dianeter
greater than 5000 A In sonme enbodi nents, the catalyst has a majority of
its pore volune in pores having a 15 pore diameter of at nost 300 A, at
nost 200 A, or at nost 100 A. In sone enbodi nents, the catal yst has at nost
80% of its pore volune in pores having a pore dianeter of at npbst 100 A, at
| east 5% of its pore volume in pores having a pore dianeter of at between
100 A and 300 A, with the bal ance of 20 the pore volune being in pores

havi ng a por e diagst s 0foattl easd: 300 £ the somBpeADAGEeRt Ster:he catal yst
may have at | east 90% or at |least 95% of its pore volune in pores having a
pore di anet errfof P&t Yipete B8y Aced5ITR ST EnBB HERPES. tHE catal yst may
have at nost ry¥rofaidos pese huel Ul bRaposehyhavinigpoa pose di apefer of at

| east 5000 A.. Such.a catalyst may have_a pore .vol et ween 0. o/ g and
150 el g anda it Facorh e B e s B0 e TR od0bEERe Brflof ment o,
t he cat al yist dvaming -Qipow & .dbzeralisst prbutisonrang calpkdicamampor e di ameter in
a range from abou, 50, &,1.0 oHdfathetey BAVe,dasuiiace, alens phgat | east 340
m2/g. Such surface area may be in a range from340 n2/g to 500 n/g, 350
m2/ g to 450 mRrEertort37s §fptg b 425MaRY ¢0%cabaldfsteshatli ngispeeific
surface topohegyecdtahgeos WrhasgaR@ason anGdpor &n dicskr ddHdiens: descri bed
above may 5 exhi bit enhanced run tinmes in conmercjal applications at | ow

h
pressures andeef REPEd P erpe? MGrHEE e FSPPERAN e FRE Her Fararset 1668s not
deactive aftehiné nleastidinyear rafativalyismbldhecrenbaneed mayn ti mes may be

attributed to_the hi surface, ar f the catalyst and/or the.narrow
G stributi on B guite 06 Hekiersr o Phd e ERbaTTe-B R BAfATe " Thus,
the netal s ofmikherscatal yst remai n exposed for |onger periods of tinme, thus

pluggi ng of the &%d%%?%d&&%%} alY Sbmd SerfloBl HBlcs, TheNIORoSYUr{ A6E area and

sel ected distribution of pores in the pore volune of the catalyst allows
processi ng oftoh? g B529% 5o 8PP yowmid/ bp hilghoresidee erUdesathate woul d not

be able t@ be precssseds mivch ?Qﬁ\é@@hi opalreat giysics . having the sane pore
distribution, but_ smaller surface area.Calcining a )

In certain embodiments, the crude product is a
hydrocarbon composition that has a total Ni/Fe/V content of
at least 200 wtppm; a residue content of at least 0.2 grams
per gram of hydrocarbon composition; a distillate content cof

20 at least 0.2 grams per gram of hydrocarbon composition; a
sulfur content of at least 0.04 grams per gram of hydrocarbon
composition; and a micro-carbon residue content of at least
0.06 grams per gram of hydrocarbon composition; and a
viscosity of at most 100 ¢St at 37.8 °C.

25 Tt may be desirable to only selectively reduce one or
more components (for example, viscosity) in a hydrocarbon
feed without significantly changing the amount of sulfur
and/or Ni/V/Fe in the hydrocarbon feed. In this manner,
hydrogen uptake during contacting may be “concentrated” on

30 viscosity reduction, and not reduction of cother components.
Reduction of sulfur typically reguires the catalyst to
include additional metals (for example, nickel and/or

cobalt). Conversion of hydrocarboens that contain sulfur
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conmul l ed catal yst at tenperatures ranging from315C to 675C, in the range
from400C to 650C, or in the range from 20 450C to 600C nay facilitate
formati on of pores having simlar pore dianmeters and narrow pore
distributions with |arge surface areas. In certain enbodi nents, the
catal yst exists in shaped fornms, for exanple, pellets, cylinders, and/or
extrudates. 25 In sone enbodi nents, the catal yst and/or the catal yst
precursor is sulfided to formnetal sulfides (prior to use) using

techni ques known in the art (for exanple, ACTICATIM process, CR

I nternationaknd/diC oknet m&@%a@dmo%?mﬁmbw@ wm?hy@em&y be dried then
sul fided. Alternativel the 30 cata may be sulfided in situ by contact

of the catal §SFSHHPEACR W&FSC%’?OE&ﬁSf’é%d tgﬁa‘?eljr‘?(?lsuaéssw PUFER ai ni ng
conpounds. | nssiltds suiddiriszat t®ncmye LﬁﬂHeIrZeo@drhﬁtsgﬂS&(hus hydr ogen

sulfide in tge presence of, h dr%%en ui d- has SU|fo zi ng agents

such as organ%suﬁq’r‘au O%o%gun et g gf%’ﬁ SUPF] d%umnﬁo ysul fides,

thiols, and subdas deg)re Birnsitagdsul iﬂmai;aavsbmqorrlogels:sewaar@n@eﬁcrl bed in
U.S. Patent B@%ol@mﬂ@% 3L7()2mt—39a Shﬁgt‘n @era(%n%rga,68aq"fd7§6<sé990§%§mans et 5

al., all of which are I ncorpora { ﬁer el n by reference. I n commer ci al
appl i cati onsPOHT tEE LS i@at fon %ﬁfﬁi?heﬂwyé%ﬁr%@él PYFRCAERFYStS 2 t he

hydr opr ocessh i@ &at-8by Stc:datBat mn@ailmeh@at ethH ©1400::G0V8rpaRRcar nore
nont hs to control the?,%eneratl on of hydrogen sulfide. Slow heating of 10

hydr opr ocessPng- ¥4t BFYStE may™ i viiv6rt ‘6‘@ SEPT VAtASoROBP 13 tRat M yst. The
cat al yst deseydbedrben efgrdhas:enbancetb@tiabhts t yhienct e presenc eaof

hydr ogen sul |de when. ha at %an 9 400 rcllegnroeg;tg anns chmeearmgego Bel ng abl e
to preheat t e cdt allys'{l over or F &% ﬁerf)od of> i ne r?a |ncrease the 15
anmount of hytrécaeiybon feed . th’él‘ue mndb@ecbmcégmdmhtonﬁgzhhaveont acting

system acéé}at%%[ %%{bp%m?%jé r{f%%rrsantchwe ieatahyst Qf fecnvention is

obt ai nabl e by co-nu Col'um 6 netal (s) wth a support. Co-nulling the
Col utm 6 met argaymegitt ﬁactlﬁétéﬁ?)p%’ldtfoﬁa?/t}‘fe@r AY @CZ0 e X Uir'eé -or Far subst antial |y

honbgeneoys BAkXile. al kGOSN AdL ABIM S hal:B e Mghul esdmY Lhe ext ruded

and/or dried. The m xture rrag be cal cined at a ten‘gerature of between 535 C
and 700 C t o'pf OFGc8 AT SHLRIY SO EThe Dd5poF 2 e d@e™F¢'om 0. 001 grans
to 0.2 granstefa@fnsi Jniad:/&raladar%pﬁﬁ}tgfm sbecOr 929 ignanmsweh al um na, or from

0. 001 grans a silica and 90 gramto 0.999 grans of al um na
per gram of %:1 (ic)?ggon ﬁeeéion% e%glal %Eeh flClelgtly treated9 Wltg 1?}16

catalyst described herein by reduc1ng vigcosity without also
20 reducing Ni/V/Fe or sulfur content.
In scome embodiments, contact of a hydrocarbon feed using
the catalysts described herein at temperatures of at least
200 °C and pressures of at most 5 MPa or at most 7 MPa
produces a crude product that has a viscosity of at most 1060
25 ¢St at 37.8 °C, a total Ni/Fe/V conient of at least 200
wtppm, a residue content of at least (.2 grams per gram of
crude product, a distillate content of at least 0.2 grams per
gram of crude product, a sulfur content of at least (.04
grams per gram of crude product, and a micro-carbon residue
30 content of at least 0.06 grams per gram of c¢rude product,
Catalysts used in one or more embodiments of the
inventions may include one or more bulk metals and/or one or

more metals on a support. The metals may be in elemental
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the m xture may be dried and calcined at a tenperature of between 315 C and
760 C to produce the catal yst. 30The catal yst nay have from0.001 grans to
0.3 grans, 0.005 granms to 0.2 grams, or 0.01 granms to 0.1 granms of Col unms
6 metal (s) per gramof catalyst. In sone enbodinments, the catal yst may
include at nost 0.1 grans of Columm 6 netal (s) per gram of catal yst.
Wt hout wishing to bound by any kind of theory, it is thought that the
addition of silica to the support nay allow 5 Colums 6 netal (s) to remain
di spersed throughout the support while being heated to el evated
terr})er at u:rg ;z; f(éff@roﬁ)ian’lﬂlh@,fotrﬁggﬂrcaat(:ldf@@um odt %@3@1&;5@.15 r@,ehat Iealst 335 C,
at | east or at |eas . In sone e i ments, e catalyst is
mononodal . Sﬁéhaiﬁtéoﬂﬁf?ﬁl%ﬁéo?eﬁfét"afﬂa%n% §Bﬁﬁ%&tc,edf 6??%\&3‘8 by cal cinati on,
may produce acnomoiimdabocat=al ysprdmvsng, anporeesizeode sdatibat aore With a
medi an pore di r . of at 100 A, W a t % qf .i.t s pore vol une
in pores havgﬁg@sg'orlg H?ear?eggg%m@%%a”mﬁr%s{f%%%)xg/i%q%heﬁ%ﬁ %I‘JS]/'glténay have a
surface arfeaasfl/at 4 dadtodoonRiggd Thetxiatiabystl vy ihaventacpedevitdl unme from
0.5 cc/g to QnQ £&/Q-cbhy SOMe enbodi nents, the catalyst nmay exhibit one or
nore peaks between 35 degrees and 70 degrees, and at |east one of the peaks
has a base wi dt h Bf CGFtf-easiPediufdrfecksc &etadydr dirRedi By SRLPaY ©iffraction
at 2-theta 20dbis(0at abysiny educas sat iheast, abPordre0no0f1ikkiecgogonent s
that contribute to higher viscositi etg and/Tglr a polrti on of the conponents

a fidut

that contri bGPk ofpefPIEBHE et % Fohf FdEnt "$ e di¢Er offin sul fur
and/ or N bFekYacont eataldrmabnentaloColhen My deogardonofiesd witt it a Col um 6

25 metal cat %'ea%ﬁ ot.%%of,"%ak 5181 0L Ay Qi:”ﬁ!as%{*ﬁ%@ Gl ums 9 and

10 netal s may be econom cal advantageous si'nce 1t ows production of a
product withanddecdd wiswusi fyormrid 0/D hi gransdes Ul faupicant i dn O8hdgoms

denetal | ati op,rgl At gt @ he §aMR RHOPEr 4reas Ofo .t Reohydracarbon (fgeed.
30Using the catalyst(s) of this application and controlling operating

condi ti ons mEYaEE{ oW aSeFUGELPEGATCE - t BPDEapROICEACLAHRS HasMsel ect ed

properties changed ~ehative . bve fheshydrecanbon daed (whids otherofproperties

of the hydr ocarf)on feed are not siggni ficant IX Cgshaﬁged. Th% resul ting crude
G 19 he a

product may RaVR'Ehanced Propdr P SR “Aydrolar bon feed and,
t hus, be nor ecagrept abteudcobxidanspont & inen yaael wr tredtindengndbdhe cat al yst

of the applicatiaon .renmpve conponents that caontripute .t decrease in
the life of gfl'&u%s?teélgt%% (f/}(s]t%%'i nflf hr%r‘sﬁg/é% eenné;of)r%(l)rﬂ’?? Té ﬁg%r%actgrqgg% feed. For
exanpl e, redacthygigshenvy sSkdsintyé afethydrocanbgnCdleed/ b ot@iropndductinm xt ure

relative 40 %Heem&ﬁl@@{,bc{ﬁﬁef §§Ldalr§%¥ !LM\pfets miﬂggio'ﬂgbdenum and/or
molybdenum oxides.
In some embodiments, the catalyst includes a combination
of Column & metal(s) with one or more metals from Columns 7-
10. Columns 7-10 metal(s) include, but are not limited to,
25  manganese, technetium, rhenium, iron, cobalt, nickel,
ruthenium, palladium, rhodium, osmium, iridium, platinum, or
mixtures therecf. The catalyst may have, per gram of
catalyst, a total Columns 6-10 metal {(s) content in a range
from at least 0.0001 grams, at least 0.001 grams, at least
30 0.0l grams, or in a range of 0.0001 grams tc 0.6 grams, 0.001
grams to 0.3 grams, 0.005 grams to 0.1 grams, or 0.0l grams
to 0.08 grams. In some enbodiments, the catalyst includes

Column 15 element(s) in addition to the Columns 6~10
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W of other catal ysts positioned downstream and thus, increases the |length
of time the contacting system nmay be operated w thout replenishnment of
catal ysts. The catal yst of the application may produce a crude product with
a lower viscosity as conpared to the hydrocarbon 15 feed with m ni mal
anount of hydrogen consunption. In sonme enbodi nents, at contacting
conditions at a total pressure of 3.5 MPa, hydrogen consunption nay be at
nost 30 NnB/nB, at nost 25 NnB/nB, or at nost 10 NnB/n8. In some

enbodi nents, at contacting conditions at a total pressure of 3.5 MPa, 20
hydr ogen conswapt iOn mMay dagnel e@BdinNABs NBHe0c36h INBB/ A8s i @pxd N/ nB to 30
N8B/ nB, fromS NnB/n8 to 2q50Nrr8/rr8, or fd'om 10 NrEBIrr? to 20 N8/ nB.

In sone enbodi ARt € cBAt At PAgIEBHACE By &9 " Hec6RtYBES dd*fo produce the

crude productmetats pepagtinalof7bagrlassur errofsohydeogennatta phessure of nost 7
VPa, and wher.gln, fydr.00en, GORSLIRLJ 00, i b TBSlq 39 N8/ 8. 1 n ot her

enbodi nents ¢ acting conditions may be contr d"to produce the crude
product at’ a partiralsope eygpdémeit shydeogeilas tacpriedsara gsiost®y MPa and a

tenperature %Ea@é,%wBQoé@qn%ﬁgt@g%wo&pé@Q§bquganram ofcb@a§9ﬁ?pf .
enbodi nents, 'the catal yst of the application nma used in conbination

be n
with other c&Pal§stremetdanpre® dPlanot herteatGIdfsthe sFefiedial yst t hat
i ncl udes suppani€dina@at abnesorf haes cangdé@iasnbnes:ad o@Xele: fdoresunduch
catal ysts are _described in U S. Patent li.catiqns entitled,"A Catalyst
ond Pt ocese. brSThe MERtR BEEATE B P A Row S fd °brSid FRR K oduct » and
"A Hi ghl y1eSt abbee Heavy $idriocarfienr brblydinedesutd uriczatdonio€at adtyst and

Met hod of Maki d e.. The ".to Bhan; and International Application
el lg.. . .
No. NO 02/ 32?‘?8%10 Sﬁﬁ,sua Fn%?; Whi ch are incor porated herein by reference.

Arrangenent of twb "olaporaticapflGesiigni f etgel betGed vnos sedienearay contr ol

the sequence,gf s apRekt YadJrovenent sofay, the.faedo Foregexampte, a catal yst
havi ng a surface area of at nost 300 A as described herein may be pl aced
upstream of PRE® CAPRFYSe HFaviRg R tedyFacecareas ¢iolam" | east eBaut B) Treat nent

of the hydrogcarbenfiegdenithl Bygiegenoh o beiddn pr aseanre:)olvithesdeoner
surface area gat a!%sttgg%/ gredu(?éa a pog,HOo.n }‘] t e corrlgo erétﬁ th%[e .
contri bute t 8 r&sidlE, RSO BSr {Toh of "t He ¥ oieHERts “ t hat ™ ®cont ri but e
to high viscestiywsat ihehstesaCpbuidri @nmefal fze¢ €53 asphahteEhestabdrisiat | east a
portion of ngtals i pefale 3ALUS:Qh QLGN Go3RldS: to the total
Column 6 metal in the catalyst may be in & range from 1 to
20 10, or from 2 tc 5.
In some embodiments, the catalyst includes Column 15
element (8) in addition to the Column 6 metal(s). Examples of
Column 15 elements include phosphorus. The catalyst may have
a total Column 15 element content, per gram of catalyst, in
25  range from 0.000001 grams to 0.1 grams, 0.00001 grams to 0.06
grams, 0.00005 grams to 0.03 grams, or 0.0001 grams to 0.001
grams.
In some embodiments, Column 6 metal (s) alone or in
comkination with Columns 7-10 metal{s) are incorpoerated with
30 a support to form the catalyst. In certain embodiments,
Column 15 element(s) are alsc incorporated with a support to
form the catalyst. In embodiments in which the metal (s)

and/or element (s) are supported, the weight of the catalyst
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20 Contact of the treated hydrocarbon feed with the higher surface area
catal yst may further reduce viscosity, copper content, vanadi um content,
netals in nmetal salts of organic acids. Arrangenent and/or selection of the
catal ysts may, in 25 sone enbodi nents, inprove the useable life of the
catal ysts and/or the stability of the hydrocarbon feed/total product

m xture. |Inprovenent of a catalyst life and/or stability of the hydrocarbon
feed/total product m xture during processing may allow a contacting system
to operate for at least 3 30 nonths, at least 6 nonths, or at |least 1 year
wi t hout repl acepremds afilthewatal aist nkbal e, cant actli BeZangs). The

Combi nati ons of tr{_;a catal ysts of d scr'ibéad heEei n %I | o m,rneduc i on of:
viscosity, at PBast "&Ypdt tiGR Bt ha " “asphalt enes 2 8t “1@R4F 'a Portion of

t he metal s i pometaibosahestof tbe gamporacids,udat 4idast andoerlumonz ofm t he

resi due, or i nat.i . L f h r f re other
properties 0%8%%6%;8?2‘?:%% gﬁ"ﬁ?tféeedd agﬂgg%%:g)rfgxg}?&cmﬁie?gg%tﬁng?ﬁ%{g‘?‘%ﬁqng t he

st abi | i ty Sof PPReUhyd@rbearFeRdf eeidtietal acddues. MxECORRIBEEPAY processi ng
(for exanpl ernBpidit.ai AL PG A RYdb0CREDRA, fieed ks valueapf phovend:L) . The
ability to selectively change properties of the hydrocarbon feed may all ow
the stability°of2tHe Ry diocarboi Feéart gtar pFodict ™o it ure to be

mai nt ai ned dutb koG iP06LEEd, NGagnesiun bRiGHme rembhodireentissreednmer ci al |y

aval | abl e caiglysts gay be posiiioned, downstream of e, Gqtalvals, of the

i nvention to redlce Seletté propertres of "t'Re“teed* For exarrp“?ue, a

denet al | i ®at eenCcidtealiystCatay ybes posi Leomed otbesddinstpesinrof Tekes fir st

catal yst to reduce the N [V h r. 0 e npared to
NI Fe of the Ead. A aeSUIT T ar o0 CaralIAt Ty Be padi T oned

downst r eam of-ithedénet atlivaged o ®ar apydtort Boretudeaphidchet er oat om cont ent
of the crudegpRERSUGE cas£&ONRaLethdi@abhe- 20 heter eatam.conteny of the feed.
Exanpl es of comercial catalysts include HDS3; HD322; HDN60; 0234; 0311;
0344; 0411; GA2AEG544°0C448; BAYP 20254:°%04487 (F52A°T 0534°°DEYS31; DN120;
DN130; DNE40zeONKIG; mBPN2QO0bDNSOLY bR 1d &ombb2318; ~BN3AO0m -PN3ddd;, DN3300;
DN3310; DI\B33Q;Z%%O% & 10; .RNA12: 25 00; 5{;%2%; RN440; RN450; RN650;
RN5210; RN5610; 650! 30" “RiB036! 37196757 2673: 2703; 2713; Z723:
2753; and Z763, v chreae avhodakine st rom Grppbmt émpatdenalammbne. (Houst on,

Texas, U S. Ag)unddh, S0 £HRQMHL FBNLS L NEQLAET ANk MTREE of
thereof. In some embodiments, the support includes from
20 0.000! grams to 0.20 grams, 0.001 grams to 0.1l grams, or
0.01 grams to 0.05 grams of sitica; and 0.80 grams tc 0.9999
grams, 0.90 grams to 0.999 grams, or 0.95 toe 0.97 grams of
alumina. Incorporation of a Brensted base such as silica into
the support may inhibit formation of coke at elevated
25  temperatures. Incorporation of silica into the support may
assist in dispersing catalytic metals (for example, Column 6
metal (s) or Column & metals in cembination with Columns 7-10
metal (s)} throughout the support. Dispersion of catalytic
metals throughout the suppert may allew formation of a
30  catalyst having a surface area of at least 340 m%/g, at least
360 m?/g, or at least 400 m®/g.
Catalyst that have a large surface area with a minimal

amount of catalytic metal (for example Column émetal(s)) on
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30 catal ysts may be selected to m nimze net hydrogen uptake while

mai nt ai ni ng the hydrocarbon feed/total product stability. Mnimal net

hydr ogen uptake all ows residue content, VGO content, distillate content,
APl gravity, or conbinations thereof of the hydrocarbon feed to be

mai ntai ned within 20% of the respective properties of the hydrocarbon feed,
while the APl gravity and/or the viscosity of the crude product is at nost
90% of the APl gravity and/or the 5 viscosity of the hydrocarbon feed. For
exanpl e, the conbination of the two catal ysts descri bed above havi ng

surfaces arease0fudtacBost 3Q0.88{19sanda@tvel pastar@bpiPéhusesy l@ss hydrogen
during processingi‘as conpared to use of the ﬁjqﬁ;e C tal¥st havi ng a
surface area “6F2R{*oBEtB0FIAD & SUPPORequéIBR- I Rét My FHBHRRE {ifake by

t he hydr ocar bonufreed may: @nodag e @mnckude sprodictl vt bat fdas oa boi |l i ng range
distribution.simlar to the bhoiljn [ I I put f it hydr ocar bon
feed. The atgﬁwgyﬁfeuéfthgrgfud%]%ngJ%?mgééggkgoh%g€§q%ﬁ%§ge by

rel ativel y smalvernoantise asidednparied tloe Bruheist dai Eadidtetet he
hydrocarbon fgeding the mﬂﬁu%@”?n@ﬁgpgémttﬁatcrﬁﬁyalb)éséxtsﬁjd%%tan and/ or
order of catalysts in conbination with controlled contacting_ conditions
(for exanpl e fotapheap upe ARAFdreaiFdr besr FEReT et f POWW $af8Pitfey assist in
reduci ng hydr9gemed#t akerdanithes:2Quhydiocar bossdigedounmifizak gi teg

hydr ocarbon feed/total product m xture sLabiIit%.dur%qgvﬁgocessing, and
changi ng one °4r° 1@f5r§ﬁ@ﬁf?e§“BP EHE T ode Bricthidt “Fu1Ed Ve to the
respecti ve ppopesirgespolldtieihydraacanbion.foeedth@tsability of the hydrocarbon
feed/total product_ .nm xture e affe y ar.| i separati ng
fromthe hydrocarc%ﬁmPeng?%?gfPﬁ?%h%c%hﬁgf?u?%;k%hgégﬁgéggsgﬁﬁbn may be
caused by, feriexarphéziinsabupidrit.yEsfntlye hydrodabberifzed and/ or crude
product in the, hydrecarban.f egdlialal - produgl, npdidses . fl.acel ation of
asphal tenes from the hydrocarbon feed/total 36 product m xture,

preci pi t ati offubiert drpbhentiorf poifitiKe RydioltaPhon CeBEF 1Bl tprdduct
mxture, @r caphinalikons, ther 80§ .other gencAaiCerirhi hix@s during the
contacting period, the concentration ofjgédroc%gbon fgﬁg agdlﬁr tota
product in tH8 Al dc AP BB 8Lt AP Broddet Mt §F 8V Y “Oh PAs t he
concentrati os eétdihe)t otwdorpr etiairei. n thechydiocabbdinS: tfseedhs ot al product
m xture changes due to_foaor.mation .of .{he. crude.pr solubj{ity of the
conponent s o%aﬁ%%uhﬁd?g%épﬁgﬁ I%@% gh%fgﬁjﬁgngéﬁgﬁggg%fhﬁHgg%ttal pr oduct
in the hydrocabrboamntiiedty tiorebeproduct dhiparged trerds teprdrdnge. For exanpl e,
the hydr ogar Bog.fiaed.my SANkal e QTROBENLS §RAlldupbersalyble in the

hydrocarbon feed at the begi nning processing. As properties of the

hydr ocar bon febiich&rleny f0r texdrfpluen APIet@Las] t3F NPRCFEPEYEEWER, 05
asphal t enes, sRa¥@} weesOhr&QMBhAALd 10861 hdareebYaridie reomPaRantsnifmy tend to
becone | ess soluple in the h%drocarbon feed/ t of al Qtodqu,lS niﬁgure. I n
sone i nst anc&sI"YHERY FFEEAFBoN FESd MR IHE t GtE VPP odudt: *hral® £6r m t wo
phases and/ oprbeeoma knsoltubl eténpeanevastotahar pr&odutbi| adty obhangesemay al so
result in tgg hydr ocar bon teed{total ngduct m Xt ur.e forningntmo or nore

phases. For m&Yi 0f°dF P PHREaS , Ca R Stigh FIecetit'st itOR of =+

techniques. In some embodiments, comulling of a support
containing silica and Cclumn 6 metal (s} forms a smoother
catalyst surface. A smoother catalyst surface may lower the
Brensted acidity of the catalyst surface because less alumina
30 sites are exposed.
Combining the Column 6 metal(s) with the support allows
{for example, comulling, in contrast to impregnation of a

support) at least a portion of the metal (s) to reside under
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20 asphal tenes, change in concentration of hydrocarbon feed and total
product, and/or precipitation of conponents, tends to reduce the life of
one or nore of the catalysts. Additionally, the efficiency of the process
may be reduced. For exanple, repeated treatnment of the hydrocarbon
feed/total 25 product m xture nmay be necessary to produce a crude product
with desired properties. During processing, the P-value of the

hydr ocarbon feed/total product m xture nmay be nonitored and the stability
of the process, hydrocarbon feed, and/or hydrocarbon 30 feed/total product
mxture may heecassessedor BRI Sabddbedantralvabie: fhat cbs Alampest 1.0

i ndicates that_ fl occul ati on of asphaltenes fromthe hydrocarbon feed
general |y ocEUPS99F *Phe"PSVBPUE s PATHIArPy 14t° ME58 O ¢Fand such
P-val ue i ncreases: ahahSwaigldat tiwely sst able dur ting veenbadiddngetdhen this

i ndi cates that e .hydrocarhon feed is relatiyv stabi] e _during

contacti ng. ﬁ?&%bcéfbo%”f%%ﬁi?%E%ﬁ“%?g%uca“ﬁ?%?ﬁ%ﬁ g?ﬁ%ﬁf?&ﬁgeas assessed
by P-val ué, mayfde edntholdagdl Bsthyextonts dlblei hgfeomiddet i regaéehdi ti ons, by
sel ection of ,cal &ysts, vy Sehestd ¥§ 9of 08/iR9. 011 LRE AL Yshs . QT o £0NDI nat i ons
t hereof. Such controlling of contacting conditions may include controlling
LHSV, tenper &btirgtagr 885ifve, thydioGant &t ke thhyitdcdrborfeed'¥9-ow, or 10
combi nati ons thbef@efis may movdhes ageURUL atd-oBrotnsedi ABPt andbegr i nsol ubl e
conmponents in the reactor contacting

may | ead to a pressure change in the ¢
Jone, thus | ARPBITI G FORIGERPEOR T GBA G916 PRsSiTgot RIGEGH The: Bontacti ng
zone at desi kedalysowwt gt es hyArddadtapi deddiCrease in pressure may indicate

pl uggi ng of the catalyst.. A. n in essure. o t.least 3. MPa, at |east
5 MPa, at |east %ﬁ@%ﬁ?{%o‘ﬁlsgtlggglatgt%ofad a0 ergl]%lOT sO%oJrCJt)eopré{r’i o8 of time may
i ndi cat e cat ahysthtplthgyi g aDitiivg proeesdishgon tda/pnlwizipgessur® of a

contacting 2Q,z006 @t arfined,bed feacl OroaBY. bg JmepLLongdy A-gapid ,
increase in inlet pressure may indicate that flow through the catalyst is

i nhi bited. TRé ¥hi%bBitrore Gt oW fly Pl WauSetr e aAYTHor 8a8ectiwredeposi t
or sedi ment for fddr@RandNe 1yNEL QR ok B deR0sbl i sSREEAENt FRY pl ug pores
of the catalyst, thus 25 restricting fl ow of the hydrocarbon feed through
t he contactiﬁﬁyiﬁﬂe?t“““mreTﬁﬁﬂﬁgiFg?eﬂvﬁ?Géﬁ?Bﬁﬂ“fegﬁaHﬁ?ﬁﬁgOQﬁgfosities
t hat i nhi bit cohenhydrecar ban Heethtkramdbeingns ransper tetvand/ or punped are

contacted at e%gx&%ggHngﬁggen essures‘éggﬁeggw% an éa,j%ttﬁgast 7 MPa,

at least 10 a or at"l'east’is 530{%e%roduce products that “are nore
fluid. At el eepdledt relative to the order of elemental metal in the
20 metal oxide may be determined by comparing the order of the
Column 6 metal peak in an x-ray diffraction spectrum of the
Column 6 oxide to the order of the Column 6 metal peak in an
x~ray diffraction spectrum of the catalyst. From broadening
and/or absence of patterns associated with Column 6 metal in
25 an x-ray diffraction spectrum, it is possible to estimate
that the Column 6 metal(s) are substantially randomly ordered
in the crystal structure. For examplie, molybdenum trioxide
and the silica/alumina support having a median pore diameter
of at least 180 A may be combined tc form an
30 alumina/molybdenum trioxide mixture. The molybdenum trioxide
has a definite pattern {(for example, definite Dgos, Dooz and/or
Doos peaks). The support/molybdenum trioxide mixture may be

heat treated at a temperature of at least 316 °C (600 °F), at
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hydrogen pressures coke formation is inhibited, thus the properties of the
hydr ocarbon feed may be changed with m ninal coke production. Since
reduction of viscosity, residue and 05/ 07 asphaltenes is not dependent on
hydr ogen pressure, reduction of these properties may not occur unless the
contacting tenperature is at least 300 C. For sonme 5 hydrocarbon feeds,
tenperatures of at least 350 00 nay be required to reduce desired
properties of the hydrocarbon feed to produce a product that neets the
desired specifications. At increased tenperatures coke formati on nay occur,
even at el evated: hdr ogemsqir essures atAseddie spe opertices afy tbe 10

hydr ocar bon feea are chgh%?%,_ghed¥§val e 0 he h drocar% n feed/total
product may &&CFREsE HRIoWSt. 6 AndPSP S&diSemt™ ey “P6F™" ¢&dsing t he
product nixtmmeyb@yhmmdmamuﬂstabkex—Sbmaﬁﬁfehewanedphydmmgemopressures
require large gggﬂgt%nogb$¥gyoggqﬂm Dﬁlﬁf%&ﬁ capabl e of ‘reducing properties

that are 15 in erdent of pressure a nimal tenperatures is desirable. A
process tHat operHt esnatepgroddsaries obrpactmyst a “NParahd t enperatures of at

| east 200 00m\%&b@%thgﬁ}@&iﬁc'm@gt§ﬁ,ﬂ'f%$1@§ @-'@;@ﬁgﬁmc@lﬁ%tﬁiﬁs%\s@m ageous.
During contact, the P-val ue é be kept above 1. 20 controlllng t he

contacting t &pErEtur & E5 EXErHITER N %ﬂ)ﬁﬁl@nfﬂﬂﬁoﬁeh?%?r i ffeed
t enper at ure ikBCtRASRS uAROY eedb/ DGpotkhemiPtwakues drsepst bl ewrdafi@and t he

hydr ocar bon f | product nlxtur be ones. nstab |f the tenperature
decr eases belgmﬂé%éygpmﬁ1§ ﬁ% %ﬁﬁﬁeg thE HY rgéa{ %ﬁBZS eed
properti e® oeetes.and/cr dﬂh&ecauﬂbapeodmtﬂipnoduﬁedmbynbommacbfng a
hydrocar bon f.eed 'tth'Adil?“a‘Fs e H?£eed Cc%t gl%’étt%edééﬂd bgd,henein, gy, be useful

in a wde range of applicati ons inclu ing, but not limted to use a feed
to refineriegixfeesd af 6¢sbresdgendig BOCY rahidedl e atd & forted 4n8PI uent, or an

enhanci ng aggatztmresundﬁiagrrpqu@doﬁlamagcmcgmepr&s:te%%@snofq&m%@érpl e,
hydr ocarbon feeds having an APl gravity of at nost 10 (for exanple, bitunen

and/ or heavyLBrI?%EﬂicséﬁH§ CFEEYY araf- U@”&Gﬁ&%r%%ﬁ? PRE g RAEPPBLTEC
hydrocarbgn stieans through a series of processing steps u5|ng cracking

t f I b bed Ki t fl tal yt
Cracki ng uni 1 HGFnG ORadk RGE LrAEro6r TOCRBEe Wt 8RO L 6" Bopvert 5

hydr ocar bon beedmﬂ@slughﬁemmownpan@muayes:n thReductiuom «of athe V|sc05|ty
content of a h rocarb e tre
¥9 c?e% P}Qe %%g (I:J?%e %QH?@daq:es? 19 be ?H}] % ggg%on feed. A

processed in ORI s may enHance processi ng r
systen1u3|ngC@h@lmﬁiheusﬂahd@cbwﬁiy9t§OUE§@EFb@U%her@h©Iﬁﬁtéhéﬁge to

propertieg of,,a hydi.9carhon kesd Mmﬁ@r%’et w@qaugétfmgh@% or nore
of the cracklng units. Treatnent of t dr ocar bon in one or nore
e

systens descrPbed Wer &rem ey priivce apf%§ﬂatﬂ%ﬁ“¥%ﬁF09€§atﬁ@rproce55|ng
rate of the ekaekid)g:upid.Hy atulLashdpof aeter ©fe 2oiatulecashtent act or of

of the particie has reached a desired level.
The Column 6 metal (s)/support and/or the Column 6
25 metal {s)/support particles may be heat treated (calcined) in
the presence of hot air and/or oxygen containing air at a
temperature in a range between 315 °C and 760 °C, between 535
°C and 760 °C, or between 500 °C and 650 °C to remove
volatile matter such that at least a porticn of the Columns
30 6-10 metals are converted to the corresponding metal oxide.
The temperature conditiocns at which the particles are
caleined may be such that the pore structure of the final

calcined mixture is ceontrelled to form the pore structure and
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15 4, at least a factor of 10, or at least a factor of 100. For exanple, a
systemfor treating a hydrocarbon feed having a viscosity of at |east 100
cSt at 37.8 C and/or 0.1 grans of residue per gram of hydrocarbon feed may

i ncl ude one or nore contacting systens described herein positioned upstream
of a 20 cracking unit. The contacting system may include one or nore

catal ysts descri bed herein capabl e of producing a crude product having a
viscosity of at nost 50% of the viscosity of the hydrocarbon feed at 37.8 C
and/ or at nost 90% of the residue of the hydrocarbon feed. The crude

product and/ @urfacb akXt Witk thelkvdeady-edued radihydregaihon feed may
enter the cr a%ki ng unit. Since the cr udg0 product, and/or m xture of the

crude producta GFOLET 196A% Feed TR Y | GWBRY VitEE687¢ v nBR t he ori gi nal
hydr ocar bon fegdye tdfetps cecessyng, rabe thwmeughhé heser-ackiing uvhi poray be

| mpr oved. 30Lp soite epbodi meats,, ydrocanhon. feeds havino at | east 0.01
grans of 05 asphalténes” may be deasphalted prior to Rydroprocessing

treat nent Si nedfeefiveeiry operatd ommrbeagphdlati agntpriboesses iay i nvol ve

sol vent extrgetion andhQfo, ¢ABL@AGI I ngrt he, CLubgaMichh a aakakyst to renove
asphal tenes. Reduction of at least a portion of the conponents that

contribute t8°VPsOLEERPOLt CPERRTL WEACPORtY 6 6f1 ¢ HEdcBhpbrieAPsriHEe

contribute taoyregd duggand/Qr sasphal,tengs, Pr et Paldie rPofearPhald i ng
process may elimnate the need for solvent extraction, reduce the anount of

required sol vehtC, andirorthenhanse firhe €F{ cied@P°df ibherdlsasphatddteg
process. [or ,ex %}pr@a&y%&% for treating a hydrocarbon feed having, per
on " at

gram of hydrocar eed, east 0.01 grans of C5 10 asphal tenes and/ or

0.1 grans of residgétandta witBchgireysed wtall easty pOvesStageus?y gra@emy

include one ar;ff& GOAL AGLinNGnS ¥ SInelBL Aasar hbed,erel s Roskiioned upstream
of a deasphalting unit. The contacting system nay include one or nore
catal ysts de§5r?%é’d’tﬁ@rﬁ?we€§5‘é{ﬁseani PPdUEF Ay H SEr b BFApPb¥uct having a
C5 asphal t enesmpsonizents ofr at mosd: 2000 of drhathyslrsecaobort fagad C5
asphal tengs content, a.resi dugf tent _of §t5 t 90% of the_hydrocarbon

i t”5

feed resi due ERRTERT, °h ¥ &8 6r At S %roft Be "Wdr 5car bon

Vi scosity or Meahbi maki snsedthdr @ofperthe wriwdecpraduct mand/idewaam xture of 20
t he crude pr an car f c_enfer .the. halting unit.
Since the crg)gggé;ﬁso&gc]?y%%/ ggp%%?t %rggho it e&gr(ﬁ1 ggib?%ﬁ%t and the

hydr ocar bon feedlitds ahtpwestagphialorepnsing e ducirandtiorn viesdosat et han t he

ori gi nal hyd_@e&%tmﬂgeochvahhaggwgqesmlgga%ﬁ.%gti. SRGY O dlig . 2eq deasphal ting
unit may be increased by at least 5% at |least 10% at |east 20% or at

| east 50%of “the DHvgrazarhert fesedey. 2EXAWEES’0 hours, afdRapt nd%itng
exanpl es of ecatadyst peeparabdons.andatetdredszofo usung, suchegat al ysts under

controlled c ting 30 conditi e set forth bel ow Exanple 1.
Pr eparati on gg&g Irgrr%r 6 Wefaft %&t%glaé%‘irﬁ—‘lavi ng At Mst 10 wt % Mol ybdenum

and a Surface Area cbmatenbedste3A) caRdgrstA sapper théddO3rdzgd ang) t hat
cont ai ned O-BgrgréﬁP%09£re. Various pore structure parameters include,
25 but are not limited to, pore diameter, pore volume, surface
areas, or combinations thereof. The catalyst may have a
distribution of total guantity of pore sizes versus pore
diameters. The median pore diameter of the pore size
distribution may be in a range from 30 A to 100 A, 50 A to
30 904, or 60 A to 80A.
The catalyst may have a pore size distribution with a
median pore diameter of at least 60 A, at least 90 A, or at

most 100 A. In some embodiments, the catalyst has a pore
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silica and 0.98 grans al um na per gram of support was conbined with

nol ybdenum tri oxi de (409 grans) to forma M/ support mxture. Wth a nuller
runni ng, deionized water (2906.33 grans) to the M/ support m xture and the
m xture was 5 nulled until a loss on ignition of 58% was obtai ned. During
comul i ng, the conpactness of the powder was nonitored every 20 to 30

m nutes and 1 w % (based on |loss of ignition) of deionized water was added
to the mxture until the loss on ignition value was obtai ned. The pH of the
conpact Mo/ support powder was 4. 63. The conpact Mo/ support powder was
ext ruded usimgzé(ﬁﬁ&ﬁhbﬁihﬁbeldiQSmbGnim@ﬁké S detitbobin extaugat@oparti cl es.

The extruded tch re.d t 125 C; 38 d ci.n t 537 C (1000
F) for two hg 1§§ %$5ﬁ§~£ £1 st °% The “bif (géngf%yé%fﬁ?ﬁ%:€§talyst was
0.547 g/ L. ﬁhear@ﬁuﬂtnmgxnabahy&wscmmtwum@drepamegdaﬂuubucammJyst 0. 08
grams of nol %Qﬂgﬁ&’@ Wfés *Bltaﬁ& ]a'vﬁ%%n% 9 %‘%’0 % 355}; Lypdenum

catal yst is nono catalyst having a nedi an pore aneter of 81 A,
with at | dastedd®s grehélarstal- nunber of 20 pores in the pore size

di stribution havifig 58P0 -di ARBILT p¥kd Nidludsd &f% rbhenfEediban, pore
di aneter, a pore volunegof 0. 633 nLF a surface area of 355 nR/g. The

pore di stribuffdh ‘s Hﬁdgurﬁﬂlﬁ?SHEQCﬁFV‘%br8§|ﬁbﬂF? tat- TS 4%t dRgle of

140 i s showncknt diABehbddin2ht 3 ABkdrel vPOER: Difapeter nkp tarePoren \folzune <70

25.61 70- 1000?1:7/g7%01(9. 130 /89;,99 4 cm®/g to 0.8 om®/g, or 0.5 cm®/g to

10 0.7 em®/qg.

The pore volume of the catalyst includes pores having a
pore diameter between 1 A and 5000 A and pores having a pore
diameter greater than 5000 A. In some embodiments, the
catalyst has a majority of its pore volume in pores having a

15 pore diameter of at most 300 A, at most 200 A, or at most 100
A. In some embodiments, the catalyst has at most 80% of its
pore volume in pores having a pore diameter of at most 100 A,
at least 5% of its pore volume in pores having a pore
diameter of at between 100 A and 300 A, with the balance of

200 the pore volume being in pores having a pore diameter of at
least 300 A,

In some embodiments, the catalyst may have at least 90%
or at least 95% of its pore veolume in pores having a pore
diameter of at most 300 A.

25 In scme embodiments, the catalyst may have at most 5% of
its pore volume in pores having a pore diameter of at least
5000 A.

Such a catalyst may have a pore volume between 0.5 cc/g
and 1.0 cc/g and a surface area of at least 340 m’/g. In

30 some embodiments, the catalyst having a pore size
distribution with a median pore diameter in a range from

about 50 A to 100 A, may have a surface areas of at least 340
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2.44

15
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25

30

m’/g. Such surface area may be in a range from 340 m®/g to
500 m®/g, 350 m’/g to 450 m’/g, or 375 m‘/g to 425 m'/g.
Catalysts having specific surface topology, large
surface areas, and pore distributions described above may
exhibit enhanced run times in commercial applicaticns at low
pressures and elevated temperatures. For example, the
catalyst does not deactive after at least 1 year of run tinme.
The enhanced run times may be attributed to the high surface
area of the catalyst and/or the narrow distribution of pore
diameter in the pore volume of the catalyst. Thus, the
metals of the catalyst remain exposed for longer periods of
time, thus plugging of the pores of the catalyst is minimal.
The high surface area and selected distribution of pores in
the pore volume of the catalyst allows processing of high
viscosity and/or high residue crudes that would not be able
to be processed with conventional catalysts having the same

pore distribution, but smaller surface area. Calcining a
comulled catalyst at temperatures ranging from 315°C to
675°C, in the range from 400°C to 650°C, or in the range from

450°C to 600°C may facilitate formation of pores having
similar pore diameters and narrow pore distributions with
large surface areas.

In certain embodiments, the catalyst exists in shaped
forms, for example, pellets, cylinders, and/or extrudates.
In some embodiments, the catalyst and/or the catalyst
precursor is sulfided to form metal sulfides (prior to use)
using techniques known in the art (for example, ACTICAT™
process, CRI Internaticnal, Inc.). In some embodiments, the
catalyst may be dried then sulfided. Alternatively, the
catalyst may be sulfided in situ by contact of the catalyst
with a hydrocarben feed that includes sulfur-containing
compounds. In-situ sulfurization may utilize either gaseous

hydrogen sulfide in the presence of hydrogen, or liquid-phase
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>5000 0.47 Exanple 2. Preparation of a Colum 6 Metal Catal yst Having at
Least 10 wt % Mol ybdenum and a Surface Area of at |east 340 nR/g. A support
(3000 grans) that contained 0.02 grans of 5 silica and 0.98 grans al um na
per gram of support was conbi ned with nol ybdenumtrioxide (797.84 grans) to
forma M/ support m xture. Wth a nuller running, deionized water (4092.76
grans) was added to the Md/ support m xture, and the m xture was mull ed
until a loss of ignition of 0.5787 grans 10 per gram of m xture was
obtai ned (for about 45 minutes). The pH of the M/ support m xture was 3. 83.
sulfurizing agents such as organosulfur compounds (including

alkylsulfides, polysulfides, thiols, and sulfoxides). Ex-

situ sulfurization processes are described in U.S. Patent

Nos. 5,468,372 to Seamans et al., and 5,688,736 to Seamans et
5 al., all of which are incorporated herein by reference.

In commercial applications, after sulfidaticn of the
hydroprocessing catalysts, the hydroprocessing catalysts are
typically heated to 400 °C over one or more months to control
the generation of hydrogen sulfide. Slow heating of

10 hydroprocessing catalysts may inhibit deactivation of the
catalyst. The catalyst described herein has enhanced
stability in the presence of hydrcgen sulfide when heated to
400 °C in less than three weeks. Being able to preheat the
catalyst over a shorter period of time may increase the

15 amgunt of hydrocarbon feed that can be processed through a
contacting system.

In certain embodiments, the catalyst of the invention is
obtainable by co-muiling Ceolumn 6 metal(s) with a support.
Co-mulling the Column 6 metal{s} with the support may form a

20 mixture or a substantizlly hcomogeneous mixture. In some
embodiments, the mixture may be extruded and/or dried. The
mixture may be calcined at a temperature of between 535 °C
and 700 °C to produce the catalyst.

The support may include from 0.001 grams to 0.2 grams of

25 silica and 0.80 grams to 0.999 grams of alumina, or from
0.001 grams to 0.1 grams of silica and 0.90 gram to 0.999
grams of alumina per gram of catalyst. In some embodiments,
the mixture may be dried and calcined at a temperature of
between 315 °C and 760 °C to produce the catalyst.

30 The catalyst may have from 0.001 grams to 0.3 grams,
0.005 grams to 0.2 grams, or (.01 grams te 0.1 grams of

Columns 6 metal (s) per gram of catalyst. In some
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The M/ support m xture was extruded using 1.3 mmtrilobe dies to form1.3
trilobe extrudate particles. The particles were dried at 125 C and then
calcined at 537 C (1000 F) 15 for two hours. The conpacted bul k density of
the extrudates was 0.545 g/nL. The resulting catal yst contained, per gram
of catalyst, 0.133 grans of nol ybdenum wth the bal ance bei ng support. The
nol ybdenum cat al yst is a nononodal catal yst having a nedi an pore di aneter
of 88 A with at |least 20 60% of the total nunber of pores in the pore size
di stribution having a pore dianmeter within 47 A of the nedian pore

di ameter, a persam@intEe ofe Qa6blysd hgy Bndudesiy face arearahs365 n2/g. The

pore.distrib%g'gn s nmeasured by nercur P rosimetry at a contact angle of
140 is shown“i ?%%%R%Eﬁ gﬂ p?ﬁéfﬁmQOEd%éa%V heter in A % Pore Vol ume <70
23.58 70-100 40. 08:h00« 13:hing to bound by any kind of theory, it is
thought that the addition of silica to the support may allow
5  Columns é metal (s) to remain dispersed throughout the support
while being heated to elevated temperatures (for exanple,
temperatures of at least 315 °C, at least 335 °C, at least
375 °C, or at least 425 °C).
In some embodiments, the catalyst is monomodal. Such
10 comulling of metal and support, followed by calcination, may
produce a monomodal catalyst having a pore size distribution
with a median pore diameter of at most 100 A, with at least
80% of its pore volume in pores having a pore diameter of at
mest 300 A. The catalyst may have a surface area of at least
15 3240 nﬁ/g. The catalyst may have a pore volume from 0.5 cc/g
to 0.9 cc/g. In some embodiments, the catalyst may exhibit
one or more peaks between 35 degrees and 70 degrees, and at
least one of the peaks has a base width of at least 10
degrees, as determined by x-ray diffraction at Z-theta
20 This catalyst reduces at least a portion of the
components that contribute to higher viscosities and/or a
portion of the components that contribute to copper content
without significant reduction in sulfur and/or Ni/Fe/V
content. Treatment of the hydrocarbon feed with a Column 6
25 metal catalyst that contains none or a minimal amount of
Columns 9 and 10 metals may be economical advantageous since
it allows production of a product with reduced viscesity and
minimal desulfurization and/or demetallation relative to the
same properties of the hydrccarbon feed.
30 lUsing the catalyst(s) of this application and
controlling operating conditions may allow a crude product to
be produced that has selected properties changed relative to

the hydrocarbon feed while other properties of the
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12. 77 130-150 3.02 150-180 2.56 180-300 4.04 300-1000 4.53 1000-3000 5.16
3000-5000 3.19 >5000 1.04 FIG 2 shows x-ray diffraction plots of
intensity versus 5 degrees 2-Theta of nolybdenumtrioxi de and the catal yst
as prepared in Exanples 1 and 2. Plot 112 represents the

hydrocarbon feed are not significantly changed. The
resulting crude product may have enhanced properties relative
to the hydrocarbon feed and, thus, be more acceptable for
transportation and/or refining.

5 The catalyst of the application may remove components
that conlribute to a decrease in the life of other catalysts
in the system from the hydrocarbon feed. For example,
reducing the viscosity of hydrocarbon feed/total product
mixture relative to the hydrocarbon feed may inhibit plugging

10 of other catalysts pesitioned downstream, and thus, increases
the length of time the contacting system may be operated
without replenishment of catalysts.

The catalyst of the application may produce a crude
product with a lower viscosity as compared to the hydrocarbon

15 feed with minimal amount of hydrogen consumption., In some
embodiments, at contacting conditions at a total pressure of
3.5 MPa, hydrogen consumption may be at most 30 Nm’/m’, at
most 25 Nm’/m®, or at most 10 Nm’/m’. In some embodiments, at
contacting conditions at a total pressure ¢f 3.5 MPa,

20 hydrogen consumption may be from 1 Nm’/m® to 30 Nm®/m®, from 1
N/ to 30 NmP/m®, from 5 NmP/m® to 25 Nm®/m®, or from 10
mr®/m® to 20 Nm®/m’.

In some embodiments contacting conditions may be
contrelled to produce the crude product; at a partial

25 pressure of hydrogen at a pressure of most 7 MPa, and wherein
hydrogen consumption is at mest 30 Nm®/m®.  In other
embodiments ceontacting conditions may be controlled to
preduce the crude product at a partial pressure of hydrogen
at a pressure of most 7 MPa and a temperature of at a

30 temperature of least 200 °C.

In some embodiments, the catalyst of the application may
be used in combination with other catalysts. An example of

another catalyst is a catalyst that includes supported
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spectrum of nol ybdenum trioxide. Plot 114 represent the spectrum of the
catal yst as prepared in Exanple 1. Plot 116 represent the spectrum of the
catal yst as prepared in Exanple 10 2. Peaks between 35 degrees 2-Theta and
70 degree 2-theta have peak w dths of about 10 degree 2-theta. Distinct
peaks for nol ybdenum trioxi de between 10 degrees 2-theta and 30 degrees
2-theta are absent fromplots 114, 116. Plots 114, 116 are simlar to the
x-ray diffraction pattern for alumna. IS The change from sharp peaks for
nol ybdenum tri oxide (plot 112) to substantially no peaks or broad peaks
(lol ots 114, aéxﬁa)lyisﬂgmaetseana)t’)t&t mtih@rzgmldoy;bd@nﬂrﬁe@egaﬁdm cHONI G si Rsi de the
al um na caV|t|es and. capnot be det ect ay diffractjion techni ques.
20Exanpl es 12 Hnd 5 hEshetr Are %aﬁﬁ%g’ﬁ’ g%(cwnﬁge‘étjc%té yst that includes
contacti ng obetadlysnoael ¢xbdess glorone: mmumear@obﬂnwnt&aﬁfebxal&l@hrt he

Peri odi c Tabg vt calgi e 6 net al

oxi des and shpgt&\ﬁ?ggeapar%ﬁgpperagﬁurg ?lr(ﬁg b%% Hgé/@gwégf%%%o@&l de a

cal ci ned éat BYyxsdesThirrsappori C@@ﬁb}fﬂﬂs@@df Yool 01 Makdms & 052 gram 5 of

silica and ffwe%fB 95 &Bint 02,0 99 GFANE oRh1 3l T B3 RGT 1GT & of support. The
cal ci ned cata st has a_surface area of at |east 340 re/g, a pore size

di stribution®®378 Hedi"gR: porle odi WrEterraf indorREER DA AAY at | east 80%
of its pore vefdidectn pores having a pore dianeter of at nost 300 A
10Exanples 1 and 2 _al so deno strate a cata t that |ncI udes one or nore
netal s from Col u%r%n%%mefjﬁe TiPo8F bl 8 %Jﬁy tSr drie 557 CHbre conmpounds of
one or node mmL@InSemernceome tﬂieoteqﬂwd@e@f adiope Fapliepandseersyppor t ;
wherein the Lt r ) 0.0 r i.Lica and 15
from 0. 80 gri&n&gg% Bg%gpgkgﬁse%gngﬂ%um #gg%g¥n&g&1§\r§19% agﬁgz%%e %an wherein
the catal ystohad aosurf0dcd ay elesefikad lheasin 3Ry hp/Rpacadpers isiage

di stributionmid aafedisannpene, di anetel 9feflorMmst Q@ Agoand at | east 80%
of its pore volune in pores having a pore dianeter of at npst 300 A 20

Exanpl e 3. CHISANPSPL HRlvithE AV Biprrake” Aced GFEAtYRBRIe 256 h/g.  The
conpar atijve gﬁs@lnygtommpmmr %dr[ébé heeh obdinyBg rﬁm_,nrat@aucévbaOB (94. 44

granms) was combi.ned WEEN w de pore utm na %}742 95 and crushed and
si eved al um R¥ Fi°Re’ H ﬁ@m%or%%ﬁ e §PPE bt Reth 1(?tm croneters
(1050.91 least a porticn of the components that contrlbute to high

viscosity at least a porticn of the Cs: asphaltenes, or at
least a portion of metals in metal salts of organic acids.
20 Contact of the treated hydrocarbon feed with the higher
surface area catalyst may further reduce viscesity, copper
content, vanadium content, metals in metal salts of organic
acids.
Arrangement and/or selecticn of the catalysts may, in
25 some embodiments, improve the useable life of the catalysts
and/or the stability of the hydrocarbon feed/total product
mixture. Improvement of a catalyst life and/or stability of
the hydrocarbon feed/total product mixture during processing
may allow a contacting system tc operate for at least 3
30 months, at least 6 months, or at least I year without
replacement of the catalyst in the contacting zone.
Combinations of the catalysts of described herein allows

reduction of: wviscosity, at least a portion of the Cy
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25 grans) ina mller. Wth the nmuller running, nitric acid (43.04 grans,
69.7 M and deioni zed water (4207.62 grans) were added to the m xture and
the resulting m xture was nmulled for 5 mnutes. SuperflocO 16 (30 grans,
Cytec Industries, West Paterson, New jersey, USA) was added to the 30

m xture in the muller, and the m xture was nmulled for at total of 25

m nutes. The resulting m xture had a pH of 6.0 and a |l oss on ignition of
0.6232 grans per gramof m xture. The nmulled m xture was extruded using 1.3
mmtrilobe dies to form1.3 trilobe extrudate particles. The extrudate

particles wepgprinicedeat 12944 Qr p§§l‘:/ﬁfrﬁ|ofh@ﬂﬂé7 $e@Bds theneeal cdned at 676 C
(1250 F) for éwo hours to produce the cat ag%] The cat al yst contai ned, per

gram of cataf ‘irgaﬁlﬁza%ldﬁra‘?fs ISP Shof ydentm O Witth tHe BSr afice bei ng
m neral oxi dec@richastipporherdhe, caval yisd nysrachivwadatedabakyst dhaving a pore

size distribution. with a re di ter of 117 A h60%of t he
t ot al nunberH p@rheg Ofa fq%d]!] (groggg?%% fan%t??ebﬁthiagﬂa%a\yang a pore dianeter
within 335A mlr‘ttl’@eﬂmnéw &@alpdneydoén@teehydaxtaobah porEtvbiune of 0.924

ce/g, and a sudpgenal acohu2AY 1Rh%.JTe RALE Shierdl shihbutign geasur ed

usi ng rrercurxﬁ;i')orom metry at a contact ang I's shown 1 n TABLE 3.
TABLE 3 Por elDizvet e i ifed 95 rdre %|ftﬂ?ére<3700>o ofhgEHGa 20949 100- 130

selectively change properties of the hydrocarbon feed may
allow the stability of the hydrocarbon feed/total product
10 mizxture te be maintained during processing.

In some embodiments, commercially availablile catalysts
may be positioned downstream of the catalysts of the
invention to reduce selected properties of the feed. For
example, a demetallization catalyst may be positioned

15 downstream of the first catalyst to reduce the Ni/V/Fe
content of the crude produce as compared to Ni/V/Fe of the
feed. A desulfurization catalyst may be positioned
downstream of the demetallizatiocon catalyst to reduce the
hetercateom content of the crude product as compared to the

20 heterocatom content of the feed. Examples of commercial
catalysts include HDS3; HDSZZ; HDN6O; CZ234; C311; (C344; C41il;
C424; C344; CA44; CA47; C454; £448; C5hz24; C534; DC2531;
DN1Z(; DN130; DN140; DN190Q; DN200; DN8QQC; DN2118; DN2318;
DN3160; DNZ1X0; DN3300; DN3310; DN3330; RC400; RC410; RN412;

25 RN40G; RN420; RN440; RN450; RN650; RNG5210; RN5610; RN5650;
RMA30; RMS5030; 2Z603; 2623; Z673: Z703; Z713; Z723; Z753; and
2763, which are available from CRI International, Ing.
(Houston, Texas, U.S.A.).

In some embodiments, the order and/or number of

36 catalysts may be selected to minimize net hydrogen uptake
while maintaining the hydrocarbon feed/total product
stability. Minimal net hydrogen uptake allows residue

content, VGO content, distillate contenit, API gravity, or
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37.09 130-150 4.51 150-180 2.9 180-200 1.06 200-1000 0.85 1000-5000 5.79
>5000 22.04 |Is Exanple 4. Contact of a Hydrocarbon Feed with Catal ysts
From Exanples 1 and 3. A tubular reactor with a centrally positioned

t hernowel | was equi pped with thernocouples to neasure tenperatures

t hroughout a catal yst bed. The catal yst 20 bed was forned by filling the
space between the thernowell and an inner wall of the reactor with

catal ysts and silicon carbide (20-grid, Stanford Materials; Aiso Viegjo,
CA). Such silicon carbide is believed to have low, if any, catalytic
properties urdesiidteops ogrRsso€dithongideserdibedehet®ivr. nAl htLakal ysts

were bl ended wiih an.egual vol une ampunt of si)igon, garbi de. hefore placing
feed, while the API gravity and/or the viscosity of the crude
product is at most 90% of the API gravity and/or the

5 wviscosity of the hydrocarbon feed. For example, the
combination of the two catalysts described above having
surfaces areas of at most 300 m?/g and at least 315 m?/¢ uses
less hydrogen during processing, as compared to use of the
single catalyst having a surface area of at most 300 A.

10 Reduction in net hydrogen uptake by the hydrocarbon feed
may produce a crude product that has a boiling range
distributicn similar to the boiling point distribution of the
hydrocarbon feed. The atomic H/C of the crude product may
also only change by relatively small amounts as compared to

15 the atomic H/C of the hydrocarbon feed.

In some embodiments, catalyst selection and/or order of
catalysts in combination with contrelled contacting
conditions (for example, temperature and/or hydrocarbon feed
flow rate) may assist in reducing hydrogen uptake by the

20 hydrocarbon feed, maintaining hydrocarbon feed/total product
mixture stability during processing, and changing onge or more
properties of the crude product relative to the respective
properties of the hydrocarbon feed. Stapility of the
hydreocarbon feed/total product mixture may be affected by

25  various phases separating from the hydrocarbon feed/total
product mixture. Phase separation may be caused by, for
example, insolubility of the hydrocarbon feed and/or crude
product in the hydrocarbon feed/total product mixture,
flocculation of asphaltenes from the hydrocarbon feed/total

30 product mixture, precipitation ¢of components from the
hydrocarbon feed/total product mixture, or combinations

therecof.
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5 contacting zone portions of the reactor. The hydrocarbon feed flow to the
reactor was fromthe top of the reactor to the bottom of the reactor.
Silicon carbide was positioned at the bottom of the reactor to serve as a
bott om support. The catal ysts were sulfided by introducing a gaseous
m xture of 5 vol % hydrogen sul fide and 95 vol % hydrogen gas into the
contacting zones at a rate of 1.5 liters/hour of gaseous m xture per vol une
(m.) of total catalyst (silicon carbide was not counted as part of the

vol une of catalyst). 15 Tenperatures of the contacting zones were increased

to 204 C (400 F) gveerdafipurnandidiehd ate 2045 Hi0h 2ohiaur,scndf t er hol di ng
at 204 C, the tenperature of the conta ting éynes was i ncreased

i ncr enent al | YOPOSETE EECT 600 MBS AP EEOT at % of 1P TC HPER! BR8Pt gt The
contacti ng zargesoasehennbddit/abned 2ddatt LGt orayanhfioier., hbherhd he

tenperature V(%%Céz@r%%d@% ofszge Ofpoﬁ(azogr{cfuc%\/%g 1]hehgg{ir(?00@aq:gg l d at 370 C for

0]
two hours. The contacting zonés were allowed to co i ent
t enper at urse. fAEEArotaldl Piahrctoniofurehehaatesl vt §.0 fhendtappepatiure of 25 the

contacting zongs. WASqhal Sed1hoi B dyeaperal UbRpdel0,E 1A hydrocarbon feed
(Peace Ri ver%,ﬁhaw ng the properties listed in Table 4 was fl owed through
3]

. € )
t he preheat ECHIERN cOHCad bRy £6RRONPGEL B [dEnt gkt MFoZBRk, irand bot t om
support of tlhgergacterrbothecbytiacar posni-eediwascconi@dctedcmbidr each 30 of

the catalysts in the presence of hydrogen gas. nt acti ng condi tions were
as follows: Fﬁfi%(aglf’lﬁy ggﬁdboacﬁ%an eéeg] a&% cfcf‘gaf\ﬁlrﬁci%%?%% B) and
LHSV was @aboudte OsdBubde 1in The iwbrccenbacticeg zongs wegetegted to 400 C and

mai nt ai ned bg%'g\beesr})ind'oo A% gggpe]?' QLeg QE &eSXFE&fcgya@%ggsfge% ?%?§%95 Mpa (500

psig) as the hy rocar bon ¥ owed t hr oug e reactor period of
time (about 9722 ¢xeursy. ADdr oy itthye viscosanyi n€ifeaSe dsphphtatespr 8ssure from

about 3.5 MPg.and about./ MPa, o wag obser ved alnaReuts 62Q00boyrs and 9000
hours. Al though the pressure increased during this tine, the pressure

stabi | i zed abeediut e7s MR ULEE nde ther A @ cERer R dSe Y o lfrle®$tfewas not

observed shent i vas ah | onedit o £08k) nue. nfheol-YahugeaBsnaDMd Or ed
periodically and remai ned at 1. above t her ef ore the process was

1.0 or 10 . 0
consi dered stabi @7ORETT &RANPPE" THE B ShBQ‘?;sLort RECBI/AING8 W 170 and t he
i nl et pressuce: astabout sé1ibMa W tBA2qasngy . alAtc abeut: 9006nhdéours, the

et Bressure dr.9pRed 19 Debon [ MB%. ANPLAS QI HINGE HBIS catalyst

phases. Formation of two phases, through flocculation of

20 asphaltenes, change in congentration of hydrocarbon feed and
total product, and/or precipitation of components, tends to
reduce the life of one or more of the catalysts.
Additionally, the efficiency of the process may be reduced.
For example, repeated treatment of the hvdrocarbon feed/total

25  product mixture may be necessary to produce a crude product
with desired properties.

During processing, the P-value of the hydrocarbon
feed/total product mizture may be monitored and the stability
of the process, hydreocarbon feed, and/or hydrocarbon

30 feed/total product mixture may be assessed. Typically, a P~
value that is at most 1.0 indicates that flocculation of
asphaltenes from the hydrocarbon feed generally occurs. If

the P~value is initially at least 1.0, and such P-value
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15 described in Exanple 1 was m xed with silicone carbide (24 cn) and the
m xture was positioned in the bottom contacting zone. A Columm 6 netal
catalyst (6 cnB) as described in Exanple 3 was mixed with silicone carbide
(6 cnB) and the 20 mi xture was positioned on top of the contacting zone to
forma top contacting zone. As shown in Table 4, the crude product had a
viscosity of 79.5 at 37.8 C, a residue content of 0.278 grans, per gram of
crude product, a Ni/V/Fe content of 252.6 wppm a 25 nol ybdenum content of
0.4 wtppm and a NCR content of 10.4. Thi s exanpl e denonstrates a

met hod for cqntagiddigoa hydeogaikary tegd MathienecaEaddgy, cahal ysts to
produce a total product that includes the crude product. At |east one of

the catal yst $P¢dnpii§858 i asr Moy IRBTHINE™F FOTA GSI Gff '6V80Yof the Peri odic
Tabl e and/ or soaeinr dndiey cEMPOUNdsy.of Hon®rbadreidtal=sl broaudol um 6 of

the Periodic_Tapl e an support. Th rt_conprises from0,01 grans to
0.2 gram of sy ?%%agﬁgb$%%ﬁ$08§ Eﬁfggggﬁgp%.§©ﬁ5?aﬁgyoezgpgg%%%“%%r gram
of supports. Thec@olngihisy merabctiatmlysdithassa Bursfedacetamealfof at | east 340

n2/ g, a pore gize 4i;Sthi buhi.en; W thaqa, Rdign.porg diangt er of at nost 100
A, and at |east 80% of 1ts pore volune in pores having a pore di aneter of
at nost 5300 CAMPiInationThirereQnp R ICH| SO dendht rdt €8N'e Fetf’Hod f or

contacting achyérocasbesy; fieedudd tdbn@hel DIngT@ARSY Calabysdtdr@, produce a total

product that include th roduct. At |east one of the catalysts conprises
one or nore ﬁﬁ?%ﬁ¥¥eﬁréws “Uni*E s PR Qﬁ?rp8?i{%ﬁdc?$ﬁbl@rand/or one or

nor e conpeundsmiefnanensrtimeernetal s from Colum 6 of the Periodic Table

and a support. The s ort, _conpr.i r. 0. m.Qf silica
and from b 80 gr ok FoogrbserEre ar i Rut SO A e
cat al yst exhiibi tis orecoer mavel pehks betwesnr8seidagrees tdrwd 70 degrees, and

at least onecgheihe.geaks han.a Dase: o ffayegﬁgn%{ogagéeé%%grees, as

determ ned by x-ray raction at 2-theta. Contact of a

Hydr ocar bon Pe&¥ Cat-aryst's theopr™ BLEADY €912 aﬁdi@ir%_'ef@apéﬁm%s, Asul fi di ng
of catal yst, r20idyidecasdban Heed ardnopernat bhg GANdLLiPNT weEe the sane as

for Exanple 4, with the exception of the catalysts.
catalyst. A change in pressure of at Yeast 3 MPa, at least 5
MPa, at least 7 MPa, or at least 10 MPa over a short period
of tTime may indicate catalyst plugging.

During processing, the inlet pressure of a contacting

20 zone of a fixed bed reactor may be monitored. A rapid
increase in inleif pressure may indicate that flow through the
catalyst is inhibited. The inhibition of flow may be caused
by an increase in deposit or sediment formation, The increase
in deposit or sediment may plug pores of the catalyst, thus

25 restricting flow of the hydrccarbon feed through the
contacting zone.

Typically, hydrocarbon feed having viscosities that
inhibkit the hydrocarbon feed from being transported and/ox
pumped are contacted at elevated hydrogen pressures (for

30 example, at least 7 MPa, at least 10 MPa or at least 15 MPa)
to produce products that are more fluid. At elevated
hydrogen pressures coke fermatien is inhibited, thus the

properties of the hydrocarbon feed may be changed with
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A volune of Colum 6 netal catalyst (24 cn) as described in Exanple 2 was
m xed with silicone carbide (24 cnB8) and the m xture positioned in the
bottom contacting 25zone. A Colum 6 netal catalyst (6 cm) as described in
Exanple 3 was mxed with silicone carbide (6 cn) and the m xture positioned
on top of the contacting zone to forma top contacting zone. 30During the
run, a rapid increase in inlet pressure fromabout 3.5 MPa and about 10.4
MPa was observed at about 6500 hours. Since the pressure did not stabilize,
the run was stopped. As shown in Table 4, the crude product had a

viscosity Ohiffnfh abkd%:BdGct o .SEUNE: Gealentor0brOv264sgeqms, per gram of
crude product, a Ni/V/Fe content of 251.6 wtppm a nol ybdenum content of
0.4 wtppm anr8Sa"WOR LT Ent2 S8R NEETES 5THY SRR d8 P4fes that a
met hod for ceptaeidengradthyrdpacaf hown st eetbpsirt heonayvohoorceueatalagst s t o

produce a total product that includes_the.crud roduct., At | east one of
t he catal yst %ﬁﬁoﬁjﬁgiﬁg’g%n%ﬁgm P Hore ﬁ%t%l s]”e??%%ogol gfm Fé)ro%orf'%e Peri odi c
Tabl e and/sor hpteomrbror £ecgorpoemas atbreme fort t eaver 85Hettalksy from Col uim 6

of the Periodig,Tahl ,and, a.s4ppark:. J%%&H!QQ%E ta@sh{&%{lb@rl eams to 0.2
gramof silica'and fromO0.80 grans to 0.99 grans of alum na per gram of
support. TheteopPififice fret@duehtdidfstenas Aestefidce aped ofahtol%east 340

m2/ g, a poreasi z@@sts i Riolkoft Wdsh carsredirant 1 paKeoghanetesn oft at nost
100 A, and at | east 80% of its pore volune in por es_,havifn%ha por e di aneter
of at nost 3669YQLEd hycrogen pressures., As the properties o €
16  hydrocarbon feed are changed, the P-value of the hydrocarbon
feed/total preduct may decrease below 1.0 and/or sediment may
form, causing the product mixture to become unstable. Since,
elevated hydrogen pressures reguire large amounts of
hydrogenr, a process capable of reducing properties that are
15  independent of pressure at minimal temperatures is desirabkle.
A process that operates at pressures of at most 7 MPa and
temperatures of at least 200 °C without producing sediment
and/or coke are advantageocus.

During contact, the P-value may be kept above 1.0 by

20 controlling the contacting temperature. For example, in some
embodiments, if the temperature increases above 450 °C, the
P-value drops below 1.0 and the hydrocarbon feed/total
product mixture becomes unstable. If the temperature
decreases below 370 “C, minimal changes to the hydrocarboen

25  feed properties ogcurs.

The crude product produced by contacting a hydrocarbon
feed with one or more catalysts described herein may be
useful in a wide range of applications including, but not
limited to, wuse a feed to refineries, feed for producing

30 transportation fuel, a diluent, or an enhancing agent for
underground oil recovery processes. For example, hydrocarbon
feeds having an API gravity of at most 10 {(for example,

bitumen and/or heavy 0il/tar sands crude) may be converted
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Thi s exanpl e al so denonstrates a nethod for contacting a hydrocarbon feed
with one or nore catalyst to produce a total product that include the
product. At |east one of the 20 catal ysts conprises one or nore netals from
Colum 6 of the Periodic Table and/or one or nore conpounds of one or nore
metals from Colum 6 of the Periodic Table and a support. The support
conprises fromO0.01 grans to 0.2 gramof silica and fromO0.80 grans to 0.99
grans of alum na per gram of 25 support. The catal yst exhibits one or nore
peaks between 35 degrees and 70 degrees, and at |east one of the peaks has

a base w dth3,@;fcoa<fzaﬂl©a3thﬁcﬁ:od@g]ﬁ(ﬁe%tra&nﬂeﬂlebﬁ@m%d sByis @y diffraction at
2-theta. FIG i cDre entatlg gii P- val eof the 30 crude
Py

pr oduct vers@§°?ﬁﬁsﬁgn§€$p§r ugéﬁ% of “the? cat sy&t8e’ of "Exanpl es 4 and
5. The hydr oecanbba:imngededhadaakPayalnie, of fdtibeastalit2c PRlaoksnd18 and 120

represent the di vl olcthe, gy ude brodugh ot lied by, santagiing Lhe

hydr ocar bon feed with ree’ cat al yst systemns and
respecti vel y hyRreomitive @Qﬂalteeltﬁhtteﬁec@mménb?bduct for each trial, it may

be inferred that ghgcpyds Qﬁcam@m £6di i fAchnt rdrak reiRinedon elali vely
stabl e durlgg contacti ng 5 (for exanple, the hydrocarbon feed did not phase

separate). ASCSRBMHEn? F9Ed §Lredie Lpabaf‘i‘al}’ebep’f‘?félséPﬁdjé“ prEdbEt"®¥enai ned
rel atively censfand tdurpﬂg:essgm fdagant st pQXd&tbocﬁl:Sacﬁlf feagh tar sakterExanpl e 6.
Compar ati ve Exa par at u suI f| in cat al yst, dr ocar bon feed
and oper ati ng &t dﬁ’te g“%r 5”? scga f'SSr:L rr'SIr%;L ,SCOWICF "{he exception
of the catoal y:sb:tsertles of A \mtim@@bnwdaeﬂnma@ petralsicatald spst2dhrenB) as
described i n Exaple fovesmxed wch, sidlieone Gagbhde: (446 and the

m xture was positioned in the bottom contacting 15zone. m 6 net al
catal yst (6 éWgjomgbdastedhéd ¢3F RXafpie s¥shass Mescdivid Megseli csiye car bi de

(6 cml3) andptheuds Xt ¥E&s Wast PAsthenethORboPs Ofngt he-c Rt @gLi ng zone to
forma top contacting zone. Silicon carbide was positioned on top of

the top cont ééf?lﬁg‘gzﬁﬂbt Ry fHHJreacFéaa §yd©e ghd*t Gtsérdd dsfactieRéat zone.

The cat al yst 4begk wasst cadedtbnter aoli sdher gebsit nacacthatos not uded f our
heating zones corres nd| Mg to t he rehea{hy one, theﬁ%é)(f and bottom

contacting z&RES!E an o ?5rﬁnf§ uppast ffﬁé}rr%mt (R 3% ither ease i n

inl et |3ressuweS¢walmwabbu&t least 100 ¢St at 37.8 °C and/or 0.1 grams of

residue per gram of hydrocarben feed may include one or more
contacting systems described herein positioned upstream of a

20 cracking unit, The contacting system may include one or nmore
catalysts described herein capable of producing a crude
product having a viscosity of at most 50% of the viscosity of
the hydrocarben feed at 37.8 °C and/or at most 90% of the
residue of the hydrocarbon feed. The crude product and/or a

25 mixture of the crude product and hydrocarbon feed may enter
the cracking unit. Since the crude product and/or mixture of
the crude product and hydrocarbon feed has a lower viscosity
than the original hydrocarbon feed, the processing rate
through the cracking unit may be improved.

30 In some embodiments, hydrocarbon feeds having at least
0.01 grams of Cs asphaltenes may be deasphalted prior to
hydroprocessing treatment in a refinery operation.

Deasphalting processes may invelve solvent extraction and/or
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3.5 MPa and about 5 MPa was observed at about 5543 hours. As shown in
Tabl e 4, the crude product had a viscosity of 101 at 37.8 C, a residue
content of 0.273 grams, per gram 30 of crude product, a Ni/V/Fe content of
255.2 wtppm a nol ybdenum content of 0.6 wtppm and a MCR content of 10.6.
I n conparing Exanples 4 and 5 wth the conparative Exanples, the crude
products have simlar values for all the Exanples. The crude products
produced in Exanples 4 and 5 have | ower values for viscosity and hydrogen
consunption as conpared to the respective values for the crude product
produced in tRecsonpar akd wevexamliea @@Laﬁ%lﬁ b traiBYe Desphateagddided t hat
contact of the hydrocarbon feed with en in the resence of the
catal yst prepafedtiad géstrilfedtih p@k’hh%? e%fgi PafPPORBY § éddte viscosity of
t he hydrocar t@entfﬂﬁﬁenﬁds eritshani eontzacteaft thepotyidmoear tign chaegehamitish
hydrogen in the presence of_ the_ catal d _as described in Exanple
103. Exanpl e 1f’:ocr?ﬁ]ara et res da ﬁé}%yﬁrgg%lﬁﬁgﬁgf%“&r 5§n€%ct| ng
condi tions, aiﬁdsmlfuldatpmemrmyt I@éin;'ameashﬁaaWI o, soAveohmer ci al
bi modal nDlypg@ﬂ&ﬂhﬂthE&hﬁﬁt@hy%kmﬁﬁyh%5régggmxggbﬁgéﬁ@nagapéiyStS &
Technol ogi es, Houston, TX, n8) havi ng mol ybdenum content of about 5
W% a surfaGeharen tof %jbfdlﬁltl%% G rhe i SRAT hg saPbPidtal pPofe si ze
di stributi One%&zmee} aeglymnp@a_e caneh@ra ofydabeutpobl7e Al tsednd Orpeapgr adi ng
resi due was 56ﬁare m xed silicone 20 _carbide (30 cn? for a total

catal yst/sil ¥ eOfcéilP’BF%‘éarrﬁoQt ﬁ‘?eéi of 58] - Wa BBEi T Srted in the
contacti ng ZaBghalh@ect umavas 0er nj:aat edf ates18uR dmauasvduestoyact api d

i ncrease in Rressure 8@ (anCet gr essure 8% qreater (;OQ}%QC%S MPa (about

1872 psi Q) and-rrsi ng I nct éage i f 1 nl e pressur e was 5%t tri but ed
to catal yst pbf@lgfgmmgiescribed R @i ppsibiqgreaphbealeamepf esent at i on of | nl et

pressure of [he LEACLOL YBRUS i ctowgc&% 99&@4%@ m@a{m@h@% and

the two conparative exanples. Data 122 repreSents Exanple 4, data 124
represents ERaiple@tslydst z&ief%“?’@pﬂ?é%%ﬁ §339b1§<aﬂ"pré°@U01é‘ﬁdad‘élftéi9128

represents Exasmhe %avﬂé hodghs BRI UL @86 d it BEESS Ut WES: eisehyed at
about 6500 hours for nple 4 (data 118), the pressure becone

subst anti al | W‘é%WéBﬁf’ %ﬁedaﬁmﬂbp*?ai‘sfl?%f‘eénﬁoiﬁ%sﬁt Ve HEGGC BBt CAddi ti on

at most 90% of the hydrocarbon feed residue content, a
viscosity of at most 50% of the hydrocarbon viscosity or
combinations thereof. The crude product and/or a mixture of
20 the crude product and hydrocarpbon feed may enter the
deasphalting unit. Since the crude product and/or mixture of
the crude product and the hydrocarbon feed has a lower
asphaltene, residue and/or viscosity than the original
hydrocarbon feed, the processing efficiency of the
25  deasphalting unit may be increased by at least 5%, at least
10%, at least 20% or at least 50% of the original efficiency.
EXAMPLES
Non-limiting examples of catalyst preparations and
methods of using such catalysts under controlled contacting
30 conditions are set forth below.

Example 1. Preparation of a Column & Metal Catalyst Having

At Most 10 wt% Molybdenum and a Surface Area of at least 340

nﬁ/g. A support (4103.4 grams) that contained 0.02 grams of
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to other properties of the crude product were still changing as conpared to
t he hydrocarbon feed properties. No rapid increase in pressure was observed
for this catalyst. Exanple 4 had a rapid increase in pressure at about 6500
hours. In 5 the catal yst having the | ess anount of netal has a | onger run
time. In conparing Exanples 4 and 5, the catal yst of Exanple 4 was observed
to change properties of the hydrocarbon feed for | onger periods of tine
than the catal yst of Exanple 6. The longer run time nay be attributed to
the catal yst of WExanple 4 having less netal (less than 0.1 grans of

Col um 6 net aliipes agfdam.@ef JEahal ysi)inaspeopan esk tsoppher Gakal yst of Exanpl e

5. In co r Exanpl.es 4 and h t conparatiyve exanples
(Exanmpl e 6 aﬁgﬁﬁk Wét5gﬁyﬁ%d8Wﬁd§roP%H%%ﬁéHﬁdﬁ%mfg M9 8r val ues for al

t he Exanpl es MoTbep;ora{tainysttuﬂei f ewftor abBxampdresudniand Bei@umegnwit@fant |y

| onger tha”t fai‘ifé% "ferﬁé’ %{Q%}%@c‘;’m%@&é’e EXAMPI 63 A SHGH. 1t may

be concluded contact drocar feed W t hydrogen in the
presence df WWélﬁonUWodaﬁ3@@@a@¥5¥ﬁ@&@@@ﬂédd@@V&§ gbsetridsed PwrExanpl es 1

and 2 may be dane; aly,| oMk RIGSIUFES 2R M OB eaperat MEes.Jreh banger periods
of time than the conparative catalysts at the same tenperatures and

pressures. TABLE® £D8ipigifertr§ ¥VHﬁoéEf%o%OFe%d”CPﬂdéq¢deﬂcto

deionized water was added to the mixture until the loss on
ignition value was obtained. The pH of the compact
10 Mo/support powder was 4.63.

The compact Mo/support powder was extruded using 1.3 mm
trilobe dies to form 1.3 trilobe extrudate particles. The
extruded particles were dried at 125 °C and then calcined at
537 °C (1000 °®y for two hours to form the catalyst. The

15 bulk density of the catalyst was 0.547 g/mL. The resulting
catalyst contained, per gram of catalyst, 0.08 grams of
molybdenum, with the balance being support. The molybdenum
catalyst is a monomodal catalyst having a median pore
diameter of 81 A, with at least 60% of the total number of

20 pores in the pore size distribution having a pore diameter
within 33 A of the median pore diameter, a pore volume of
$.633 mL/g, and a surface area of 355 m?/g. The pore
distribution as measured by mercury porosimetry at contact
angle of 140 is shown in TABLE 1.

25

TABLE 1

Pore Diameter % Pore
in A Volume

<70 25.61
70-160 57.76
100-130 8.96
130-~150 1.50
150-300 4.38
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Exanple 4 4 5 Conparative Exanple 6 Conparative Exanple 7 Contact Tine,
hours 4200 8520 6536 5543

Pore Diameter % Pore

in A Volume
300-5000 2.44
>5000 0.47

Example 2. Preparation of a Column 6 Metal Catalyst Having

at Least 10 wt% Molybdenum and a Surface Area of al leaslt 340

m’/g. A support (3000 grams) that contained 0.02 grams of

5 silica and 0.98 grams alumina per gram of support was
combined with molybdenum trionide (797.84 grams) to form a
Mo/support mixture, With a muller running, deicnized water
(4092.76 grams) was added to the Mo/support mixture, and the
mixture was mulled until a loss of ignition of 0.5787 grams

10 per gram of mixture was obtained (for about 45 minutes). The
pE of the Mo/support mixture was 3.83.

The Mo/support mixture was extruded using 1.3 mm trilobe
dies to form 1.3 trilobe extrudate particles. The particles
were dried at 125 °C and then calcined at 537 °C (1000 °F)

15 for two hours. The compacted bulk density of the extrudates
was 0.545 g/mL. The resulting catalyst contained, per gram
of catalyst, 0.133 grams of molybdenum, with the balance
being support. The molybdenum catalyst is a monomodal
catalyst having a median pore diameter of 88 A, with at least

20 60% of the total number ¢f pores in the pore size
distribution having a pore diameter within 47 A of the median
pore diameter, a pore volume of 0.651 mL/g, and a surface
area of 365 m’/g. The pore distributicn as measured by
mercury porosimetry at a contact angle of 140 is shown in

25 TABLE 2.
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1872 Tenperature, C 410 410 410 410 410 Pressure, MPa 3.5 7 3.5 3.5 3.5
APl Gavity 7.9 14.3

TARLE 2

Pore Diameter % Pore
in A Volume
<70 23.58
70-100 40.09
100-130 1z2.77
130-150 3.02
150-180 2.56
180-300 4.04
300-14C0 4.53
1000~3000 5.16
3000-5000 3.19
>5000 1.04

FIG. 2 shows x-ray diffraction plots of intensity wversus
5 degrees 2-Theta of molybdenum triozxide and the catalyst as
prepared in Examples 1 and 2. Plot 112 represents the
spectrum of molybdenum trioxide. Plot 114 represent the
spectrum of the catalyst as prepared in Example 1. Plot 116
represent the spectrum of the catalyst as prepared in Example
10 2. Peaks between 35 degrees 2Z-Theta and 70 degree Z-theta
have peak widths of about 10 degree 2-theta. Distinct peaks
for molybdenum triocxide between 10 degrees Z~theta and 30
degrees 2-theta are absent from plots 114, 116. Plots 114,
116 are similar to the x-ray diffraction pattern for alumina.
15 The change from sharp peaks for molybdenum trioxide (plot
112} to substantially no peaks or broad peaks (plots 114,
116) indicates that the molybdenum metal is moving inside the
alumina cavities and cannot be detected by x-ray diffraction
techniques.
20 Examples 1 and 2 demonstrate a methed of making a

catalyst that includes contacting one or more oxides of ons
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13.5 13.5 15.8 Density at 1.0149 0.9704 0.9785 0.9785 0.9608 Property
Hydr ocar bon Feed Crude Product

or more Column 6 metals of the Periodic Tables with a support
calcining the one or more Column ¢ metal oxides and support

at a temperature from 315 °C to 760 °C to provide a calcined
catalyst. The support comprises from 0.0l grams to 0.2 gram

5 of silica and from 0.8 grams to 0.99 grams of alumina per
gram of support. The calcined catalyst has a surface area of
at least 340 m’/g, a pore size distribution with a median
pore diameter of at most 100 A, and at least 80% of its pore
volume in pores having a pore diameter of at most 300 A.

10 Examples 1 and Z also demonstrate a catalyst that
includes one or more metals from Column 6 of the Periodic
Table and/or one or more compounds of one or more metals from
Column 6 of the Periodic Table and a support; wherein the
support comprises from ¢.0%f grams to 0.2 gram of silica and

15 from 0.80 grams to 0.99 grams of alumina per gram of support,
and wherein the catalyst has a surface area of at least 340
m’/g, a pore size distribution with a median pore diameter of
at most 100 A, and at least 80% of its pore volume in pores
having a pore diameter of at most 300 A.

20 Example 3. Catalyst Having A Surface Area 0f At Most 250

nﬁ/g. The comparative catalyst was prepared in the following
manner. MoQOz (94.44 grams} was combined with wide pore
alumina {(2742.95 grams) and crushed and sieved alumina fines
having a particle size between 5 and 10 micrometers (1050.,91
25 grams) in a muller. With the muller running, nitric acid
(43.04 grams, 69.7 M) and deionized watexr (4207.62 grams)
were added to the mixture and the resulting mixture was
mulled for 5 minutes. Superfloc® 16 (30 grams, Cytec
Industries, West Paterson, New Jersey, USA) was added to the
30 mixture in the muller, and the mixture was mulled for at
total of 25 minutes. The resulting mixture had a pH of €.0
and a loss on ignition of 0.6232 grams per gram of mixture.

The mulled mixture was extruded using 1.3 mm trilobe dies to
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Exanple 4 4 5 Conparative Exanple 6 Conparative Exanple 7 15.56C (60F),
g/ cnB

form 1.3 trilobe extrudate particles. The extrudate
particles were dried at 125 °C for several hours and then
calcined at 676 °C (1250 °F) for two hours to produce the
catalyst. The catalyst contained, per gram of catalyst, 0.02
5§ grams of molybdenum, with the balance being mineral oxide and
suppert:. The catalyst is a bimodal catalyst having a pore
size distribution with a median pore diameter of 117 A with
60% of the total number of pores in the pore size
distribution having a pore diameter within 33 A of the median
10 pore diameter, a total pore volume of 0.924 cc/g, and a
surface area of 249 m?/g.
The pore size distribution measured using mercury

porosimetry at a contact angle of 140 is shown in TABLE 3.

TABLE 3

Pore Diameter | % Pore

in A Volume

<70 0.91
70-100 20.49
100-130 37.09
130-150 4.51
150-180 2.9
180-200 1.06
200-1000 0.85
1000~5000 5.79
>5000 22.04

Example 4. Contact of a Hydrocarbon Feed with Catalysts From

Examples 1 and 3. A tubular reactor with a centrally

positioned thermowell was equipped with thermocouples to

measure temperatures throughout a catalyst bed. The catalyst
20 bed was formed by filling the space between the thermowell

and an inner wall of the reactor with catalysts and siliceon

carbide (20-grid, Stanford Materials; Alisc Viejo, CA). Such
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Hydr ogen, wt% 10. 109 10.432 10.720 10.485 10.403 10.617 Carbon, wt % 81.987
84.174 84.450 83.72 84.513 84.617 Sul fur,wt % 6. 687

silicon carbide is believed to have low, if any, catalytic
properties under the process conditions described herein.

All catalysts were blended with an equal volume amount of

gilicon carbide before placing the mixture into the

5 contacting zone portions of the reactor.

The hydrocarbon feed flow to the reactor was from the
top of the reactor to the bottom of the reactor. Silicen
carbide was positicned at the bottom of the reactor to serve
as a bottom support.

10 The catalysts were sulfided by introducing a gaseous
mixture of 5 vol% hydrogen sulfide and 25 vol% hydrogen gas
inte the contacting zones at a rate of 1.5 liters/hour of
gaseous mixture per volume (nlL) of total catalyst (silicon
carbide was not counted as part of the volume of catalyst).

15 Temperatures of the contacting zones were increased to 204 °C
{400 °F) over 1 hour and held at 204 °C for 2 hours. After
holding at 204 °C, the temperature of the contacting zones
was increased incrementally teo 316 °C {600 °F) at a rate of
10 °C (50 °F) per hour. The contacting zones were maintained

20 at 316 °C for an hour, then the temperature was raised to 370
“C {700 °F) over 1 hour and held at 370 °C for two hours.

The contacting zones were allowed to cool to ambient
temperature.

After sulfidation of the catalysts, the temperature of

25 the contacting zones was raised to a temperature of 410 °C.

A hydrocarbon feed (Peace River), having the properties
listed in Table 4 was flowed through the preheat zone, top
contacting zone, bottom contacting zone, and bottom support
of the reactor. The hydrocarbon feed was contacted with each

30 of the catalysts in the presence of hydrogen gas. Contacting
conditions were as follows: ratio of hydrogen gas to feed
was 318 Nm’/m® (2000 SCFB) and LHSV was about 0.5 h™'. The two

contacting zones were heated to 400 °C and maintained between
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4.387 3.714 5.064 4.487 3.782 Nitrogen, wt%0.366 0.399 0.371 0.397 0.397
0.385 Nickel, wtppm 70 63 32 63 55 56

400 °C and 420 °C at a system pressure of 3.5 MPa (500 psig)
as the hydrocarbon feed flowed through the reactor for a
period of time {about 9722 hours). During the run, an
increase in inlet pressure from about 3.5 MPa and about 7 MPa
5 was observed at about 6500 hours and 2000 hours. Although
the pressure increased during this time, the pressure
stabilized at about 7 MPa. Since a rapid increase in
pressure was nolt observed the run was allowed to continue.
The P-Value was monitored periodically and remained at 1.0 or
10 above 1.0, therefore the process was considered stabile.
For example, at 7896 hours the P-Value was 1.0 and the inlet
pressure was about 7.1 MPa (1012 psig). At about 9000 hours,
the inlet pressure dropped to below 7 MPa.

A volume of Column 6 metal catalyst (24 cm’) as

15 described in Example 1 was mixed with silicone carbide (24
cm®) and the mixture was positioned in the bottom contacting
zone .

A Column 6 metal catalyst (6 cm’®) as described in

Example 3 was mixed with silicone carbide (6 cm®) and the
20 mixture was positioned on top of the contacting zone to form
a top contacting zone.

As shown in Table 4, the crude product had a viscosity
of 79.5 at 37.8 °C, a residue content of 0.278 grams, per
gram of crude product, a WNi/V/Fe content of 25Z.6 wtppm, a

25  melybdenum content of 0.4 wtppn, and a MCR content of 10.4.

This example demonstrates a method for contacting a
hydrocarbon feed with one or more catalysts to produce a
total product that includes the crude product. At least one
of the catalysts comprises one or more metals from Column 6

30 ©f the Periodic Table and/or one or more compounds of one or
more metals from Column 6 of the Pericdic Table and a
support. The support comprises from 0.01 grams to 0.2 gram

of silica and from 0.80 grams to 0.99 grams of alumina per
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lron, wtppm2.4 0.6 0.2 0.4 0.2 0.2 Vanadi um w ppm 205 189 100 197 151 152
Calcium wppm6.7 5.9 0.3 0.7

gram of support. The Column & metal catalyst has a surface

area of at least 340 m’/g, a pore size distribution with a

median pore diameter of at most 100 A, and at least 80% of

its pore volume in pores having a pore diameter of at most
5 300 A.

This example also demonstrates a method for contacting a
hydrocarbon feed with one or more catalyst to produce a total
product that include the preduct. At least one of the
catalysts comprises one or more metals from Column 6 of the

10 Periodic¢ Table and/or one or more compounds of one or more
metals from Column & of the Periodic Table and a support.
The support comprises from 0.01 grams to 0.2 gram of silica
and from 0.80 grams to 0.99 grams of alumina per gram of
support. The catalyst exhibits one or more peaks between 35

13 degrees and 70 degrees, and at least one of the peaks has a
base width of at least 10 degrees, as determined by x-ray
diffraction at Z2-theta.

Example 5. Contact of a Hvdrocarbon Feed Catalysts From

Examples 2 and 3. The apparatus, sulfiding of catalyst,

20 hydrocarbon feed and operating conditions were the same as
for Example 4, with the exception of the catalysts.

A volume of Column 6 metal catalyst (24 cm®) as
described in Example 2 was mixed with silicone carbide (24
cm’) and the mixture positioned in the bottom contacting

25 zone.

A Column 6 metal catalyst (6 cm®) as described in
Example 3 was mixed with silicone carbide (6 cm®) and the
mixture positicned on top of the contacting zone to form a
top contacting zone.

30 During the run, a rapid increase in inlet pressure from
about 3.5 MPa and about 10.4 MPa was observed at about 6500
hours. Since the pressure did not stabilize, the run was

stopped.
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, Wwtppm 0.9 0.2 0.2 0.4 0.9 0.2 Chromum wppmO0.3 0.2 0.2

1.9 2.1 Copper
0.2 0.20.2 Silicon, wvwppm 1.2 0.8

As shown in Table 4, the crude product had a viscosity
of 86.4 at 37.8 °C, a residue content of 0.264 grams, per
gram of crude product, a Ni/V/Fe content of 251.6 wtppm, a
molybdenum content of 0.4 wtppm, and a MCR content of 10.6.

5 This example demcnstrates that a method for contacting a
hydrocarbon feed with one or more catalysts to produce a
total preduct that includes the crude preduct. At least one
of the catalysts comprises one or more metals from Column 6
of the Periodic Table and/or one or more compounds of one or

10 more metals from Cclumn 6 of the Periodic Table and a
support. The support has from 0.01 grams to 0.2 gram of
silica and from 0.80 grams to 0.99 grams of alumina per gram
of support. The Column & metal catalyst has a surface area of
at least 340 m®/g, a pore size distribution with a median

15 pore diameter of at most 100 A, and at least 80% of its pore
volume in pores having a pore diameter of at most 300 A.

This example also demonstrates a method for contacting a
hydrocarbon feed with one or more catalyst to produce a total
product that include the product. At least one of the

20 catalysts comprises one or more metals from Column 6 of the
Periodic Table and/or one or more compounds of one or more
metals from Column 6 of the Periocdic Table and a support.

The support comprises from .01 grams to 0.2 gram of silica
and from 0.80 grams to 0,99 grams of alumina per gram of

25  support. The catalyst exhibits one or more peaks between 35
degrees and 70 degrees, and at least one of the peaks has a
pase width of at least 10 degrees, as determined by x-ray
diffraction at Z-theta.

FIG. 3 is a graphical representation of P-value of the

30 crude product versus run time for each of the catalyst
systems of Examples 4 and 5. The hydrocarbon feed had a P-
value of at least 1.2. Plots 118 and 120 represent the P-

value of the crude product obtained by contacting the
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0.4 0.3 0.3 0.3 Magnesium wippm0.8 0.7 0.2 0.6 0.2 0.4 Zinc, wppm6.0
1.0 0.6 2.0 1.4 1.7

3
4 Mol ybdenum wt ppm

hydrocarbon feed with the three catalyst systems of Examples
4 and 5 respectively. From the P-value of the crude product
for each trial, it may be inferred that the hydrocarbon feed
in each trial remained relatively stable during contacting

5 (for example, the hydrocarbon feed did not phase separate).
As shown in FIG. 3, the P-value of the crude product remained
relatively constant during significant portions of each
trial.

Example 6. Comparative Example, The apparatus, sulfiding of

10 catalyst, hydrocarbon feed and operating conditions were the

same as for Example 4, with the exception of the catalysts.
A volume of Column 6 metal catalyst (24 cm®) as

described in Example 3 was mixed with silicone carbide (24

cm®) and the mixture was positioned in the bottom contacting

15 zone.

A Column 6 metal catalyst (6 cm’) as described in
Example 3 was mixed with silicone carbide (6 em’) and the
mixture was positioned on top of the contacting zone to form
a top contacting =zone.

20 Silicon carbide was positioned on top of the top
contacting zone to fill dead space and to serve as a preheat
zone. 'The catalyst bed was loaded into a Lindberg furnace
that included four heating zones corresponding to the preheat
zone, the top and bottom contacting zones, and the bottom

25 suppozrt.

During the run, a increase in inlet pressure from about
3.5 MPa and about 5 MPa was observed at abcut 5543 hours.

As shown in Table 4, the crude product had a viscosity
of 101 at 37.8 °C, a residue content of 0.273 grams, per gram

30 of crude product, a Ni/V/Fe ccentent of 253.2 wtppm, a
molybdenum content of 0.6 wtppm, and a MCR content of 10.6.

In comparing Examples 4 and 5 with the comparative

Examples, the crude products have similar values for all the
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Examples. The crude products produced in Examples 4 and 5
have lower values for viscosity and hydrogen consumption as
compared to the respective values for the crude product
produced in the comparative example. As such, it may be
concluded that contact of the hydrocarbon feed with hydrogen
in the presence of the catalyst prepared as described in
Examples 1 and 2 may reduce viscosity of the hydrocarbon feed
more than contact of the hydrocarbon feed with hydrogen in
the presence of the catalyst prepared as described in Exanmple
3.

Example 7 Comparative Example. The hydrocarbon feed,

contacting conditions, and suifidation were the same as
Example 4.

A commercial bimedal molybdenum/nickel catalyst (RM
5030, Criterion Catalysts & Technologies, Houston, TX, 24
cm®) having a molybdenum content of about 5 wt%, a surface
area of about 255 m?/g and having a bimodal pore size
distribution with a medium pore diameter of about 117 A used
for upgrading residue was prepared mixed with silicone
carbide (30 om® for a total catalyst/silicone carbide mixture
of 54 cm®) was positioned in the contacting zone. The run
was terminated at 1872 hours due to a rapid increase in
pressure change {(inlet pressure of greater than 13 MPa (about
1872 psig) and rising. Rapid increase in inlel pressure was
attributed to catalyst plugging.

FIG, 4 is a graphical representation of inlet pressure
of the reactor verus run time for catalysts in Examples 4-7,
and the two comparative examples. Data 122 represents
Example 4, data 124 represents Example 5, data 126 represents
bxample 6, and data 128 represents Example 7. Although, an
increase in pressure was observed at about 6500 hours for
Example 4 (data 118), the pressure become substantially

constant at about 7 MPa and viscosity reduction in addition
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Distill ate,

Asphal t enes,
I

wt% 15.0 28.1

W% 10.9 5.9 4.6 6.5 5.9 5.1 Naphtha" wt% 4.2

to other properties of the crude product were still changing

as compared to the hydrocarbon feed properties.

increase in pressure was observed for this catalyst.

4 had a rapid increase in pressure at about 6500 hours.

No rapid

Example

In

5 the catalyst having the less amount of metal has a longer run

time.

In comparing Examples 4 and 5,

the catalyst of Example

4 was cbserved to change properties of the hydrocarbon feed

for longer periods of time than the cataiyst of Example 6.

The longer run time may ke attributed to the catalyst of

10 EBExample 4 having less metal

metal per gram of catalyst)

Example

In comparing Examples 4 and 5 with the comparative

examples

15  similar wvalues for all the Examples.

5.

(lesg than 0.1 grams of Column 6

as compared to the catalyst of

(Example & and Example 7) the crude products have

The catalyst life for

Examples 4 and 5 is significantly longer than the catalyst

life for the comparative examples.

concluded that the contact of the hydrocarbon feed with

As such,

it may be

hydrogen in the presence of the monomodal catalyst prepared

20 as described in Examples 1 and 2 may be done at low pressures

and high temperatures for longer periods of time than the

comparative catalysts at the same temperatures and pressures.

TABLE 4

25

Property Hydrocarbon Crude Product
Feed
Example 4 4 5 Comparative | Comparative
Example 6 Example 7

Contact 4200 8520 6536 5543 1872
Time, hours
Temperature, 410 410 410 410 410
°C
Pressure, 3.5 7 3.5 3.5 3.5
MPa
APl Gravity 7.9 14.3 13.5 13.5 15.8
Density at 1.0149 0.9704 0.9785 0.9785 0.9608
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30.9 25.6 31.8 30.7 VG W%37.5 39.9 38.1 42.5 44.5 39.8 Residue, W% 47.4
27.8 23.0 28.9 22.8 24.4 P-Val ue

Property Hydrocarbon Crude Product

Feed
Example 4 4 5 Comparative | Comparative

Example 6 Example 7

15.56 °C
(60 °F),
g/cn’
Hydrogen, 10.109 16.432110.720 1 :0.485 143,403 10.617
wi%
Carbon, wt$% 81,987 B4,174 84,450 83.72 84.513 84.617
Sulfur, wtd 6.687 4.387 | 3.714 | 5,064 4.487 3.782
Nitrogen, 0.366 0.399 | 0.371 @ 0.397 0.397 0.385
wi %
Nickel, 70 63 32 63 55 56
wtppm
Tron, wtppm 2.4 0.6 0.2 0.4 0.2 0.2
Vanadium, 205 182 100 197 151 152
wtopn
Calcium, 6.7 5.9 0.3 0.7 1.9 2.1
wtppn
Copper, 0.9 0.2 0.2 0.4 0.9 0.2
wippm
Chromium, 0.3 0.2 0.2 0.2 0.2 0.2
wlippm
Silicon, 1.2 0.8 0.4 0.3 0.3 0.3
wtppm
Magnesium, 0.8 0.7 0.2 0.6 0.2 0.4
wtppm
Zinc, wtppm 6.0 1.0 0.6 2.0 1.4 1.7
Molybdenun, 6.6 0.4 1.9 1.9 .3 0.8
wippm
Micro-Carbon 12.5 16.4 8.6 10.8 10.3 9.6
Residue, wt%
Cs 16.2 3 6.6 8.5 8.5 8.0
Asphaltenes,
wt%
Cy 10.9 5.9 4.6 6.5 5.9 5.1
Asphaltenes,
wt
Naphtha, , 4.2 8.0 3.6 0.9 5.1
wt%
Distillate, 15.0 28.1 30.9 25.6 31.8 30.7
wi%
VGO, wt$ 37.5 39.9 38.1 42.5 44.5 39.8
Residue, wt% 47.4 27.8 23.0 28.9 22.8 24.4
P-Value 2.6 1.2 * 1.2 0.9 1.0
Viscosity at 8357 79.5 25.9 115 89.4 51.4
37.8 °C
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2.

6

1.

2

1.2 0.9 1.0 Viscosity at 37.8C 8357 79.5 25.9 115 89.4 51.4
Property Hydrocarbon Feed Crude Product

Property Hydrocarbon Crude Product

Feed
Example 4 4 5 Comparative | Comparative

Example 6 Example 7

(1o0 °m,
cSt
Hydrogen 29.41 | 61.18 | 36.24 21.6 #*
Consumption,
Nmfi/m3
Inlet 3.78 7.2 8.7 3.6 8.2
pressure

*Not Determined
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Exanple 4 4 5 Conparative Exanple 6 Conparative Exanple 7 (100F), cSt

CLAIMS

1. A catalyst comprising:

one or more metals from Column 6 of the Periodic Table
and/or one or more compounds of one or more metals from
Column 6 of the Periocdic Table and a support; wherein the
support comprises from 0.01 grams to 0.2 gram of silica and
from 0.80 grams to 0.99 grams of alumina per gram of support,
and wherein the catalyst has a surface area of at least 340
m’/g, a pore size distribution with a median pore diameter of
at most 100 A, and at least 80% of its pore volume in pores
having a pore diameter of at most 300 A.
2. A catalyst comprising:

one or more metals from Column 6 of the Periodic Table
and/or one or more compounds of one or more metals from
Column ¢ of the Periodic Table and a support; wherein the
support comprises from (.01 grams to .2 gram of silica and
from 0.80 grams to 0.99 grams of alumina per gram of support,
and wherein the catalyst exhibits cne or more peaks between
35 degrees and 70 degrees, and at least one of the peaks has
a base width of at least 10 degrees, as determined by x-ray
diffraction at Z-theta.
3. The catalyst as claimed in claim 2, wherein ocne or more
molybdenum trioxide peaks between 10 degrees and 30 degrees
are absent.
4, A methed of making the catalyst of claim 1, comprising:

co-mulling one or more metals from Column 6 of the
Periodic Table and/or one or more compounds of one or more
metals from Column 6 of the Periodic Table with a support o
provide a metal/support composition, wherein the support
comprises from 0.01 grams to 0.2 gram of silica and from 0.8

grams to 0.99 grams of alumina per gram of support; and
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Hydr ogen Consunption, NnB8/n8 29.41 61.18 36.24 21.6 Inlet pressure 3.78
7.2 8.7 3.6 8.2

calcining the metal/suppcrt composition at a temperature
from 315 °C to 760 °C to provide a calcined catalyst having a
surface area of at least 340 m’/g, a pore size distribution
with a median pore diameter of at most 100 A, and at least
80% of its pore volume in pores having a pore diameter of at
mest 300 A, wherein surface area is as determined by ASTM
Method D3663 and pore diameters and pore volumes are as
measured by ASTM Method D4284.
5. A method of making the catalyst of claim 2, comprising:
co-mulling one or more metals from Column 6 of the
Periodic Table and/or one or more compounds of ¢ne or more
metals from Column & of the Periodic Table with a support to
provide a metal/support composition, wherein the support
comprises from 0.0l grams te 0.2 gram of silica and from 0.8
grams to 0.99 grams of alumina per gram of suppoert; and
calcining metal/support composition at a temperature
from 315 °C o 760 °C to provide a calcined catalyst, wherein
the Column 6 metal catalyst exhibits one or more peaks
between 35 degrees and 70 degrees, and at least one of the
peaks has a base width of at least 10 degrees, as determined
by x-ray diffraction at Z-theta.
6. A method of producing a crude product, comprising:
contacting a hydrocarbon feed with one or more catalysts
to produce a total product that includes the crude product,
wherein at least one of the catalysts comprises one or more
metals from Column 6 of the Periodic Table and/or one or more
compounds of one or more maetals from Column 6 of the Pericdic
Table and a support; wherein the support comprises from 0.01
grams to 0.2 grams of silica and from 0.80 grams to 0.99
grams of alumina per gram of support, and wherein the Column
& metal catalyst has a surface area of at least 340 n@/g, a

pore size distribution with a median pore diameter of at most
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*Not Determined CLAIMS 1. A catalyst conprising: one or nore netals
fromColum 6 of the Periodic Table and/or one or nore conpounds of one or
nore nmetals from Colum 6 of the Periodic Table and a support; wherein the
support conprises fromO0.01 granms to 0.2 gramof silica and from0.80 grans
to 0.99 grans of alum na per gram of support, and wherein the catal yst has
a surface area of at least 340 nR/g, a pore size distribution with a nedi an
pore dianmeter of at nobst 100 A, and at |east 80%of its pore volune in
pores having a pore dianeter of at nost 300 A. 2. A catal yst conprising:
one or nore nebvais smwom Galawans@: eff the ekl odiereTablganrdheviona or nore
conpounds of one gl S fr ggCol um% 6 of the Periodic Table and a
support; whef&h (ﬁﬁ@ngﬁf)pgfefa cBidr i°9es™F 8 0. 01 grans to 0.2 gram of
silica and from m?&&egn ae faoe (18 ¢gp ams deteahimadnay pEiTMgMamhed support,

and wherein b grees and
70 degrees, tDlagfigal ééé@%%g#é%hg%e% rsemr%lggurpeeq?EZS %\3{%%@8%@ qﬁ(l east 10
degrees, as @&terinthed BA&-ray di ffractl on at 2-theta. 3. The catalyst as

claimed in chai mzz,me\e/ﬂga%fnp%@u&rngﬁgr&d&l ybdanum toioxisdegpeaks between
10 degrees and 30 degrees are absent. 4. A nethod of maki ng*the cat al yst

of claim1, conpri®¥EAGEINg @ RYQRIAIPPY nFSn8Tof W6r 8 st §°F3 bit€ol urm 6
of the Periodbe diahlasantoohoone ar aﬁ%r@eﬁ:@lﬂﬁﬁ@nﬁs aof laxse apbonre netal s
from Colum 6 _of the Perio bl e wi uppor r |dea

net al / suppor £ ¢ohgdsit on,® %IV\:ﬁb @aﬁ%t ﬁne% grtlpcoéitr‘fﬁrl sgtsqfar ofF T grans to
0.2 gram of s$hht cancande$ rawm Grﬁdegrparmucttn @:hegeagr ans ledéstalonm a4 yher gram of
support; and c te COMPYSitd @n at

tenperature ?téer‘r%):’fltg ?:J) ﬂ‘f%g %&t é’gggr“g’\!/é. S&éﬁg%a I%I neg cat al ?/stuﬁeavi ng a
surface areaPefiaiid dakte 340/ap/qe arpore $PPROWINSt PE MG O/ Wi a nmedi an

pore di amet efoof; lr,MpStofd A oidedtel RSt 80%0brhts MEe:vol uMe in
pores having a pore dianeter of at nmost 300 A wherein surface area is as

det er ni ned byRASTN VBE hHHPPESE 63 S Hd Spor & i Andt &FeTantP fored%dluRds are as
measured by ASTMMehhod-d42840 Hand BRtNOD gfsdrﬁml@fngmmacgéalm of claim
2, conprising: co-mul |i ng. nmor e .nmet al u of t he
Peri odi ¢ Tabgg %WP&’O‘WEQJES’#‘QH%I‘ tg‘Sn%%Ws orf‘e%ar%ecﬁg 5 exm‘%ﬂ § from

Col um 6 of the dericediseakabbetwidrh3a sappest atd 7or dvgxteesa aed alt/ support
conposi ti on, ;pher &l EPet 5“%88%@%%”9%&%51,«&?&%% 91 graps po 0.2 gram of

silica and fromtooéhe rams of um na per gram of support; and
cal ci ni ng mﬂa@#eﬁﬁppeﬁtd@@mesw |li70’nXa¥aBa didhpestaitagr et f4ome345 C to 760 C to

provi de a cakCinedCALALYPLs WhENeln:fhe CokuaTy frset @ Gatabyst, exhibits
one or nore peaks between 35 degrees and 70 degrees, and at |east one of

t he peaks hasha Hase RFedYFtofsat Jandd “15'(3"5(‘3%@r"%‘afes25 as st &ridheFepy x-ray

diffraction at 2-frhehach€ A seihed of producingnd erweler, praduetn
conpri si ng: a hydrocarbon .f ee nor e cat al ysts

tact
to produce aLP%t%t% igo ‘Erctlthn?h‘é‘fm Meftde ’;sacttﬂgn%?ﬂ]d’egg?o%ruéitor POREFE n at

| east one of ithe wat al:ys;tm doapriises f)ﬂﬁ:“tﬂlonHDradeBtfad‘hSCJfﬂgom Col um 6 of

the Periodic Table [ or .on nor e, co nd &0 e netals from
Column 6 of The Peri ogmn 'ngﬁ‘f?egléoﬁ“dag }é%ap%!(;% (\% Q%the rsggi%port conpri ses

fromO0.01 gréanscitior®.2 granms of silica and fromO. 80 granms to 0.99 grans of

al umi na per gpamof, AUPRAY L BN RCEE dhyt Be Colim 6B fret alngalal yst has a
surface area of at |east 340 % porée size di stribution with a median
por e di anet efFopfacgtingpsy done in the presence of a hydrogen source.

11. The methed as claimed in any of claims 6 or 7, wherein
contacting is for at least 1000, at least 3000 or at least
6000 hours.

12. A crude product produced by the methods as claimed in

any of claims 6 or 7.
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100 A, and at least 80%of its pore volune in pores having a pore dianeter
of at nost 300 A, and wherein surface area is as determ ned by ASTM
Met hod 03663 and pore dianmeters and pore volunmes are as neasured by ASTM
Met hod 04284. 7. A nethod of producing a crude product, conpri sing:
contacting a hydrocarbon feed with one or nore catalysts for at |east 500
hours at a tenperature of at least 200 C and a pressure of at least 3.5 MPa
to produce a total product that includes the crude product, wherein at

| east one of the catal ysts conprises one or nore netals from Col um 6 of

t he Peri odi C13-ab|peh@ﬂ%@’rb@ﬂec@ﬁpo@ﬁ[%rcomﬁiyﬂdﬁr@f one or nore netals from
Colum 6 of the Peri 0 Table and a suppor in the support conpri ses
fromo0.01 grans to "6 ?idﬂ’la{ﬁg/%fcoﬁtﬁ ar‘?‘g #?%ﬁ\i}\{qg 0 "5* A&t o 0.99 granms of
al um na per gewmmhesw@poustfm Mcmiheﬁmaw the Columm 6 netal catalyst

exhi bits one or r S S,¢ and at | east
one of the peaks ggsg& azggﬁn o%é ea§t2%8rgan %rrggs j[E:Iet erm ned by
x-ray diffrabvioreagboR-qdrerai tJ<81 a?h@ewtmhaaddy @Iséi’lrfﬂfﬁhoﬁ BmO7ef clainms 6

or 7, wherein the ¢fude predusicd-s @flétgli'egsfn@(tﬁjﬁ@aﬁé #2 Grand0.101 nPa.
9. The met hod as clainmed in any of clains wherei n the net hod

further coinv%%aﬁfPa%wwaﬂwgort Ré é?kiﬁ@lﬁ?ao@ycﬁs?%tw@ﬁé Br3%or e
distillate fract |aoas;f1a:nd;o|alt9ﬁl&lwmgttre%rmporbatgx@msfp@} dreomeat | east one

of the disti te fractions met hod of clains 6
or 7 wher ei RYEOHEACET ripFE-HoHE: £ TR PHESRre FoT Ay roger Bour cor | 11.
The nmethod asnglainmed in any of clains 6 or 7, wherein contacting is for at
| east 1000, at lea 0 r t hopir r roduct
produced by the reraet§1 ngg gasr%c g%enegﬂléncogr%%%fgg a:ﬁ rjfggré oOrA'\O% bj%lsg A

hydr ocar bon genpuosint PHhydronpriwi ngupositiong goptdsite Nl Yyconttent of at

| east 200 W ppm s pdet@r rgnﬂegh@iye '%SIME de‘ggam%ompom,tloﬂ k&sizdue content
of at least 0.2 grams per gram of gérocar bon_conposition as determ ned by

ASTM Met hod D530ty © a‘amél'ﬁ‘st]rqol 5Pk ont'eft %f“afje}‘e%@t“eé 2 g dNs per
gram of hydr geathomagonposition as determ ned by ASTM Met hod D5307; a

sul fur content of at |east 0.04 grans per. gram of hydroc nposi tion
as det er ni ne(-{l5 by %§fﬁﬁ’%"trﬁ85“fﬁfg’fi 5‘?‘[%3“5%9 @ mErbta ?inglllea% “due
content of aﬁrﬁmsopﬂﬁd@reansrcpfemhgrmynmfcahy«ﬁir aeapbeiriconpesi ti on, as

det er m ned e%l Mﬁtchfa mDQI} 30; and wherein the hydrocarbon conposition
has a vi sc05|% 0O cSt at 37.8 C as determ ned by ASTM Met hod
D445. 14. Alt3r arfsgoivanti ewofluedd donpriltsi hydope onnePercdilst ot |t e
fractions praduced fromthe,Bydrocarbon conposition as clainmed in claim13
15. A diluent produced fromthe hydrocarbon conposition as clainmed in claim
13.
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