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 cat al y&® g09/mseiods usi ng such catal ysts, productsrobuiatnedicsza 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 FBFRIYSTRei PREBPEETIQN OFc SHED IAFALEFRT r MBTHP R OF B EREvant aged
15 crudes”. t¥y@gpeuaniveed skoiRSsNENTARKS fy Huzh MEBERS hip thiads ppnders the
di sadvant aged crude undesirabl e for conventional transportation and/or
treatment facilities. Disadvant d§8VCFuGBEAHER ng hi gh viscositi es,
additionally, may al so include hydrogen deficient hydrocarbons. Wen
processi ng 2 didsadvant ageencrandes havi ng hydrogen defici ent hydrocarbons,
consi st ent quantgkiesegénpypgg%"nogaelg%gg Qgcg%a?qagg to inh%bit coke
formation, particufariy It el evated Tenper aturas aht hi ghpiésdtre are used
t o process tdfe sdicbachviaritvaged rertodes ddidpogert; chowewers, psodostsl y to produce
and/or costly,23.L9 {4 %ﬂﬁﬁém?oestgﬁﬁh%gt%{]g@@gbh&%sesmam Conventi onal

met hods of reducing the gh viscosity o I sadvant aged crude incl ude

cont acti ng tEECkgredyy it hged nvendecmt el evated tenperatures and pressure

with hydiggen incthepresencs of ancatahyst .caposits torsed dyring 30

processing may .accunulate in the |arger pores of the catalyst while

vi scosity ant7Br SOt HerYAF o EsS Ak 2PeBicEE by LRUNAYE OFC te feed with

the active metal snén dabeeSprddeet i poresitofic the calal yst thaled ke deposits

and/ or | ar ge, conpounds. gontrihuting to ylscosi Ly, can not enter.

Di sadvant ages of " otvant T onaC Cat al Vs 8 aFE That LT heyr Y et Y E Ssi gni fi cant

anounts of hiadridgered.n age dernton lpr ociessetihe ypdrdgenivdetagicent hydrogens

and the \ar aafaBer es fhabieGALal YalaRefOPEhA! Lok anTWBeod NS 2ELLVITY of
Y renders the disadvantaged crude undesirable for conventional

transportation and/cr treatment facilities. Disadvantaged
crudes having high viscosities, additicnally, 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

35 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

30  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.



5is dimnished and the life of the catalyst is reduced. It woul d be
desirable to have a nethod and/or a catalyst for reducing the viscosity of
di sadvant aged crudes at el evated tenperatures and m ni mal pressures for a
prol onged pediogiwstz7ti me. 10U. S. Patent Nos. 6, 554, 994rtouReymabtds et al .
6,436,280 to Haile 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 Morales et al., 4,499,203 to Toul hoat et al.,
4,389,301 to Dahl berg et al., 15 and 4,191,636 to Fukui et al. describe
vari ous processgyansymisent, CQﬂW@HC&@Eﬂy@@Sa1xﬁtSpﬁ0@é@Eﬁhgh%ytn@esiahd/or

di sadvant agegd: &1;4d€snt amountd o2 n P Jeshed g%ﬁ%%nto Ebg td,Qn

20050133414 t hrough 20050133418 to Bhan et al.; 0139518 through 20
20050139522 tyimBAaR ligftent Jpus09a55439t thBH&ﬁg@t Poﬂr.e,s 250586150818 to Bhan
et al., 2005655998 5@oabamle_1tedal Thi20090d 64320t 9 BhaReetardllysr 20050167324
t hrough 20050167332, t 0o Bhan et 20050173301 t hrough 20050173303 to Bhan
at al ., 260613‘-?)656%161%@8%‘% ““foééﬁ%s‘i%éﬁet%a@ﬁé{ﬁt 20066831456 to 25 Bhan;
20060234876 to Bhanwm2@06@23&ﬁ5%bt@tBhaav@ndn%@66@23ﬁ85¥ 4 a:aBhanst

20070000810 n 0 00 0 _QO 11 to Bhan et
al . Internaltlongﬁmlqnl I?%gtY%h%%bgy(8§§é%%§%%%gg%§ %gVC§2008/106979 to
Bhan and U.S.evRieéntenpphioss ond Nogingl/i866,5909s ﬂm#eﬁﬁﬂgﬁ®993011/866 921

through 11/ 866,;983, ¢ 114,866, 926; 11/866, 929 and 11/855,932 to Bhan et al.

filed Cctober 3, 2007, are rel ated £atent applications_and describe varlous
processes? systefsS- Eﬁﬁ&”bdﬁ§1y§t§5rép4pF%d§§@Ph§SdﬁUéés'dh&ﬁérzSo

di sadvant agegh audesst WiS, PatentoAnd kcatdien Ne.all/ 8663926 2descri bes in
Exanmpl e 24 a catgﬂ¥st t hat gram 4#| ca-_5 alum na and

0.98 grans of"GVURT i per gLE@kgggid%b%%% &hlékgﬁG d hﬁl@%ﬂ%ﬁhnt The

cat al yst hasala nﬂdﬁﬁh7p0r90dhameberrn52$55HAfowmbhﬂ&m keast.,60% of the
t ot al nunber4% 9p95§§£;905 g_ sfze d §hﬁﬂu¥ q&HH%g%QQ?‘fgore di anet er
i arre o)

with 28 A of the nedi an pore er ah 4 surtace area 9'n2/g. W
Cont act of aﬂhydvb@aﬂﬁéntééédnmneh ghedeatalbpsvaaishpdrogeresat a

temperature of.:410, GRNdsp frassHEe 0h.3: 8 MPR.rodusason crude product

that has a reduced viscosity as conpared to the hydrocarbon feed with a
hydr ogen cor&@apreoirast 3508/ nB. The distribution of pores in the pore

vol ume of the 15ycat aliystsihes At $Gp3seckidh EXamiwsg4s34n Exanpl e 26,
the catal yst includes an_al um na support, alum na_ oxide fines, and

mol ybdenum ngtaPel THE S0AF AT Y5 (-onBRS Sredi an AIIr8-  HiefBFOWM 117 A and a

bi nodal di stxtolbot g @se ot opeies ctnal he 2posel dxalmes KEont actaof, t he

hydr ocar bon &ﬁpglgégﬁyg ]%Qge%0a§ 82%E§0E&QR%C% éﬁ;g e Product t hat has
a reduced vi'scos gen consunpti on  was no clssed ‘for the process

using the ca?tO@IS%tﬁitﬁO E»?zalmﬁre €262l Al t2ﬁ©@@116732|4st;bm1t9}'1 Eedecta’énZ can be
?ZPQSY% ;v' tht{t)glaﬂth A b Nesg Bk ALYt Lnrbhg MEE098H:@ORS USR] @a 1S
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.; 20070000808
to Bhan; 20070000811 to Bhan et al.; International
Publication Nos. WO 2008/C016969 and WO 2008/106979 to Bhan;
and U.S5. Patent Application Nos. 11/866,909; 11/866,916;
30 11/866,921 through 11/866,9%23; 11/866,926; 11/866,9292 and
11/855%,932 to Bhan et al., filed October 3, 2007, are related

patent applications and describe various processes, systems,



251 nternati onal Publication Nos. WO 2008/ 016969 and WD 2008/ 106979 to Bhan
descri be catal ysts and nethods of using the catalyst to produce hydrocarbon
products having reduced pitch, sulfur, and NCR as conpared to the initial
hydr ocar borwge®d/135Etfe cat al ysts descri bed i n Exanpl es PCawdzonddscdricl ude a
20 support having 2% silica in 98% al um na, nol ybdenum and ni ckel. The
catal ysts have nedi an pore dianeters of |ess than 100 A and surface areas
ranging from 133.5 n2/g to 332 n2/g. The hydrocarbon products produced by
contact of a heavy hydrocarbon with the catal ysts at tenperatures of 400
C and pressufed Ga1990 i g (assaind FrvPay dmV/err ébtiswdnpidsch and sul fur
content as coppased to the initial hydrocarbon feed. These publications do

not discuss 5 reduction of viscosity at m ni mal gressures with mninmal
hydr ogen consunpti-gn.Fatent Aprliggfidr P& advatittadébudetsibesadl e to convert
a hydrocar bopxdngad m tah cathigh whscosidiydeand. dzhgrgfiorg ailaw-econom c

val ue, ingo alcr.ude pr %dﬁﬁt havi ng decreased 10 V%SCOSi t;é It}y 3o?t acting

t he hydrocarbon 'f'éed” W't el hydt'ogen coriddlipt 1 sPPThe réstfti ng crude
product may, athereghbd@ryn.beTlsornwert ed tesselectied hydr acandion prroduct s

usi ng COﬂVEﬂig@ qlwagEQtﬁgﬁgﬂQ@9C§%Qh%skétalznmbeﬁgﬁa gkééQﬂaE&eMDU|d be

advant ageous to have a catalyst for carrying out t conversion of the
hydr ocar bon P&&d swee g tedhgt itgebaring fepoSBurdrgrgtor wikeé FHvemtion It has

now been foupgk tRata Rydr ecarhen feed with.@ hi-gh ¥4 seosity can be
converted into a crude %roduct havi ng a 20 decreased viscosity with m ninal

hydr ogen ‘EonSUHFET ot 15y PHET P RO pERE S e Thi e SaFfatd aPeal¥HPearyst. In
addition it has heepefound shatiosechadli ghpsayfiaeeoarea sak abyshcehbas an
ot 0250 Ul bt Srancs s fCR2L MWl SO, EIBOTLIER) 3 Lt | verton
of the Peri odicc hfdbberdued/ beecometdra Muieogomporndspiofonroné & nore netal s
(1om CoLum. S0l LLEPIL0LG, 610, SUPERr Lo Ak LS, abopor
15 catalyst is not discussed in Example 24. In Example 26, the
catalyst incliudes an alumina support, alumina oxide fines,
and molybdenum metal. The c¢atalyst has a median pore
diameter of 117 A and a bimodal distribution of pores in the
pore volume. Contact of the hydrocarbon feed at 400 °C and
20 3.8 MPa produces a crude product that has a reduced
viscosity. Hydrogen consumption was not discussed for the
process 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 teo produce hydrocarbon products having reduced
pitch, sulfur, and MCR as compared to the initial hydrocarkon
feed. The catalysts described in Examples I and III include a
3¢ support having 2% silica in 928% alumina, molybdenum and
nickel. The catalysts have median pore diameters of less
than 100 A and surface areas ranging from 133.5 m*/g to 332

nﬁ/g. The hydrocarbon preducts produced by contact of a



30 fromO0.80 grans to 0.99 grans of alum na per gram of support, and
wherein the catalyst has a surface area of at |east 340 M2/ g, a pore size
distribution with a nmedi an pore dianmeter of at nost 100 A and at | east
80% of its Wwor@uskyme in pores having a pore dianet er pefiruatoomost27300 A
Further, in sone enbodi nent, the invention provides a catal yst conprising:
50one or nore 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; wherein the support conprises fromO0.01 grams to 0.2 gram of
silica and fPemi0go-eravent o0 99e graired vets alurienpe panrge aph off0support

and wherein t@e cabalysi--exbhibids BQFg Q%bBQE%@@@E? PRI Ween, 3y degrees and
70 degrees, and at |east one of the peaks has a base width of at I|east 10

degrees, as HELRr APAe I IXCTEP G £F raipend dt shendtidial  Further, in

some enbodi nﬁmzﬁ}cakb@nlﬂ’@éantlﬂfés@r AV RS tRodd dasehbeobl@fcugakl ng a cat al yst
conprisin one or nore netals from Columm 6 of the

Peri odi ¢ %’abiC Cﬁdfm (ETEJV 888 SHor 8" cBibdinds B 6RE B hBr& Mt al s from

Col um 6 of btherdBeni ocdisc:m‘ﬂiabcbre with a support to provide a netal/support
Composi L1 on. (ISTE! Do L LSUDRRLL (80, ORI bs SR Ly O 0,0k grams 1o 0.2 o am
of silica and fromO0.8 8 % al um na per gram of support;
and ca’llﬁccilwcﬁgb@fhefeﬁét iaiv%@pbe% ‘@@ﬁp@si&tu @ﬁda‘@hﬁafetféﬁ@e%r arure from 315

Cto 760 C tecpiaNkdeamGat gided catalyst.haing g sWl-aeg;area of at |east
340 mZ/g,IQ\ gore size distribution 25 with a nedi an pore di aneter of at

nost 100 OFE- T A5 1°°8HYF 0 £ae W%OQW%fPﬁdﬁﬁr‘@smh%ﬁ% a pore

di anet er of Byadmsh &QquAptwﬂeremneswsfuawn@rc&@dbspﬁ@duiet &y ned by ASTM
Met hod D3663t1§;1nd ? :}ijamst erﬁr& nd por.e vol ymes arﬁqpas rreﬁsur ed by ASTM
Met hod D42847"F0Farther RSt ot ﬁﬁhf% EPRECT RN PE SR Priovi des a

nmet hod of maksing aocmlrahyasaldqmmsmtg_ng cataly(smsnul ling one or nore netals

from Col unmm 6 of ;1 %ﬁf:‘;ﬂogd%‘fg wo%tg!jgbearg%/ Ldplgar)eg)lugr,L a%ecgngégc%?s%of one or

nor e rretalsfrom the Péri‘od a suppor
13 for carrying out the conversion of the hydrocarbsn feed with

a long useful life.

Summary ¢f the invention

It has now been found that a hydrocarbon feed with a
high viscosity can be converted intc 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:
one or more metals from Column & of the Periodic Table
and/cr one or more compounds of one or more metals from
Column 6 of the Pericdic Table and a support; wherein the
support comprises from 0.01 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

n?/g, a pore size distribution with a median pore diameter of



provi de a netal /support conposition, wherein the support conprises from
0.01 grans to 0.2 gramof silica and fromO0.8 grans to 0.99 grans of

al um na per gram of support; and 5cal ci ning netal /support conposition at a
t enper at ur ewbrzamm3tks C to 760 C to provide a cal ci ned catralsymbpsepdver ei n t he
Colum 6 netal catalyst exhibits one or nore peaks between 35 degrees and
70 degrees, and at | east one of the peaks has a base width of at |east 10
degrees, as determned 10 by x-ray diffraction at 2-theta. Further, in sone
enbodi ments, the invention provides a nethod of producing a crude product,
conpri sing: at mostcahf abt iang at hydedcdibod feedaxet hobre on pores cat al ysts

to produce ayLetal PROAUGH shbal, izcludes it Rgpcqf ude product, wherein at
| east one of the catal ysts conprises one or nore netals from Col um 6 of

the Periodi c Tabl"&&helf oriloAgMDremkef &Y dnpblindy Ve tbpre IFEVABee dretal s from

Col um 6 of theaReri eshgs-ikabke and a support; wherein the support conprises
from0.01 grans to 0.2 silica and from0,80 grans to 0.99 20 grans

ranms of
of alumind per gro4fh of r@%ﬁpfﬁ???lsaﬁao%@ﬁ'é]f“ﬁ e EEF U 6Bt B Eat al yst has
a surface areadgfr ahel @astordd4@onhgds apone st zerdi sé¢tdllzutiron wi th a nedi an
pore di anete a st 1 .an | east 80%of .it,s pore volune in
pores havi ng&(z)stmpmgrE(a5 g?atrpgt grgr%d%t q‘ﬁ%}S@t aé%ogAS;’ngr%[ZSW eé:r%élnnt}‘]seurface ar ea
i's as det er nivierpuyy cCASTNI KISt Fiodh 336630zmd por & dicaaet el sidhde porde vol unes

are as measukggh by sASTMMethogl J3284ns R LG nd ResOgBEBROLIIBNLS, the

invention provides a_method of producing a crude product, conpri sing:
30cont act'P ng22® IPGr6Earttn CreRd Sk £RD SoP"Prote ME A M8FEPsLEHeedt | east 500

hours at a tespeiabuse.af 78t ddgastk, 2001 Grandaa: Phesstinécobedts ligast 3.5 MPa
to produce a tl?(zatesal gg{lﬁguct t hat |nchu es the crude product, wherein at
S

| east one of “t yet 8 cuTiti SBsYUHESDr HorE TRETHISS PY ofi'Gdl um 6 of

t he Peri odi cdTablaetamd/z0r 2ene=tor. nore conpounds of one or nore netals from

Col um 6 of Periodic Tabl.e and a support. wherein the_support conprises
from 0. 01 gr e e 07 Grine G Rloalh ;RN 1aRhCh B Sf sk o 0. 66 br anme
of al um na pe¢tigrdant ofalsggpertatadmdt whreweiiaitdre Col utm 6 netal catal yst

exhi bits one or %etﬁupﬁ%sopg,t&e?nergﬁn&%%e%na%émn degrees, and at | east
wi dth of at |

one of the peaks has a base east 10 degrees, as determ ned by
x-ray diffraBeieniar TaRliehend/ O FGPEhRY M4 SORRCUSAB o et 8T e i nventi on

provi des a chatde sprestclo1phediced LRy #d18 onBt hags cas; desckrihsd-akgve.

Further, in sone enbodinents, the invention provides a hydrocarbon
conposi ti on p%ﬁﬁﬁ&?i@i%ﬁfal support composition, wherein the support

20 comprises from 0.0l grams to 0.2 gram of silica and from 0.8
grams to 0.99 grams of alumina per gram of support; and
calcining 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 comprisinag:
co-mulling one or more metals from Column & of the

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



a total Ni/Fe/V content of at |east 200 wtppm as 15 determ ned by ASTM

Met hod D5708; a residue content of at least 0.2 grans per gram of
hydr ocar bon conposition as determ ned by ASTM Met hod D5307; a
distill ate wontenss2of at | east 0.2 granms per gram of hydmasanbosmsezy
conposition as determ ned by ASTM Met hod D5307; 20a sul fur content of at

| east 0.04 granms per gram of hydrocarbon conposition as determ ned by ASTM
Met hod D4294; and a mcro-carbon residue content of at |east 0.06
grans per gram of hydrocarbon conposition, as determ ned by ASTM 25 Met hod
D4530; and wherain firhe $pldmocardorrhe ofposidt i ofetHasvativisscospeyt g at nost

100 oSt at 37,8, Geas AeLanm pec Dy ASTM NBLNOR, A5  FlrLigs, i n some

enbodi ments, the 1 nvention provides a franqurtatl on conpri si ng
one or nore APBRIYSEAL E-BD O PAcTids *prbdudsdar fefomithea Hydr &t ol

conposi tion gsageser hbed @hAYEsr alumina Rkt BEEn JNsSOPE-teNhRgi ments, the
i nvention provides_a_ djluent ced fromthe hydrocarbon conposition as

r odu , y
descri bed’above. qaﬁcfﬁﬁ’i%é‘ﬁ%ﬁﬁ%’&pﬁéht%‘?mpf’ééFch’r’éé‘tf?o‘fﬁ“?ﬁéﬁw’fec 5
enbodi ment s iaym e scoobicnedowt ¢ kof paterds af com clchetaetiyad| mand:S.1inFor

exanpl e, fea one . i,ment .be conmbined with features from
any of the o%ﬁéeﬁ'soeﬂﬁﬁgg% n%%?g@achai‘%gl(hxq?)érj‘?ﬁe?neer%o Cl)rrﬁer?tegfis addi ti onal
f eat ures nmaybpercrddéd dawrehe IPkoiof fev@wsodin@ritts ldestcdngedf hidreei n. W Bri ef

description i, e dr aWNgSy;atn sl NMERLT 0f 48 kbb Usty akbedr b dohe
foll ow ngoflgures: FIG | is a schematic of an enbodi nent of a contacting

system ! v Xppg, 92t ReRsox-atay "HR¢Fd-acti on plots of intensity versus 15
degrees 2- Thetacef, noh yhedenumddimext de @edi arefibadh rentaeef » angatal yst.
FIG 3 is a g{rf/;?hi cal representation of a P-value of a crude product versus

run tine for 5O5UE - A% aPyRYS PHRAES 4 GO8P A YT ¥i5hi cal representation of

inlet pressure contacting a hydrocarbon feed with one or more catalysts
toe produce a total product that includes the crude product,

15 wherein at least one of the catalysts comprises one or more
metals from Ceolumn © 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 0.01
grams to 0.2 grams of silica and from 0.80 grams to (.99

20 g¢grams of alumina per gram of support, and wherein the Column
6 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 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:

36 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 produce a total product

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

6



20 of the reactor versus run tinme for various catalysts. Detailed
description of the invention Advant ages of how a hydrocarbon feed
with a high viscosity can be converted into a crude product having a
decreased vwsco®issz2wi th m ni mal hydrogen consunpti on graBushasgra hi gh
surface area catal ysts are described herein The high surface area

catal ysts, preparation of such catal ysts, contacting a hydrocarbon feed

wi th such catal ysts, the products obtained fromsuch processes, and the
uses of the products obtained are described herein. Certain 30 enbodi nents
of the inventhbhbysdrecaesdrebethcherenprd mefpte deralblummefnst uged herein
are defined ag fQlilcOWSL1e and/or 'MABTM dSILLSnE QL ATBLE GAR Slapdlard Testing
and Materi al s. "APl gravity" refers to APl gravity at 15.5 C (60 F).
APl gravity Petas® derBrifilmed by fASTM Rstivddc 06822, 2BA D fivEPRYdr ogen
percent age anfeadi0NMtGe CaIJpOR: peigentager@h bhel hydhocar hon fead and the
crude proguct.fre as d‘ter%igﬁd b¥ﬁﬁSTN§§§thod D5%911 , " Bi noda

catal yst" °refert d 64 caltalys! 9% "Gnien af PEHEY Ofnhd HH"6r Py "t he pore
vol une is di sfrslgoed, i and woeddirsteati Gdlivwal 6 dhestali batalons efhijore
diameters, egch statistical gdistlibysin having aosianificant, pgak when

di spl ayed on a pore volunme versus pore dianeter plot. For exanﬁﬁe, a

bi nodal cat al§ait pay havide308siof hiessa gose voldneidpstyddstit éd i n pores
having a porgcgdianet gf helwren S yand, 100 ApgStioaB,d 5 Whthya peak show ng
at 80 A and 25% of its pore volume distributed in Pores havi ng a pore

di anet er ‘Bet ween P36 ahd 135007 ERPPALEEPEak L RMGRIVAGLHR BrOVRYes a

Boi | i ng rangereis bt @rsahesd therhy diesasban beed:iddeatotal product,
and/or the crude product are as determ ned 20 by ASTM Met hod D5307 unl ess
ot herwi se mentiod&g-exr 0 S@%aégﬁﬁgiT%ﬁﬁs" RFEVE T aEPREN t¥hés that are
i nsol ubl e i nhpdipent-ane. cod@poasiphal, t enesricontent i1s as determ ned by ASTM
Met hod D2007. IR o7/ | tenes”, ref 1 sphal tepes that are 25
insoluble in n-hébf%h%%fﬁgggégﬁgPﬁgﬁgéﬁbéﬁtg% m12025§%%?5§%1ned by ASTM
Met hod D3279determined ot @i Xlardedl Ps)08irefers to one or nore netal s of

Col urm X of the Beriodit Table,and/gr ASc0. MenEOMOURdR of one or rore

nmetals of Columm X of the Periodic Table, i
hydrocarbon composition as determined by ASTM Method D5307;

a distilliate content ¢of at least 0.2 grams per gram of
hydrocarbon composition as determined by ASTM Method D5307;
20 a sulfur content of at least 0.04 grams per gram of
hydrocarbon compeosition as determined by ASTM Method D4294;
and
a micro-carbon residue content of at least 0.06 grams
per gram of hydrccarbeon composition, as determined by ASTM
25 Method D4530; and wherein the hydrocarbon composition has a
viscosity of at most 100 ¢St 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 hydrocarbon compositicn as

described above.



30 which X corresponds to a columm nunber (for exanple, 1-12) of the
Periodic Table. For exanple, "Colum 6 netal (s)" refers to one or nore
nmetals from Colum 6 of the Periodic Table and/or one or nore conpounds of
one or nor ewgeb@hss2ir om Col um 6 of the Periodic Tabl e.pcruszoosiidedum X

el ement(s)" refers to one or nore elenments of Colum X of the Periodic
Tabl e, and/or one or nore conpounds 5 of one or nore elenents of Colum X
of the Periodic Table, in which X corresponds to a colum nunber (for
exanpl e, 13-18) of the Periodic Table. For exanple, "Colum 15 elenent(s)”
refers to one or fwiteeel émenbse faroppiOodrum 1Be ofnveheidemprodidesTabl e and/ or
one or nore n n r lLunm 15 of the
Peri odi c Tabﬁgm&l{ gjs‘O(Ifl)gce(81 %r(grﬁ:oei% g}(g]_l %:%B%? %Q%got%?%qnogov?gl ght of a netal
from t he Per Podliciorabiovenei ght of a corrpound of a metal fromthe Periodic

Tabl e, weight of @anselemEntanbs@®MbhRe, Pesdedis fhakl epersivei ght of a
conmpound of an elenent fromthe Periodic Table 15 is calcul ated as the

wei ght of mefEPCbrerhe Wi §Rt CIFerEntrit” TRBFISEnpPR, 25 0. 1 grans of MO03
is used per ghamiakneat a|E)b$t@yéiﬁiﬂeCaf&iﬂLﬁb@dfm @Iab @ﬁbddh@eﬁmn)é@denum met al
in the catal yst rans,_ of bdenu t al catal yst.

20" Comul | i ng?ée m%%é‘“? W?“L%n? aiturﬁén?f:%r?‘r‘&nﬁl n}ém%e Obﬁ(f‘?/e g]h FBf°-at 1 east
two subst ances td@eﬁhethescuehbwvatenas | eBist-iowo. Jebsteancesyare addedd t hrough
mechani cal apgd M%b&@iffc%ﬁﬁédl dNgigan f.ten forma substantially

m%@@'({a
uni form or honobgeneous m xt ure. ing 1ncludes fhe 25 contacting of

subst ance$ t%@ﬂiﬁﬁi@éﬂﬁl@aﬁﬂmtruded or formed into extrudate

particles, spheraindsin@idtlisn is’iml@tﬁtr&)é'd' Bgetfr% foll L&EWAL : @XtdUsi ons or
| oosel y bound ag% egates or clusters, nown extrusion, nolding

tabl eting, pressii§; peld ét F%}?Gﬁr@tlﬁroﬁ lﬁ?blei“%%dlﬁ‘%?f‘hoﬁ% 2 SOVEHRLIG ng does
not include sppreegnati on nmethods in which a forned soI idis imersed in a

liquid or gas to SO b/adsorb co ents fro the uid or gas.
"Content" refers Fﬁg %e P EF ght " of gEPQ ﬁ%dﬁ@n? 4 st qs f’% ‘%r&“sexarrpl e,
a hydrocarbofiedeed, 2arteataab pradirdtnuoriraost deerpr edustipdexpriessed as

wei ght fraCtL%{kll (wei ght percentage based on the total weight of the
substrate pm' refers to parts per mllion by weight.

"Distillate" ref&id§-td ipydrocarbons wilesarbaiildengframyeadietad lbution
between 182 C (360F)aand 343uC 6501 F) @b 0.10kLMar.Destil late content is
as determ ned by ASTM Met hod D5307. 10" Heteroatons" réefers to oxygen,

ni trogen, and/or P8k f UriscnEEiRiedal nteHE shpt cinart stiifdt BFes BiCa

hydr ocar hon. oHedfier eat Ot €eRé@NtrukSt At deterained byrfAgEMsMet hods E385 for
oxygen, D5762 for total ' nd 042 4 for sulfur. "Total basic

ni trogen" refer : Beh2E &k

Advantages of how a hydrocarbon feed with a high
viscosity can be converted into a crude product having a
decreased viscosity with minimal hydrogen consumption by

25  using a high surface area catalysts are described hersin.
The high surface area catalysts, preparation of such
catalysts, contacting a hydrocarbon feed with such catalysts,
the products 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.



15 a pKa of less than 40. Basic nitrogen ("bN') is as determ ned by ASTM
Met hod D2896. "Hydr ogen source" refers to hydrogen, and/or a conpound
and/ or compounds, that when in the presence of a hydrocarbon feed and the
catal yst, rwacmowesprovi de hydrogen to 20 conpound(s) irciimeddydsecar bon
feed. A hydrogen source may include, but is not Iimted to, hydrocarbons
(for exanple, CI to C4 hydrocarbons such as net hane, ethane, propane, and
but ane), water, or mxtures thereof. A mass bal ance may be conducted to
assess the net ampount of hydrogen provided to 25 the conpound(s) in the
hydr ocar bon f eed. "AqIMS\Vtefafets Aweracwol Ueeidpre Tdsquind dwkd rate per total
vol ume of catghkysi,;and is expressed in hours (I1Cl). Total volume of
catalyst is calcul ated by summation of all catalyst volumes in_ the
contacting zones, A dederiedchereita. ABDArigird af XPup e'C riéferB to a
conposi tion tpatginckydes Qnee0t ke spmmaundscidabsase. | iquid at standard
tenperature and pressure (25 C, 0.101 nPa, hereinafter referred to as

"STP"), or a conpOSiMt oY TIvde" RTTFEE%% TEnBFAatS SATBE™ e CeBF2%for e
conpounds t hatt ane Hyicguidriathn SI& wirkhtasearenprecanpodings that are solids

at STP. detg%itn%ldsbi r}?%t %tgoag 1'13%29{_ organic acids" refer to alkali
nmetal s, al kaliné-earth hetal S, zinc, ‘arsenic, chromum or 5 conbi nations

thereof. A contentBigbdpptaltelypt hetedkrsald ¢ obtongdniie acicdsats as
det erm ned bﬁeﬁl\é%ﬁg?&i@%&@the E))ore \;Muﬁéoiw@g@iﬁe@d‘qu"t c'>' IVCR")

content refers to a quantity of carbon residue renmaining after evaporation
and pyr ol ¥si $tat s isabstfHira MR T it BRte (94 288 dt e PAFhed 2B s W BSTM Met hod
D4530. disMneiabn oxdudesf hnasniketais pbax oxides: of1drabs ground to
desired particle size. Exanples of oxides of netals include, but are not
linited to, &PGH WA §iTTCA° BPTT CHARPUM A0t i "4 GHFBXi%e? zi r coni um

oxi de, nmagnesiumioxicdeal gt bbhynkatauzes déhereodbore volumé Milsybasatsgn cont ent

in the hydrogarbon feed' refers ta the content of, nolybde %mh{ﬁn t he feed.

The ol ybdendm Zontent i+ HelFulies® (hé ansunt- of T nor §ani ¢ mor yBaeHtm and

or ganonol ¥bdenimh ian pehe flewedngMol yddahumdc htent iits phee 201hydr ocar bon feed
is as deter mdﬁ!ggri%ﬁt%-rm I}%Eggdhﬁgl(&?a pore diameter between 300 and

350 A (with a peak showing at 320 a).

Boiling range distributicns for the hydrocarbon feed,

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

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

“C; asphaltenes” refers to asphaltenes that are

25 insoluble in n-~heptane. C; asphaltenes content is as
determined by ASTM Method D3279.

“Column X metal (8)” refers toc one or more metals of
Column ¥ of the Periodic Table and/or cne or more compounds
of one or more metals of Column X of the Periodic Table, in

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

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



"Mononodal catalyst” refers to a catalyst in which at |least the majority of
the pore volunme is distributed in one statistical distribution of pore

di aneters, the statistical distribution having a significant peak when

di spl ayed owoae®d3por e vol une versus pore di aneter pl oteciAsowxaypl e, a
nononodal catal yst may have 50% of its pore volune in pores having a pore
di aneter between 70 A and 300 A (wth a peak at 150 A). "Naphtha" refers to
hydr ocar bon conponents with a 30 boiling range distribution between 38 C
(100 F) and 182 C (360 F) at 0.101 MPa. Naphtha content is as determ ned by
ASTM Met hod BB380F: one or mon tWiRehdsepranet or makehetamddoum iron, or

combi nati ons cLhgreqf " Nid VWS gantignt ;. refers to the content of ni ckel
vanadi um i ron, or conbi nati ons thereo? The Ni/V/ Fe content 5 incl udes

i norgani ¢ ni ckel , “Granadi Xirkl&RENT FOR EBRPOUNEsORh AroroB? gaREANEX el f

or ganovanadi @B LNk @Egmlﬂeemo@mggm@lﬁ anﬁh@r Nsr{eVbEem@@tc%mbou@sas
determ ned by ASTM Met hod D57 fers to normal cubic

meters of gagfp%’?e c?tfb[“%r(?réetl@f”e%‘fs Wdf%‘é{?lbéinofe@lf P26 MO dBhtensdbl e gas”
refers to componient soaneémmasi xé ur esiofin conmpeneM thatplar,elgas®s at STP.

"Organonet al |.i.c to.campou thgfg |ncluO r anle% rrpound
Lk Cind e?&?% TCB?%J or B8tagd gelu?:abilg’eg_l £

bonded or conplexe riodiC ga detal lic
content" ref &eéexp tichene gtralols <leneent Gfomneehlun A5t he t@?t@gaﬁoxmilal lic

conpounds. Organonkiabli&.cont flite icSnasuARt @Er@&e%rbeﬁofé@%h@mﬁd D5807.

"Periodic Table" refers to the Periodic Table as specified b
| nt er nat i SnatfTohi‘GHuBr Burcd 4he %ﬂpﬁéﬁ Erefistry (1 UPAC), Novenber 2003.

20" P (peptizatiomy vakuelomr of Rensal Upp11efiets, tikianRUSErAkeval ugiorhi ch
represents thg flocc lat'aﬁ{i tenderlllcy of asO%hal tenes in the hgdr ocar bon
feed. P-Val ué"fs" s odet ettt fied"BiPIASTM MSCHBA 157 9602 metal fr

Periodic Table, weight of an element from the Periodic Table,
or weight of a compound cf an element from the Periodic Table

15  is calculated as the weight of metal or the weight of
element. For example, if 0.1 gramg of MoQj; is used per gram
of catalyst, the calculated weight of the molybdenum metal in
the catalyst is 0.067 grams cof 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
uniferm or homogensgous mixture. Comulling includes the

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

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

components from the liquid or gas.
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"Pore dianmeter", "median pore dianmeter”, and "pore 25 volune" refer to pore
di aneter, nedian pore dianeter, and pore volune, as determ ned by ASTM

Met hod D4284 (nmercury porosinetry at a contact angle equal to 140). A

m cromerities(:099188220 i nstrunent (Mcroneritics Inc., WNancnessicetseor gi a,

U S. A) may be used to determ ne these 30 val ues. "Residue" refers to
conponents that have a boiling range distribution above 538 C (1000 F), as
determ ned by ASTM Met hod D5307. "Sedinent" refers to inpurities and/or
coke that are insoluble in the hydrocarbon feed/total product m xture.

Sedi ment is as det@mtened 1»fcASTM Netheel dM807. a Sedpmeatt rfayaal so be

determ ned b el iLhtrati " ") 5..as i bed by Van
Kernoort et iaéluw?%a%t%he(%%%%aﬁ%és’t% Iggta J.T(}rcea?gg%,Ls%{dgeg_gg%a%gg?é&&' " SCFB"
refers to st&idarerisgbPeoduesdt ofpyfasepers radpet BRchyor ccarbon ¥ eed.

"Surface aregor@in@geabaddslon Shas gl erdigheds by AST A0 Met hod D3663.
"VGO' refers to hydrocarbons with a boiling range distribution between 343

C (650 F) *and 588 'Creipbd 1) PAFtD.PEI1"MPA-CTVED ¥oitént is as determi ned by
ASTM Met hod D5307.ni'sVi $COSIt yeféef @bShi@r di=rbamd iWQ t¥i §casiltygatanyé. 8 C (100

F). Viscosity.is as determ ned usjn Met h 43. ..| N_the context
of this appl %éézsi T%ﬁ{tlf}?ekfe?wtc’f)‘nbg@ungefggdc\)dorg/e?ﬂ%&@? ?hé%\/oal EL Dbt ai ned for
a property ofo.the Muabst pattd 1flest ebnitsnoutsiededefednimed soyofAsfHe test net hod,
the 20 test peihod J¥ay-be nodified and/or recalibrated to test for such
property. "Hydrocarbon feed" refers to a feed that includes

hydr ocar b¥ns. Hydisétarpairriséedefang tAcPxitEn, buttiogenot and/wirt @l fuy, crudes,

di sadvant agedqgfadrs, (stahl hbzed16udesyc e ehydrocanbons.eht ai ned from
refinery processes, or mxtures thereof. s of hydrocarbon feed

obt ai ned fr offF&FIFERy Processts élsnéPE%l’ﬁ?i%éngfgrepegTﬁoFeW%St &d®t d'°" ong
resi due, shoekyg@si does2 naphthesl gasebdeandnor cdpedr oeardharscboil i ng above
fggdciglgogrﬁégyﬁrbg%§£%%,%o%Q%‘%%&ér%thn?@?o&gpggﬁggﬁ&k}QEa@%ﬂ&%carbon
15 a pKa of less than 40. Basic nitrogen (“bN”) is as
determined by ASTM Method D2896.
“Hydrogen source” refers to hydrogen, and/or a compound
and/or 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
inciude, but is not limited to, hydrocarbons (for example, C;
to Cy 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 volumetrig liguid feed rate per total
volume of catalyst and is expressed in hours (h™'). Total
volume of catalyst is calculated by summation of all catalyst
volumes in the contacting zones, as described herein.
30 “Ligquid 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

“8TP”), or a composition that includes a combinaticn of one

11



herein also referred to as crude feed. Crude or crude feed refers to a feed
of hydrocarbons whi ch has been produced and/or retorted from hydrocarbon
containing formations and which has not yet been distilled and/or
fractional | wotiestiskd2ed in a treatnent facility to producerusaebibgmpbe
conponents with specific boiling range distributions, such as atnospheric
distillation nmethods and/or vacuumdistillation 5 nethods. Crudes may be
solid, sem-solid, and/or liquid. Crudes may include for exanple coal,

bi tumen, tar sands or crude oil. The crude or crude feed may be stabilized
to form a st alfi hpzedogpudels ahgo aef éiqed vd 3B stighi iz ed verrde feed.

Stabi i zati on. aBYy,.dfchkyde, . hut {5309t 4mted to, Wrenoval of

non- condensabl e gases, water, sajlts, or conbi nati ons thereof fromthe crude
to form a stabiliZ&daép utle meSaeheaslitabpt ioZgeren Fraysof ¥eitroéeud ket or

pr oxi mat e _tO,m_eftﬁﬁs,praQQ!alHriél@aaﬂtd/n%_rtall&t Oaritnicpgajf.a‘sietn&c, _Séraxbimhh%?%z.cr udes _haye
not been distil|led and/or 15 fractionally distilled in a treatnent facility

to produce mIPEPHIEE OBRPIIfeAPS - wi't FOBpEL Fitc™buiiS g Tirige *ai St Afbut i ons
(for exanpl ecrpapid haicdiist bkl adesmi VED, bvandrorvdtibei gedlisng oil s) .
Distillation inclydes, but is_not.|lim{ o) t mospheric,distillation

nmet hods and/ or va%ﬁ%bd?{is%olnl Pé??lodﬁlezo( n@h&)dg?%ﬁi g?%ﬁ”’eciioa%d/ or

unf ract i onat edastighi b zedTeonudes dvey rémcinide eOpoRearerathat drave a car bon

number abovep%r&ﬂzs‘l‘é?g%iéis%lﬁsﬁ’ia@et. | gasteQcangrANB s 0fe CANRADENL,S PEr gram

of crude. Exanples of stabilized crudes iInclude whol e crudes, topped

crudes, d¥saltéd Mytd@esDi*Pésal t ed topped crudes, or 25 combi nations

thereof. "Topped'-yiebess-dQqa eiiide tbai-has beenrst bealadisughddaat at
| east some of the conponents that have a boili quﬁpm nt below 35 C at 0.101

MPa (95 F at t? Qi) °HaRE BELR T&ifoved 2™ Fdpped” ¢ridés way'hdve a content of
at nost 0.1 30cprayspuatamoabt OB tgdats, a0tmaia, MBstich 02igi@rs of such

conponents per gram Qf t he to%{) d crude Sone stabilized crudes have
[

properties t RAF™ AT ow FHE "8t 3H1T9 28" P UT8s ¥ o Be "F PARSHET £8H F0 °F

convent i ofal mixeatayenberdedci lities by transportation carriers (for exanple,

Di pel i nes, L1 UCKSyeqlu SIS ke QRCG n CLUASSGDAYE- ORE O MOLE LSY Labl &

properties that render them di sadvantage D sadvant aged crudes may be
unaccept abl eth®d prtpahsporrAVPEETS tartlicetreadd/ dhearekdwentnt facility,

thus inparti pgn@e]-0WnECQRAM: e VAIME Lt & tihe-dhsadvanysgedCchigde. The
econom ¢ value may be such that a reservoir that includes the di sadvant aged

crude is deeREPIHELERETY b YroodGed: MPIHEPHMT CaRtFYT rk%t . 10The
properties ohydheahyds otacben ieer;estiafkdasyf TV Method D5807.

“Monomedal 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 cn 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 A).

“Naphtha” refers to hydrocarbon components with a

30 boiling range distribution between 38 °C (100 °F) and 182 °C
(360 °F) at 0.10%1 MPa. ©Naphtha content is as determined by
AS5TM Method D5307.
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exanpl e the crudes or disadvantaged crudes may vary w dely. The

hydr ocarbon feed, such as for exanple a crude feed, may have a viscosity of
at least 10 cSt at 37.8 C, at least 100 cSt, at |east 1000 cSt, or at |east
2000 cSt at wano@n6s227 The hydrocarbon feed, such as darusesanpbe a crude
feed, may have an APl gravity at nost 19, at nost 15, or at nost 10. It may
further have an APl gravity of at |east 5. The hydrocarbon feed, such
as for exanple a crude feed, may have a total N /V/Fe content of at |east
0. 00002 grans or 20 at |east 0.0001 granms of Ni/V/ Fe per gram of

hydr ocar bon feed;™ni/Vv/FeThefhydrocaibbal f eedadsuchiasnf gr exanpl e a crude

feed, may ha . tQt.al . het atons content of at least 0.005 grans of
het er oat ons \ég?ﬂgﬁra%ﬁigo?hﬁf regcér bon feed; 25In sonme enbodi nents, the

hydr ocar bon feed 1Hg VaFe |@aseny’ 0BLegs difs thf oxyigeh ebrtigkAlng conpounds

per gram of hydr@car bepof eed, cand iwhesed nrkhe, £r udg.PiOAYEE Bas & r0Xygen
cont ai ni ng conpounds content of at nost 90% of the hydrocarbon feed

oxygen- cont ai*AF hefsSo ArPBTHfTd cebtisit, vHksHeM a3 g geiierde #t/&Fni ned by
fASTgl/I Met hoﬁ Eagénonic_kgl, le@ahywlw?mbprblufdeedgarm&bnasmﬁwu?exarrpﬂd@ a crude
eed, may haye esj due cantent of at st gra resi due per gram
of hydrocarb ﬁ/\?/e%’d.cop Clonms Bt F%ﬁ?%d?%ﬁrh}égﬂﬁ%‘%%%gﬁam crude feed
may include, per ‘gimam’sf réged, tatndeadt clhiz geaess off pesimrecubtc| east 0.3
granms of residue, at,least Q.5 s of residue, or at least 0.9 granms of
resi due. The hyd]?oc'ar on feed, such as for exanple a crude feed, 5 may have
per gram@¥f hydr odwnbepndesedbla syt uefeontentogonahts edsly’' ©0. 005, at | east

0.01, or at hLeasirdd Q2 @h@Bents that THE: Rudeocar ben feed, such as for
exanpl e a crude feed, may have per gram of hydrocarbon feed, a nitrogen

W y s r
content of at | eaS¥9gPos lat” |58 3 O- DFP PR hi PPEastcIFOD22Yr ans. W The
hydr ocar bon tegehicssuehpasid abn@xampl eodiexuderfieed, méwy) havena 05

asphal tenes content of at least 0.04 granms o t, least Q.08 grans of 05
Fehhal tenos COFLGTmeh Dy o OESBR F B CaNT ey AETTEadt GM 89 GrAns o at
| east 0. 04 grangeof oc@7nasphaht enesrperogrtami of dopgrocdsr bon feed. The

of ‘ot least BGOSEIEI A Folke AP LE A HER] 0 npEIKAIANS AT Tontent

of at |east gramo .
hydr ocar bon f eed,"PFeutpdas Thote exmipre & dhadiefiesds Balylehave a content of

metal s in metglesakbsyPfor 9a0i6,2¢bHs1 2010k & H,885ind 00904 gr ams of
nmetal s per gram of hydrocarbon feed
Chemistry  (IUPAC}, November 2003.

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

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

25  wvolume” refer to pore diameter, median pore diameter, and
pore volume, as determined by ASTM Method D4284 (mercury
porosimetry at a contact angle egual to 140°). A
micromeritics® A%220 instrument (Micromeritics Inc.,

Norcross, Georgia, U.S5.A.) may be used to determine these

30 wvalues.

“Residue” refers to components that have a beiling 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 further have a
mol ybdenum content of at least 0.1 wtppm The hydrocarbon feed, such as for
exanple a crude feed, 25 nmay further have any kind of conbination of the
above nenti @gnedepreperti es. The hydrocarbon feed,pcausbocasschor exanpl e
a crude feed, may include per gramof feed: at l|east 0.001 grams, at | east
0. 005 grans, or at |least 0.01 grans of hydrocarbons with a 30 boiling range
di stribution between 95 C and 200 C at 0.101 MPa; at |east 0.001 grans, at

| east 0.005 grans, or at least 0.01 grans of hydrocarbons with a boiling
range di st ri buti otscoie heeen x200- € @ndmBO0i tCeat a /L@l cdRa;that &east 0. 001

gr ams, 0 fih carbons with a
boi l'i ng range Lgﬁ'% %?%nn% %gece%%gboia%edﬂ g& %gg ? %g%gl\/Pa; and at
| east 0.001 @eémentatLSI@esiet@r@wdgbanw%memoq 4807 0. @edgmemﬁs ngfy

hydr ocar bons i f fb@dgesamﬁedrﬁogﬁ]e sHL Bt rgoleuupa}ale%wemr4(?®s@@ﬂa@d 650 00
at 0.101 MPa. rther enbodi nent, the hydrocarbon feed, such as

for exanple &Scf¢ffe Pé%oby ﬁlﬁy FHd1ogaE Perdigr Afn 'dF Peed: &Pt eBRt-/0. 001

grams, at |east10. };Q@égggmiyqor at least 0.01 granms of hydrocarbons with a

boiling range distribution of at Wnost 100 00 at 0.101 MPa; at |east 0.001
Hoﬁ‘it “g P‘“gei

granms, at |east 03(96 ?%tr?s“’ by H*" . 1S Rydr BeArHons with a
boi l'i ng rangefdlilssmucbubmmrfebet ween 100 C and 200 00 at 0.101 MPa; at | east

0.001 granms, at |I. gr s, S f rocar bons
with a boiling raﬁ”‘gg ag%ta?ﬂ%ﬁutl on fgl&%%{ weg% %7) egérrg% 388 %%Mgt 0.101
MPa; at |l€astleth@DP3gpans, at |east 0.005 grans, or at |east 0.01 grans of

hydr ocar bons V\Aths\%ob0£éﬂé}g (gq%rgbg}gdlguqug@ ép%weeft;b 3Q04€ and 400 00 at
0.101 MPa; and at |east 0.001 grans, | east 0. 005 rams of_at least 0.01

grams of hyd%%’%ﬂ?%h%owqeﬁwéeﬁoﬁ% n§ f%fﬁ)geFQOafH# PP b(Elt 1880heflndén 400 00

and 650 C at 001d0MeWPa.vGo cont&oMashysrecarhond egdssmor werude feeds may

i ncl ude, per 9 of feed, at |east 0.001 grans, at |east 0.005 grans, or
at |east 0.0% é) of hydr ocarbons with a boiling range distribution of at
nost 100 80 at O. “Mkcmy”i e Bekthi ttiookidama2dc hvighersibpidt 13g . eofponent s.

Typi cal |y, dvant d de_h er _gram_of crude, a
content of SE?%éj tsﬁgr og\ér %%%st%fl% £ g%?e%lﬂegr%mn% Agh\?%\é%{gégﬁ%%g

Sone hydr ocar bon Imeede omterbdel ft@edsapﬁydahé@udet pertglgm of feed at

| east 0.001 Qﬁéé@sto% 12aSt £0¢ 003, .91, aNH, Qhe 30 AL 4 ?E‘éﬂerfé 0d¢ O of

hydr ocarbons wth a boiling range distribution of a eas 200 C at 0.101

MPa. SeWes Hpde ot I5on 1 c@ti$i8f ef ddeiFeetfs thayteifcMgaRod péhegr am of
feed, at jheastsO.MROLo@ra(®beatodigast ShdQ3 geaMBbr@ted to test for

such property.

"Hydrocarbon feed" refers to a feed that incliudes
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 of hydrccarbon feed obtained from refinery
processes include, but are not limited to, long residue,
short residue, naphtha, gasoil and/or hydrocarbens boiling
above 538 °C (1000 °F), or mixtures thereof.

30 In one embodiment the hydrccarbon 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/cor retorted from hydrocarbon containing formations and
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at least 0.01 grans of hydrocarbons with a boiling range distribution of at
| east 650 C. Exanpl es of crudes that m ght be treated using the processes
descri bed herein include, but are not limted to, 5 crudes fromof the

foll owi ng reginasieh’the world: U S. @Qlf Coast and soutdrarsaos@akdefror ni a,
Canada Tar sands, Brazilian Santos and Canpos basins, Egyptian Gulf of
Suez, Chad, United Kingdom North Sea, Angola O fshore, Chinese Bohai Bay,
Venezuel an Zulia, Ml aysia, and Indonesia Surmatra. 10Treat nent of

di sadvant aged crudes may enhance the properties of the di sadvantaged crudes
such that thehérides are woceptablietidied rrangporiaticomnanid/ or treat ment.
The hydrocar Ry o i rein.. e crude product
resul ting fr%g%%%ge;éngﬁtaof etra%ggﬁgéﬁggér o%goplfeéejde‘%,% g‘léﬁdlg-sggri bed herein, is
general | y suictapPrertsr vitarkeget fingoahtrvrappeadimdat PuiProser t1es a6f t he
crude productycphoduced assideserihedehgs®l nrarer clLsek d0iheacosy espondi ng
properties of West Texas Internedi ate crude than the hydrocarbon feed, or

cl oser to 't hEeERYT s PORTEhGa¥oPprisPert | B of o Bren ef 4 i % hdn t he
hydr ocar bon feedss taer ebyl erhascicigupbhe @canopitunsal ueaofsaihhe dwdr ocar bon

feed. Such crude produgt, nay e refined.wih,|ess oL np pre:treatment,
t hereby enhancrng refining eFF i o1 &ieras e Pr 82Y réac e nay i'nc ude

desul furi zat rontalddretal ¢upat i aho ardforedtnospherbel 2Edicstée | ation to
remove inpur !fgw.s-smbi1j.z£:qgnegs§§m_:n§a.u&@, sore; enhedi mpnts, (Lenoval of at

| east a portion of the organonetallic conpounds and/or netals fromthe
hydr ocar bl¥n FeBevdls ofereravedepeforede s hydiobartdétisf edd is contacted with

ot her cat al yshspi feh o8Xa@or arsiBkhe 30 RIBOUAL r Oy ar gananwlybpdenum and/ or
or ganocopper (for exa at  nost 50 wtd%gm at nost 20 wppm or at nost

l e, at. nos .

10 wt ppm) i n & Hdr éeggbﬁ?bﬁééﬂaﬁw PRl et hecatt Aii t§F 6F 4 edt%l yst upon
contact of the, hyds peatban cheetd it Betbve: icat al st . Treatment of a
hydr ocar bon feed g n a?co%rfgancg cyvi}t h errbé)qgi man%s tde_ﬁcri bed herein may
i ncl ude contacting the" hydrslarboR Fedd™ with ThecataYsves) in a
contacting zdénecargkolry comiihat¢d oms aofrdavpeot fmridicpntactrbdgegzones. In a 5
contacting z \ . of . f y he changed

Qatﬁmﬁtﬁyh&ﬁ&éne%g ﬁt@P%&A&%’ Ale %o*ﬂi’ﬂ{nggﬁsgk %{hﬁS%?gb&@lﬂng

by contact of rocarbon feed w one or alysts relative to
the same propéet \exeirihe 1eplibraricnitedds, | He@omadépbodirenatsingcont act i ng

is performedgifstheppresencecofi R iNMEE 0a8A $OWHe1ihD&OWR, 10 enbodi nent s,
t he hydrogen source is one or nore hydrocarbons that, under _certain

contacting cBHIPTIREHAC Heddtlp b Py BEFRET éral Py ey v sl s tanddint ! of
hydrogen 2bo germesnd(Sidist it bed hydyo¢ atitnnct eathteknssarea ieaboshymeat s t he
hydrocarbon %g&%:ﬁHngﬁxgm%nents that have a carbon number above 4 in
guantities 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 mest 0.1

30 grams, at most 0.05 grams, or at most 0.02Z grams of such
components per gram of the topped crude.

Some stabilized crudes have properties that allow the

stabilized crudes to be transported to cenventional treatment
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15 viscosity of at least 100 cSt at 37.8 C, and contacting conditions may
be controlled to produce the crude product; the crude product having a
viscosity at 37.8 C of at nobst 50% of the viscosity of the hydrocarbon feed
at 37.8 C, wamdhowissesity is as determ ned by ASTM Met hoot1idd@meadby sone
enbodi nents the hydrocarbon feed may have a copper content of at least 1
wt ppm and contacting conditions may be controlled such that the crude
product has a copper content of at npbst 90% of the hydrocarbon feed copper
content, wherein the copper content is as determ ned by ASTM 25 Met hod
D1318. PrE itdiessba tsohepatiarioh comtizecti Npsystermel00 t hat i ncl udes
contacting zong.10g.; The, hyd eg%m%g)fe%izh%@t 8£1§déép§£~5§%ﬂe089tr§&}é ng zone
102 vi a hydrocarbon feed condU| A contacting zone may be a reactor, a
portion of avBOutEHdLoPTORANERP| EPorerdHs tFM L @geevradessh conbi nati ons

t her eof . aamﬂk@@véﬁta@e@%ﬂu@%l Yy ZeNenitGlude1 & ot ackedhedeseastor, a
fi xed bed reactor, Zbul | ati ng bed reactor, a cantinuousl Y, stirred tank

reactor (" Csﬂf?'rflera aF‘fj PRI &A°BEE Y SACtOrtY  at Rt dYPPEEAI%F, 1Ehd a
liquid/liquidconntiactalue Conthgutiatidoaniofgednerade Moree cormhacitng zones is

descri bed in S Pub ishe tent lication 5 3414 to Bhan et
al ., which |sg| hcor olf)ate CAher e| n 5Ag8 Oe“etgat 1Inr(flc%;g% g;ljf% 5 enbodi nent s,

t he cont acti dgsaystneaced Wderl%cﬂﬁ@med te@ ansbif dvopeodaril ity. Contact of

the hydrocarhon,{eed, %Ig@/oqagggg{tst(s) in contacting system 100 nay be a
continuous process or a batch process. The contacting zone nmay include one

or nore cHtal yst sSTREOPFeReERanpPe, tiewbY @xtcarst sheedy nSsdghe Seabbdi ment s,

contact of theatydr egarbancheed wWskhvanfddest ceadsd »hay @frit heat wo. cat al ysts
may reduce a portjon of selected netals content and/or conpounds that

contribute to resiGuBYSHHIFERE™ of¢9he RS TcAPhoH ¥ ®eq. 2 STHEEqtRHt cont act
of the reducadyji‘éax;r@ehaﬂgcﬁs;udyeoi:@mt emsthyu&r osardon7f gett, wethi1¢he second

cat al yst decr S Vi_sc S|ty A |ncr a Pl..grayit n, of her
enbodi nent s, \Sngscoél f33§/, La%pﬁ 196 ehest easﬁ%c}togngs %tr glzzmorre allic

content ofs conb| ratel bm@r@farbhes@eqﬂ,opemma@s igr Qmpéeude:qmld@dﬂmd,change by
at |east 10%,20 [gla f%rgi?stf%@eg%@n_%rtg@%&ft the dydrogarbon feed

LV,
after contact of the h%ocar bor fee one or nore catalysts. In
certain enbodfreht @ayafwfl@ﬁfeh@)‘f@ éat APy saravaty et @ééntartti ig zone is in a

range from 10 volf4t g @poc\é%% 20 v ob¥er @sS0o¥ A Ynpek 3% Nek%d0:,40 vol % of
a total volune of 25 drocarbon feed in the contacting zone. In sone

enbodi ment s, M&Y S1aVer § bitadatial Yste SRBEERAAPSCAT bt steld HEY PREMUGE from
0. 001 gr awns 'EaO Tdhsgr ans)010 gREos grame /v ord pgiagBan of By@bgrass to 3 grans
of catal yst leO grans of hydrocarbon feed in the contacting zone.

30Cont acti ng €ondi tions in the contacti ng zone nay
The hydrccarbon feed, such as for example a crude feed,

may have a total hetercatoms content of at least 0.005 grams
of heteroatoms per gram of hydrocarbon feed;

25 In some embodiments, the hydrocarbon feed has at least
0.001 grams of oxygen containing compounds per gram of
hydrocarbon feed, and wherein the c¢rude product has a oxygen
containing compounds content of at most 920% 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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i nclude, but are not limted to, tenperature, pressure, hydrogen source

fl ow, hydrocarbon feed flow, or conbinations thereof. Contacting conditions
in sone enbodi nents are controlled to produce a crude product with

speci fic prwepentissanyPreferably the contacting tenper atrrieuszsovdticoheast

200C. I n sonme enbodi nents, tenperature in a contacting zone may range from
350C to 450 C, from360 Cto 440 C, 5 or from370C to 430 C THSV of the
hydr ocarbon feed will generally range fromO0.1 11-1 to 30 tat 0.4 h-1 to 25
Fr', 0.5 11-1 to 20 h-1, 1 h-1to 15 h-3, 1.5 h31 to 10 11-1, or 2 11-1 to
5 h- 1 . In Sodecertiod pentsidel H\S imnsvatndlewet Beat dreasef Ifkebf' at at | east
15 11-1, or t alL,.p e

contacti ng zgtﬁggﬁ;@ ?r égaﬁé Offo)r%]egﬂl}é 3" I(”gassstl\/lf-)’ 319cl]fagl\/% qu're%g‘l%ga' naZtI MPa to 6
MPa, or 3 MPaeest sl MPgranh Csfoﬁesref#ﬁ%dpmtt sleghe Per oirans p?rfe§§@it@leof

hydrogen may be atnd e@agoc?ar@oNP@eed ns§eﬂease%9dé£@@>tl$,aacmret kabq pressure
of hydrogen be at nost MPa, at nost MPa, at nost 5 MPa. 15In

embodi ment’s |mﬁ¥v%"i’vc€h pfaﬁeng%g}é}‘fi%oﬁﬁFE‘é“ %eegupfnlfi%(fuésc%t@é% £f Gt exanpl e,
hydr ogen gas)leaat r@atioo, (as @determigiedeoatanarmt cardici-hens of 200
t enperature and pressure here| n l%el ow rmef erred to n8/ nB) of

t he gaseous hydr ogen%gtg)ﬁ?%erbtog %ed’hyar ocar bon fee lteypl culdf’y ?% ges from

20 0.1 NwvB/ MBatohdG0 re00y NB By BaNndl nBetleo 401i8009NmB/omBent N8/ rTB to

8, 000 N8/ 1m8,,:2) N/ 80695 ,5,4000 NB/;T8g1 5 dWélc”ﬁ 4Q 8. or
N8B/ n8 to 80(76)il Nn8/ n8 cont actaed ?NIth t he cat al ste sS Tﬁ r?l}lgﬁogen sour ce

in sorme elfbodPRelidocpsbepfiseAeds wilt Bsciet |@é‘|am@36%(ae§)fu‘émcfereécl Azl at ed

through the 2aveont@aciigg1zones GALLh€logas M@sihe. of ofrapxapple, nitrogen,
hel i um and/ qr arg%g)/8 Fhe carrier gas may facilitate flow of the
0

hydr ocar bon f&&3° "THowtofs PE hYdEgeR®s sirtet MR et act i ng
zone(s). The featri®mrd/gasatrayaat so. @nhance dA %iNGedst vhes cormacés g zone(s).
In sone errbodl a 30 h droccrlier}j sour ¢ O(nf _r%(gxanpl e, hydrogen, nethane

n
or ethane) miy" e}L§§§ BeF FURNr 7 e9§8e rcul ated through the

contacti ng zone. The hydrd'cwefbhydfe&gienssomlra:se frayeentér contaet fegd,zone 102
cocurrently wabihdhie ek ozachen Jeed vigydoecarhog Seadcongult 104 or

separately via gas con I'n contacting zone contact of the
hydr ocar bon f&ad ¥ tdnoemtarysted produces a total product that includes a

crude product, anghe nhPssQmLBADAMITERLSE LATor! dkS0T8 £THQGLMENM S, a
carrier gas is conbined wth the hydrocarbon feed and/or the hydr ogen

source in cofdli¥2E06. CTHE {ob hImgiPdautt iy L exd At ScBht AdIRG 2otE 102 and
be transported &0 ekhero @oesgiangd 20N@S5als 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 wtppm;

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

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

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

30 boiling range distribution between 95 °C and 200 °C at 0.10:
MPa; at least 0.001 grams, at least 0.005 grams, or at least
0.01 grams of hydrocarbens with a boiling range distribution

between 200 °C and 300 °C at 0.101 MPa; at least 0.00% grams,
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10 storage vessels, or conbinations thereof via conduit 108 In sone

enbodi nents, the total product nmay contain processing gas and/or gas forned
during processing. Such gases may include, for exanple, hydrogen sulfide,
car bon di oxmdezoogadshon nonoxi de, excess gaseous hydr ogamasueescedd and/ or
a carrier gas. If necessary, the excess gas nmay be separated fromthe total
product and recycled to contacting system 100, purified, transported to

ot her processing zones, storage vessels, or conbinations thereof. In sone
enbodi ments, gas produced during the process is at nost 10 20 vol % based on
total productat aeasipdt 085 vmilatsbasedtohedot &l Oproduct of orvdatcapstinsl vol %
based the total.,py %‘i‘ih?%@gﬁe&&séﬁb O, %g@&?&'éz{r%%sf’c g {) & :
non- det ect abl e amounts of gas are uced uring contact o he feed with
t he cat al yst .2t A- SulcMPeasasl dtthéeam{ Al OBy cdass, |a§c ¢enst derl€d vHrnser ude 25

product. or hD BB SMPOJLARILSS hYabsldR (81 FNST ol BPPED O kY Opped) s
produced from a reservoir and separated prior to contact with one or nore

catal ysts % n GEhEHUMTRY BYneer0%00 Dir PRY e SepalatPortrocess, at |east a
portion of the hythk @C&ﬁbﬂfbﬁ@mb&ﬂdndns sepangtes:Fongré@shrigues known in
the art (for £xa l e, s ar |ng rane se aratiaon, pr ur.e reductlon) to
produce the Hydr rr:Pmlgn feed® E%%P Xanpl €, §§H%F ﬁﬁhmbéF§? “Peadt partially
separ at ed frdﬂﬁatdl§@dvanmagedtCHuae Olwﬁigmemhemwemanb%@t @oﬁponents t hat

h boi | I I
ave a boi '%Qa&élg%elpgh?éé#%%k é?ze!aol%lgl §e£’% gteéeﬁﬁ?é“%%%g;rtggw at |east

partially separat omthe cru eto In sone
enmbodi ment¥s, mast| st Caabdt-L0dnMRH: Bap éﬁéfﬁn@05<ﬁﬁﬁﬁouﬁd§eﬁﬁ¥e volatlle

t han napht ha 0ahes seRakated fromdhe dnS@%\{r@%@q%x%w%ns w;L'i_h dn some
enbodi nents, the crude groduct is bl'ended with is the sane as

or different PPLoME HE A dFé@éFBWH‘FeEﬂtW¢%%189aﬁb@§d %%% Grﬁﬁe pdduct may

be conbi ned wirth & Jl@a@f uple ohaying , aadi fdrent 0o s;e@m,t yort her edstr esul ting
en.the VISCOSIty of

bl ended _pr oduct t

e cruges o oaE s "B U Bt S b Y o P bl ST el ¢ Che
crude productetegerbeobl ehded de H crude. HaviMhg: atTARRswiEO03i dyammnd/ or AP
graVIty t hat ksléﬁgdbfégg%ggmstHﬁf%QY1QQQf%CbD 1%m8r894§br%3§%xﬂ%5 a

sel ected property t tween that sel ected propert e crude
product and whehor bgéliTheapbendiad rpbathsct banyede 38(i taling Aoy °C

transportatign @UQhQMPérQﬁ&ﬁEBtleaé% son® enbadi RNt g, digadvyantaged crude
is separated to form t he ydrocarbon 20 feed. The hydrocarbon feed is then

contact ed wi R "(‘)H'ﬁeleé)‘l*;tn’?)'rQs1 GaeRY vt §YERPATRAGR “&@eﬁe%‘f@&”ﬁrﬁ‘ﬁéﬁ y of the

hydr ocar ban teethtiuchioh Mewehalomrodusd 65At *teasty.aoparda.on of the total
product and/or at_|east a of a cru ﬁ Pro uct fromthe total product
e

ti
may bl ended with S 85&°%F B%?t iS§HSof ™ 25 a8 Ent Kg&derifde and/ or a
di fferent crydentad dgbtdi mtalpasducCohayiang, thre desitr ed0 (@r gpent i es. In

some embodi mEpt §,, Lhe gf %m r@ﬂ%ﬁ&ifﬁé‘é’r{b% tQ?uf' Laded. (}gHg are

transported to a refiner ed and/ or ractlon istilled to
produce one 6is h@ﬁ@t3gﬂh¥ﬁﬁ@c%¢%@ﬁ0ﬂrd%ﬁﬂoﬁslﬁqﬁﬁmhyémoéﬁhb@ﬁnfmact|ons may

be procesgedytondr QAU £ UINBE S Als Pr 315Uchag;Lianspaptation fuel,
| ubri cants, grg%henlca éf %Hgn di ng gﬁ%‘ arlgtlne o% t he dléadvantaged

crude and/orcﬁy@ﬁ(ﬂ§érbﬁﬁf gram of dlsddVdntaged 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
30 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, per

gram of feed, at least 0.001 grams, at least 0.005 grams, or
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feed, total product and/or crude product is described U S. Published Patent
Application No. 20050133414 to Bhan et al., which is incorporated herein by
reference. In certain enbodi nents, the crude product has at |east 100 5

wtppm at | ea&sfoskB&ont ppm  at | east 200 wtppm or at | eastr@Z26o4dpm of
Ni /V/IFe. In sonme enbodinents, a total Ni/V/Fe content of the crude product
is 70%to 130% 80%to 120% or 90%to 110% of the Ni/V/Fe content of the
hydr ocarbon feed. In certain enbodi nents, the crude product has a total
Ni/V/IFe mcontent in a range from0.1 to 5000 wt ppm from1l to 1000 wt ppm
from10 to 568 wegppmo.o0r dreom d0Chceedsbastsppmh a boilimy sange enbodi nent s,

the crude pr gg/@l u[%slog (%p Ilgggé/t%%n 1 cont ent of at nost 90% at nost

50% at nost 3% of the nol ybdenum cont ent of
t he 15 hydrocar bofrdmgeds din Cceﬁ@%uwaénfbumtrrbﬂttsreatthé eFude tbeoduct has a

total mol ybdepym,cont aukc£:aRgl AG-Ji0mh0n Q01 WEPRIML Qod MERRAY £4,0m 0. 005
wppmto 0.1 wtppm or fromO0.01 to 0.05 wtpp I'n sonme enbodi nents, the

crude product®rAdss £ eBppertt2ofebitene H19iaPsndsttg0verdi: Mot 0% or at
most 30% of thes€aoppekcsontentaofrdhea hydimaearhon skeed. E]r@z@@lérﬁln

embodi nents, the c roduct has a total er. ¢ onte r.an from
0001 vt ppm E6 M AnE TBE POR G 0BS R B Eo 6% SAF b 351 B0RR: ai n
enbodi ment s, Kthedgr Wdet@r&ﬂucﬂn«jm]sa aftgiade, contrerste Bbhamemah/s in netal salts

f f 0.1 wt t
o cr St i dlsh, BRR.Ol. ELule, PLORUSLL LA B fage [rom 0-1 e o

in netal ®alt of Treganget a@éq dssmngﬁam csﬁrruc,iwd@ysenmmétle I n

certain enbodi JRALS ¢ sAP @AMk { Yo chhga Chlides rRduet . prieduced;ds om cont act
of the hydrocarbon feed with catalyst, at the contacting conditions, is

i ncreased by 258 dwgstable for Feasrogtakion @aefon trepteRi-east 10 rel ati ve

to the APl gravi tyheohydhe:hydn ogarbany fieedopbsu Celst abs-.ambadhamnt.s, AP
gravity of the crude product ranges from7 to 40 g to 30, or 12 to 25.
5ln certain g%o‘b‘i‘ﬁ’?ﬁnggo YHe T &7 Ude "Pr Bt e RaE v PE U ?‘yd(’i‘?c%rtboﬁost 90%
at nost 806% faéd,rrmst abO&ginern aérarmzstli()j@mﬁralhﬁ S\ulSGDBé taprof the

hydr ocar bon % Some nbo t he VISCOSIt the crude product
is at nost 1 6% Ortln%t @88:( grerr% lerr]r%st 168°¢ t§’t Pn soené:rer’r%odl nents, the
sul fur cont entodfctt pecdrarde as descrlbed herein are closer to the

corresponding properties of West Texas Intermediate crude
than the hydrocarbon feed, or c¢loser to the corresponding

20 properties of Brent crude, than the hydrocarbon feed, thereby
enhancing the economic value of the hydrocarbon feed. Such
crude product may be refined with less or no pre-treatment,
thereby enhancing refining efficiencies. Pre-treatment may
include desulfurization, demetallization, and/or atmospheric

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 most 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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product is at nost 90% at nost 80% or at nost 70% of the sulfur content of
t he hydrocarbon feed. In sone enbodi nents the sul fur content of the crude
product is at |least 0.02 granms per gram of crude product. The sul fur
content of Hwheehyge; product may range from 0. 001 gr amgctr@sthodiog@sans, from
0.005 to 0.08 grans or fromO0.01 to 0.06 granms per gram of crude product.
In sone enbodi nents, the nitrogen content of the crude product is 70%to
130% 80%to 120% or 90%to 110% of the 20 nitrogen content of the
hydrocarbon feed. In sone enbodi nents the nitrogen content of the crude
product is at |eastea@ud giragshpriocgtiarn Cffeearudechbﬁ@h.mie w‘:i'tne ni trogen

content of the c(gudeggr duct g{g}j/? range from PU(Q QEacrEBl 5’ 0 1 granms, from

0.005 to 0.08" 8? o to Wigc Fans ? crude

product . hydforagbme Bngodi nenths, catrelxsmdé zpr@dgcmtaqmmdwe inits
ol ecul ar St EUGIT &l A BT 05 GBI 10,0 18 QIATR, Oforkom £, Q9 grams to

0.13 grans ofa ydrogen per gram of crude product. The crude product may
incl ude, in PstamlieeuTEre 36T staasét ape, PHOPERT 0.9 §r AYREAcE+BOD Gedms or from

0.82 granms tQa0. 848 ahagE of cafhen perti aphpdcLiuderdioduch .oy bati o of
atom c hydro%en to atomc carpon (HC of the cr ude (gro‘dlhuct may be within

70% to 130% "80%1G2120% “6r260% t6 11DREF PHES it *HCratio of the
hydr ocar bon hgefbcaAthUMdpromuestomat@mdml-rléﬁlsr,atdootwttnrngmm%to 30% of the

hydr ocar bon fee me HCratio indic ke _an consunpti on
of hydrogen PR ré“e%r ocess Fs°Te Caetroge 3 %%%%] SOH é%lr tﬁa?é% hydrogen is

produced lon sitperiments, t'ﬁeehwmnps@mﬂﬂ mn@rllm@efsm@mmﬁéﬂ@@rmnﬁh a range
Of DoI1iNg PRLALSunger ceslds 0N DM TRALS:; LAE FLUOE Br QAU NAS &

distillate content | east 110% |'east 120% or at [east 130% of 10
the Distill ate! Wéﬁtswﬂt RBOHYGr 8€ ah BBIWIPREER CPRBOMRIAES)| Fat'@ont ent  of

t he crude prgg&&cgcaqunb@edper gr am of crude product in a range from

0. 00001 granms to 0.6 granms (0.001-60w %, rans to 5 grans
(0.1-50wmt %, or 6”0?‘“@? St O 4 QP%n%Vd(ch%‘\?& Eeerﬂsréw eart 4 n

enbodi ments, vifeLryder prrodugit has asV@: cgong entt,, aboi ddmgebetyveen 343C to
538C at 0.101 I\éﬁ of 700/%t OC&%O%llgg%to 120% .01 90‘{%t0 110%. of the VGO

content of tRe HydPEearbonst “IracSome odi TeRt 8 The Flde pr oduct

has, per gr atrm)fcrmrdadrercmuodumvn@ V@lmuemtau B7a8r &hge BEome200. 00001
grams to 5%’ g&‘;thg’ HQLQE A8, £ Q0 fy @oR0BncrP QL 9LaE §0-0 6,grams, or

.1 grans to
viscesity is as determined by ASTM Method D445

20 In some 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 i1s a schematic of contacting system 100 that
includes contacting zone 102. The hydrocarbon feed enters
upstream contacting zone 102 via hydrecarbon feed conduit
104. A contacting zone may be a reactor, a portion of a

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

continuously stirred tank reactor (“C3TR”), a fluidized bed
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In sonme enbodi nents, the crude product has a residue content of at nost
90% at nost 80% or at nost 50% of the residue content of the hydrocarbon
feed. The crude product 25 may have, per gram of crude product, a residue
content in wommgesfHromin a range from 0.00001 grans tecuBo@riase; 0.001
grans to 0.7 grams, 0.01 grams to 0.6 grans, 0.05 grans to 0.5 grans, or
0.1 to 0.3 grans. In sone enbodi nents, the crude product has a total C5 and
C7 30 asphaltenes content of at nost 90% at nost 80% at nost 75% or at
nost 50% of the total C5 and C7 asphal tenes content of the hydrocarbon
feed. In ot heqeaen@odiarreptésy #fehet @S asphal liends/tontientootfaddee . hydr ocar bon

foed is at |85t 4% 1opale Legst, 30% 0F, alcd i8St 40% of 18, 0 asphal t enes

content of the rocarbon feed. I'n'cerfain é rocar bon
feed has, pel-§F a?ﬁhiflshyﬁr%&ﬁbo’ﬁpﬁlé@étl(an tNot- aﬁowléﬁélﬁ)?t%@bhamfenes

cont ent rang'a@g f&&@holgoﬁn&rrﬁgﬁaﬁéh Pelepn gﬂ’ya@gfeIanQ% tor,P k2 gL, or
0. 05 gram; to 0.15 gr ams. In certain énbodi nents, the crude product

has a MCR coﬁf“@ﬂfi”%ﬁ“tét FRRSICO8B35T A AYEECDGF, CBroTatcoHBYid §096Bf t he MCR
content of therbysifogaebon f.eedonddtisonetembgdiodinissn desd @ashng the C5

asphal tenes content of the h drocarbon fe mai nt aining a
rel atively stab fyﬁdﬁ ) NS Xaﬁ%ynq ﬁgﬁé%‘gel%ohg'ag{ha%l A PPV FRe " hydr ocar bon
feed/total prodoets mirxtupa.chTheocrasde product has, in some enbodi nents,

from 0. 0001 gr ams’l‘ﬁe cg c %mzs.oneo 51195 e orl%ogé%gsc’alggtg 01 grams

to 15 0.010 grans of gram of “cru certain
enbodi nentds, tfﬁé %%ﬁméepr‘dmj@?ti?%ysetshydrbt@@ﬁ‘@nef@mﬁﬂ@gﬁﬁroﬁ:otlha@t has a

total Ni/Fel rCont aifurOhaalon €8st 200 Wt PO eaf isdugrcant ept, of at |east
0.2 grans per gr am of hydrocarbon conposition; istillate content of 20

at |east 0.2SGransPeleyrfifiior hyRfTGEEPboONh S@é?rﬁb%‘? f186R:S £9GEPEr content of
at | east 0.04ngraimscpebugdanrhet wdfr@;sat@m ¢eRPAas thaten@rd andn Ccro- car bon

d tent of at | 0..06 f hyd b ition;
and & vi scosi o RP Bet 108 R BT S E oI KD D desirable to
onl'y sel etti welkylfedudee onetent niydrocemponderts (fior texasmicel;i viscosity) in
a hydroc?rbogaﬁggf%thdfeﬁé’ sl Ggé%dsggcgéééf?ﬁo*}a”%@&seQeA %%Rm‘? sul fur

and/or N /V/ rocar I'S” manner rogen upt ake
during cont adri ﬁ@lqm?mb@di“@@ﬁéen‘tjr%loédworﬂ>3@S@ha§(§és¢$.y Creduction, and not

reduction of ,abher: £QEIPONENLSmeREAUCt LoD e SUl I ih¥PISAl Iy requires the
catalyst to include additional netals (for exanple, nickel and/or cobalt).

Conver si on ofTAPRFIEEr Bbrid et Farde dHearat sd1Iage Parfd/ 6fadt HEF het er oat ons
Lraxé attridfut &lell@til;tbédlft@gerﬁb %@mgumpe@ﬂlayrdmgh@r@ﬁﬁ%&wgon Sﬂeﬁﬁeaft%&s of bsuch
ydrogen is al so being us tor er _conponents in the rocar bon
feed, the amdant®of %yBlF%SB' rﬁg%rg) %Fﬁé} S 8P prPc BSES i &S M i mi zed. A
cat al yst havi ng nimiceataaneahbdoter@sl, uanglintOofretaak( g3t i@ hhgh surface

area, and a gl ectadqpore. distribuytihon My, agsists i Fedugt] og, of
ydroca t

conponents in a on °f 8e contribute to high V|é005|ty to
produce vol% to 50 voi 5, or 30 vol% to 40 vol% of a total volume of

25 hydrocarbon feed in the contacting zone. In some
embodiments, a slurry of catalyst and hydrocarbon feed may
include from 0.001 grams to 10 grams, $.005 grams to 5 grams,
cr 0.01 grams to 3 grams of catalyst per 100 grams of
hydrocarbon feed in the centacting zone.

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

therecf. Contacting conditions in some embodiments are
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a crude product with reduced viscosity as conpared to the W hydrocarbon
feed. In sone enbodi nents, the crude product may have a m nimal change in
ot her properties as conpared to the hydrocarbon feed. The produced crude
product maywawey/ssrept abl e properties that allow it tordeuiznansperted to
treatment facilities and/or other processing units. For 15 exanple, a

hydr ocarbon feed may have a high viscosity, but a N/V/Fe and/or sul fur
content that is acceptable to neet treatnment and/or transportation
specifications. Such hydrocarbon feed may be nore efficiently treated with
t he catal yst @eser bl thereiduechya raddei pyedrdcscesih ywogict hbut al so 20
reducing Ni/ ViBgeor; SuUl f Bfe €QBLEP Lne contadﬂngo%ﬁﬁ%gkﬁ@ $¢ contact of a
hydrocarbon feed using the catalysts described herein at tenperatures of at
| east 200 C addspreksSir e gbmatenmestnentvPa terratatrpst 117 aVPanprdduges a

crude product,qfhab, Nas .. Visg0sksd o abo st £100 LSt *at: 3%48 &, a total
Ni /Fe/V content of "at |eéast 200 wtppm a residue content of at least 0.2

grans per gr &h 6FOErUdeCprodidft [ Ca di $HFY It &he ortdereaspomtiepdastio. 2 grans
per gram of crudeaprodusye @omubfum-centent,-of cat heass 0. @4, gpays per gram

of crude proquct, 4 mcro-carbon residue 30 content of _at |east 0.06
grans per grg‘m of %Dptd?de E)r%étfé’t 1576, 1<§a?‘al §3t'd dsed®f it dne 6r nbre

enbodi ments of the sbnventiconsemey LAY ude a0nBeort BORE, bat Keaetals and/ or
one or nore netal rt. The,etal,s pay be in_elenmental formor in
t he form of gedo%%og%d&o?g&ﬁg’ et A, T The ggt%l ystg‘ c?gggjfeli &d°RéF el n may be
i ntroducet i mfohyderaeontactliengozoreiay sompr eenrsurge dndrtthéntbecone active
as a catalysty 8.t hegontact B9 zone,(£0T: eXaMPLe,3 WREN. SUl t8L S la»?d/ or a
hydrocarbon feed containing sulfur is contacted with the precursor).

In certain efBBdi HEWCdT tHe teat BANSE i PEFIAIES ThIFRosemeteyl P8)at Col umm
6net al (s) inckude,3 bubipar erm@bné i diibadind s, CAr eaURL pRdydhdenym tungsten.
The cat al yst ngg have, per 10 8rar9 of catalyst, a total Columm 6 netal (s)
content of atYPeE" 8000 LT 8r°t ealf2o. ¥1 Grhns Mar fed¥t020% Yr ans

and/ or inisa rangelf robp@iBd00t gn amschotil: Gygrage; $Bu004 gr ameplied. 3 grans,
0.005 grans t .1 granms, or 0. 0 rans. to 0.08 grans._ |n, sone, enpodi nents,
t he catal yst a?n%l%a es@?fo%afg?%’. é@%fo ?%r’%as?() 0. l&r 3 6 effgjrrlﬁeg 6

nmet al (s) per agramnafl ecatalnishs dh Somecapbodinentagd tanpouwads of Colum 6
metal (s) incl lflgse uogg dgg és.luclge?sw @fﬁggeélq_m grilgxgi de) a déor tu%gst en
trioxide. |nPERFTHIH Grbodi MEnTS, T RE Catal Y&t T A udss BRIY E8 tm 6

netal s or onhydQojarmio6r compoundhydknca2toan feabodipienl |y thegeat alopst

i ncl udes gnly gl ybdenum Iy olyb um oxk : aN_S0

enbodi ment's, t| e_%cgt alt'ys't'él(lﬁq'ﬁg:o:a_yﬁes/I a gg’%b%a/ﬁ gﬁéc%lfo’?%%?.uerrAn?%;rrgfal (s) with
one or nore Hat/ar std fofPCoMmiins 7- N ot @wA80 AT Gmimebaligy” itec| ude, but
are not |imtedod qun’2, BNABNEFE N LECRABTIMIL ERSM WP kian.creobal t,

ni ckel , ruthenium pall adi ung rhodium osmum iridium platinum or

m xt ures theFBottYSFHE) catiey 8YHRBPIHEVE: e r gl SFPEAINANEt , 1% t ot al

Col ums 6- 10cambaldds yiconizertet nyaa (eangehd repl atuleast : :RQ0 1 e ans, at

| east 0.02(5)1 ratlnsd_.at | east §0 0.01 grams,  or Lnh a range of 0.0001 grams to
0.6 grans. 000 Grafs* T8 0. 324 s 370, B PG any” £GP 1°gPahE%%r 0. 01
grans to 0. 08egransaniifoisergoenbatiemeatsiert hes catvalfyst Liteckudess Gal um 15
el ement (s) | Eh@qﬂ)d%%réo% tfggd%c}!ci‘}ggsfﬁdv}%f the hydrogen source in

the contacting zone(s). The carrier gas may also enhance
mixing in the contacting zone(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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nmetal (s). In sonme enbodi nents, the catal yst has at nost 0.03 grans, at nost
0.02 grans or 0.01 granms of Columms 7-10 netals per gramof catalyst. In
sonme enbodi ments, the catal yst does not include Colums 7-10 netals. 5In
sone enbodi RMSe/ L3807 cat al yst contai ns at nost 0. 03 gr apgsp&hediRShy 0. 01, or
at nost 0.005 per gram of catal yst of one or nore netals from Colums 9 and
10 of the Periodic Table and/or one or nore conpounds of one or nore
conmpounds of one or nore netals from Colums 9 and 10 of the Periodic 10
Table. In a still further enbodi ment the catal yst does not describe any
such netal s. ThéA hiyakagertr abloc®fmaGokuray &om&@imgo::@éwm"gs 7-10 et al

maybelnaranefr to. 10, 5. I n_sone _enbodi nents,

Th cat al'yet AL TS Chri Rt irap (L) 28 T QudFerBr o ehe

conbi nati on @fon@bmm@%oneiealla(rsyew thaopes @ondoie IfEt.al 3n facomeColroms 7- 10.
In other enb at al | t nd Col um 10
metal (s). A %%bgfmzzt |C%H%%&t :?g v gﬁ%?lgﬁn%n%g@aq}lpg ?Aht(a%zyo'?al Col um 6
metal in the REAERFSSE ﬁﬁyanéWPﬁU‘at rdgeifitiowes & ccp@elprodrcthrond2 to 5.

In sone errboqlnrremé,ewsahel&&tt%l y isinghudss Cabuihelr 6! enentis) 44 addition
to the Colurm6rretaIL§‘%H_rPa es of Columm 15 elerrentsmclude

phosphor us. TiieC¢Et 14 }hﬁa(}%d%’cta&’%” {EEPURRAYE SPBNRIREC86At ent, per
gram of cat alspstgeiim 25ndixa]n;g&o1’5rorm& Q0040 brgnass Moy Oxilc glcamsct thd00001
granms to O. 06Z grﬁ_gdsz agdooo ragnsttotg g rams, orn 00{101 grans to 0.001
grans. In sone enbodine F}ﬁ % FBtAr(E) PAr GHe 18P FH Conbi nation with
Col umms 71010 stretadg soesaebsrl reorpayiataedom tthel30oa wwpporduito 106rm t he

catal yst. In certgin gobodi NBALS: s C%Woéa% | ergnt (n% ng&gpa%so

incorporated with a support to formthe catalyst. ments in which
t he metal (s) PAREFDTIG eARmTSyr ages Jappert tding riérqm@|sghlﬁg of Svpk cat al yst

i ncl udes all g&H@QQﬁaIy, iablud®t @bt Sdxanpd, alJarebementitshe, ThepsHpport may be
porous and includes siljca and alum na. I'n some enbodi nents, the support

i ncl udes sil iC8*ERt SPERPTHATAXESDIEREES DITARRER® |1HAPEE" aiblifEs of ot her
refractory oxindgsy 5 cporOus @ar bory basesk 4wt eth@leﬁgceéeofbag @Sy Bé

conbi nati ons t her eof Refr ctory oxid i nclu ut are not limted
to, alunina, SSPEFExd &FPTda algqu’r?lna’?ro F?tarﬁ%ﬁlnf%%’ g@d g?r%oéﬁlaﬁhf%% de,
magnesi um OX|Sd@1;ermr1 om xptunraefsetihetrmn‘spo&mpmot stinmy peceftiaionednds,om a

commer ci al @gig%[ q,reggﬁfyc@rt 0oAS; gr%r?%at%gé% _al 3i§1t'[§ [ﬁ‘é‘d Technol ogi es LP

(Houston, Texa Porous carbon materials 1 nclude, but are
not |inited eBbodtEnkat etk T arbonceahdloknpoheusr grepshilbeat @oarcrpl%s of

zeol i tes jgnckude ¥sszR0bh t€5a108E 780! hi 6&st MBI AENI 1§28 18851 ZSM5
zeolites, and ferrierite zeolites. Zeol i tes may be obtained froma

comerci al nEABFASHUPEr 35 R tas ZES YaEeq VAR *é?/tf}jorpéédu%rﬂgfé’?ll%%l a,

US A). In bm&%fnbaﬁim&ﬁbodrhmmiﬁ of hﬁmsuapwttam@cjamtdﬁ&qgam@sal um na,
delta al um na,. aI da al,um na, or .conbi pattl 0 Seé rt%othelcata?rre enbodi nent s,

the support PHEIUGESCFH o™ +Y contact o
In such cases, the total product is considered the crude

25  product.

In some embodiments, a crude {either topped or untopped)
is produced from a reservoir 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 technigues 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. 1In

23



20 0.0001 grans to 0.20 grams, 0.001 grans to 0.11 grams, or 0.01 grans to
0.05 grans of silica; and 0.80 grans to 0.9999 grans, 0.90 grans to 0.999
grans, or 0.95 to 0.97 granms of alum na. Incorporation of a Bronsted base
such as si | weeotbw3se2t he support may inhibit formation ofcrakaesatset evat ed
25 tenperatures. Incorporation of silica into the support may assist in

di spersing catalytic netals (for exanple, Colum 6 netal (s) or Columm 6
nmetals in conbination with Colums 7-10 netal (s)) throughout the support.
Di spersion of catalytic netals throughout the support may allow formation
of a 30 cat al@pstheraizagree s goipeeerdrsedhof el eaxtil3sg mitjag, at | east 360
nerg, or al leastidRQoRBLLioy o5 oc GBLBLYSE sbbate havera dandespurface area

with a mniml amount of catalytic netal (for exanple | um 6netal (s)) on
the surface @?rF@Jé’aﬁﬁP%teﬁla%r% tﬁﬁeﬁ@%@d tRyPEsHTel F% hREosarkeyti c
netal with arsepportn s&RErogn @it st her supper b g i6al 8 Bneet alds) My
forma substantially unifor honogeneoqus m xture. I n some enbodi nents,
wat er and/for “58"8%f %n?oﬁfog]étéﬁéﬂ]a UPFHYTEhRTE GIAREF 1Y tH8ORatkT i t at e
form ng the mixtdwantiantd @ paste that may be extruded or formed into
extrudate particl ﬁ’soagh bg>|d9§1empf! ! ltﬁe CElaLQZJGe ? duax:l IJndbe]ren’del e eLgnu' ar
extrusi ons or | oosel oun redates or cl ?ers, B Rn&un éxt r usi on,
mol di ng t abl €rbag, th]?@ p? g ﬁgm@p‘@l et @zﬁfrqegenbrfltqmﬁhe rtg/dmt:hold@

Colum 6 netabtg) and a:SHARON {ndBY.uBE %@@tm Wt Rombi Pl e im Xi ng
equi pment . Exanpl es of suitable nixing equiprent i nclude tunblers,

stationary sKEPPR TEFips ougHd Tere & SRY e CRFobieXaRpl Eindhafch type or

cont i nuous tw@adedl@rba@@cmamx@ras,Vlaaglslaa@ytaweirs geaesa ltypeknown ni xer, or
general Iy known devi ce at will suitabl ovi de the Colum 6

met al (s)/ supportoHiRt ﬁ? eI R8T tAi° u%‘mfd’é %ﬁt‘élscf’ﬁét%ﬁ)t fetP8l s are nixed
unti|l the Cokumie6 met thC(‘Sl)erl sxdnarle) Ehé)ﬁr&ﬁblﬁﬂd@ﬁchomeﬂeﬁﬂﬁﬂ]d/edjl sper sed
in the suppo sper.sion t he _Co t al in.th support may
i nhi bit coki Elﬁt%?cqctuhge g\f% aGQ%%\]e’t VI]f's aY ﬁiﬁd/ms %Pg % Vlté’s&énd/ or

pressur es!s tld@léf%lﬂeln@vm Pige depar Dc@h@ongf@mdgohtimam hgs si geilktcaht anount s

of esi.due agaler i hevi SCosLrLes cho: DR Rocesseneat, gl eh. Lanperatur es

and pressures not bt al nab y usi ng conventi onal” cata ts made usi ng

i npr egnat i onPF%‘é‘Fﬁﬁ goésthy ﬁr%‘?re B odl FrslsOs Prebifil endeeotrataispor t

cont ai ni ng sichi ca-=aRdo S0l i §ncﬁm>tra|t(*§atnfe9ﬂi:”5 B sRethelogatatyst surface.
A snoot her ¢ tal(%/st surface may |lower the Bronsted acidity of the cat al yst

surface becafls@d® V@??%T%rﬁrﬂfﬁesff J%PagaHi% ex podedrecoidieAget he Col utm’ 6
met al (s) 20 t fiedde Thappediocakbomsrectior s extamplbentarul ‘lvi*ﬂg,onlenoﬁOrl‘ﬂﬂ%zaSt to

I npregnati on pport east, . ortion of th 8), Lo reside
under the sﬁfgif cye&(%f ?he})aéﬁ%ed 5 ?‘glpmg?a’f’f/s% f C)%i%p% ™ enbedded in
the support) fe¢@ddi figrn ¢ Itessl netcalicon thte lsast a?cemthatm wduktlde ot her w se

occur in theyynemedded: rg%tdﬁgrca@é akyst -5 'przsrﬁ%w o%ﬁgog#m%gfdmw ng |ess

metal on the 5 surface of e catal yst extends the life andfor catal ytic
activity of fHe"ddralyist! pycartowrngb &tndedasitia asof e#dh soPorheenmmetal to

nmove to the sk fRGeq0hniNRaCAE Ay Shadblf ING;: BErenthe &L alos oHBYifmve to the
surface of the catal yst through erosion of the surface of the catal yst

duri ng ContanOQRCttH@Vlng the desired properties.
In some embodiments, the crude product and/or the

blended product are transported to a refinery and distilled
and/or fractionally distilled to produce one or more

30 hydrocarbon fractions. The hydrocarpon fractions may be
processed to preoduce commercial products such as
transportation fuel, lubricants, or chemicals. Blending and

separating of the disadvantaged crude and/cr hydrocarbon
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10 catal yst with a hydrocarbon feed. W thout wi shing to bound by any
kind of theory, it is thought that the addition intercal ation and/or m xi ng
of the components of the catalysts may change the structured order of the
Col um 6 nmewahodonzsive Col utm 6 oxi de crystal structure p&bifsSodoscorr
substantially random order of Colum 6 netal in the crystal structure of

t he enbedded catal yst. The order of the Columm 6 netal nmay be determ ned
usi ng powder x-ray diffraction nethods. The order of elenental nmetal in the
catalyst relative to the order of elenental nmetal in the 20 netal oxide may
be det erm nefledsy, comparimgutheaar/der cofdet bec@Goltuim Gedretiakdpeak in an x-ray
diffraction |d t rder.,.of the .Colum 6

nmet al peak |§9§ln %g[p gtéa‘tngf ]%)]tl%gﬁjgnectrg%@%?l#ﬁégca BIhg °t lom

br oadeni ng aweidr labSW@OGfﬂtéphtmeﬁnfs s getemtrad - Wi t h CoI um 6 metal in 25

an x-ray di fiﬁafqiﬂtganm%wéﬂtg th8 @9@%' Pl&ste Gsliqmug.thafod he Colum 6
nmetal (s) are substantially randomy ordered in the crystal structure. For

exanmpl e, ol YHER¥hudAtt+56%i del afdPPhersillepeh/ A LitREM sSUpér tehdvi‘d§ a nmedi an

pore di anet ekt @fn af heastre180rA soRY &ﬂ:o@i@ﬁﬁbhfkﬁd at eotor mian, 30
al um na/ nol ybdenum t 1§X| de m xture. The %‘}bg%% 1 oxi g has a definite
8 an D00 ?

pattern (for “&Xampl & Fhrde EGICT 50‘305 &8ksT° TRE
support/ nol ybelermwmit 8% axi dee niixtdFe mzy:elne heathet heatedrabn afdeitper at ure of

at "east 316.€ (600 Dlonli L3S 027 CLBO0,E) 1.2 Loasty SIRC (1000 )

to produce a catal does 'no ern for enum
di oxi de iif aﬁol)é-qﬂaylldlaffmaéﬁlmms@etttm@]o@f)owtmﬁi@n lahOab(s(éhce of the

D001 peak) . pdfhnsORBoRMROAL MBI S B QNIACK,BY @oCRLUMY, G pELal (S)/ support
m xture forns a lum 6 netal /support mxture. In sone enbodi nents, an

acid and/ or wat e 8% GFEROEHYHE - dd?%rﬁ?uéen%‘foéjlu%ulﬁforat ‘A&t ure to assist

in formati onuefyddBeufldiiend detal hsspporl M Xlodresodt arpassd cloes. The 10
wat er and/or dilute gmd are add ;}gﬁgch anmount s and bg such net hods as
[

required to 3f VESEhe®cifufth I%OS}Jre oF' - KT HF e“ Y §8si P ed onsi st ency
sui t abl e it 0 hei:fconmed: ifata. paJrrt mlremn Eman@lmat@f am dsudacudectbut are
not limted . ni acetlca 1d, sulf ydrochl oric
Tsacid o hhd bertRi iRt bhinah Sardtie d bl Pu ey o

particl es us¥igpikndywm tOe@ﬁhnqlm i:ﬂ Qﬁewappm,su:efhfatsmahoéxtfp uders. The
particles (e‘;,(gfgﬂ,mat es) may be cut using known catal yst cutting nethods to
formparticles. The particles 20 may be heat treated at a tenperature in a
range from 65 C '8 28%¢ ¢"8Pd e85t ceud8sP st epér FerPof tine (for

exanpl e, 26 or c&hom8 @ptgts)nogﬂoucx%r HAthdstt Iseomxstaur@o&orzb@n@f afnct he particle
has reached a desired | evel St‘f’gm um nmet al % rppc)rt and/ or the
Col um 6 25 TEtAT( §??%ﬁfﬂip8?ttlﬁa E‘F%bﬁﬁyf%eed heé §'¢4t8d (cal cined) in

t he presencesmfodiotniad,r tandéordeoxyg@IttC @Rt ad niotg l atdppate aomtearmerat ure in a

range between 31 and .7 C,. bet n 535 "1 C and 7 or bet ween 500 C
and 650 C to Tt ggefronl at ??1 wr’rté)tpfne}r{\ée?u W§p?rplator 4 %a(ggmg m(){l)’%l oﬁ of the
Col umms 0.5 wtppm.

25 In certain embodiments, the crude product has a total
content of metals in metal salts of organic acids, per gram
of c¢rude product, in a range from 0.1 wtppm to 50 witppm, 3
wtppm to 20 wtppm 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 alt least 2, at
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30 6-10 netals are converted to the correspondi ng netal oxide. The
tenperature conditions at which the particles are calcined nay be such that
the pore structure of the final calcined mxture is controlled to formthe

pore structwheodnss:ysurface areas of the catal ysts desetirhgshobhieisein.
Calcining at tenperatures greater than 760 00 may increase the pore vol une
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 t hat
contribute to high viscosity and/or residue.ln one enbodi nent Colum 6

nmet al (s)/ suppesdt CSOWB@Sidais@ﬂSW be D@Asﬁ:i nedraltatavet etxpehat BPE2 i n t he range

from315C to_675 the ran C th ange from
450C to GOOCgraVl t}fe hggrg ael"fbw a Cp eEréucr récgé§ %bO% mélpts’ %ﬁ at al yst

wi t h di sper seda\mestyabé ﬁ‘aaycad@@mr@gewsrta;lqhavérw I70hge¢0 | iPete Hdn t he
conventional hydrQpregessing catal yst, at elevated tenperatures and | ower
pressures (for exanple, tenperatures of at |east 200 00 or at |east 400 00
and 15 préssures &f fa’ft’%i‘@sﬁmhfo%m&“tét Ss £r80VPACBFt dttSnBst 3.8 MPa). The

sel ected di spessadigetalacabal vs) rrmv @shovs @, RROREss 40a, ber ran wit hout
rechargi ng or chaﬁgl ng the cat alé t hus cgst OER ce55| n t he

hydr ocar bon 18&d 1} & e ShAT Sl | §F ddat Vgesus el THE Geat aF y¥¥™may be
cont act ed ZOemddlmanhy,drtm@avb@;rbsfw@dof aheatrt@astrod0k heurs,natt | east 1000

hours, at Ie%(go ZQigomgsqturS%o a%ﬁﬁgsgqc&g hgurs at | east 6000 hours or at

| east 9000 hours od rrents catal ysts nmay be characterized
by pore sltiructurén vamg M@O@m@tstrum lﬁméfparmﬁetsoii rdkeuderde25 but are

not limted 10,50 ¢ diARBLEN50eRO0LE XA WUAB: SUIfAREs@IRASe: OfnLONbi nati ons
thereof. The catalyst may have a distribution of total quantity of pore

si zes ver susSpot® @Patitters. LIFhEVRBTEPOPof et afref @l SIPPRAEYGFe si ze

di stributionci@ysent echteandsr fthem3eAptk8add0 18, ad0Asto0 3 90A, or 60 A
to 80A. The catal yst _nmay have a pore S|z% dlstrlbutlog }thamadlan
pore di amet ef* ¥t Eterl%‘é?ért Oéoc‘ﬂldea?r?%lé‘g‘[ ob° £GP atoHESE 100K 1 n some

enbodi nens s, ctihe: patabysiahasargyep@ie@n 0.001 grams to 0.1 grams, from
0.005 to 0.08 grams or from 0.01 to 0.06 grams per gram of
crude preoduct.
In some embodiments, the nitrogen content of the crude
product is 70% to 130%, 80% to 120%, or 90% to 110% of the
20 nitrogen content of the hydrocarbon feed. In sone
embodiments the nitrogen content of the crude product is 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

3¢ structure, from {.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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size distribution with a nedian pore dianmeter in a range from30 Ato 100
A, 50A to 90 A, or 60 Ato 80A wth at |east 60%of a total nunber of
pores in the pore size distribution having a pore dianeter within 50 A, 40
A, or 30 A abdhbassedi an pore di aneter. | n sonmecandeeiigeis, pore
vol une of pores may be at least 0.3 cnR/g, at least 0.7 cn2/g, or at nost
1.2 cn2/g. In certain enbodi nents, pore volune of pores may range fromO0. 3
cnB/g to 0.99 cnB/g, 0.4 cnB/g to 0.8 cn2/g, or 0.5 cnB/g to 100.7 cn®/qg.
The pore volunme of the catal yst includes pores having a pore dianeter
between 1 A andubO0OCAramich por €se g ogawoporesdli aneterdegmpeatiest t han 5000
A In sone e | s..the catal yst y maj.ari of its pore,volunme in
por es havi nggggqq%({%gﬁjer%%%ng glrrimo%ﬂ%éit pﬁtsfso'? ggo’g’!;f %gfir%%as%boﬁoge% or at nost
100 A. | n somtompbddCnentis, itfecaaralyst Uraskatamigsr 80%vobtits qfore vol une
in pores havig-&R0LE HAMRLEE; Ofi 8l RSk el00s M 8t 1L eA3t (R Of its pore
volume in pores having a pore dianeter of at between 100 A and 300 A, with
t he bal anée BFIDPAheés pordlugst utfe BEPng i n pores having a pore di aneter of

at least 300 A Imesereaenhodhdeninsiunbde cabahysls Waynhavengt deast 90% or
at least 95%of.its pore volume in pores having a pore dianeter of at nost
300 A. 25In %8‘ ‘“"”é’rrﬁ’ga?in%nts, the catal yst may have at nost 5%of its pore
vol ume in pores havishge serporénditanetes ofudat ptedst: bOH: AisBurhst@ cat al yst

may have a p val t n, Q.5 cc/ nd.1.0 cgc/g.a ) face area of
at | east 3408%‘?%& #%E%tgqﬁ\c%@rrg %}%d’dd%?ren a%,t %%%°’c§§:ag§/s{]e%ﬁgv?%%“ g)cf;e)ore si ze
di stri butivontigtihsginkeicacopbert difakke érvdrapcarbandeefir orfibabout 50 A to 100

A, may have a;sulhace anfas .ok athel easie %49du@tﬂlngdy sUchguptace,area my be
in arange from340 n2/g to 500 er/%, 35 er/g to 450 nR/g, or 375 n2/9 to
425 R/ g. CafiPIRtEORaYT ng spetdtdec & adl0P opo1edgyte |%rfg8ralt f ace ar eas,

and pore di stpiduticonss descobbeagabove By gbagxXhichits@nhanced dun tines in

commer ci al aggl i cati nzg at |l ow pressures and el evated tenperatures. For

exanpl e, the%EHANst  UFEE Aot L dd4Efi ve after at least 1 year of run tine.

The enhanced run I pestdamay eheo@ttenicbutiad touvtide ficght swysf acecar ea of the

catal yst and/or_the narrow distribution of%ﬁogre di ameter in the pore vol une
c

g t
of the catal §RE5 " FhuB V8 RBEHIST of SthE°catalydt Geéfai WaxPoséd  for | onger
peri ods of ttae,30shusoplitggboy, ofr the poress ofr tdne vad aloynskent Sofm ni mal . The

hi gh surface_area and selected distribution. of pores in the pore volune of
the catal yst tg I df\ﬁé‘*oﬁ?%%oéjsgie%%' of "hP g \ﬁ"'%@%lsrf‘ Sangrll%rcrﬁll Shglfoe ‘Gue crudes
t hat woul d nbés beecabteadt @fberpiopesseck wiat HGE ormrenbt oivala catgd ystos havi ng

the same gorg @icohr LPAd Q1. oPyty,SHRL I £TocSUEEAGE BT 829 GALGLNI g @
grams to 0.6 grams, or 0.1 grams to 0.5 grams.

In some embodiments, the crude preduct has a residue
content of at most %0%, at most 80%, or at most 50% of the
residue content o¢f the hydrocarbon feed. The crude product

25  may have, per gram of crude product, a residue content in a
range from in & range from 0.00001 grams to 0.8 grams, 0.001
grams to 0.7 grams, 0.01 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 a total Cs and Cy

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

asphaltenes content of the hydrocarbon feed is at least 10%,
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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

di stri buti owg 2sliBszkar ge surface areas. I n certaigraBadiopet S, 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, ACTICATTv process, CRI

| nt er nati onaky lewsr) 3o%n @oae exadisnends thehe, @abﬂé]ytfetneﬁayorbﬁerﬂri ed then
sul fided. Alternativ at al ded.in situ by contact
of the catal ygt&w thﬁ g%ar rocg? & tj‘ X%ﬁtah e&ﬁ Cfmae!é dﬁ ur - cont ai ni ng
conpounds. | hySMQﬁreahfmadzaasorpmyrem|dﬁ zledemdr@longa@sebue hydriogen
sulfide in the a%eéergc‘sghgitémr egz%ntoqahng d:-phasg Sgiénw .2 po, agent s
such as organosul fu onpounds (I ncl udi ng” al kyfsu flges pol ysul {7 des,
thiols, anfd §B<‘Pff?)X|Od8§)tO Bel5sexanssubt Ut i0PaBi ame professeraamre described in

U.S. Patent Nos. 13, 468;Bif2 chBoSORRAS @ﬁa%&udo%ﬂ%d@c@&&ﬁggGM&@ Seamans et 5
al., all of which are mcorgo%at ed here| n by reference. I n commer ci al

appl i cati ons SORfTEr °sutf i"Gati On° of 't WS hy'droprodds &Py P4t afystSs, the
hydr opr ocessing @attaky st taieehymceabbry thedt edIrt G o460 N eEnohe or nore

nonths to COBEEP'asm g‘_ten%ratsgp N %m@t &rg(r)]ge H}d S| ow heatl ng of 10

hydr opr ocessing cat a act vat| on° oF TRESTATRINGEY. The

cat al yst ideseh+he@ahete1mnhas eeﬂh&n&edy sitabil& i HGR icnntére: presence of
hydrogen sul fjde whep,beated; {9, %Qoif;e'@drs§§rﬁ$@@e&9f%awesb§duﬁe' ng able

to preheat the catal yst over a shorter period time may ihcrease the 15
amount of hyB#deHeon feed that can be pr ocessed through a contacting
system Thé No:GREL gﬂmuenb@@u mara]t Somd @lb@améﬂc%t efort e obpYeptd-@n i's

obt ai nabl e by co-nmulling nmet al a support. Co-nulling the
Col um 6 net ﬁ?(%)?%ﬂfﬁmvhé? Q%ﬁbﬁaf“ By f%drbngaa% R xt dte 95RT3 SUbst ant i al | y
honbgeneays oiXtlUurgeamt oS ENR mﬁ)@damedsut SrutiBepfdcxicyr e may be extruded
and/or dried. Th mxtu r.e |CI ed at .ate e ature of between 535 C
and 700 Cto pro o &%t e rr%g? he suﬁ 87T 5 Sude from 0.001 gr ans

to 0.2 gr arrshmr@@rspﬂnmpaﬁdtﬂarfs@hgtm laot@ta%%gm/rﬁs cohtahtumina, or from
at least 200 wtppm; a residue content of at least 0.2 grams
per gram of hydrocarbon composition; a distilliate content of

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 <8t at 37.8 °C.

25 It 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. 1In this manner,
hydrogen uptake during contacting may be “concentrated” on

30 wviscosity reduction, and not reduction of other components.
Reduction of sulfur typically requires the catalyst to
include additional metals {(for example, nickel and/or

cobalt). Conversion of hydrocarbons that contain sulfur
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0.001 grams to 0.1 grans of silica and 0.90 gramto 0.999 grans of alum na
per gram of catalyst. In sonme enbodi nents, the m xture nay be dried and
calcined at a tenperature of between 315 C and 760 00 to produce the

catal yst. 3Qbwegdtatyst may have from 0. 001 granms to GGy @hadkce® 005
grans to 0.2 grans, or 0.01 granms to 0.1 grans of Columms 6 netal (s) per

gram of catalyst. In sone enbodi nents, the catal yst may include at nost
0.1 granms of Colum 6 netal (s) per gram of catalyst. W t hout wi shing
to bound by any kind of theory, it is thought that the addition of silica
to the supporhdmey chkovwnd: Cokusms B ynetalitsket @ medmobgedi sper sed

t hr oughout thensurﬁpcort \fz{\/ni.l e bhei neq%sheat eds.to el evat gd tehrrgéa[jatures (for
exanpl e, tenmpeFAFUrds of "at"d BAStTF159C, A Feast® §35°¢" AVreast 375 ¢ or
at | east 425i€)aldm kedme wrbiodp nentuse dhecatabysintissimormenodal . Such 10
comul 1 ng OfrEEEé%af%QQ.ﬁHRROEBe gé%dngwggIRXH%%&EKH@%!?ﬂﬂ%ﬂﬁéagrOduce a

mononodal catalyst having a pore size distribution wth I'an pore
di aneter of &FCaDIT MPOOLA Niirhzed. | dasttB0%-ofaving poretalopument n pores

having a porerdiai®ier 10fo 3l A0$4) ,3Q01Ayn The read alval 1Ry haue.a surface
area of at least 15 340 nR/g. The catal yst rra%/jahave a pore volunme fromO0.5

cc/g to 0.9 ECry. iy ribre EnBBYi Feres, 11 ety S RETPVRAIBI 7 6he or nore

peaks betweeny3bodagheeseandhid degreps;e ardnaih l@astsone tof ptheageeaks has

a base wi dth _of aée | east 10.%@9}[3 S, .as. det erm ned pn%éa%(ehc{%% iffraction at
al 0 e Co

2-theta 20This Aty St Fedicls Gl Peadt® ¥%F6r t10r° iponent s t hat

contribute tovArgireboui Ssosi t Eessamrdbopodnporti orheof:rode reodponentys t hat

contribute tq.copper; co ¥ Lanif r.educt i i p,sylfur and/ or
Ni / Fel/ V conteﬁt(.gp#r eat rrgfnfc@%lp&% h%p%%]?’ég%'r‘%%% eseégwggﬁﬂagggo%r#rl% 25 net al
cat al yst thatvéemzairag frate ofhe prcdbaed ameantr lucCoramizve and 10 netal s

may be econogieabtAdvaptAQeQUSs SifGCal o@lil-ons B QdUetian caf 14 product with
reduced viscosity and mninmal desul furization and/or denetallation relative

to the same propelaitesaorlitthes il oEar b PEREES B0UsPhttt-heFeat al yst (s) of
thi s appliscatkempiandaCopid@kibag feRar aiy NGveoadi tgnonsscmy.+al, | ®w & crude
product to bs.% uceg/that @as seltec etdrgfgroﬁerti eg cha ed relative to the
hydr ocar bon feed Wihi '8’ Ot Ker *pr opar ks tRe?C iV aFBtarBoRfed are not

si gni fi cant | yredmangedandhe reswgdmgttoudgept bduationay hawe enhanced

PP FAASIR.E LR, e e, Lsdoand, iy, e focs, accent o
renove conpofAehtlyst described herein by reducing viscosity without also
20 reducing Ni/V/Fe or sulfur content.
In some 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 visceosity of at most 100
25 ¢St at 37.8 °C, & total Ni/Fe/V content of at least 200
wtppm, a residue content of at least 0.2 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 0.04
grams per gram of crude product, and a micre-carbon residue
30 content of at least 0.06 grams per gram of crude 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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that contribute to a decrease in the life of other catalysts in the system
fromthe hydrocarbon feed. For exanple, reducing the viscosity of
hydr ocarbon feed/total product m xture relative to the hydrocarbon feed may

i nhi bit plugginog138:0f other catal ysts positioned downsiche@apyoand:1 hus,
increases the length of time the contacting system nmay be operated w thout

repl eni shnent of catal ysts. The catal yst of the application nmay produce a
crude product with a | ower viscosity as conpared to the hydrocarbon 15 feed
wi th mnimal anount of hydrogen consunption. In sone enbodi nents, at
contacting cdndhti:ons ate &drot af Ppreessoned of 8ud rMea) . hymheogen consunpti on
may be at nost, 30 NnB/.nB. .at st .25 NnB/ nB, or . at nost N8/ nB. I n sone
enbodi nment s, %é%agyosﬁtsag ?dnrgl%gg% ellgnglagﬁbea 1{18{:%?11.(:&%%1%%? ét%gf 3.5 MPa, 20
hydr ogen consanpidtomgmagndesf g opmelukaBs nBingt 8BeNiBnBg datomeladNB/ n8 to 30

N8/ 8, fr Omcétmt”@nt&ez%pﬁ'@?wﬁgi Obnd r%leaN(B%/eUﬁwﬁ% 20, Myp/ 8.

I n sonme enbodi nernits contacting conditions may be controlled to produce the
crude producEPdatr & PEAEIETL25 Hiass sapea Bl vhy dbigen i at ca tgrEsdurieiof nost 7
MPa, and whekgknhydiegen consunption is at nost 30 Nn8/n8. In other

enbodi ments contacting conditions may be controlled to produce the crude

product at a partiTal*®prEes GFrECT N dr oféh Aty Pr dSEUrE o °hdEt ¢ MPa and a
t enper at ure obtat (4 .30Ctemperatire sof iteask, 200: Gre not likitsone,

enbodi ments, _the .catalyst. of the icati.on be. used.in combi nation
with other cata H;‘/lgﬁ%é. Iln%\%ybéj%é“rlr% gu%%ggﬁ%t hggec%lﬁlgtt Ty Jegst aryst that
i ncl udes Wuppoeted cebdbigyrst af foted. &nathror oninpesials)oxpdesrfti pésat Such

catal ysts are.desqy ibgeh | ncUi S PRl 80t ARR T cations gndd t.efls" A Catal yst
and Process for the Manufacture of Utfta-Low Sulfur D stillate Product" and

"A Highly StapfeHéavy Hydoéarbon 80 Hyehamgesal & r vzats o -t a¥ 32t and

Met hod of Makibng. aRdaklse oTheregfanst @o Shan.grang, 141t er patd.enal cAppldgcat i on
No. WO 02/32570 to Bhan, all_ of which are incorporated herein by reference.
Arrangenent 8f%two OFf Wit CERLATSES | S b bEted Ty iéRte nay contr ol
t he sequemnce 0060 {r epent Vud BPOOVemREt £ farl vinhes freadl (Fprpeaxanphe;r a cat al yst
havi ng a surfagel ar.ea f at rmsbtod?i%gné as descré be(g pe{uenin%rray be pl aced

upst r eam of the™ catal ys? Havi %% 2 SUr T Ac e ar 8 of “at "Y' edst “340 A Treat nent

of the hydroeardbois)f eediwdet hzhyalr egeh @ nohigbdenun trioxide and/or
tungsten tricxide. In certain embodiments, the catalyst
includes only Column 6 metals or only Column 6 compounds. In

20 an embodiment, the catalyst includes only molybdenum and/or
molybdenum oxides.

In some embodiments, the catalyst includes a combination
of Cclumn 6 metal(s) with one cor 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 0.01 grams, or in a range of 0.0001 grams to 0.6 grams, 0.001%
grams to 0.3 grams, 0.005% grams to 0.1 grams, or 0.01 grams
to 0.08 grams. In some embodiments, the catalyst includes

Column 15 element(s) in addition to the Columns 6-10
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15 presence of the | ower surface area catal yst may reduce a portion of the
conponents that contribute to residue, at |least a portion of the conponents
that contribute to high viscosity at |east a portion of the C5 asphaltenes,
or at | eastywgpRfkdon of metals in nmetal salts of organicg @gh@dsco20 Cont act
of the treated hydrocarbon feed with the higher surface area catal yst may
further reduce viscosity, copper content, vanadium content, netals in netal
salts of organic acids. Arrangenment and/or selection of the catal ysts my,
in 25 sonme enbodi nents, inprove the useable |ife of the catal ysts and/or
the stabilityeoiltshe hydresarbandieedts otiak psaduct Rhxtatr eost nproavenent of

talyst Iif d/ tability of the hyd b d/ | duct
T xtur e dur i AGSB oC5E g 1By 14TOWPh CoMt AETT G oy SLONI d Operate for at

l east 3 30 noatass pat yeastfOeamnitys, orm abmbeagiodinyear, whthout
replacement af Jfie. cabal yat LN LNe cONLAG g 20nen o Conbi nati ons_of

the catal ysts descri heréin al'Tows Teduction of: viscosity, at |east
a portionsof the 105songpimotenes.s ghel| edstivat pertticons oft teetnet®@ s in net al

sal ts of orggpkfs acikdsss@atly beast, acPEdd Mook tdie hesi e Qly SO nati ons
t hereof, fromthe hydrocarbon feed, before other pr ogertl es o¥ t he

hydr ocar bon fPBePar@reniiged, Tt I8 5™ whi hEaf nthg Tt hee stFBPFity of the

hydr ocar bon ﬁ‘@ﬁr%temﬁabzgpfrﬁguetmdﬂ'@(brjﬁl@oﬁ#ﬂ’si g cﬂfc—D@QSﬁci)ﬂﬂ dofngbal,u&mnpl e,

mai ntai ning a rocar bon ed P-val ye of ahove 1.0). The ability to

Sel octivel s Ehaiie b B LS of Fhle Y P 5car Hoh okl Ty "rI B he

st abi | i t yioof Tehes hydr acariian ffegd/irt enaddiproducte R crixtturdeetondde mai nt ai ned

during proceﬁg%)&gi.be 2y Sdcg ﬁg@se.nbodi nments, conmercially available
catal ysts nay be positione ownstream of the catal ysts of the invention to

reduce sel ected propéetiediofof felisede Rhelekarfsllenny teferatdd zati on

catal yst maypR¢ ROSit hopgd.le-downst ream,of the d i bstocafalysinto reduce
the Ni/V/Fe content of the crude produce as conpared to N./V/ Fe of the

feed. A desuPPUf iYRPFGREE AL al Y3 tcatayy be FESHIF DI BBwhS L 8377 0fS)t he

denet al | i zat iana&atiabysto ttaer egGe at hen hat eroat:om eeniend) afttheecrude

product as conpared to the 20 ter oa%%@ content of the f eeg.S anpl es of
;' 1 0

commerci al c&f alY<t £eHact dde™ ORD HORIED: P32 8% GFED £ 0411;
0429; C344; C448ys2497¢10QR54Co0448 5 0529; (s0534¢ doC2b3150 BNL201s)DN130;

DN140: DN190: 0: 0Q . PN2118: 18: 100 - 300 DN3310:
DN3330: RC400: ”%%‘91‘15?% 2?@?%%305‘%’\'3%{!4%8%%@91‘96?%% L2 BN650:  RN5210:
R\5610: 1RN565DmRINBOta RNBOSE: 2603YSTERE bZ6T8:a Z70® 2XPh3l Z723: 1753:

and 1763,,gwhigh are ayaj l1abke from CRI International, Inc. (Houston, Texas,

U S A). In sone enbodi nents, the order and/or nunber of
In some embodiments, the catalyst includes Column 15

element (s) in addition to the Column 6 metal{s). Examples of
Column 15 elements include phosphorus. The catalyst may have
a total Celumn 15 element content, per gram of catalyst, in
25  range from 0.00000% grams to 0.1 grams, 0.00001 grams te 0.06
grams, 0.00005 grams to 0.03 grams, or 0.0001 grams to 0.001
Grams.
In scme embodiments, Column 6 metal (s) alone or in
combination with Columns 7-10 metal(s) are incorporated with
30 a support to form the catalyst. In certain embodiments,
Column 15 element(s) are also 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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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 gravit ywhgeGeabi nations thereof of the hydrocar bog{f@8shedebe

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 areascofidéd anDStupiRtNPig avdaats)l,eass S5 nBhehtuses |B&s hydrogen
during processing, as conpared to use of the.fi nqgl e catalyst having a
surface area E’Eﬁppg{t A58t PR RS t e daEt Y6 PATHET Mdr ogEiieupt Yke by the
hydr ocar bon fseed ewydpmediuce taecsumgerpr oductiet hatl ikasaad BGiukiing irange

di stribution sjm . to e L) i i i buti . rocar bon
feed. The at g%}ngl‘%—%éo%f W%{E}e ]gﬁh%%&%gﬂ ggt@% o(r%lm?%g%hg% @Sﬁﬁg}‘?{ aggél%%?
rel ativel y swarPuarnsuhes Hsedonpared i to 48 It hes atonicemp@tabre he

hydrocarbon fggdesr. rertdbiSQyEseNRQALABNLS, 168t alystrselgctiQp-and/ or
order of catalysts in conbination with controlled contacting conditions

(for exanpl e Ot efpBratur ¥ 1dids of - Hydr 8Lt B6n et frodrtHtre) nmay assist in
reduci ng hydregesiupt akeddy rhbee 20nhydi @carboni feeds owdrdoFi.ni ng

hydr ocar bon fseed/tot al rod?)%t.m' tfure stability .duri ng rocessi ng, and
changi ng one *8PP¥ote "BY oper et st TthE ErUIBepr BHulE Pt atitiE TH T he
respecti ve preperitieesocofCdtd yhydraocarbomdlegdes Sirabiibhtyorof Tehes hydr ocar bon
feed/total produgct, m ffec . 25 varij.ou h s, . §eparating
fromthe hydruégéng)dn ?Iég‘%%t %tgé?&grk%éggtIB%%f%%%.Slrﬁﬁglsjg' gpeugarggt?i%oﬁt may be
caused by, fadirngxerintle, a¢tHgaladitdrbpnoindfee hydriocarbpiifeeed and/ or crude

product in the.hydioearbon skeed{iatalk product.m YMrezedilieecul ation of
asphal tenes fromthe hydrocarbon feed/total 30 product m xture,

preci pi t at i oACBFT G PpdRRHESE r 6 Thé Ry HrTearBON F&dar t 6t &PObt Brfuct

m xture, @r cesbiuat nefsScd ReKLeOfed from a Ammeesial Mmahh @S GuEi Hger he
contacting period, the concentration of dr ocar£%n feed and/or total
product in tR& KdSEal o Seddi 9ot AP P OdEet* ni%ktufe’ may change. As the
concentration of trheetotal epbodusintisn tiwe shpdoocambendds feeedht ot al product
m xture chan due for L of. .t he cr pr.o alubility of the
conponent s o%§§[ﬁjénahyg'rg%)%aaragghl?‘g’ecflgh%/%l%mgggboonre%;ég‘g% ast’tlﬁglgt ot al product

i n the hydrothebf.f eéd/ tweaknprdideot s mtteuserreridgntouddradigen For exanpl e,
t he hydr ogar Bofodeed iRy £NLAI - LATPONEN S LAt 1@ af e,sauble in the
hydr ocar bon feed at the beginni hg of processing. As properties of the

hydr ocar bon feeH TREAgEC (F-0° 8xaMpIé, SAFIcagr é@‘gt%gov%%itloyp-w, c5
asphal t enes, gvahdle,0.00 ok Rati ong Lharsob), ot de teonponehssney tend to
becone | ess soluple in the hydrocarbon feed/total product m xture. In sone
Pnstances, t RGPy oCAFHOR TELH &A%t NEPTGLAl PEIOAUEE. Hay f6rf LS phases
and/ or beconehe nsglpebt endyn iahebandbhestidGolodbedid wichamgaesdmy al so resul t
in the hydrocarbon feed/tqtal, proguet mixtyse. forni pg.tuo o, npre phases.
Formati on of tWwo phases; thro W T 6ectl ation: of ' 20 asp%aﬂptenes,y change in
concentr at i onsefsthydr ocardyonnd eed-adnti¢ atedlalpr 6tuc exaamdy, ofoprciopi t at i on

of conponent e £AGSof A 1RAUCE d1S1LT f6 Qhu0NE An WRLE @f1kiiE Fafal ysts.
metal (s)) throughout the support. Dispersion of catalytic
metals throughout the support may allow 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 6metal (s)) on
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Additionally, the efficiency of the process may be reduced. For exanple,
repeated treatnment of the hydrocarbon feed/total 25 product m xture may be
necessary to produce a crude product with desired properties. Duri ng
processi ng, widwoddswab ue of the hydrocarbon feed/total pg@guehooRilsgebur € may
be nonitored and the stability of the process, hydrocarbon feed, and/or
hydr ocarbon 30 feed/total product m xture nay be assessed. Typically, a
P-value that is at nost 1.0 indicates that floccul ati on of asphaltenes from
t he hydrocarbon feed generally occurs. If the P-value is initially at |east
1.0, and sucrthB- val e bACTeasesaDfst SlayGbéatpir\éﬁehye@&)abb@nﬂllﬁhggtl&ont acting,
then this in g tes thatC We ydroucafog n fc%%%liLs reI veI stgbl Ide during
cont acti ng. Do Feddi ot al pﬁ)ro uct sta FITEYC 5™ dssessed
by P--val ue, Owéymlbé @@nm:m}l @dy5idmn eontroldnitngl bonmactimgrcondi ti ons, by
sel ection Of yeabalyshs, mbY 80l CHl UBn ARddICREs CabaLy iy or combi nations
t hereof. Such controlling of contacting conditions may include controlling
LHSV, ter‘rﬁer&Péﬂ’%m pFrEssarasideqydeioigen ipt @ke L L hydricc arpbrni éed flow, or w

conbi nati ons fhetepfine mlxuﬂz’@elﬁwwla@ﬁé Qha0f nsedicment nand/ @ i nsol ubl e
conponent s |&ﬁthe reactor %%Fsea to a pressure chanﬂe in the contactlng

zone, thus i ARFBTY iMgCh§Erd P T EESF r o FARST g Pt rdudfi*t ikScont acti ng
zone at desi rgdifidow,r atesyulArléxtapidns nor easeelin bpmessagg&egaym ndi cat e
pl uggi ng of the %%%;%Stby nyh%n e |f8t%l55eisosngrgoﬂ§ flstt 3 MPa, at |east

5 MPa, at | east or” at ’l eas over a’s perlgd of time may
i ndi cat e Wat akyssinpl.ugglig:izDogi ngr probessi mgthedme | nI et pressure of a

contacting 20 zong, Qf,acfixed E’Fdar{eeécg%deQYme JPRLEOE & i ERPI d
increase in inlet pressure rray I ndicate that flow through the catalyst is

i nhi bited. THEL1F#HMiOMEFoRE @FZUFPW%§XB‘@J@§U§§d51Wa5’ﬁe|ff‘Pé"rlé‘ﬁse in deposit

or sediment fQuiBid@nindNeid RGREASER | BraeRAsky ofe1sedbrentougay, pl ug pores
of the catalﬁé Ly t hus 25 restrlctlng flow of the hydrocarbon f eed t hrough

the contacti ondvixers (fofy sramlsy PRI S¢RF bon OP@EH“‘FP&W hgP%l scosi ti es
that inhibit ﬁnb&cihyrdlkéﬁaf hon faﬁﬁd)tﬁfe@n@géledmgiyr!&nﬁwomhﬁ@r ard/ or punped are

cont acted at eI eV, t.e dr oge Su (for exan t Least 7 MPa,
at | east 10 a alla\(t kPée/a tcgféc‘lg\)/Pe‘}% tow:blro uc%aglro uc ﬁ%‘t !é?eumrlﬁ)re

fluid. At el évated (sydsagenrtpnéssures @mk@rltemrastmb@mmsnumhrtbeted, t hus the
properties otnawﬁmdg%%%a feed may be.ghapoed wth ;m, 9&@?' coke

production. Since reduction of viscosity, residue and 05/ asphaltenes is
not dependentVbntdiifdedyenqHressemeslyr 88trRas6ed b thisesePprGperti es may not

occur unlgss pt bge.cARhast i NG LEMRE! &t WEEa1 &) a&nlmtsuég&»@ma%or sone 5
hydr ocar bon feeds, terrperatures of at Ieast 350 be required to reduce

desired propePPied GP<tHe Hydre ' von ?é@&aﬂésbrﬁﬁégh teiﬁ‘}pﬁﬂﬁﬂret%at neets
t he desired spagtof |p@a‘ssm Ahui narneased Herpesatd esecoOkntafMmig on may
occur, even at el gvated Nydroosp RLEASUT SR/ ofSnLNe RLOPEILILES Of L he
processed at rates, temperatures and pressures nol obtainable
25 by using conventional catalysts made using impregnation
techniques. In some embodiments, comulling of a support
containing silica and Column 6 metal(s) forms a smoother
catalyst surface. A smeocother catalyst surface may lower the
Breonsted 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) toc reside under
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10 hydrocarbon feed are changed, the P-value of the hydrocarbon feed/total
product may decrease below 1.0 and/or sedinent may form causing the
product m xture to becone unstable. Since, elevated hydrogen pressures
require | arge a®issizs of hydrogen, a process capabl e of pg@airéiondsops operti es
that are 1S i ndependent of pressure at mninmal tenperatures is desirable. A
process that operates at pressures of at nost 7 MPa and tenperatures of at
| east 200 C wi t hout producing sedi nent and/or coke are advantageous. During
contact, the P-value may be kept above 1.0 by 20 controlling the contacting
t enper at ure. ter sexenpl ef the sonedénbediaentssalyft tiTert erpenat ure i ncreases
above 450 C, t al ue. drops b h r.oc n feed/total
product m xt ur[@) 8‘5%%#1?3%%3 ug)glorg)l { :‘Iyetjéﬁ nC% tl g? Elér%age%ﬁ telglses bel ow 370 C,
m ni mal changes feoe tthenhydslot atheorwizs be@dr prﬂop@qE turegbedear setal The
crude product.preduced 1y CONLAGLE N3 hYLAGar Posy fieedh Wit hygne or nore
catal ysts descri bed herein may be useful in a’w de range of applications

i ncl udi ng,’ buRYrABES |9Mnithbedratdl Yok eexdepdadtteo 11 &% i 4k Pesca¥Ededifor produci ng
30 transport aidc@nifpel, the diaxh.ﬁ@?&h m,fr aam@nﬁaaglr@s@g@n@ombnuaﬁer gr ound
oil recovery %ﬁgcesses For exa dro Eon f%ﬁds havi.ng an API
gravity of at“oSttaro *0f BV exind e’e Suﬁ é{ 8/ Gt HEaTyTBi'Pt 87 sands
crude) may beheomseritseday mmzteowatrna)usrfg/m MatMmﬁhﬂth&bnghugh a series
of processin [ n it n gbul-l ating bed
cracki ng uni t%r%%t%?rfuol{ztggta %%i%%: %frgg |§lat(ajgﬁt 9@?9%:r§c§| n%g unit, or
ot her wuni t%s l@ﬁi@my?zfowebhv@ri’tyd@h@m@céﬁ%n feed to | i ghter corrponents)

Reduction of the yiSeasi f¥sGoRt €9t hadnd yadlryos;@n@% f8€d.f,0:pr pduce a feed
streamthat nay be processed in units rray enhance the processing rate of

hydr ocar bon ft&8HINA t&gst €M @ﬁhblcﬁénﬁ’é%%c%laﬁdaf@dtoél Yetidodescklihed herein

to change 10 prpperidsesrofna chydrpaar hep fieedemme herpesitdoned:rpst ream of
one or nore of the crackldg%&Lmts Treatnent of t Cttggdrocar bon feed i n one

or nore syst &fs deddtirpe &l nhdy pr odiite CatFed SERAE Y MHroGey S he
processi ng r abeaodfutshencraicki ngndami brbyr atf |Ceaﬁrhn & macsorirofth2, at |east a
factor of 15 4 s S%%sgtua fagt&r %f 18@@ Cd% sast Tg{efacer ng 100. For
exanple, a sysé’emfor Freats n ng aehy rocar fae% ‘havi hg a Vi SCOSIety of at

| east 100 cStCoatm3A 8eCahndfvobe Qdettegmansd ofsmesm@u@rperr@r am of hydrocar bon
feed may inclyde, QN8 ar SO CONFACLILAY, SYSLeMR. AesCrLbed shergln positioned
upstream of a 20 cracking unit. The contacting system may i nclude one or
nmor e cat al ystgteabsdr irpedt Her éPnU%fap?éBPé of epeBeRicngead €riddéhpr oduct havi ng

a viscosiyy ebtat Jmet ROYoef dé'&'@rrﬁi‘n@@oks%tdbmggrimftlﬂ¥déw bentfeed at 37.8
C and/or at rmst 90% of the residue of gdr ocarbon feed. The crude

product and/ 6PTES BERFURSAST 11 IFY & G dp’“rfd; ﬁ‘é‘il%apmﬂd’?ﬁbﬁfbw feed may
enter the craekifig subkide Sion€re tdreicer uﬁlet}mr gduetn anaktosl mexkute of the
crude product _and c{“é drocarbon feed ha§ ahe Cw%%%lesg??l %(9( L an the original

raction s ecty
hydr ocar bon feed e process ng rat A GGh ac uni't y be

i nproved. 30Iandmbeﬁmmorrenastemlﬁda@b:fallbtmdf'eetds ChavmmgS aetheast 0.01
grams of (5 Qﬁ%@a&%%f%@é BFP %?eac%%ﬁ't 18%%5 9 hydraprpcessi ng

treatment in a refinery operati Deas alting processes nmay I nvolve
sol vent extréb@#(ﬁﬁeaﬁﬁlwwn 6 metal(s) are substantmally randomly ordered

in the crystal structure. For example, molybdenum trioxide
and the silica/alumina support having a median pore diameter
of at least 180 A may be combined to form an

30 alumina/molybdenum trioxide mixture. The molybdenum trioxide
has a definite pattern {(for example, definite Dge, Doz and/or
Doz 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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contacting the crude with a catalyst to renove asphal tenes. Reduction of at
| east a portion of the conponents that contribute to viscosity, at |east a
portion of the conponents that contribute to resi due and/ or asphaltenes
prior to theydxdsapsphal ting process may elimnate the ngeguéRaghyent
extraction, reduce the anmount of required sol vent, and/or enhance the
efficiency of the deasphalting process. For exanple, a systemfor treating
a hydrocarbon feed havi ng, per gram of hydrocarbon feed, at |east 0.01
grans of C5 | o asphaltenes and/or 0.1 grans of residue and a viscosity of
3t I ea;t dlg C9fasat 437.°8 @emmy’ri nchrde ?e@s@rsmrel clanback) NG sKst ens

escri bed herei osition eam o a atln unit. The contacting
syst em may irPcﬁOE‘H oéf‘lé:agfl %ﬁ gt(g?efsflggoeé’gbl%ﬁgeﬁ Eﬁ% &N CHdpabl e of
produci ng a craldeddunpriddutde hayeamg:-aa@bdabphalkt emesecontentfoaf at nost 50%
of the hydro feed I o nt, a residue content of at
nost 90% of t eplg%r%glar%%&f%g% 11é}geg:%guerg)&gt}%)!ﬁtent a viscosity of at nost
50% of t he’ hydr océr bmmevisewSiteytor ol hatd ensoliver 6of . The crude product

and/or a m xtyia: of) 20phhe: Gliude - Pradust . and Avde aganhon,fieed may enter the
deasphal ting unit. Sl nce the crude product and/or m xture of the crude

product and H& T HYIr odar BUTF FERATHAD S | Dnerc 14sphdiYeHateT dsi adéednd/ or
viscosity thawm the cafuughnalmemadt?@@@ol@@nmi:eﬁd,e theapriceessi mgnaekidsci ency of

the 25 deasph ng, n|t incre sed b east 5‘V at | east 10% at
| east 200 of Gt tPEdet Sahof dlecanet BRGEEr Tl rbhay - Bl eahe
Non-1i m timg v@xatrpdtre;sfo@f dtiattal ysid prrepadddd dms sand ammhosj$rmf busi ng such

catal ysts under.cbiok! od GOt ach1 g 20, candibions @&stgf}sukgabg bel ow.

Exampl e 1. Preparatl on o I ta yst Havin st 10 vt %
Mol ybdenum ard*auSursf é@élw%aoaﬁl%ﬁeﬂ%fawl@@@@ /%y fAfoQFbg@ﬁ«P (4103. 4

grams) that ceptained OpQZ.0kanss ofciasi LhcaRNdnQ: 98 0hai® ;@liughna per gram
of support was conbi ned with nol ybdenumtrioxide (409 grans) to forma

Mo/ support nit®e upetT i\ BRI % mTPFEF FUARNI Pyt frdéPont Fed 2Rat B ie20667 33 gr ans)
to the Mo/ssuppaent mxture and the mxture was 5 nmulled until a |loss on
ignition of 58% @al neeg DUU % comul | i n t he conpact ness of the
powder was nmonito ed avery 28°to30" Oﬁﬁt@ﬁ{tg [_“LaW’%?g BR°| oss of
i gnition) of cdetbnicesedswat emowastadaeduto atnhehm a(:twrsecurﬁs lart he | oss on

90T on vl ue, yes. obt g, ed, . The. PHAOL LHR SOMPast, 10, M0l sypperL, ponder s

4.63. e conpact /'support powder wa rud usin mmtril obe
dies to for mc@tslysru lcobeiex megtede tparfprlmlmtlﬁrh%s exffhade’cktpaﬂeﬁ cles were

dried at 25, and ﬁe@%ntg@gt@dngg AteeR Zré‘t&ﬂeOQQ z!l:)ran%Ee EM fa@wé 1 0 fOf m

the catal yst. The 15 bul k den5|ty of the catalyst was O,
resul ting cat&Pyst CohtaR e, Cpkt Zgant ofolc &t APYES 6. B%“egr(éﬁ'ﬁ of

| ybdenum Ab‘b"ﬂpmefb@' e Behng SUBPSF tuntThermhybdenumeeatabyst is a
mononodal catal yst haying a median pore diameter of 81 A with at |east 60%
of the total ° uﬁlﬁ%rpa&lc e has reac desired level

The Column 6 metal (8)/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 portion of the Columns

3¢ 6-10 metals are converted to the corresponding metal oxide.
The temperature conditions at which the particles are
calcined may be such that the pore structure of the final

calcined mixture is controlled to form the pore structure and
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20 pores in the pore size distribution having a pore dianeter within 33 A
of the nedi an pore dianeter, a pore volune of 0.633 nL/g, and a surface
area of 355 n2/g. The pore distribution as neasured by mercury porosinetry
at contact aRglegeRk»340 is shown in TABLE 1. 25 TABLE lpfenecid@gmier in A
% Pore Vol une <70 25.61 70-100 57.76 100-130 8.96 130-150 1.50 150-300 4. 38
Pore Di aneter

i0

15

20

30

surface areas of the catalysts described herein. Calcining
at temperatures greater than 760 °C may increase the pore
volume of the catalyst, thus change the distribution of pores
and the surface area such that the catalyst is not as
effective in removing compounds that contribute to high
viscesity and/or residue. In one embodiment Column €
metal {s) /supporl composition may be calcined at a temperature
in the range from 315°C to €75°C, in the range from 400°C to
650°C, or in the range from 450°C to 600°C, in order to create
a large surface area.

A catalyst with dispersed metals may advantageously have
a longer life than the conventional hydroprocessing catalyst,
at elevated temperatures and lower pressures {for example,
temperatures of at least 200 °C or at least 400 °C and
pressures of at most 7 MPa, at most 5 MPa, or at most 3.8
MPa). The selected dispersed metal catalyst may allow a
process to be run without recharging or changing the
catalyst, thus cost of processing the hydrocarbon feed may be
economically advantageous. The catalyst may be contacted
with a hydrocarbon feed for at least 500 hours, at least 1000
hours, at least 2000 hours, at least 3000 hours, at least
6000 hours or at least 2000 hours.

In some embodiments, catalysts may be characterized by
pore structure. Various pore structure parameters include,
but are not limited to, pore diameter, pore volume, surface
areas, or combinations therecf, The catalyst may have a
distribution of total quantity of pore sizes versus pore
diameters. The median pore diameter of the pore size
distribution may be in a range from 30 A to 1080 A, 50 A to
90A, or 60 A to B8OA.

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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in A % Pore Vol ume 300-5000 2.44 >5000 0. 47

Col um 6 Met
Area of at |

wi th mol ybdenum tri oxide (797.84 grams) to forma M/support m xture.

a muller run

Exanple 2. Preparation of a

al Catalyst Having at Least 10 wt % Mol ybdenum and a Surface
east 340 2 m g, A support (3000 granms) that contained 0.02

grans of 5 giddofnagnd 0.98 grams al um na per gram of suRPGEdRSseEOMDI Ned

ni ng, deionized water (4092.76 grans) was added to the

Wth

Mo/ support m xture, and the m xture was nmulled until a loss of ignition of
0.5787 grans Wper gramof m xture was obtained (for about 45 m nutes). The
pH of the M/sSupp@®rdt bt idre was B.B3ian pore dhendelrs uppordange Xfthe Was

1.3 tril ohe di to fo i1 obe extrudate artlcles
B85 Mocks w58 & Moot o kb otk Yarn 557 1 geb D ' T
for two hour®f ahenﬁﬂnpamMadobup«nﬂﬁmS|ﬂya@bréhﬁnﬂmtﬁnmﬁﬂhailmas 0. 545 g/ L.

extruded usi
The particle

The resultin

! t al ol f
nmol ybdenum \%%ﬂ,ﬁl? %%Tgo&a%llgpgg 1 iE n 95 @R O_f_P'CQ al.ysh s 33_grans o

nmononodal Scatrgldyat deaei agpreetewdi an pore di ameter of 88 A with at

ance béil ng support e nol bdenun1catalyst

is a

| east 20

60% of the total punber afsperes:d nobhe mru%esw%o%étrﬁéyb%tel gn having a
r wthin 47 A of the medi an pore dianmeter, a pore volume of

pore di anete
0. 651 n/g,
nmeasur ed by

10

15

20

25

30

afasa Gur FACE afbal P85/ Ay @q Pﬁeabd?wm st r‘F"bd‘E‘r onfas

RRECHT Y PObASIdREL Yp&te &cCod aGt pangd ena@f rdd: irsoshovn in

em®/g to 0.99 em®/g, 0.4 cm®/g to 0.8 cm’/g, or 0.5 em’/g to
0.7 em’/qg.

The pore volume ©f 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 veolume in pores having a
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
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 velume in pores having a pore
diameter of at most 300 A.

In some 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. 1In
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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25 TABLE 2. TABLE 2 Pore Dianeter in A % Pore Vol une <70 23.58 70-100
40. 09 100-130 12.77 130-150 3.02 150-180 2.56 180-300 4.04 300-1000
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m*/g. Such surface area may be in a range from 340 mz/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

5 exhibit enhanced run times in commercial applications at low
pressures and elevated temperatures. For example, the
catalyst does not deactive after at least 1 year of run time.
The enhanced run times may be attributed to the high surface
area of the catalyst and/cr the narrow distribution of pore

10 diameter in the pore volume of the catalyst. Thus, the
metals of the catalyst remainr exposed for longer periocds 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 preocessing of high

15 wviscosity and/or high residue crudes that would not be able
to be processed with conventicnal catalysts having the same
pore distribution, but smaller surface area. Calcining a
comutled catalyst at temperatures ranging from 315°C to
675°C, in the range from 400°C to 650°C, or in the range from

20 450°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.

25  In some enbodiments, 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 International, Inc.). In some embodiments, the
catalyst may be dried then sulfided. Alternatively, the

30 catalyst may be sulfided in situ by contact of the catalyst
with a hydrocarbon feed that includes sulfur-containing
compounds. In-situ sulfurization may utilize either gaseous

hydrogen sulfide in the presence of hydrogen, or liguid-phase
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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 nol ybdenumtri oxi de and the
catal yst as prepared in Exanples 1 and 2. Plot 112 represents the spectrum
of nol ybdenwyo tdud/xide. Plot 114 represent the spectrumefuthemabal yst as
prepared in Exanple 1. Plot 116 represent the spectrum of the catalyst as
prepared in Exanple to 2. Peaks between 35 degrees 2-Theta and 70 degree
2-theta have peak wi dths of about 10 degree 2-theta. Distinct peaks for

nol ybdenum tri oxi de between 10 degrees 2-theta and 30 degrees 2-theta are
absent from phdtteriddg diéntPlsots éﬂ4mg&ﬂ6mﬂﬁ®rsb@ﬁkﬂmdﬁo (trhauwdinay

diffraction p H%@égj{ggsagggé%ulf @ghchgngg q%rélge§$s or nol ybdenum

trioxide (plo o sa nti a S or Broad peak's pIots 114,
116) indicate@imha@lﬁhEZﬁbiwbdengﬂ$mﬁiakelgﬁwmvbﬁ@Jﬂﬂ@laeIkﬁ@nalunlna

cavities and ,canngt,he 398t £Ctednby: Xr ay . diffq ackiOmskechniayess 20Exanpl es
1 and 2 deronstrate a method of maki ng a catalyst t'hat i ncludes contacting

one or nore oXi-ded&lbfcfofiglchrrfotecCHCifRe® feEar Lo fref e Pér-i odi ¢ Tabl es

with a support cakgiddmhgrthe %@ledfatrl@rn@ Cot i s 61 M=l o Xd id@$cand support
at a tenperature from31l5 Ct 769 C 9 g vide a caIC|n§d cat al st. The
Suppor t compr KEEPTTOI 0T DL URAR" o ook G coced tha catd ETs s

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 hydrogen 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 amount of hydrocarben feed that can be processed through a
contacting system.

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

20 mixture or a substantially homogeneous 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 suppert may include from 0.001 grams to 0.2 grams of

25 silica and 0.80 grams to 0.929 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 cof catalyst. In scme 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 tc 0.1 grams of

Columns 6 metal{s) per gram of catalyst. In some
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5 of silica and fromO0.8 granms to 0.99 grans of alum na per gram of
support. The calcined catal yst has a surface area of at |east 340 n2/g, a
pore size distribution with a nmedian pore dianeter of at nost 100 A, and at
| east 80% ofywd $059,128%,¢ Vol une in pores having a pore di apefesaics@by; nost 300
A. 10Exanples 1 and 2 al so denonstrate a catal yst that includes one or
nore 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; wherein the support conprises fromO0.01 grans to 0.2 gram of
silica and 1%rfbamméht80 ghammiboyd: IR yoLarmdef sal mdtna. pejragsapeof support,
and wherein t catal yst _has a surface area of at |east 340 ni¥g, a pore
size distri bu({]c’f‘\1 anftnﬁ%ﬁlﬁ%dipﬁﬁ Pot'e Ogi ﬁﬁ%‘{alé’ “of at nost 100 A, and at
| east 80% of its porewokuseingntpdresidhayiay aipore dhapet.eritofisat nost 300
A. 20 Exanpl t.al.ys Ing. r.ea t /g. The
conparative ?&%F’%ﬁ%&%&?ﬁgﬁgé&? EH{ %gfjfe%*ltgwt% %ﬁ%ﬁmﬁgy%4 44
grans) was’ cdifBiumes winehaw de tporerainufi ake (52P42h 0B agpahs)heardre?iished and
si eved al um na;fiknes; haukfgka cpakldH@ast et ween Foand ke, ai crometers
(1050.91 25 grans) in a muller. Wth the nmuller running, nitric acid
(43. 04 grans, 89272 \yreangt i dRfrTed wat Br 14369562 gr als)*werféshdded to the
m xture and tivwe Pesuwd kagledsxt upe Ww@s nulled for 5 mnutes. Superfloc(r) 16
(30 grans, Cytec Lndustries,. \West Paterson 2w, Jer se SA) added to
the 30 nixture inhf hsemﬁu?lpedrqlmﬁﬁds‘t%télemc%dulryelg%v\fass HRIPTRY ¥ or S\g?gtot al of 25
m nut es. Whe goestlinngimxtalr erflaghraopH, ofclgo@edne aalossatomn, gnat i on of
0. 6232 grans 1 Xtu "y ] r , , using 1.3
mmtril obe dipg:g&ij%é %(ratrlr?@%délt E:? o Je%%e%%J atagb%%%t?iqgl egl.&%%ldggﬁ udat e
particles werdtlr i gtpdaenIRreCif opretgavefatt Wogts: dhdt Hehb ¢dl dengd at 676 C
(1250 F) for dowoohoW:=Spbee PrAdHEe: t hRreat Ml - The LCat ahusl: e@ni@i ned, per
gram of catalyst, 0.02 5 granms of nolybdenum with the bal ance being
mineral oxi d&Cshd*Yuppor the TRé2EET AlMPdt M4 & BPRRER 28t Ayt haithg a pore
si ze di strd butaioon’ .t hTide redhafs PkEe Bhamat gordfvollde AMind 0. 609%/06f the
total nunber of pores, in the pore size distribution having a re dianeter
Wihin 33 A o0 Ph Sdr ant o Bor U ARETEr, ot ot Yoor 0 SN of 0 924
cc/ g, and a suefacercarepedfs 249weddi G5 Therqeer ensi Ze ddizséed bunhdoat measur ed
using mer cury por OSIATBYT ¥, Al cUAGt nA00LR (06 JAQ $500WR PN TABLE 3.
TABLE 3 Pore Dr anet er

degrees, as determined by x-ray diffraction at 2-theta

20 This catalyst reduces at least a porticn of the
components that contribute to higher viscosities and/or a
poertion 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
Colurns 9 and 10 metals may be eccnomical advantageous since
it allows production of a product with reduced viscosity and
minimal desulfurization and/or demetallation relative to the
same properties of the hydrocarbon feed.

30 Using 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 hydrocarben feed while other properties of the
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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
transportaticon and/or refining.

s The catalyst of the applicaticn may remove components
that contribute to a decrease in the life ¢f other catalysts
in the system from the hydrocarbon feed. For example,
reducing the viscosity of hydrocarbon feed/total product
mixture relative to the hydreccarbon feed may inhibit plugging

10 of other catalysts positioned 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 & 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 of 3.5 MPa,

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

In some embodimenlts contacting conditicons may be
controlled 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 most 30 Nm®/m®. In other
embodiments contacting conditions may be controlled to
produce 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 cof the application may
be used in combination with other catalysts. An example of

another catalyst is a catalyst thalt includes supported
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22.04 1S Exanple 4. Contact of a Hydrocarbon Feed with Catal ysts From
Exanples 1 and 3. A tubular reactor with a centrally positioned thernowell
was equi pped with thernocouples to neasure tenperatures throughout a

cat al yst beeo Ahgizeatal yst 20 bed was fornmed by fillingpdhesspang:bet ween
the thernowell and an inner wall of the reactor with catalysts and silicon

carbide (20-grid, Stanford Materials; Aliso Viejo, CA). Such silicon
carbide is believed to have low, if any, catalytic properties under the
process conditions described herein. Al catalysts were blended with an
equal vol une @amauntt dfingk| aebdRrcarbide befdy gipkaci ngchheatixtstige i nto the

5 contacting zon ortians t he_reactor,. The hydrqcarbon feed flow to the
reactor was farrgmg?%cer t°8§ of q{'ﬁé ?‘—’é%ecri%orp?%l%aﬁéoﬂ%t?n%ﬁ%ggt Ke reactor.
Silicon carbitdsawast posi Prormed avr tfie Bettimtotetdhe Uléaetiorw tSolderve as a

bot t om suppord; i 8The, ¢aLal%st Spuene ssyhil dedypby iILL0dyeing .8 .gaseous

m xture of 5 vol % hydrogen sul fi de and 95 vol % hydrogen gas into the

cont acti ng zolYésoatsud fpat ealgfon1 Catalinsér spRotathet fadebing mna Yse per vol une
(nL) of totalrneatalysl Esidi Gon cardinde:yas nebicaintadvas wWeart of the

vol ume of cat lé t%) 15_Tenperatures .of the cont actiﬁn% zones were increased
Lo 204 00 (4057 BUdP FhHBuA LAnd RV a8 GRCTF G SONBTIS" APt or hol di ng
at 204 C, theesttenperature of the contacting zones was increased

increnentally to 316 00 F).at arate of 10 C (50 _F) _per. hour. The
contacting zones %arraélgﬁglgﬁ a(ﬁfné gchbr éntorgl%]t b 8F° an ﬁo%{??eqttﬁgn t he

t enper at utle Waguenisadyt o0 BZQLCLET @ aErnov arf briwant vandrhetedeats370 00 for

two hours. The,Cont aclikng ZAnes.yWere al Lowed ot0,600); Los A LNL ey
tenperature. After sulfidation of the catalysts, the tenperature of 25 the

contacting zGoMedtviEgrstr P8 el asodaseemser AR Aid® BRY 4270 Peaced HRdteear bon f eed

(Peace River)s bavidgat he: pr-0pestd esirlrhst edeanofall @edswasiof lxowed through
t he preheat zone, top contacting zone, bottom contacting zone, and bottom

support of tH&“FEXTtoP! Tie WYHPTEEBohctLad Ry TGEact2d R th each

15 presence of the lower surface area catalyst may reduce a
portion of the components that contribute to residue, at
least a portion of the components that contribute te high
viscosity at least a portion of the Cy asphaliénes, or at
least a portion of metals in metal salts of organic acids.

20 Contact c¢f the treated hydrocarbon feed with the higher
surface area catalyst may further reduce viscosity, copper
content, vanadium content, metals in metal salts of organic
acids.

Arrangement and/or selection of the catalysts may, in

25 some embodiments, improve the useable 1life 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 aliow a contacting system to operate for at least 3

30 months, at least 6 months, or at least 1 year without
replacement of the catalyst in the contacting zone.

Combinations of the catalysts of described herein allows

raeduction of: viscosity, at least a portion of the Cy
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30 of the catalysts in the presence of hydrogen gas. Contacting conditions
were as follows: ratio of hydrogen gas to feed was 318 N8/ n8 (2000 SCFB)
and LHSV was about 0.5 h-1 . The two contacting zones were heated to 400 C

and nai nt ai pefhebetsyeen 400 C and 420 C at a system pr agSWuie@fsd:® 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
fromabout 3.5 MPa and about 7 MPa 5 was observed at about 6500 hours and
9000 hours. Although the pressure increased during this tine, the pressure
stabilized ataspb@uiensshPas; 1$ja@eea aporrap&d dMeheass: 218 pm e&sules e not
observed the run was allo %o con tinue. .The S noni tored

peri odi cal | y An8*78hsi A 4t fop%%td\?e (_’EF A K t feTe1'0re“the process was
consi dered staabblimtikos example, fzaim EB@G}M@CSrwm f@e&/alhﬁe?owasoﬂ_heor and the

ini et pressure uas ahoyt .1VPA (02 RSOk AL, ahaut 000 hours, the

inlet pressure dro ped to A vol unme nmet al cat al yst
(24 cnB) s f@lﬂb@é}‘l{“ﬁe@h@ s tERAhYI e of Wess MfikeeR Wiorhfe¢dtesAeé car bi de (24

cm and the m.xhue m@&p@sﬂu@h@@e@fdeesgm} Q@bkm&@mga%ama;@nﬁﬁ Col um
6 metal catalyst (6 cnB) as described in Exa was mxed silicone

carbi de (6 cREFrATRIPCReI S AiXethe WadPpusilt Poned "6n2bolp df *Phe contacti ng
zone to formsaltep weort ateatng@gpzmmrués shawe hmfba:fab:eopﬂ feellemey ude product

had a vi scosi S|du C f. 0.278 grams, per
gram of cr udé’t’LX?oaLu’éj’t SEabJI\]ﬁ %X‘?/ %fe%chon njfocafr%% dr}tto al pro%cgml ybdenum
content ofo Omxmzmprtp andnd nVER @b uenty foromsmng Th| s exanpl e

demonst rates a mef,nad,f oLy sARaGLI Ngomidrocaron Leed ih,one or more

catal ysts to produce a total pro duct ‘incfudes the cru e product At
| east one of mBkebe @Al yEeedcapritsesmonk fé?te Ap¥El iwEfabs Myeom Col uim 6 30 of

the Periodic;Jabl& AndbofeQRE 941 dMEE SAROUNES Of raper&lq . norg-metals from
Colum 6 of the Periodic Table and a support. The support conprises from

0.01 grams t&X&M2lyr érﬁi%?etsﬂllf'ilé%{‘“‘é%ﬁ)dcf‘?ﬂﬁsé 80Y fiaRE°t 0 B9 grams of
al um na per d@%@éﬂx@famsblpﬂﬁi’et ;m‘me Gokup: Gonetalcecahal ystv/mas a surface
area of at |east 340 r%[‘% 5 |ze di strlb |on \tén dhan pore
di ameter of &"HgEt °fo cré{ﬁi at® Ugﬁs?s gf(j’(%)gfe & Pbf \?olo in pores
havi ng a por €e¢kii angt epswffiati zapisin 53001yt may be posxtloned
downstream of the demetallization catalyst tc reduce the
hetercatom content of the crude product as compared to the
20 heterocatom content of the feed. Examples of commercial
catalysts include HPS3; HDS22; HDNGQ; C234; C311; C344; C411;
C4A24; Q344; C444; C447; C454; C448; C5H24; CH34; DC2531;
DNi120; DN130; DN140; DN19C; DN200; DNBC0O; DN2118; DNZ318;
DN3100; DN3110; DN3300; DN3310; DN3330; RC400; RC410; RNELZ;
25 RN4O0; RN420; RN440; RN450; RN65(; RN5210; RN5610:; RN5650;
RMA30; RMS5030C; 7Z2603; Z623; 7673: Z703; 2713; 2723; %2753; and
%2763, which are available from CRI International, Inc.
{Houston, Texas, U.S.A.}.
In some enmbodiments, the order and/or number of
30 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 content, API gravity, or
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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 catalysts conprises one or nore netals from
Col um 6 of wioheoeli@s2eri odi ¢ Tabl e and/ or one or nore corpALesef;0Ne or
nore netals 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 support. The catal yst exhibits one or nore
peaks between 35 15 degrees and 70 degrees, and at | east one of the peaks
has a base wicdthigftiabs| gasteclOotlagrergdras et efaddned mynmihaymdkffraction

at 2-theta. Exa Hydr ocarbon E From
Exanpl es 2 an gBL$ﬁe a arat%%gggﬁfFlgmﬁwrt%eca:§ﬁ$s§€5€%?’ g?%carbon feed
and operati née@@ndﬁtill@n‘sh@/\@r?é therisanend&ord ghe Exarplsety, ofwttlh theleexception

of the catal ysbsuci (OLUTRA! 900l LM ﬂﬁglraget@amt/d%ecn? as descri bed

in Exanple 2 was m xed with S|I|cone carb and the m xture
posi ti oned |Hlﬁﬁﬁ“ﬁdtPBn@EhﬁWﬁé@Fﬁ§025ﬁ%ﬁé FOrE*%RpéﬁldﬁW 6 metal catal yst

(6 cm as desembhedioh EXxampl ewd WasiPkXxedicWethed Lbsonea.Lanki de (6 cnB)
and the m xture_positioned on Hg%t’gobh@/cont cti orma top

ng z to,
contacting z6Ae “SEDAFFAY Yhat g ™ F%aéga?hq?ﬁlﬁtgpPéﬁ%ure from
about 3.5 NPaeamduabOUEnkﬁudn@Haxmassmhaemmedom@aQMmub1ﬁ§0@fhmm55 Si nce

e BT o R AL A ey D P o Ao R R L ot ot

t he crude produ a’ vi scosi a residue content of
0. 264 gralfs, per Gpdarton drudet prisdgeen @tﬁlkﬁ\lﬁfé:h@ohr@ﬂca@bOQSﬂeG@ W ppm a

mol ybdenum CQ@%%O&EEO s 4 WSBPPY o ARG @hmagogtmth% Ahf- SThis exanple
denonstrat es t at_a method for contacting a
distribution 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 crder of
catalysts in combination with controlled 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 one or more
properties of the crude product relative to the respective
properties of the hydrocarbon feed. Stability of the
hydrocarbon feed/tctal product mixture may be affected by

25  wvarious 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 mixzture,
flocculation of asphaltenes from the hydrocarbon feed/total

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

thereof.
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hydr ocarbon feed with one or nore catal ysts to produce a total product that
i ncl udes the crude product. At |east one of the catal ysts conprises one or
nore netals from Colum 6 of the Periodic Table and/or one or nore
conpounds ofwmmeyk22M nore netals from Colum 6 of the Reriodbgsdakl e and a
support. The support has fromO0.01 grans to 0.2 gramof silica and from
0.80 grans to 0.99 grans of alum na per gram of support. The Colum 6 netal
catal yst has a surface area of at |east 340 nR/g, a pore size distribution
with a nedian M pore dianeter of at nobst 100 A, and at |east 80%of its
pore vol une i n pokrescehauingimepoder dicanet eforghcatngrgstri 300 the Thi s

exanpl e al so S th for .cont act,ing ydrocarbon feed with
one or nore ch,ggggé%gﬁgg o@ng% gg]fbéjtnalfeed 5t éfwt%%taqi RE?%ucFet tlﬁe&ber oduct .
At | east one erﬁ@-‘@m éa@@l%@é mmﬁpucrcsesxton@ oy moresaet dss theom Col um 6

of the Per'Odkﬁcgﬁ@ﬁﬁnﬁﬂdépnj@n@oggk@EEQU@@@PPPHQ%ﬁQ&OQQPhﬁ{ more netal s
fromColum 6 of the Periodic Table and a sujg‘ port. "The support conprises

from 0. 01 gr dfS9 b2 PgPAMRtofMiSF I & aReE T 9o BO 8@f@ﬁ5ﬁ%ﬂ td 6199 grams of

al um na per gﬂ@ﬁb%r&ﬁ:cwp&m}buﬂw Fataé y&dnpexbihbi .3 eRe or nore peaks
bet ween 35 dq]g(r ees é (g % and at |east one of the peaks has a base
width of at I'@8§P°% O&]‘e Feggnd 8rdéCP“é’PH??1bﬂ Py tRe r@FAdi PFIHEE OB at

2-theta. FIGth8 hgdmrcgraphi Geld/teprlesentiati onxobrd-seabivet®fcribhee 30 crude
product versys,tun, khite 101 ,8AGh Ol NG, ERLALYSh, SUS eOR. Al Examples 4 and

5. The hydrocarbon Ue of Peast Hhd 120
repr esent & hetrp- W@lq}é@oﬂnt% @Nﬁd@cmdu@te%bﬁaﬂr@@ebyncm adting the

hydrocarbon feed.yith t hes t&roggr%sal ¥SEnSUSHEHE: AonEX80R! &8ndeand 5
respectively. Fromthe P-val ue of the crude product for each trial, it may

be inferred tHaf THESRdrbacBer feedipfoddaoh HikalCsratRiisdéanesl &t vel y

st abl e duri ngzgeaf agt lcagbﬁ(ej‘tabngxﬁfmle@f I h&aeh)éerﬁ}gﬁﬁinbanméye%nﬂl ¢s not phase
separate). shownl in FIG 3, th e P—val t he ude_ product renai ned
rel atively cof§tant ddr F?\]d“]kgiegh?fllFaﬁé’db%?a[‘"bé’ﬁsi%efd &8R! tPF]iOé‘IUCLExarrpI e 6.
Conpar at i ve mianpte. Thesappanatarsgessulbhd diyfalgoe;irﬂcﬁ: (faéalaysi thaydrocar bon

feed and Oper; %g:gﬂgp gktr!laoyn e ewot ?)gagg'sn%n%§o£ recomenP solublc,w ;Enh the
exception of the cataly

one another Solublllty changes may also result in the
hydrocarbon feed/total product mixture forming twe or more
phases. Formation of two phases, through flocculation of

20 asphaltenes, change in concentration 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 hydrocarbon 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 mixture may be monitored and the stability
of the process, hydrocarbon 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
aspnaltenes from the hydrocarbon feed generally cccurs. If

the P-value is initially at least 1.0, and such P-value
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A volune of Colum 6 netal catalyst (24 cn) as described in Exanple 3 was
m xed with silicone carbide (24 cn) and the m xture was positioned in the
bottom contacting )5zone. A Colum 6 netal catalyst (6 cm) as described in

Exanpl e 3 wagg Rjoxegd,m th silicone carbide (6 cml3) and pRgyHesdddEs, Was
positioned on top of the contacting zone to forma top contacting zone.

20Si | i con carbide was positioned on top of the top contacting zone to fill
dead space and to serve as a preheat zone. The catal yst bed was | oaded into
a Lindberg furnace that included four heating zones corresponding to the
preheat zone,iddieabtop andsbpilenyepntachbiOFAEAAGScomdtthe, hokhom 25
support. Duri the run, a increase in inlet pressure fromabout 3.5 MPa
and about 5 Smégdjocbe{s}&svg&atatt abolit™ 554 rh&%? is relaAleiown in Table 4,
t he crude produtti thadang seosictynof BRdrata:Ion8f&d/actesiguaucont ent of

0. 273 grams, p cryd ci, & N /V/ Ee content 5.2

i ppm " Mol yBaGiam CORLARL o 0 B vk b and 4 RO SRk ent 4P 4676, 1
conpari ng Exanplcestyoidridoscoiitietihe wodphrats.vey Bamsitésy athe crude

products have.si.m Las, ¥3l Uekdateabladhay &xaaplessesThe crude products
produced in Exanples 4 and 5 have | ower values for viscosity and hydrogen

consunpti on dL"CORPATBE FBETHE r eSHALCPUR VI GEsCF sieFRBt €lde product
produced in td@deoipads aklyVen@xaaptentrAsisehasivt raypeRetdraoncl uded t hat
contact of the hgdrocg}rgon feedtv\{(th hydr ogen ig ¥1e_ resence of the

catal yst prepar&d"ay destriBed®n %xgﬁéf%% CEnt® r}:&gwfe%ce vi scosity of
t he hydr ocar bombfiestdionsr ehéteani.cont act of the hydrocarbon feed with

hydrogen in the pr, 0 ;| tal pr d, ri L. Exanpl e
193, Beanpl e 7 Corarat e Bl o, SR Pl at b fand. CAReaet ng
condi tions, amdtsalfdadapr oreiveredtive asanes ay eExbiplce 14, the

contacting zone, thus irnhibiting hydrocarbon feed from
passing through the contacting zone at desired flow rates. A

15  rapid increase in pressure may indicate plugging of the
catalyst. A change in pressure of at least 3 MPa, at least 5
MPa, at least 7 MPa, or at least 10 MPa over a short period
of time 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 inlet pressure may indicate that flow through the
catalyst is inhibited. The inhibition of flow may be caused
by an increase in depcsit or sediment formation. The increase
in deposit or sediment may plug pores of the catalyst, thus

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

Typically, hydrocarbon feed having viscosities that
inhikit the hydrocarbon feed from being transported and/or
punped 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., AL elevated
hydrogen pressures coke formation is inhibited, thus the

properties of the hydrocarbon feed may be changed with
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A commerci al bi nodal nol ybdenuni ni ckel catalyst (RN 15 5030, Criterion

Catal ysts & Technol ogi es, Houston, TX, 24 cnB:) having a nol ybdenum cont ent
of about 5 W% a surface area of about 255 nR/g and having a bi nodal pore
size distri kusieaidbh a medi um pore di anmeter of about ddduPosbsRehaf or
upgradi ng resi due was prepared m xed with silicone 20 carbide (30 cnB for a
total catalyst/silicone carbide m xture of 54 cnB) was positioned in the
contacting zone. The run was term nated at 1872 hours due to a rapid
increase in pressure change (inlet pressure of greater than 13 MPa (about
1872 psig) andniinsl nghkeRapbdhdnereass.nicn f@dlﬁmlpnmuﬂecmy% attributed
to catalyst plu |sagra cal reresnatlon of inlet
pressure of t%eesgr 8acts Cf/er’u%Sp%l?r%L?nes . (% ei}g SEEN s 4-7, and
the two corrpa:rr&tssvee,emript*e:san pét ahelszzprem@sentsammpb@cw ugaeas 124
represents Bxauple, Sodahadal nepresents AExagple 6. rand data 128
represents Exanp . hough, an iIncrease in pressure was observed at
about 6500° hdw%oﬁﬁ)?b@xéﬁﬁqi% Fepparalvreg) ot tHe lpr dsSife Baeonbe

subst anti al | yr£Rst@ant aba@houlks7rdPa raperMicsCosi tne hedUedd ni Readdi tion
WO 2009/ 135227PCT/ US2009/ 046927 to ot her properties of the crude product
vere still cHEhGIAY Ss 2cBhpAed et (e Hhy drodarbb fsé’éa“bjrccfﬁrépf]i’es No

rapi d increase uncmmﬂutenmtobsseromd formathbs cat akyst, d=canpte 4 had a

rapi d increas sure at a 650 h tal yst having
the | ess armuentevg CE Im%ans pé:e?g%reer rg?lh’i%%rr%mﬁ)ertlets g?::t%]g Exanpl es 4 and

5, the catal ywrgta@oalrrpﬁb@d 4arwash@rb®@ir velkk thovehanhge phoplerdriogsrbfn t he

hydrocarbon feed, {or.)l @RO&-PGEL 08 Qf sLiH® Lhang tahd%/%?t%&'ﬁntengf Aj,xarml e 6.
The longer run tine may be attributed to the catal yst of Exanple havi ng

|l ess netal (If{&$% tFRHFIOG1 R RFEIBFE CORGRTE 6 omBEAP DV SRR 018Gt al yst) as

conpared to theveatalystogdn @gamhﬁérequlre 1bmg@cummago£xarml es 4 and 5
with the conparative exanp nple 6 and anple 7) the crude products

| es
have sinilar VAFAeS f Gr pé‘i"?estsh %Pésredﬂ?énga?%%f:l??fiebafLoF‘r%xarrpl es 4
and 5 i s s gnintiegamnidny bﬁﬂgﬁd’sshb@.r\aﬁ hencad Bligsbetdfieetols theicanpar ati ve
exanpl es. As suggéegst . em(gncl l{de% th?‘J;[est h§ cont a%t7cp}P t he hydrocar bon
feed with hyc]l)‘r Bgen I'n ﬁ resence of “Ehe nShodal"Cat al yat prepar ed 20 as
described in LEmaﬁmiesce$ a2 lrayt b@OdéﬁeﬂJaihomowmt@@suge@e@mdnhl gh

tenperatures far | onger aP@réoQ;gﬁt%e&ds”e than the conparative catal ysts at
t he sane terrperatures and pressures. TABLE 4 25
During contact, the P~value may be kept above 1.0 by

20 contrelling 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. I the temperature
decreases below 370 °C, minimal changes to the hydrocarbon

25 feed properties cccurs.

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

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

bitumen and/or heavy oil/tar sands crude} may be converted
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into wvarious hydrocarbon streams through a series of

processing steps using cracking units (for example, an

ebullating bed cracking unit, a fluid catalytic cracking

unit, thermal cracking unit, or other units known to ¢onvert
5 hydrocarbon feed to lighter components).

Reduction of the viscosity content of a hydrocarbon feed
to produce a feed stream that may be processed in units may
enhance the processing rate of hydrocarbon feed. A system
using the methods and catalysts described herein to change

10  properties of a hydrocarbon feed may be positioned upstream
of one or more of the cracking units. Treatment of the
hydrocarbon feed in cne or more systems described herein may
procduce a feed that improves the processing rate of the
cracking unit by at least a factor of 2, at least a factor of

15 4, at leaslt a factor of 10, or at least a factor of 100. For
example, a system for treating a hydrocarbon feed having a
viscosity of at least 100 ¢St at 37.8 °C and/or 0.1 grams of
residue per gram of hydrccarbon feed may include one or more
contacting systems described herein positicned upstream of a

20 cracking unit. The contacting system may include one or more
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 20% of the
residue of the hydrocarbon feed. The crude product and/or a

25 mixture of the crude product and hydrocarben feed may enter
the cracking unit. Since the crude product and/or mixture of
the c¢rude 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.

Deagphalting processes may involve solvent extraction and/or
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contacting the crude with a catalyst to remove asphaltenes.
Reduction of at least a portion of the components that
contribute to viscosity, at least a porticn of the components
that contribute to residue and/or asphaltenes prior to the

5 deasphalting process may eliminate the need for solvent
extraction, reduce the amount of required solvent, and/or
enhance the efficiency of lthe deasphalting process. For
example, a system for treating a hydrocarbon feed having, per
gram of hydrocarbon feed, at least 0.01 grams of (s

16 asphaltenes and/or 0.1 grams of residue and a viscosity of at
least 10 cSt at 37.8 °C may include one or mere contacting
systems described herein positioned upstream of a
deasphalting unit. The contacting system may include one or
more catalysts described herein capable of producing a crude

15 product having a Cs asphaltenes content of at most 50% of the
hydrocarben feed C: asphaltenes ceontent, a residue content of
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 hydrocarbon 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
nydrocarbon feed, the processing efficlency 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 conditiocons are set forth below.

Example 1. Preparation of a Column 6 Metal Catalyst Baving

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

m’/qg. A support (4103.4 grams) that contained 0.02 grams of
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sllica and 0.98 grams alumina per gram of support was
combined with mclybdenum trioxide (409 grams) to form a
Mo/support mixture. With a muller running, deionized water
{2906.33 grams) to the Mo/support mixture and the mixture was
mulled until a loss on ignition of 58% was obtained. During
comulling, the compactness of the powder was monitored every
20 to 30 minutes and 1 wt% (based on loss of ignition) of
deionized water was added to the mixture until the loss on
ignition value was obtained. The pH of the compact
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 °F) for two hours to form the catalyst. The
bulk density of the catalyst was 0.547 g/mL. The resulting
catalyst contained, per gram of catalyst, 0.08 grams of
molybdenur, 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
pores in the pore size distribution having a pore diameter
within 33 A of the median pore diameter, a pore volume of
0.633 mL/g, and a surface area of 35%5 m*/g. The pore
distribution as measured by mercury porosimetry at contact

angle of 140 is shown in TABLE 1.

TABLE 1
Pore Diameter % Pore
in A Volume
<70 25.61
70-100 57.76
100-130 8.96
130-150 1.50
150-300 4.38
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Crude Product Exanple 4 4 5 Conparative Exanple 6 Conparative
Exanple 7 15.56C (60F), g/cnB

WO 2009/133227 PCT/USZ009/046927
Pore Diameter % Pore
in A Volume
300-5000 2.44
>5000 0.47

Example 2. Preparation of a Celumn & Metal Catalyst Having

at Least 10 wt% Molybdenum and a Surface Areca of at least 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 trioxide (797.84 grams}) to form a
Mo/support mixture. With a muller running, deionized 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
pH 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 particies
were dried at 125 °C eand then calcined at 537 “C (1000 °F)

15 for two hours. The compacted bulk density of the extrudates
was 0.545 g/miL. 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 of 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 distribution as measured by
mercury porosimetry at a contact angle of 140 is shown in

25  TABLE 2.
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Hydr ogen, t% 10.109 10.432 10. 720 10.485 10.403 10. 617 Carbont % 81. 987
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WO 2009/133227 PCT/US2009/046927
TABLE 2

Pore Diameter % Pore

in A Volume

<70 23.58
70-100 40.09
100-130 12.77
130-150 3.02
150-180 2.56
180~300 4.04
300-10¢0 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 molybdenum trioxide and the catalyst as
prepared in Examples 1 and 2. Plot 112 represents the
spectrum of molvbdenum trioxide. Plot 114 represent the
gspectrum of the catalyst as prepared in Example 1. Plot 116
represent the spectrum of the catalyst as prepared in Exanmple
10 2. Peaks between 35 degrees Z-Theta and 70 degree Z2-theta
have peak widths of about 10 degree Z~theta. Distinct peaks
for molybdenum tricoxide between 10 degrees Z-theta and 30
degrees Z2~theta are absent from plots 114, 116. Plots 114,
116 are similar to the x-ray diffraction patiern 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 z-~ray diffraction
techniques.
20 Examples 1 and 2 demonstrate a method of making a

catalyst that includes c¢ontacting one or mere oxides of one
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or more Coiumn 6 metals of the Periodic Tables with a support
calcining the cne or more Column 6 metal oxides and support

at a temperature from 315 °C to 760 °C to provide a calcined
catalyst. The support comprises from 0.01 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.

1o Examples 1 and 2 also demonstrate a catalyst that
includes one or more metals from Column & of the Periodic
Table and/or one or more compounds of one or mcore 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

15 from 0.80 grams to 0.9% 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 QOf At Mogt 250

H@/g. The comparative catalyst was prepared in the following
manner. McOs (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, ©6%9.7 M) and deionized water (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 6.0
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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form 1.3 trileobe extrudate particies. 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
support. 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 velume 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.

20

TABLE 3

Pore biameter | % Pore

in A Volume

<70 0.91
70-100 20.49
100130 37.09
130-150 4.51
150-180 2.9
180-200 1.0¢6
200-1000 0.85
1000~5000 5.79
>5000 22.04

Lxample 4.

Contaclt 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
bed was formed by filling the space between the thermowell
and an inner wall of the reactor with catalysts and silicon

carbide (20-grid, Stanford Materials; Aliso Viejo, CA). Such
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silicon carbide 1s believed to have low, if any, catalytic
properties under the process conditions described herein.

All catalysts were blended with an egual wvolume amount of

silicon 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. Silicon
carbide was positioned at the bottom of the reactor to serve
as a bottom support.

10 The catalysts were sulfided by introducing a gasecus
mixture ¢f 5 vol% hydrogen sulfide and 95 vol% hydrogen gas
into the contacting zones at a rate of 1.5 liters/hour of
gaseous mixture per volume (mL) 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 to 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 sulfidaticn 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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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 (abcout 2722 hours). During the run, an
increase in inlet pressure from about 3.5 MPa and about 7 MPa
was observed at about 6500 hours and 9000 hours. Although
the pressure increased during this time, the pressure
stabilized at about 7 MPa. Since a rapid increase in
pressure was not observed the run was allowed to continue.
The P-Value was monitored periodically and remained at 1.0 or
above 1.0, therefore the process was considered stabile.

For example, at 7896 hours the P-vValue was 1.0 and the inlet
pressure was about 7.1 MPa {1012 psig). At abocut 2000 hours,
the inlet pressure dropped to below 7 MPa.

A volume of Column 6 metal catalyst (24 om’) as
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
mixture was positioned on top of the contacting zone to form
a top contacting zone.

As shown in Tabkle 4, the crude product had & viscosity
of 72.5 at 37.8 °C, a residue content of {.278 grams, per
gram of crude product, a Ni/V/Fe content of 252.6 wippm, a
molybdenum content of 0.4 wtppm, 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
of the Periodic Table and/or one cr 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
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gram of suppert. The Column 6 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 alsc demonstrates a method for contacting a
hydrocarbonr feed with one or more catalyst to produce a total
product that include the product. At ieast 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 6 of the Periodic Table and a support.
The support comprises from 0.0l grams to 0.2 gram of silica
and from 0.80 gramg to 0.99 grams of alumina per gram of
support. The catalyst exhibits one or more peaks between 35

15  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.

Example 5. Ceontact of a Hydrocarbon 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 & metal catalyst (24 cm’) as
described in Example 2 was mixed with siliceone carbide (24
c®’) and the mixture positioned in the bottem 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 positioned 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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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 NiL/V/Fe content of 251.6 wtppm, a
mclybdenum content of 0.4 wtppm, and a MCR content of 10.6.

5 This example demonstrates that 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
of the Periodic Table and/or one or more compounds of one or

10 more metals from Column 6 of the Periodic Table and a
support. The support has from 0.01 grams to 0.2 gram of
silica and from (.80 grams to (.99 grams of alumina per gram
of support. The Column 6 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
hydrcocarbon 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 & 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.

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

25  support. The catalyst exhibits cone or more peaks between 35
degreaes and 70 degrees, and at least one ¢f the peaks has a
base 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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hydrocarbon feed with the three catalyst systems of Examples
4 and 5 respectively. From the P-vaiue 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 cm’) 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 support.

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

As shown in Table 4, the c¢rude 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
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 Ezxamples 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

5 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 wviscosity of the hydrocarbon feed
more than contact of the hydrocarbon feed with hydrogen in
the presence of the catalyst prepared as described in Example

10 3.

Example 7 Comparative Example. The hydrocarbon feed,

contacting conditions, and sulfidation were the same as
Example 4.
A commercial bimcdal molybdenum/nickel catalyst (RM
15 5030, Criterion Catalysts & Technologies, Houston, TX, 24
em®) 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
20 carbide (30 cm® 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. Rapilid increase in inlel pressure was
25 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
30 Example 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

60



Exanpl e

io

15

20

25

4 4 5 Conparative Exanple 6 Conparative Exanple 7 (100F),

WO 2009/135227

cSt

PCT/US2009/046927

to other properties of the crude product were still changing
as compared to the hydrocarbon feed properties. No rapid
increase in pressure was observed for this catalyst. Example
4 had a rapid increase in pressure at about 6500 hours. 1In
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 observed to change properties of the hydrecarbon feed
for longer periods of time than the catalyst of Example 6.
The longer run time may be attributed to the catalyst of
Example 4 having less metal (less than 0.1 grams of Column 6
metal per gram of catalyst} as compared to the catalyst of
Example 5.

In comparing Examples 4 and 5 with the comparative
the crude products have

examples {Example 6 and Example 7)

similar values for all the Examples. The catalyst life for
Examples 4 and 5 is significantly longer than the catalyst
life for the comparative examples. As such, it may be
concluded that the contact of the hydrocarbon feed with
hydrogen in the presence of the monomodal catalyst prepared
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

Property

Hydrocarbon Crude Product

Feed

Example

Comparative
Exampie 7

Comparative
Example 6

Contact
Time,

4200 8520 6536 5543 1872

hours

°C

Temperature,

410 410 410 416 410

MPa

Pressure, 3.5 7 3.5 3.5 3.5

API Gravity 7.9

14.3 * 13.5 13.5 15.8
x

Density at 1.

0.9785

0.9704 0.978b 0.9608
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Hydr ogen Consunpti on,
7.2 8.7 3.6 8.2
conpri si ng:
nor e wonpouiags t hereof and a support;

one or

one or

N8/ B 29.41 61.18 36.24 21.6
*Not Determ ned The invention clained

i S:

I nl et pressure
1. A catal yst

nore netals from Colum 6 of the Periodic Tabl e and/ or
PCT/US2009/046927

37.8 °C

Property Hydrocarbon Crude Product
Feed

Example 4 4 5 Comparative | Comparative
- Example 6 Example 7
15.56 °C

(60 °F),

g/ cm’

Hydrogen, 10.109 10.432110.720110.485 10.403 10.617
wi %

Carbon, wt% 81.987 84,174 84,450 B3.72 84.513 84,617
Sulfur, wt% 6.687 4.387 1 3.714 | 5.064 4.487 3.782
Nitrogen, 0.366 0.399 | 0.371 | 0.397 0.397 0.385
wt%

Nickel, 70 63 32 63 55 56
wippm

Tron, wippm 2.4 0.6 0.2 0.4 0.2 0.2
Vanadium, 205 189 100 197 151 152
wtppm

Calcium, 6.7 5.9 0.3 0.7 1.9 2.1
wtppm

Copper, 0.9 g.2 0.2 0.4 0.9 0.2
wtpom

Chromium, 0.3 0.2 0.2 0.2 0.2 0.2
wippm

3ilicon, 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
Molybdenumn, 6.6 0.4 1.5 1.9 0.3 0.8
wippm

Micro-Carbon 12.5 10.4 8.6 10.8 10.3 9.6
Residue, wth

Cs 16.2 9 6.6 8.5 8.5 8.0
Asphaltenes,

wi%

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, wth 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 11% 89.4 51.4
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The invention claimed is:

1. A catalyst comprising:

one or more metals from Column 6 of the Periodic Table and/or one or more compounds thereof and a
support;

wherein the support comprises from 0.01 grams to 0.2 grams 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 size diameter of at most 1004, and at least 80% of its pore

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

2, A method 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
thereof with a support to provide a metal/support composition, wherein the support comprises from
0.01 grams to 0.2 grams of silica and from 0.8 grams to 0.99 grams of alumina per gram of support;
and

calcining the metal/support composition at a temperature of from 475°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 100A, and at least 80% of its pore volume in pores having a pore diameter of at
most 300A, wherein surface area is as determined by ASTM Method D3663 and pore diameters and
pore volumes are as measured by ASTM Method D4284,

3. A catalyst comprising:

one or more metals from Column 6 of the Periodic Table and/or one or more compounds thereof 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 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 2-theta, and wherein at least a portion of the Column 6

metal and/or compound thereof is embedded in the support.

4, The catalyst as claimed in claim 3, wherein one or more molybdenum trioxide peaks between

10 degrees and 30 degrees are absent.

5. A method of making the catalyst of claim 3, comprising:

co~mulling one or more metals from Column 6 of the Periodic Table and/or one or more compounds
thereof with a support to provide a metal/support composition, wherein the support comprises from

0.01 grams to 0.2 grams of silica and from 0.8 grams to 0.99 grams of alumina per gram of support;

and
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- caleining the metal/support composition at a temperature of from 475°C. to 760°C. to provide a
calcined catalyst, wherein the catalyst exhibits one or more peaks between 35 degrees and 70 degrees,
- and at least one of the peaks has a basc width of at least 10 degrees, as determined by x-ray diffraction

at 2-theta, and wherein the catalyst has a surface area of at least 340 m*/g.
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