CATALYSTS HAVI NG SELECTED PORE SI ZE DI STRI BUTI ONS, METHOD OF MAKI NG SUCH
CATALYSTS, METHODS OF PRODUCI NG A CRUDE PRODUCT, PRODUCTS OBTAI NED FROM
SUCH METHODS, AND USES OF PRODUCTS OBTAINED 5 Field of the Invention

The preseng,. Lpn relates to catal ysts having sel ected pore size
distributi%ﬁgﬁMﬁ%%%%d of meking such catal ysts, nethodgjaﬁzgv@ﬁﬁging a
crude product, products 10 obtained from such nethods, and uses of products
obt ai ned. Background of the invention Crudes that have one or nore
unsui tabl e properties that do not allow the crudes to be economcally
transport ed, 85%9 ) ti [ = Vo W I T M -1 o] nly 15
referred to %ﬁﬁgg?ggdvanﬁggégﬂggﬁgggﬁ& E?@259§2§§g§;°§§u egﬁﬁ%ygﬁgve a high
vi scosity t HPREINGngEHs CREALYRLS dVBFHR e @F CPRAPECTNG &'s ICREDE PHOPUCE onvent i onal
transportati opresubirer obfaaaRERtod a0tk iB®B®ps Di 530 v¥aRs ae Ireh havi ng

hi gh viscosities, additionally, may also include hydrogen 20 defi ci ent

hydr ocar bons. When processing di sadFERtdHed crudes havi ng hydrogen
defi ci ents hydrocarbons, consistent quantities of hydrogen nay need to be
added to inhibitricokeof amathesmtiparticularly if el evated tenperatures and
hi gh pressure arg used to process the disadvantaged crude. Hydrogen,
however, 25 is é%?i §e?%ﬂpﬁgﬁﬁ%€£§nﬁ?%§xﬁog?I?ﬂfgy?FﬁﬂgﬁﬁP? to treatnent
facilities. seiecte@onyventdiionatiinetibodscrof, redued rg thieii ghevi scosity of the
di sadvant agegd; i hcl ' th ' g rude at el evated
Cerper at ur g i preshur i th Ryareoeh | n B0 theanr Zeenevdt e catalyat
Sedi nent!%f oPRERTEGY £ BY" prict essingsmayrdceefub dtrrodpcthebitaiyet. pores of the
catal yst whil e H:8¢esblna anrdi s QLhRgr; pHroperties are reduced by contact of

the feed with the active nmetal's in the smaller pores of the catal yst that
t he sedi nment an&FBPeFd#§§ have one or more unsultable properties that

do not allow the crudes to be ecconomically transported, or
processed using conventional facilities, are commonly

15 referred to as “disadvantaged crudes”. Disadvantaged crudes
may have a high viscosity that renders the disadvantaged
crude undesirable for conventional transportation and/or
treatment facilities. Disadvantaged crudes having high
viscosities, additionally, may also include hydrogen

20 deficient hydrocarbons. When processing 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
vsed to process the disadvantaged crude. Hydrogen, however,

25 is costly to produce and/or costly 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

30 the presence of a catalyst. Sediment formed during
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 sediment and/or large



conpounds contributing to viscosity can not enter. D sadvantages of
conventional catalysts are that they require significant anounts of
hydrogen in order to process the hydrogen deficient hydrocarbons and that
the | arger 5 the catal yst becone filled. Thu § Lvity of the
cat al yst fgeg@ﬁﬁﬁﬁi%ed and the life of the catal yst i?tgé %@%%&%%
counteract the dimnished activity and/ or increase throughput per vol une of
feed, the catalyst nay contain a significant amount of netal and/or

conbi nation of 10 netals. As nore netal is used in a catalyst, the pores of

the catal ystoheaome bbhdeduresuldd DgsidLi6at abysioct Bate,have that are
di m ni shed pore size due to the netal occupying space in the pore. To

accommodat e PhPF & ARERAES Lararyaitis onpt ratatgeks poreshali dhel efSIWaE$ be nmade,

however, anstggei@asatidncldt:pose dicangl.erinmyad-cducg-shassurface area of the
catal yst. <§r| rable to gave a process and/or catal yst for
c

| t | d be de
reduci ng th@y%%%éls:éggl%feng W ELF7aR Ay edcr e TP STI%ET BA Y eMber at ur es
and m ni mal tpe essurest Suoheal Cdteal. ysthieoukte hectusety atf ehevat ed

tenperature m o mal _.pr res..20U. S, Patent . 4,225,421 to
Hensl ey; 5, 33‘3?5% ' fl%) mé'rpi\'}“\g}g%%l a??i ué LieiI%eG?gS@,egﬁ%P?sioys egli?\ol ds et al.,
6, 436, 280 t setrde etTalcounteong, 50¢ dioriSudhakactevial and4e937, 222 to

Angevi ne et ;alyooch 886Dt Opdd Iline 457406419 k0cREOK Rl nal .\ 4, 548, 710
to Sinpson, 4,525,472 to rales et al., 254,499,203 to Toulhoat et al.,

4, 389, 301 t 6°Tahib@r L Bt fArant Hguat 19 "e3el t FokuFodingtioyéder i be

vari ous 1pr ogesses, S8YSh@isnetdd iGatiaby sitrs af 84t JAREESSINGoeELdEs and/ or

di sadvant aggg crudes. U S. Pu%),l i slaed Pat ent pli citi on_Nos. 20050133414 30
t hr ough 200501 33418Y¢o WK et e, © F3051 8% Ar Btlgh 2608939522 to Bhan
et al., 200504#5543dtniBlandetoml 5220080150818 oz Bhanveyiay ., 20050155908

to Bhan et 0050167320 t n | ., 20050167324 thrpugh,20050167332
to Bhan et g#??gégogg%gﬁgéi tﬁ%§@§Rm§%5%619%§%§%?8§Bﬁ§ﬁa%¥s§ g?t 0060060510
t o Bhan; 20080231465<% ¢lichaher 20060238 1456t botdvan; 200802848761t 0 t han;

200602314574 a. Bhan.and 20060234877 9,,50ap; ., 20020000810 Lo, Bhan et al .;
20070000808 5 to Bhan: 20070000811 to Bhan et al., and U. S.” Pat ent

Appl i cation Nos. t1¥P8bb bg0des1ubd66t 9 1Bve]1 2/ BEE:L92 14 NG UGRLALS866, 923;
11/ 866, 926; £d4/:866-929 @RrdvidiH5%y932 4 Quikhatlagak. crddel @d Cctober 3,
2007, are relﬁt ed pat ent aggl i cations, and describe various praocesses,

systens, aniStHUALYSTRFEr " OESsI Y W uBES HHdFor ‘¢ ¥advantHIEd cr udes.
U S. Pat entolNai b4, 225 421 ctoviiensteypetatakes describesalapeatalaest. having a

R it N e O s A T T R
has a Sherwood, Jr. et al 6,554,994 to Reynolds et al., 6,436,280

to Harle et al., 5,928,501 to Sudhakar et al., 4,937,222 to

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

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

25 4,499,203 to Toulhoat et al., 4,389,301 to Dahlberg et al.,
and 4,191,636 to Fukuil et al. describe various processes,
systems, and catalysts for processing crudes and/or
disadvantaged crudes.

U.5. Published Patent Application Nos. 20050133414

30 through 20050133418 to Bhan et al.; 20050139518 through
20050139522 tco Bhan et al., 20050145543 to Bhan et al.,
20050150818 to Bhan et al., 20050155908 to Bhan et al.,
20050167320 to Bhan et al,, 20050167324 through 20050167332



surface area between 140 and 300 nR/g, 60-95% of its pore volume in pores
havi ng a pore dianeter from 2-200 A, 1-15%of its pore volune in pores
having a pore dianmeter from 200-600 A, and 3-30% of its pore volune in
pores havigg ,fsR9%s; di ameter from 600-10, 000 A as deternined using nitrogen
20 adsorption nethods. Operating pressures range from S8SK8%%46%720. 7 MPa.
Qperating tenperatures range from371 Cto 454 C. In Tables | through I1l1,
t he average pore dianeter of the catalysts range from 137 Ato 162 A U S.
Pat ent No. 5,928,499 to Sherwood, Jr. et al. 25 describes a process for
hydrot reating dydeogar bapoleod ant AR, 6AMINE! S DaiLing above 1000 F
and sul fur, netals and carbon residue uti’lizing a heterogeneous catal yst
havi ng a spétif i< operes s ze dhatr BUEG2A A6 et &hapord (dlakietr tby surface
area and pongafDd®0BY2 VMR E12Qi ¥60 @239 4BF adHehag oM Al Ning a decreased
content of ggggo %ggz boi | i ng above 1000 F and decreased sul fur, netals and
SR YN

carbon resi £8an7 THE "CP A Vs toi Betuddsahr FOPARL0 6N na
support ¢ontailtiarg kessoaocan: oro egual et @12, Savd YESi Pdearon the finished

catal yst bagis,;.an rin % t % of oup VIII netal oxide,
7 W%t o 24%?1"0%%8?‘35 Sdu%“@?%f@é Al Plc&(’\éme?’%\%d 16?8%#;& YIRS than 0.2 wt
% of a phosphb6¥ud2exi He'teThe2atial §6¢, 9Py abe IAn8bact s itzetdhas ¢ having a
phosp § y g
total Surfag@.ﬁﬁﬁ@e@fog&émEOB?%%OW?/&MaQQ&9£§£;Bg%g%gﬁ%%gg%gLng'Sz to 0.98

cc/g, a nedian pore dianmeter by surface area of and a pore
di amet er di §BF | BRCTFORR I HAMRPEHC 205D 33209 Df apHecatotlaktpofe vol ume is

present @s PRESFQPROMEScAfdcd HhaMBt ef s gLalighet NAR250 A 67.0 to 78.0% of
the total pore volune_ is present as mcropores of a dianmeter |ess that 250

A. The pore vol Uites - wet' € detl'er mirdédr bsh g ARPERY ot sty CHEdsuPenent s.
Oper ati ng pressurseshaange af bomMd800 2504 rpstgrd appr oxdirmtal y 12 nPa to 17
MPa. Operating tenperatures range.from 700 F to 900 F (371 Cto 384 00).
U.S. Patentgﬁ%.c%,ggﬂis,%ﬁé] '?'}66 %rul%flé lzéﬁt.loaeas%cfidﬁg'gtaal]‘rﬂ}d%p‘?%cessi ng

cat al yst t hatthlascatguriracbydrea robn gsteates . t Han s220:a1R/sg, has por e vol une of

about 0.,23-0,30, £CLQ,.] Q eat . gr n, abqut 600 ' , an average
pore r adli us of 20 ‘gb(éi'[begog?%% %r@i %Bgosr@s]q’l {aggl's%!tf!h%%DGQOf(r)@g!,3 u%OnLA an
i ncrement al VB v BIES Sc B VRN RoBe ribaatifT atroabdutC 25 50- W adi us. The

hydr ocar bon; { €6t rieSvE0Naghegh s A8y OREr-ALLDY DGSELF 65 Fapee- @l about 13.8
MPa (2000 pmgg andﬁﬁgtagrrgerature of 421 00 (790 F). 25As outlined above,
rder-abl

there has beerfbrs &8 TS VoL UeVePBRE TEPHOTS 2R3 yst ens to
econoni cal | yigoneer Frah sadvant @ged ef udesrinondseabhe pradysts. |t woul d be

advant aggou o._he able.tq convert crudes wiith a _high.viscosity, and
t her ef orgg ag? o%pgéé)rﬁo“rlﬁetém\%ﬁr ue R0 A Feriagt S rﬁpggu%ﬁomhévlg ﬁ\é;éa decr eased
vi scosity conat€nt’! Byacodractinyg tthererafdesswradyea feat alMstCcwid HSa m ni mal

amount of sedi ment Lo BT R o ld Weu! dyal 0. %@%@Qt gGQUS, tg consune a
m ni mal anount of hydrogen during processing., The resulting
the catalysts range from 137 A to 162 A.
U. S. Patent No. 5,928,499 to Sherwood, Jr. et al.

25  describes a process for hydrotreating a hydrocarbon feed
containing components hoiling above 1000 °F and sulfur,
metals and carbon residue utilizing a heterogenecus catalyst
having a specified pore size distribution, median pore
diameter by surface area and pore mode by volume, to give a

30 product containing a decreased content of components boiling
above 1000 °F and decreased sulfur, metals and carbon residue

is discleosed. The catalyst includes an porous alumina

support containing less than or equal to 2.5 wt % silica on



crude product may, thereafter, be converted to sel ected hydrocarbon
products using conventional hydrotreating catal ysts. Sunmary of the
invention 5It has now been found that a hydrocarbon feed with a high

viscosity %qf]}g)%g)qpyerted into a crude product havi ngpcgr/[%g&,%ggfd
' ic
I n

viscosity whilst sedinent formation is kept |ow by using a speci

catalyst. As a result the catalyst may have a long useful life.

addition, it has been found that such Wa conversion may be carried out

wi th m nimal hydrogen consunption. Accordingly, in some enbodi nents,

the inventiQReprouises &%&Q@%Qismgﬁa%e@rgé%aé.zsm% GRS NG
co-mulling one or nore netal's from Col ums 6-10 of the Periodic Table
and/ or one &r ChtitRe VdohpBithfds 08fdond BE® Y é4net & §1f # omeHl Uhhs 6- 10 of the

Periodi c TabkeawWd:nda suppeetetH IR odygeannetaldsyppord conposition; and

calcining th tal / support conposition at tenperatures ranging from315 C
to 760 C topgf’gg?ocf@uﬁ ‘g’gllﬁ%ﬁ"neag%&aéﬁ £8* J5YWPE rﬁSF%“s"ieflegﬁi stribution

with a nmedi anvpoy e dbaaktenfrangimg br omsleb A @’Ap0 sAveidh atrel east 60%
of the tot alvogﬁrgeggjrngf?zp%)gﬁ_bg_ctct}% pore size éir'eStdri!ar?%% |ror}1DF{haV| ng a pore

di aneter wi thin 0 friedi an “por e di ameter, W th at Feast 50%of its
pore vol une SPALPoT ésehadd 11§ o potie Adi ambteepopd difangtenosts L8O cnand

bet ween 5% and,28% ob b ts, Bar s il UAe L OLES: NRYLAY & ROLE.Li anet er
bet ween 1000 A and 5000 A, wherein pore dianeters angd{)ore vol unes are as

nmeasur ed by "ASTMWEChOH Davgreter greater thansyie fenhbdi ment'8;0% W€ i nventi on

provi dfGSlOﬂ. eaéawcgau §Qrétiﬁzréﬂﬁh§i/jngipresent sQNRi OF o JREE cfj@taa:cdﬁarf\ét@“ﬂ Col ums

6- 10 of the Periqdic e or one or nore conpounds of one or nore

metal s from-&of ut%ﬁ? %g—@d\'of %F‘ﬁepcﬁé"r OUIE STEBE @ “WREFEI T Ré"at al yst has a

medi an por endranet eproaingi ngafuname105. A dperdbhdApakbbuats keasd 60% of the

total nunber rnes:in th Sk i.stributiaogn i.ng a pore dianeter
£:0f DOOCSs AN LG PALE S AS AN\ SY B! AU TN, hayl N

within at |east 6 an por e di aneter, t least 50% of its
pore 5 vol uReeiatipor esukaitngea pore Hiangber  bftoabOdost (60D A tand bet ween
5% and 2%% af,i4s pore volume in pores having a pore dianeter between 1000

A and 5000 A, wherein pore dianmeters and pore volunes are as neasured by
ASTM Met hod D428% 5. Patent No. 5,221,656 to Clark et al. describes a

hydroprocessing catalyst that has a surface area of greater
than 220 m’/g, a pore volume of about 0.23-0.30 cc/g in pores
greater than about 600 radius A, an average pore radius of

20  about 30-70 A in pores less than 600 A, and an incremental
pore volume curve with a maximum at about 25-50 A radius.
The hydrocarbon feed is contacted at an operating pressures
range of about 13.8 MPa (2000 psig) and a temperature of 421
°C(780 °F).

25 As cutlined above, there has been considerable effort to
develop methods and systems to economically convert
disadvantaged crudes to useable products. It would be
advantageous to be able to convert crudes with a high
viscosity, and therefeore a low economic value, into a crude

30 product having a decreased viscosity content by contacting
the crudes with a catalyst with a ninimal amount of sediment
formation. It would also be advantageous to consume a

minimal amcunt of hydregen during processing. The resulting



In some enbodi ments, the invention provides a nethod of Wproducing a crude
product, conpri sing: contacting a hydrocarbon feed wwth one or nore
catal ysts to produce a total product that includes the crude product,
wher ei n at yweaslz of the catalysts conprises one or, s from

Col ums 6- ?% ofﬁk egPerlodlc Tabl e and/ or one or 15 nn#gﬂ%gngﬁdﬁgs of one
or nore netals from Colums 6-10 of the Periodic Table; wherein the Col um
6- 10 netal catalyst has a nmedian pore dianmeter ranging from 105 Ato 150 A
with at | east 60% of the total nunber of pores in the pore size

di stribution hayiNGacPoks, di ARl oW th Roabel€RSE601ARE420 the nedian
pore dianeter, wth at |'east 50%of its pore volune in pores having a pore

di aneter of ﬁ?rﬁﬁ§P080@“ﬁmC§ﬁd“ﬁéEMé@ﬁv%U@ﬁﬁﬂl25WF8F“Vﬂ§“§ore vol ume in
pores havi ngaaapgse.di aneter between 1000 A and 5000 A, wherein surface

area is as deter§1ned b A%TNIthhod D3663 and pore di aneters and 25 pore
vol unes are as neasu§§é£%§wﬁs¥ﬁﬁﬁgﬁﬁgd D4284; and and pore di aneters
and poreSonunesﬂamesasmmEmsurBﬁnbytASTM MetihochD4284eed with dhe invention
al so prowd@lggg‘gg%gglﬁ§qg&{cgep&gl %gg?b¥m£hg Jo thogrq§y bed hereln 30

In some enbodi ment's e invention Her ~pf oV r ocar bon
conposi ti Ondééﬁ‘ffﬁ'siegil mgscosity wiyl tsgt apdNignEefyrgdritents dfepat Lowedst 150 wt ppm

as determ nedihy aA%E%MSM@.QtW% As a result (@8 @!Q@afpﬁ;t &pt ficat |east

0.1 grans per ram of hydrocarbon conposition as determ ned by ASTM Met hod
D5307; éltsieFP]atielféonPérﬂddéFl%?f Iiéa8Es PeEngF e poRt oY of
hydrocarmondcaﬁpaﬁmﬁb@nmqsbde&ﬁmﬂbﬂedubyuﬁﬁﬂ%&&ﬁ&ﬂOHwﬂﬁﬁﬁﬁ San oxygen
content of at st 0.1 gramnms per gram of hydrocarbon conposition, as

det erni ned 59" REFN Bt hod E385: and

Accordingly, in some embodiments, the invention provides
a method of making a catalyst, comprising:
co-mulling one or more metals from Columns 6-10 of the
15 Periodic Table and/or one or more compounds c¢f one or more
metals from Columns 6-10 of the Periodic Table with a support
to produce a metal/support composition; and
calcining the metal/support composition at temperatures
ranging from 315 °C to 760 °C to provide a calcined catalyst
20 with a pore size distribution with a median pore diameter
ranging from 105 A to 150 A with at least 60% of the total
number of pores in the pore size distribution having a pore
diameter within 60 A of the median pore diameter, with at
least 50% of its pore volume in pores having a pore diameter
25  of at most 600 A, and between 5% and 25% of its pore volume
in pores having a pore diameter between 1000 A and 5000 A,
wherein pore diameters and pore volumes are as measured by
ASTM Method D4284,
In some embodiments, the invention provides a catalyst
30 comprising:
one or more metals from Columns 6-~10 of the Periodic
Table and/cr one or more compounds of one or more metals from

Columns 6-10 of the Periocdic Table; wherein the catalyst has

[$23



a mcro-carbon residue content of at |east 0.05 granms per gram of

hydr ocar bon conposition as determ ned by ASTM W Met hod D4530, and wherein

t he hydrocarbon conposition has a viscosity of at Most 100 cSt at 37.8 C,
wherein vigcosity i.s as determ ned by ASTM Met hod D445, | n_sone
enbodinentgﬁ)@h%%ﬁﬁiention provi des a transportation f%ﬁwm%gﬁﬁfpgﬁng t he
crude product or one or 15 nore distillate fractions made fromthe crude
product descri bed herein. In some enbodi ments, the invention provides
a diluent conprising the crude product or one or nore distillate fractions

made from the crude B&Qd%gaggﬁar%gigge%&eaﬁg% e‘%OEQO farther, enbodi ments,

features fromspecific e i ments “‘nay be co wth features from ot her
enbodi nent s.leFaf Ekanpl gie frehebriagsbiropd gveeenboditventrareyzbe conbi ned with

features fromsany,afichhgsotRer smhods PRS- Wb Pn fyiLkhes, amagdinents,
additional features may be added 25 to the specific enbodi nents descri bed

herein. Bri éPede¥Ed pPPEh BRERRT dal ndfs +east S0%TRE iHyéREFon has been

i I'lustratsed vbyubdie f ablowimgihy QU@re diameter oflde mdst Ssoa achamatic of an

enbodi nment congag%%@%OBO-s.stenl Det.ai | ed description of the invention
fin

f a ( ¢
Terns used %@F@?ﬁ“é?e fed® akt § SPFHWESme 10 PArgETRAVIDgF 8r8°%% Aneri can
St andar d TestikngtandeMater i1408.A and 500AR, ghawdiny'borefdsetorAPl gravity

at 15.5 C (6QqRLor A RLL GRAVILY LS A8 AELED et Ry ASTM Malshod D6822.
In some embodiments, the invention provides a method of
16 producing a crude preduct, comprising:
contacting a hydrocarbon feed with ¢ne or more catalysts
to produce a total product that includes the crude product,
wherein at least one of the catalysts comprises one or more
metals from Columns 6-10 cof the Periodic Table and/or one or
15 more compounds of one or more metals from Columns 6-10 of the
Periodic Table; wherein the Column €-10 metal catalyst has a
median pore diameter ranging from 105 A to 150 A with at
least ©60% of the total number of pores in the pore size
distribution having a pore diameter within at least 60 A of
200 the median pore diameter, with at least 50% of its pore
volume in pores having a pore diameter of at most 690 A, and
between 5% and 25% of its pore volume in pores having a pore
diameter between 1000 A and 5000 A, wherein surface area is
as determined by ASTM Method D3663 and pore diameters and
25  pore volumes are as measured by ASTM Method D4284; and
and pore diameters and pore volumes are as measured by
ASTM Method D42Z284.
The invention also provides a crude product produced by
the method described herein.
30 In some embodiments, the invention further provides a
hydrocarbon composition comprising:
a total Ni/Fe/V content of at least 150 wtppm as
determined by ASTM Method D5708;



5At omi ¢ hydrogen percentage and atom c carbon percentage of the hydrocarbon
feed and the crude product are as determ ned by ASTM Met hod D5291.

"Bi nodal catalyst" refers to a catalyst in which at |least the majority of

t he pore vgj uzgﬁwi?( distributed in two to statistical distributions of pore
di ameters, "eacth $0%¢ti stical distribution having a si griFyeBMYOPEEK when

di spl ayed on a pore volune versus pore dianeter plot. For exanple, a

bi rodal catal yst may have 30% of its pore volunme distributed in pores
having a pore dianmeter between 50 A and 100 A (with IS a peak showi ng at 80
A) and 25%of it r.e._vol un istributed i.n_pores having a pore dianeter
bZat ween 300 A an% %@gge(%riq%ng Cﬁ)%aat Ese %?C/i\‘ﬁ r?gla?r@f’opﬂf.gr%m o Boi | i ng
range di stridydrpemdororotive iliydn ccackboacfieed, bt vesomathqr edact; and/or the

crude product arg as.deterim.negd, 20 ol%yaéqr%:gslybb hp r@ﬁgogerunlrgr%s therw se
e t

mentioned. "C5 asphaltenes” refers to asphaltenes that™ar Fhsol uble in
n- pent ane. CYIASPHA AR TRt entas sehgrnistesr iy et Yhiie ASEMONBE hod D2007.

" C7 asphal t enes”af efgbsnt&rashhal £ gReRothal. 185 kD RS 4PLE 1 n n-hept ane.
C% asphal tenes,_content is as determ ned by ASTM Met hod D3279. " Col umm

X metal (s)" WEFRrEHE G6AEPGH Bl e tet8F & ofneCor UMy ™% BethaseEPRR4 odi ¢ Tabl e

and/ or one @mdnore conpounds of one or nore netals of Columm X of the

Periodic Table, in. Whi X_corresponds .to_.a calu er (for exanple,
1-12) of the Per%gn%go\'lqg%ﬁ%el.n ﬁ%?léjfaﬁﬁ?%?nt'egl %Hﬁleé‘g?re@a (§f%"tefers to one
or nore netdes fraomeCohwirrpcBrbbn tdhrepPertoth esTableniand/or 26me or nore

conpoundg, O&egﬂ&dQMS@@[emﬂPQ@E§QL{Q@%CQhﬂﬁ%a@?@%g%?@ogfg%%pkgsTable'

"Colum X elenment(s)"” refers to one or re e | U X of the
Peri odi c TabF&Coard! 6 dhdosit Mt €Storpotinds °6: ofhegrén orismsetelienent s of
Col uM X of ashgeReiriiadhCo alshe, uddhoshbehs X corresponds to a col urm nunber
(for exanple, 13-18) of the Periodic Table. For exanple, "Colum 15

el ement (s)" ref et's FECHP G "Fbrey elEmeMiL HPBR SO dRH 45 of the Peri odic
Tabl e and/ or:rengp@rtammoe Cepounts ahgofie: erub®re cherei Sne or

15 more distillate fractions made from the crude product
described herein.

In some embodiments, the invention provides a diluent
comprising the c¢rude product or one or more distillate
fractions made from the crude product as described herein,

20 In further embodiments, features from specific
embodiments may be combined with features from other
embodiments. For example, features from one embodiment may
be combined with features from any of the other embodiments.

In further embodiments, additional features may be added

25 to the specific embcdiments described herein,

Brief description of the drawings

The invention has been illustrated by the following
figure:
FIG. 1 is a schematic of an embodiment of a contacting
30 system.

Detailed descripticn of the invention

Terms used herein are defined as follows.



10 from Colum 15 of the Periodic Table. In the scope of this
application, weight of a nmetal fromthe Periodic Table, weight of a
conmpound of a netal fromthe Periodic Table, weight of an elenent fromthe
Periodic T bol S0 wei ght of a conpound of an elenent fromthe Periodic
Tabl e 15 | YA 9P ed as the weight of netal or the WEFHWROWM4@IBment . For
exanple, if 0.1 grans of MbO3 is used per gram of catalyst, the calcul ated
wei ght of the nol ybdenum netal in the catalyst is 0.067 grans of nol ybdenum
nmetal per gram of catalyst. 20"Conulling” refers to contacting, conbining,
or pulveri zing of . east two substances together .such that at |east two
subst ances are m-?;(%él‘ﬂ t ﬁ?g%ﬁ tr?e% 2niccal g%anndia% yST a9 8¥¢es. Conul I'ing can
form a substfaneiradélsy. uni form or honbgeneous m xture. Conulling includes the
contacting of 25.gubstapces taryjeld a . n.be. extruded or formed
into extrudate parti ?I es,@y:pher o)lf dst?) pFF@%&%ﬁ'Eg%& g‘%gyﬁ: n tgr s,p) irregul ar
extrusions Gl sbelty baurd dGgregetdesy obSé] dstierds D6BY2any known extrusion,
mol di ng tabl eti ngsoles$hRhenPBl} &ltabBlan PhrbiPldngoretheds Lol 1 ng
does 30 not inc|ude inpregnation nmethods in which a forned solid is
i mersed in% F’P‘E]Jiydi%f’aﬁ%%” 6 AES} Bradesords EbnPoiteAte Fromthe iquid or
gas. deContendtd’ brefens Meehddeswei ght of a conponent in a substrate
(for exanple, a hy: rbon.feed, a total product, qr crude product)
expressed as wei g%t O?i%gc%toar%yg? m%e?réeﬁ %ragé:ﬁg%g‘égtbége‘ghjow faﬁe total weight
of the substieate. ti® 't pphly ©Ef ens Hooepastwepes d@idtiriibntdy iwetght .
"Distillgle’sef ors hoghydrecashons mith. aihoil Lng rapge distpibytion
bet ween 182 C (360 F) and 343 C fe%’ov.\%% s g %gi%gg@% Stk Pontent is
as det er ni nédShyASTNPMBt HoW B53DIN1fi0aketrsrdarms diseiars o axygen,
ni trogen, anp@kervsildeUle QN 3bneduidhetBe SRJreCUkQr &5&%%,%6 of a
hydrocarbon. Heteroatons content is as determ ned by ASTM Methods E385 for
oxygen, D5762"PH7- tGEAMY R} T1Pggene alfd DHog4 PBFe stafue . distSt Rt asi ¢
ni trogen" rehepsrd makt r@gemoeonpoirds:rthatvehavey 15 saapken af (hess than 40.
Basi ¢ ni fdo enegl'ébrﬁ' ii s as ge{ﬁar mnd?gg/b%lfA TM Met hod D2896.
"Hydr ocarbon et/ 5ald ptodlict” 48 éré To TRePW&'Gr8™t hat contacts the
cat al yst durdingrproeesshngpresHyarogen sowr cebtneefenetteca DOuhcendf
hydrogen and;s20;i peludes ;‘M?r Qgen. gas /s,gr a conpound and/or conpounds,
that when in the gﬁesenc% 0 Sa ﬁyﬁoqa?ﬁgan'eed and the catalyst, react to
provi de hydr ogenEoiAifygdratgen ddobrdutiays i frel GHe, hisirocksbaotfekfini ted to,
hydrocar bonﬁhéf 06+ £X3MBh&t, ChnkPo. CARRY dF QGALRERS-S YR 85 JBLhang.q et hane,
propane’zJanby ASTM Method D5307 unless otherwise mentioned.

“Cys asphaltenes” refers to asphaltenes that are

insoluble in n-pentane. Cy asphaltenes content is as

determined by ASTM Methcod 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 (s)” refers to one or more metals of

Column X of the Periodic Table and/or one or more compounds

of one or more metals of Column ¥ of the Periodic Table, in
30 which X corresponds to a column number (for example, 1-12) of

the Pericdic Table. For example, “Column 6 metal {s}” refers

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



15 butane), water, or m xtures thereof. A mass bal ance nmay be conducted to

assess the net anmount of hydrogen provided. "LHSV' refers to a volunetric

quuid feed rate per total volune of catalyst and is expressed in hours
-'). Tot U of catalyst is calculated by summation of all catalyst

30 volunes%kﬁm? ]ggﬁntacting zones, as described her ej¥T/USZ00904601T )i

m xture" refers to a conposition that i ncl udes one or nore conpounds that

are liquid at standard tenperature and pressure (25 C, 0.101 Mra,

herei nafter referred to as "STP"), or a conposition that includes a

conbi nati on Qi f nore c un that are liquid, a TP with one or
nor e conpounds ? af%hpé %%Gagan?ng%P ?”Nﬁ?afsmo% ﬁ%%%% gélﬁs of organic
aci ds" ref erCotlpnrnl| kalfi the nistrabdic dldedki ne-earth netal s, zinc, arsenic,

chrom um or conbiNat,oRs ﬂéﬂm%%@?é)" 2eg001 el ol JPLRls él%m%gkg' palts of

organic acids is as deternlned ASTM Met r'o- Car bon
Resi due"” ("NﬁﬁPTnébﬁFehFer%*é9§¢@dkﬁdauaﬁFVFv ofe car Bore rasgicdueds emai ni ng

after evaporsat bed aneo1d Pyrehysi St @folamﬁub%nfraﬁ@ pcMERsLORLEAL 18, as
det er m ned Q%éAgTM Met hod D4530. ybdenum content in t he

hydr ocar bon "HEFEPEPYYIS hR T oERT %F*ﬁﬁlyﬁﬁéﬁﬁﬁ??ﬁ“tﬁé fékd. The
nol ybdenum ednteatpdmobudestihe annumkamﬁg;nocgammnlﬁnémhdﬁmuﬁ)and

or ganonol yb i nu t he _.h rocarbon feed is
as determ ng%@gm’ %T%Aﬂ%b%ﬁ%g)r&'\%%%&%% f@:om, n%% % Oga?h%/q’g Y%ters to a
cat al yst inUWﬁﬂ@hﬂavoreQ@Q(ﬁh@onarmmwpyn@ﬁ<ﬁhen@onenmg¢uﬂ@mestdlstr|buted

in one ShﬂtHﬁ%hC@%hﬂhSES'&@%hQnPQQKQ@Eeaﬂh%”EterS the statistical 20
di stribution having a significant peak en di splayed on a pore vol une

versus pore di ankt éPepFetee Pér Lexampreélcat imonoroddlt eatalmpselniyethave 50%
of its pore tvel pe® dadcpeses, havigg @fpgr&n@o@mt&f between4Q fand 300 A

(with a peakPe?‘ELo 1500 Té le 25;@[}% nr:]tcbfa"anr gfl_gr{lesn Lt (f):rorgdtrh%cl%ézbfondl%oggglnee,nt swtha
or weight of a compound of an element from the Periodie Table

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

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

25 substances to yield a paste that can be extruded or formed
into extrudate particles, spheroids, pills, tablets,
cylinders, lrregular extrusions or loosely bound aggregates
or clusters, by any known extrusicon, molding tableting,
pressing, pelletizing, or tumbling methods. Comulling does

30 not include impregnaticn methods in which a formed solid is
immersed in a liquid or gas to absorb/adsorb components from

the liquid or gas.



boiling range distribution between 38 C (100 F) and 182 C (360 F) at 0.101
MPa. Napht ha content is as determ ned by ASTM Met hod D5307.

"Ni/V/IFe" refers to nickel, vanadium iron, or 30 conbi nations thereof.
"Ni / VI Fe Cﬁvn;[ ent” refers to the content of nickel, vanadium iron, or
conbi nati ons 1 Hher&6f. The Ni/V/ Fe content includes i noRGHPI280MHeRE|

vanadi um and iron conpounds and/or organoni ckel, organovanadi um and
organoi ron conpounds. The Ni/V/Fe content is as determ ned by ASTM Met hod
D5708. "NmB/ n8" refers to normal cubic neters of gas per cubic neter

of hydrocarbon fegodﬁ 5"Non-fceg:r81d§gstehlgal egg&g‘_‘r rfegers t o conmponents and/ or

mi xtures of cOMPORBnts 't hat' AfetYasts ™ pr & compongn i zati on) val ue"
nmp g

or "P-val ue"subeferis tidoa smmpial walydepcadticch feepr esentsl tdiedhkboccul ation

tendency of asphaltenes,] h arpon feed. P-Value is.as to
det ermi ned by ASTM NE?%S%QCEB%OES@(QS%% 3 (r;erjiggl | EAEPAnOt dRAPRS o ¢ he
Peri odi ¢ TaBlS¢cgstajfedpfeed rbyhe hectldt we haltt ofiath4muoat ofteRure and Appli ed

Cheni strys (1'WRAG): MNovesbes 2003 ,o,Pqre: diamgt 851y medi an pore dianmeter”,
and "pore volune! refer to pore dEljarret er, nedian pore dianeter, and pore
vol ume, as det er i ritdd *b§-ASTRIERET HGU PE2BARTPREE CLity! poPolklimst Fynett a
contact angl@seqialtitd kd06en ASI Tr qoeoi tH)CS08) 349220 (snsterynment

(Mcromeriti ' cross, Georgia, .U S F‘r%) may he used to determ ne
t hese 20 va|°3§8.h%’a' Ngy'%te%ﬁ“ (& 78 é}r{%s:L oascé' %‘W@ﬁlteg ]E’%alisd“ﬁ“ave a boiling
range di striMstibpédrPEdve 538 C (1000 F), as determ ned by ASTM Met hod

D5307. "§pdinEntu&Q§£%5§o$s’ir@?&féH&pgxgﬁgaogi€9§§xﬁhgﬁdﬂﬁssulfur
contained in the molecular structure of a hydrocarbon.
Hetercatoms content is as determined by ASTM Methods 5385 for
oxygen, D5762 for total nitrogen, and 4294 for sulfur.
"Total basic nitrogen” refers to nitrogen compounds that have

15 a pKa of less than 40. Basic nitrogen (“bn”) is as
determined by ASTM Method D2896.
“Hydrocarbon feed/total product” refers to the mixture
that contacts the catalyst during processing.
“Hydrogen source” refers to a source of hydrogen and
20 includes hydrogen gas and/or a compound and/or compounds,
that when in the presence of a hydrocarbon feed and the
catalyst, react to provide hydrogen. A hydrogen source may
include, but is not limited to, hydrocarbons {for example, &
to Cy hydrocarbons such as methane, ethane, propane, and
25 butane), water, or mixtures therecof. A mass balance may be
conducted to assess the net amount of hydrogen provided,
“LHSV” refers to a volumetric liquid feed rate per total
volume of catalyst and is expressed in hours (h™'). Total
volume of catalyst is calculated by summation of all catalyst
30 wvolumes in the contacting zones, as described herein.
“Liquid mixture” refers to a composition that includes
one or mcre compounds that are liguid at standard temperature

and pressure (25 °C, 0.101 MPa, hereinafter referred to as

10



25 insoluble in the hydrocarbon feed/total product m xture. Sedinent is as
determ ned by ASTM Met hod 04807. Sedi nent may al so be determ ned by the
Shell Hot Filtration Test ("SHFST") as described by Van Kernoort et al. in
t he Jour. Wﬁonwf%v:;’ 1951, pages 596-604. 30"SCFB" refers to standard
cubi c feet gas per barrel of hydrocarbon feed. PCHERMIAE 1 Br ea” of a
catalyst is as determ ned by ASTM Met hod D3663. "VGO' refers to
hydrocarbons with a boiling range distribution between 343 00 (650 F) and
538 00 (1000 F) at 0.101 MPa. VGO content is as determ ned by ASTM Met hod
D5307. " Vi scQsit fe ti.C.Vi S|tya (100 F).

Vi scosity |s%§lg getcgar(ram %(Z%Igo%é:%ng A (fi d D45 tbmatloq %t RB® cont ext of
this applicdtf aareiqompgupds Bdaanees dtigodd tdtatTPf withe oval we robtai ned for a
property of m;o%@sstt@lggeag@%g@gdé gatogtﬁi de of limts of the test nethod,
the test method may be nodif /or recalibrated to test for such
property. "N G ar b’&ﬁ‘rafle‘éﬁlt% efepruarg casfedad rhégr itecblles:

hydr ocar bonsnethly gy aciakboRefeednmay: 4136 k“d{% Bubeh & NQLrbd Mid edyto, crudes,
di sadvant aged r udes %T?bl | i zed crudes S hydr ocar bons obt ai ned from

refinery proc€ssé AP S es tHevésRt CEfx Fed oF "Rl sEdirBot f eed

obt ai ned fromeeeft nm:uyi ptocesseseimcleddey AR Beendwbi1Bigi ted to, |ong

residue, short regidue Qggp k], ~and/ dra arbons boi I i ng above
538 C (1000 F), or mxtcar es t g%% 1 g%%ﬂor?g E?r%% % t ©hé hydrocar bon

feed is a c%éti%rﬁl A2 B reet Br egnbbnias eftee efvaedra‘ﬁrqmden@r crude feed
refers to adweedyofs hydkosashens. whivgh bhas heen, produced and/ gy et ort ed
e

from hydrocar bon caontaining formations and whi ch has not yet n distilled
and/ or  fracti"oHalty 2524P&ti11ed in a treatnent facility to produce

nul tipl e conponemts ywiibhuspeeibhe Boich Ngyd-@genth Hobhbutd@Rg, rsuch as
at nospheric | stl |l ati og m;ﬁ'g)%ds and/ Qr  vacuum distillation nmethods. Crudes

BREES BPUT iduit® G des My ot HRTUIE for exanpl e

may be soli dt s&Ri =50l
coal , bitunemptear mmdses)rth&Oammd:eOm inof@fmmerrhtﬂ@baénm uce feed may be

st abi | i zgd [ RoLBEMALILAR el e, ABRERLEIIRTe A2 3600 of 10 Crude

feed. Stabilization'm i s not i tEd al of
non- condens abdeogageEs, f@\ﬁfﬁ@rs agafietgsrmgned dwnﬁﬁwatl\ilemhsdtwoé’of fromthe

crude to forma siabibhzed-LrLyde.~ SUeh. stabi 'ché‘éJ!ﬂ'% TRYafLeg,occur at, or
proxi mate to, the production and/or retortlng Sit
least the majority of the pore volume is dlstrlbuted in cne

statistical distribution of pore diameters, the statistical

20 distribution having a significant peak when displayed on a
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).

25 “Naphtha” refers to hydrocarbon components with a
boiling range distribution between 38 °C (100 °F) and 182 °C
{360 °F) at 0.101 MPa. Naphtha content is as determined by
ASTM Method D5307.

“Ni/V/Fe’ refers to nickel, vanadium, iron, or

30 combinations thereof,

“Ni/V/Fe content” refers to the content of nickel,
vanadium, iron, or combinations thereof. The Ni/V/Fe content

includes inorganic nickel, vanadium and iron compounds and/or

11



Stabilized crudes have not been distilled and/or 5 fractionally distilled
inatreatnent facility to produce nultiple conponents with specific
boiling range distributions (for exanple, naphtha, distillates, V00, and/or
| ubri cating,Qi P stillation includes, but is not limted to

at nospher i %O%O%?%?)ng on met hods and/or vacuum di sti | "t S84, hods.

Undi stilled and/or unfractionated stabilized crudes may include conponents
t hat have a carbon nunber above 4 in quantities of at |east 0.5 grans of
conponents per gram of crude. Exanples of stabilized crudes include whole

crudes, topped. gL ud: %@@g udes |t ed topped crudes, or 15
conbi nati ons _g?'uer eo?.éi" 0 pégﬁg}aglggé ?%Odgﬁg?%%]émtnhg?g 48 %een ™t eat ed such
that at | eadt/%0ie copteme icompotmtsindratovhad e dlcsdpdli My 0poi nt bel ow 35 C

at 0.101 MPa (95 Akl akdds mévﬁbgMQ%ncﬁ&ﬂp%QQQrJQﬂpggs%&Hﬂ%ﬁbﬂ@y have a

content of at nost 0.1 20 grans, at nost 0.05 grans, "or at nost 0.02 grans
of such conPBhentd PErr¢icanaf f¢3e t opped crude. Some stabilized

crudes have properdni-esnddiatabab | @w-t herstabil bagd-ehudesd/e-be transported
to conventi %Q;?Jau treatnent facitl itﬁji gs b tragsgpr; ation carriers (for

exanpl e, 25"pi peli°n8&s, STHIERET® o' @Shf ps)92 S8 et “dfudes have one or nore
unsui t abl e propeth ilgsptiat. ipenderlueheor dirsadvant agedrs Dicsadwami:aged crudes

ey be unacceptable.te A.lransporkatkon. cactiss andior, 3 Lreat ment

facility, thus Inparting a [ow econom ¢ val ue sadvant aged crude.
The econoni ésBEri&NGe Fayhsehsdicitarhar Zpedesefvoilmet hatasi ncl udes t he

di sadvanpaged:&fitdeq 5y deatede 1100 €95tdy to produce, transport, and/or
treat. The pr,o&,erties of the hydrocarbon feed, such as for exanple

the crudes or di s&dvantadédier ufdsrimyC vidry Pof rsiiy. Table asThe hydr ocar bon
feed, such apeforicexapple anceude ibeed,udTey bavea ¥hso@phtysof at |east 10
cSt at 37.8.C, at | eﬁ%;A 00, cSt , atz(g st 1000 cSt, or at |east 2000 cSt
at 37.8 C e (yorodar BonFe&d?"Such as for exanple a crude feed, may
have an APl gravifoyeadismserl9, “redianstorkSdianetatr”postd T@ordt may furt her

gigﬁpﬁglﬁpLygggyutéggérq% %8%§%ﬁ%meggﬁ Q%gﬁgg%&g%ndggﬁy@r?uggdas for
pore volune, as determined by ASTM Method D4284 (mercury
porosimetry at a contact angle egual to 140°). A
micromeritics® A9220 instrument (Micromeritics Inc.,
Norcress, Georgia, U.S.A.) may be used to determine these
20 wvalues.

“Residue” refers to components that have a boiling range
distribution above 538 °C (1000 °F), as determined by ASTM
Method D5307.

“Sediment” refers Lo impurities and/or coke that are

25 inscoluble in the hydrocarbon feed/total product mixture.
Sediment is as determined by ASTM Method D4807. Sediment may
also be determined by the Shell Hot Filtration Test (“SHFSTY)
as described by Van Kernoort et al. in the Jour. Inst. Pet.,
1851, pages 596-604.

20 “SCFB” refers to standard cubic feet of gas per barrel
of hydrocarbon feed.

“Surface area” of a catalyst is as determined by ASTM
Method D3663.

12



10 may have a total N /V/Fe content of at |east 0.00002 granms or at | east
0. 0001 grans of N /V/Fe per gram of hydrocarbon feed, The

hydr ocarbon feed, such as for exanple a crude feed, nmay have a total

het eroat ons _content of at |east 0.005 granms 15 of heteroatons per gram of
hydr ocar bott ¥8¥{26973 In sone enbodi nents, the hydr JEABEHPEEY has at
| east 0.001 grans of oxygen containi ng conpounds per gram of hydrocarbon
feed, and wherein the crude product has a oxygen contai ni ng conpounds
content of at nost 90% of the 20 hydrocarbon feed oxygen-contai ni ng

conpounds contenj,. wherein oxygen is as determ ned. by ASTM Met hod E385.
The hydrocar bon Pg%h,rgd%ﬁ5§§ ?%ﬁ“%?é W%“%%érﬁgﬁn%éé%,ﬁﬂﬁﬁ have a residue

content of atistedsttiOnQieigrans3of *Cesbdue penngriead 6€ hydiocarben feed. In
some enbodi HRRES g & Nydtogarhon, ofe chude.d egd Ry ddighyde, per gram of

h
feed, at least 0.2 grans of residue, grans of residue, at
| east 0.5 gPaAB’of residue, or at least 0.9 granms of residue. The

hydrocar Bon feedyyisuehias fRkcexamkerdnftfiude; fead, ,my fHaye-per gram of
hydrocarbon feed, a sulfur content of at 30l east 0.605, at | east 0.01, or

at |east 0.02%Grdns. Viscosifielhyidr GEEF HOMCfet S AEH! dlethef ikl e a
crude feed, may havecac@baspbalirgnespeotzentnofitatisl @asfe 0. 04 grans or at
am.of hydrocarhon _feed; and/or at

| east 0.08 grans_.of .0 sphal .t ene er. ar. [ hy )
| east 0. 02 %P§%§w6¥ma%h%%§§tLE§df%ﬁraoqgﬁfegsﬁﬁéﬁtgﬁgga dr °§r B of
hydr ocar bon stiegdratFhee tiydr dearbon deeed, Lignich as ther texanplceed, crede feed,

may have,a w@&m@satm% Kt m!x?fﬁtedoarqg/%rgrgg&lﬁ%a@gg fE o2, 9f gm of

hydr ocar bon feed e hydrocarbon feed, such as for exanple a crude
feed, may h&verPEearent of netals in netal salts of organic acids of at

| east 0.00001 gramrefaimiakscper-ogbamQf -hydrocanbon,f1eed;10The
hydr ocarbon feed, such as for exanple a crude feed, may further have a

mol ybdenum G8AT P61 at HYEaeta ol Weppey Fncludpnebwy dioaFbon feed, such
as for exanpleiecrodecfierd, amaduntiera haveeanyckibno 2l eendigati on of

the abo%@ ”%9&%55??%09£QBﬁkﬂkgg'from refinery processes, or mixtures
thereof. Examples of hydrocarbon feed obtained from refinery
processes include, kut are not limited to, long residue,
short residue, naphtha, gasoil and/or hydrocarbons boiling
above 538 °C (1000 °F), or mixtures thereof.

20 In one embcediment the hydrocarbon feed is a crude,
herein also referred to as crude feed. Crude or crude feed
refers Lo a feed of hydrocarbons which has been produced
and/or retorted from hydrocarbon containing formations and
which has not yet been distilled and/or fractionally

25 distilled in a treatment facility to produce multiple
compenents with specific bolling range distributions, such as
atmospheric distillation methods and/or vacuum distillation
methods. Crudes may be solid, semi~solid, and/or liquid.
Crudes may include for example coal, bitumen, tar sands or

3¢ crude oil. The crude or crude feed may be stabilized to form
a stabilized crude, also referred to as stabilized crude
feed. Stabilization may include, but is not limited Lo,

removal of non-condensable gases, water, salts, or

13



The hydrocarbon feed, such as for exanple a crude feed, may include per
gram of feed: at |east 0.001 grans, at |east 0.005 granms, or at |east 0.01
grans of hydrocarbons with a boiling range distribution betvveen 95 C and
200 C at Q #;2179 I\I/I;a at |east 0.001 grans, at |east 0.005 or at |east
20 0.01 gr\g 0%t h’y’dr ocarbons with a boiling range di &4 ‘E“P’@‘H‘)Het ween 200
C and 300 C at 0.101 MPa; at |least 0.001 grans, at |east 0.005 grams, or at
| east 0.01 grams of hydrocarbons with a boiling range distribution between
300 C and 400 C at 0.101 MPa; and at Ieast 0.001 grams, at |east 0.005
grams, 25 or, a 0.,01 ra rocarbo with a boiling range

di stribution @géjfr{/\%eﬁnﬁoﬁqe ¢ E‘e r95e164 é‘. SR S LAY furt her
enbodi nent , Cth@ehy@pobawmiie@uonsmah asehoscexanpl eona cepuieafeed, may

i ncl ude per gr t r at | east 0.005 grams, or at
| east 0.01 58 g%ﬂae(r)rﬁsgrggﬁﬂcl ?lo%llé(?%g}négﬁg%g g ing range distribution of at
most 100 C at O. SIL@‘P-LR/PGQ atufieadiave. 0ou k?g?ﬁanélsfatilbéaasrtd/(OrOOS grams, or at
| east 0.01 g&@asuﬁ@lbydhggaﬁb&m%xMhtbx@ﬁﬂ%hL'ﬂﬂuﬁ@@?@xﬂb&%&hQQt'0“ betmeen
100 C and 200 C at 101 MPa;  at |east 0.001 grans, at | east 0.005 grans,
or at |east "B'0FGr ﬁﬁ‘ﬁp‘ﬁfenﬁﬁd‘f’b‘é]ars%ﬁéfw PR AL BoiEnaY Hemgebeistei but i on
bet ween 200 (@Dﬁmﬂ;a&@@o,cr&tph@h&,ol}:}lﬁ’leglla&iesl)ea@@ ng(z)%x girugjmfa@;tnd east 0.005
grams, or a ast ans o rocarbons 5 wi.th a boiling range

di stributi o% %t \Aegﬁsg%—bl%(} “ (’f “00 A" 0° 11" MPRI%hdCat | east 0.001
grams, at | e&astsie@0s @rm;taoxorametm a@d0dr greamemodidiydneesasbons with a
boi li ng Kan ri 0] Q..101 MPa. Sone
hydrocarlgonglgte}g%cgst orggéiunglE ?‘%Oé} m%l uggO[%Scoe %%lalr:ﬁzgg ?ruc{&s at | east
0. 001 gransMa%tincdase @H@@Begkﬁr@atom‘&t El éas%eoro ﬂ@ﬂlb@?r arpevef 4 hiydr ocar bons

with a boil ydgntange & st ibyii on 5053:&4;3 %@SEo%th@tp&f 101, MPa, in
addition to hi her boi | i ng conponents. pi cally, the di sadvantaged crude

has, per gr&am'ot: dif€atvHiit Qéeﬂt‘%’rl&éléeda‘“%ﬁt’e?ﬂd@fieswewrh@/‘tﬁrocar bons of

at nost 0. 2Lgp1&m5 cohdad, meshlfed @LAES, desalteSAERpAYd:0e¢akbon. feeds or

crude fegds ma%/ Jne Iude i PEr .gram of feed, at |east 0.001 grans, at |east
0.005 grams 88t Paast™ 661 grans of hydrocarbons with a boiling range
di stribution of ‘&bpbe@StreZ@@sOtcb at chuddkrPaha@Senet hydracatdon feeds or

crude [ eeds By Jinshude s el o8TaM abalsede 2yl east.0, Q0T gram, at | eas:

0.005 grams, or at lea ocarbons w Boi 1 ng range
di stributi oROBIt &L lPeadl 65@‘663 @aﬂm e@%fFCQfﬁJde@tmhattavm ghtn be treated

using the 2%@5%88@@?&%6%@@9 ﬂ?rﬁé\n@ 'anE!)hlp@nt @@ta@rn%sw@ jimted to,
crudes from of the follow ng regi ons of the wor| . Coast and

sout her i’ CaPf #ti/nic4, "Candd4° Tard"Sands, 2 Brasf | ¢ dif Séﬁ‘i‘%§faﬁ6d€arrpos basi ns,
Egypti an Qukbm@dnctuezpe:Chadm &Jﬂltﬁﬁdtlﬁl)MQlﬂ%cﬁ@Ith Sea, Angola O fshore,

Chi nese Bohali B%%h@ stabilized crudes have properties that allow the
stabilized crudes to be ltransported to conventional treatment
facilities by transportation carriers (for example,

25  pipelines, trucks, or ships). Other crudes have one or more
unsultakle properties that render them disadvantaged.
Disadvantaged crudes may be unacceptable to a transportation
carrier and/or a treatment facility, thus imparting a low
econcmic value to the disadvantaged crude. The economic

30 wvalue may be such that a reservoir that includes the
disadvantaged crude is deemed too costly to produce,

transport, and/or treat.
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30 Venezuel an Zulia, Ml aysia, and |Indonesia Sumatra. Tr eat ment of

di sadvant aged crudes may enhance the properties of the di sadvantaged crudes
such that the crudes are acceptable for transportation and/or treatnent.
The hydroc f may be topped, as described herein. The crude product
resul ting %;Ogl?n‘%{}‘rz@zfrrent of the hydrocarbon feed, as d&dérP¥ed‘fiErein, is
generally suitable for transporting and/or treatnent. Properties of the
crude 5 product produced as described herein are closer to the

correspondi ng properties of Wst Texas Internedi ate crude than the

hydr ocar bon feed,, 0 er _to.the correspondi roperties of Brent crude,
than the hydr oc%rﬁo%rgéée)%letshgjrje%f éﬁ%%onccaﬁfﬁant %%CSE% i%¢ v8fue of the

hydr ocar bon ekeeglle Siiehcl@iesr udedipreddactagmy chedesefiapedzay thakess or no
pre-treatnent, thereby.enhangi ef.i.pi f1ici i.es. Pre-treatnment nmay

i ncl ude desul furi zat ?o’?\, denet g‘%lcl{'zfgk%% gﬁ%/%%a% t%o%p%rélrdfecg%ﬁ(gti |l ation
to renmove i Mplritdies. viFEgsisxanpla, Lppssdifecénbodidfedt S, rembyvadt of at
least a %5 pootien et iheongaparmmetablis cenpoungds apd/.gr sregals fromthe
hydr ocar bon feed islhg)fgrfor med before the hydrocarbon feed is contacted with

ot her catal ysts. FolYBXAMIFe"” LraFrCRMGuRP® ot *BPgandrioliyBdésrim and/ or

or ganocoppemagfiorveexanpbe grat i opstt hOswtippMat atodst, 20- WippA: Or at nost
10 wt ppm) inppa 1y.d rhon.feed reduce the activity of a catalyst
Ro gpxr@f( rfw%?t et% ave Aan g@%’\nq%vtl é %at‘%l ;%%SL ¥

upon contact of the hydrocarbon fee The
accunul ati on of Hepdsirecanborntwidibkectarmpdnent:saniphet hecmeactess,may | ead to

a pressufpe i cen | e,. A hus, i.nhi piti hydr ocar bon feed
from passi ng%%uelgﬁ Eg%lhglzgﬁ%éac%gﬁﬁgﬁggﬁeggtlé(freyéi Eé%dqb%oﬁ%?% &S, For
exanpl e, théti ht&tt Sressudeaps thiéﬁg%@@irngr%r@é hayrdascbease rapidly
over a shortrepgyriod of tine as conpared to the starting pressure. A rapid

i ncrease in pres ur[% May indicate plugging of the catalyst. A change in
pressure of at |e8ast'YS WHP At "as| adst &5 fPh, el 8adtCrrIRPEeehr at | east
10 MPa over mayshord apesiad hetetddmmenyoritidiccat extcataky st. opbugei-ng.

Treat menf, of .a hydrocarbon feed in cgor da%ce I)fzvith enbodi ments descri bed
herein may incltde contadtirng’ the h;% SEAYBOR ¥EEd with the catalyst(s) in
a contacting zone andtornipdibemat,i ahs fddoweriosn Mere lcontactésg zones. In a

contacting 008 Ak €85lo,008 MAREE HY, Pl ABYAOCRLDON,f 8d MYy be changed
by contact of the hydrocarbon feed wth one or nore c arﬂysts relative to
hydrocarbon feed, and wherein the crude product has a oxygen
containing compounds content of at most 20% of the
20 hydrocarbon feed oxygen-containing compounds content, wherein
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 scome embodiments, the
25  hydrocarbon or crude feed mayv include, per gram of feed, at
least 0.2 grams of residue, at least 0.3 grams of residue, at
least 0.5 grams of residue, or at least 0.9 grams of residue.
The hydrocarbon feed, such as for example a crude feed,
may have per gram of hydrocarbon feed, a sulfur content of at
30 least 0.005, at least 0.01, or at least 0.02 grams.
The hydrocarben feed, such as for example a crude feed,
may have a Cs; asphaltenes content of at least 0.04 grams or

at least 0.08 grams of C, asphaltenes per gram 0of hydrocarbon



5 the sane property of the hydrocarbon feed. In sone enbodi nents,
contacting is perforned in the presence of a hydrogen source. In sone
enbodi ments, the hydrogen source is hydrogen gas. In sonme enbodi nents, the
hydrogen source is one or nore hydrocarbons that, under certain contacting
10 conditi SH&X0YE4E¢ to provide relatively small amountS/HRHPE bgen to
conpound(s) in the hydrocarbon feed. FIG 1 is a schematic of
contacting system 100 that includes contacting zone 102. The hydrocarbon
feed enters upstream contacting zone 102 via hydrocarbon feed conduit 15
104. A contacting zone may, be a reactor, a portio f reactor,. . nmultiple
portions ofﬁﬁeged%Fng 3 'SGnbi ha 'gﬁgm%ﬁg?ggfie%ﬁhﬁpPgéﬁg'saoééﬁtacting
zone i ncl udessahstaokedpbedimeeact drydrachiixed fbed. react or, an ebul | ati ng bed

reactor, a cont i goyslyostided tank, eagt ot (GSIRL) » Anfduirdiged bed 20
reactor, a spray reactor, and a [qU|8 liqui'd contactor. nfiguration of
one or nore "gontact iEnyCRoresens desdr ipadk iOn 00K Sirapgbf f SHEd PPAL ent

Appl i cation Nay, 20030133414t @ehan et al ., which is incorporated herein by
reference. I'n certain enbodi nents, the contacting systemis on or coupled

to an 25 of f shor B¢ &¥PFPE3FPOCoNeSt SAFD tHe TRy dP 6t Bon Tl Wred
cat al yst (S) riaf BOR actbhgegystemm10Q myndialaseDid icAuotsfiroeess or a batch

process. The con j-nNg _zone _include one or e catalysts (for
exanpl e, tmﬁﬁcﬁF2“??35?aﬁﬁkﬂsgﬁ%méﬁggé?%%ﬁig?r63ﬁnh§{ ggﬁgfgf%%}hydrocarbon
feed with afledst catal yst of the two catal ysts may reduce viscosity of the

hydr ocar pon feedmx§§9§g§§¥§%nc9&&ﬂcgugﬁ §§%0F9Q£§&ﬁevés ét¥e%¥drocarbon

feed with the secon st decreases netal content and/or et er oat om
content. | n"gvhErridwoldvrert 801 vieldratiecedimiénel NCReedhtendt WePP&onbi nat i ons

of these properthas nQf-thehudspr edustachange dnsiatal @ask 0% relative to
the sanme properties of the hydrocarbon feed after contact of the 5

hydr ocar bon "Féed* iR Bﬁ€36P¥WBPEiéﬁt8@V§¥?Fi?%‘E%Fpﬁiﬂxéﬁbodinents, a
vol une of catkatysi=d prope-tgentacting zone is in a range from 10 vol %to 60
K;h?%cg?ﬁggl?223“?%h¥ﬁ%g%ﬁﬁ%aggﬁ%§l%%%gfﬁ$%%gg%%%%fgn%g%?k%xgéggg grurry of
cat al yst andhalyytrdcaeboer foged ofiyfdedc| adeshisont MO0 rgranmsitt bedd grans,
B
boiling range distribution between 95 °C and 200 °C at 0,101
MPa; at least 0.001 grams, at least 0.005 grams, or at least
20 0.01 grams of hydrocarbons with a boiling range distribution
between 200 °C and 300 °C at 0.101 MPa; at least 0.001 grams,
at least 0.005 grams, cor at least (.01 grams of hydrocarbons
with a boiling range distribution between 300 °C and 400 °C
at 0.101 MPa; and at least 0.001 grams, at least 0.005 grams,
25  or at least 0.01 grams of hydrocarbons with a beiling range
distribution between 400 °C and 65C °C at 0.101 MPa.
In a further embodiment, the hydrocarbon feed, such as
for example a crude feed, may include per gram of feed: at
least 0.001 grams, at least 0.003 grams, or at least 0.01
30 grams of hydrocarbons with a beiling range distribution of at
most 100 °C at 0.101 MpPa; at least 0.001 grams, at least
0.005 grams, or at least (0.01 grams of hydrocarbons with a

boiling range distributicn between 100 °C and 200 °C at 0.101
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Contacting conditions in the contacting zone may 15 include, but are not
limted to, tenperature, pressure, hydrogen source flow, hydrocarbon feed
flow, or conbinations thereof. Contacting conditions in sonme enbodi nents
are controlled to produce a crude product with specific operties

Tenper at ur 8”9%9"%fﬂégéont acting zone nmay range 20 from SWT%’StZBUJQMIE
preferably from 100 Cto 450 C. In sone enbodi nents, tenperature in a
contacting zone nmay range from 350C to 450 C, from360 Cto 440 C, or from
370C to 430 C LHSV of the hydr ocarbon feed will generally range fromO0.1
ICl to 30 .4 14-1 to 305ICIt02|C,1h 251to 15 h-1, 1.5
h-1 to 10 th 7ottt éeﬁs% Qboé AX4mgn %oﬁ‘éasé?rtqog?wg‘“” LHSV Tt $°%t° | east 5

h-1, at |east 0llgdbblpratydreastbdds hith a)rboaulh@a:s;mgawﬁtjméupx%rtl al

pressure of iR t n nge. f MPa to 8
Vo, 1 NPa F0LT e Ghht SO8 Wod® orT S BA 13 SoRRR. o 1R o 50
enbodi nent s, 2talparit |0apobrmuareomfafhya¢@gé}n0ﬁmyrm at mostocZrMIs at nost 6

MPa, at nost,;5nMPayoidt nf0Stn A &@am%tﬁpétb&wwﬁ 3000 @l k3@ MPa. In
sonme enbodi nment si‘%ﬁv%artl al ressure of hydrogen is the sane as the total

pressure of 4h@ 8t i Hy f‘(’?)née&yL .00} prembodinerest i h ORI ehehe hydr ogen

Zource [ sdswﬂpht eliaa@il a. @ad@;reﬁ@roﬁmaﬁb@rﬂaﬁﬁgr@mﬂ aQB(SJ)},dm% Féﬁié@é; (as
eterm ne rmal condi ti t enyper at ure._an ar
pressure, ald§8 Q?Utrllpgdbeftowegg m%rrﬁTQ o % h @tase(%ﬁ% M7dr ogen source to
t he hydr ocar bon &*»ca@dhwm@a:bby fangesr f @:0me0 fdeNNBagBidc. vb0, B0 NnB/ nS,

0.5 NT8/j8 10.40,,000. N1/ . I NTE/078, .9, 8. 900, MIB/ §Bp02 MIRL I, 0 5. 000
’ aL ]east .01 grams of hydrocarbons with a belling range

distribution of at most 100 °C at 0.101 MPa, in addition to
higher boiling components. Typically, the disadvantaged
crude has, per gram of disadvantaged crude, a content of such

15  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 0.00% grams, or
at least 0.01 grams of hydrocarbons with a boiling range
distribution of at least 200 °C at 0.101 MPa.

20 Some hydrocarben feeds or crude feeds may include, per
gram of feed, at least 0.001 grams, at least 0.005 grams, or
at least 0.01 grams of hydrocarbons with a bolling range
distribution of at least 650 °C.

Examples of crudes that might be treated using the

25 processes described herein include, but are not limited to,
crudes from of the following regions of the world: U.S. Gulf
Ceoast and southern California, Canada Tar sands, Brazilian
Santos and Campos basins, Egyptian Gulf of Suez, Chad, United
Kingdom North Sea, Angola Offshore, Chinese Bohai Bay,

30 Venezuelan Zulia, Malaysia, and Indonesia Sumatra.

Treatment of disadvantaged crudes may enhance the
properties of the disadvantaged crudes such that the crudes

are acceptable for transportaticn and/or treatment.

17



10 3,000 N8B/ nB, or 10 NnB/nB to 800 NnB/nB8 contacted with the catal yst(s).
The hydrogen source, in sone enbodinents, is conbined with carrier gas(es)
and recirculated t hrough the contacting zone. Carrier gas nay be, for
exanpl e, hel ium and/ or argon. The carrier gas may facilitate

f1 ow of 15 (HégﬁVﬁ?%carbon feed and/or flow of the hygFgﬂgﬁ WoHPte in the
contacting zone(s). The carrier gas may al so enhance mxing in the
contacting zone(s). In sone enbodi nents, a hydrogen source (for exanple,
hydr ogen, nethane or ethane) may be used as a carrier gas and recircul ated
t hrough the 20 cont e T ,ogen rce ent er
contacting zone %giﬁﬁgkgﬁ?%gﬁt @%fFH ?%gxﬁég?ogg?g%%g Cbccjingf\ngrﬂ/drocarbon
f eed condui tThe0d-wie sepdrdet efbyuwialggésormdw@@Lmorﬂ.iIJ@f Ime doniracétng zone 102,

contact of theshydrogarbon.f eed-with sag&@etxfahwts&%aewd%%es a total product
that includes a crude product, an i n"sone enbodi nents, gas. |In sone

enbodi ment s, "TNSR YHE s eorigiché VWHQﬁe%héﬂhfﬁrB@%ﬁb@ﬁefeed and/ or the

hydr ogen soyfreguih (Gendwdd 2106eshgetiohadteipr aduct: o3my @xitheCcont acti ng zone
102 and be transgorted to ot her £rocessin zones, 30 storage vessel s, or

conbi nat i on$°F RBTEBE P 2 EERANTT° 1087°Th Sofe EHFFAPrHEHTS CXPR t ot al
product may ttent @i hprecessiongigas amdénmxgasOf@ﬁﬂedrﬂunmmgap@oce55|ng

Such gases MYpLAGIAAS, Lol exal ©uiY d080. Sl aE. cgar bofl. diox! de,

carbon nonoxi de, excess gaseous ydro en sou of a’carrier gas. |If
necessary, ﬁﬁéa@%@és§h§a§KﬁﬁVl@9R§@Sa@§ﬂé@ hryémnedshréorn of<dd .pr &auict and

recycl ed;¢t 0 £QAL 38tJNG: Syt 8 108, nRUkL £ qgsstéﬁ%pﬁfé—egfeta‘em&)ﬁ@er
processing zones, 5 storage vessels, or combinations thereof. I'n some

enbodlnentsth@é%b%ﬁﬁﬁaﬁ%H“H6??h@“¥h§fﬁ%%ﬁ%@ée?s drerpsta 6 oleg based on

total produghclade MRSLLBuMELY bASednebalBlak i i Oduel or HurRbph®stc 1 vol %
based the total . product produced. |In. sone enbodi nents, mniml or
non- det ect abi-&° bﬁ%ﬂﬁfg Bt §HSV10-WME 1 ptBtuced during contact of the feed

with the catal ystor knaspioch dasesse thbotdialsprodustli sf canskdered the crude
product -1 opesrlth WERETRAdL IR, 61 O RUL NEr, LoPRRd QT gt opped) i <

separ at e cont act catalysts'in contact|ng zone
102. Duri ng thhers&parabdoriceghotessrfarmg @dstoae poet hpirafarbhe Gregde i s

separat ed usisng,{€ChRLGRES, KRAWA 1R 4§ e art pLfor. exappl .5 gpar gi ng,
menbrane separation, pressure reduction) to produce the hydrocarbon feed.

For exanpl e 2"Raklero fRyodenel YPeastt BAA( T aIRYaBRISRPAE eHEFT GHPTEE cr ude. | N
at most 50 wtppm, at most 20 wtppm, or at most 10 wtppm) in a

20 hydrocarbon feed may reduce the activity of a catalyst upon
contact of the hydrocarbon feed with the catalyst.

The accumulation ¢f deposits or insoluble components in
the reactor may lead to a pressure change in the contacting
zone, thus inhibiting hydrocarbon feed from passing through

25 the contacting zone at desired flow rates. For example, the
inlet pressure of the contacting zone may increase rapidly
over a short period of time as compared to the starting
pressure. A rapid increase in pressure may indicate plugging
of the catalyst. A change in pressure of at least 3 MPa, at

30 least 5 MPa, at least 7 MPa, or at least 10 MPa over a short
period ¢of time may indicate catalyst plugging. Treatment of a
hydrocarbon feed in accordance with embodiments described

herein may include contacting the hydrocarbon feed with the
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20 anot her exanpl e, conponents that have a boiling range distribution bel ow
95 C or below 100 C may be at least partially separated fromthe crude to
produce the hydrocarbon feed. In sonme enbodi nents, at |east a portion of
napht ha and conpounds nore vol atile than naphtha are separated fromthe 25
di sadvant adét20et 17683 In some enbodi ments, the crifdeUpPPENEEL” i s

bl ended with a crude that is the sane as or different fromthe hydrocarbon
feed. For exanple, the crude product may be conbined with a crude having a
different viscosity thereby resulting in a 30 bl ended product having a

viscosity that is between the viscosity of the crude product and the
vi scosity ofoﬁéy%?EHe?”I%‘5W6?ﬁ%?mbf8 I%ﬁdqmeL%WﬁﬂéEﬁWBbﬁgttWﬁy be
bl ended wi t brcnude dtavingiay TANes vi S@0si tgntandl o ARE, gravichytrtdhad 1S

different, t produgi oduct. that has_a selected property that is
bet ween thaﬁﬂgé%g% éﬁpgr§$%%¥%r§§nSﬁgdc?ﬁ%eEpF§%ﬁ¥%i%de?%gcgrgge. The
bl ended pr odiret hndisodaebsui eyl &iflproner ansport ad oy sandfiorattiveaterent . I n

some enbodi nBAL $und pqioﬁéflemtfagﬁg iefavde. b sepasat ed Lg.form the
hydr ocarbon feed. The hydrocarbon feed is then contacted with one or nore

cat al ysts t F"ERAHYE & sEPEAEA priopSeEyoBiec B MAIPEEaPHEh feed to form a

total produaiydrBed eastca. pant koM ehobhendmtsal s oduebgandRrcat; d east a
portion of q}crude product 10 fr%%?the t ot al pgg?uct may bl ended with at

| east a port1"6R°BT" (& - dI's SRTENTHGEE "GP Ltte "ARdF B 40 FFEEnt° cPifde to
obt ai n a praductrhawidngctirdeshated upteperdritasn dantsoenenbodi nents, the

crude produc . t | end r od I r orted.to refinery and
distillegpl Ogﬁggggﬁ?rg§?$bﬁglﬁgmﬁf%t?giﬁﬁjgégprogﬁcg%%ﬁgﬁoﬁgnore
hydr ocar bon Hydaegsoite. cqhieoumpdp bcar b frdaoriromsn fepgdbe processed to

produce comrer Ci gt PrOGLCE ScSUGE: AS Jfef ansReLt AL T anbielqo luhti cants, or
chem cal s. Bl ending and separating of the disadvantaged crude and/ or

hydr ocar bon 1261 Fe&d “orotatipr éetet! Cdnd/ Bie drddecHisauEeed $rdeseri bed U S.

Publ i shed PaigbtcApploheation MNone 20050133444 oL 9-1BRaRe84 @nauiwhich is
incorporateqﬁgerein b¥€reference. | n. sone enbodi nents, the crude product

has a total Iy B SITTHF E oMt AP Dt PRo t 5666~ at® MOSE 1 E0HAT at most 10%

reactor, multiple pertions of a reactor, or combinations
thereof. Examples ¢f a contacting zone include a stacked bed
reactor, a fixed bed reactor, an ebullating bed reactor, a
continuously stirrved tank reactcor (C5TR”), a fluidized bed

20 reactor, a spray reactor, and a liquid/liguid contactor.
Configuration of one or more contacting zones is described in
U.S. Published Patent Application No. 20050133414 t¢o Bhan et
al., which is incorporated herein by reference. In certain
embodiments, the contacting system is on or coupled to an

25 offshore facility. Contact of the hydrocarbon feed with
catalyst (s) in contacting system 100 may be a continuocus
process or a batch process.

The contacting zone may include one or more catalysts

(for example, two catalysts). In some embodiments, contact

30 of the hydrocarbon feed with a first catalyst of the two
catalysts may reduce wviscosity of the hydrocarbon feed.
Subsequent contact of the reduced viscosity hydrocarbon feed

with the second catalyst decreases metal content and/or
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25 at nost 5% or at nost 3% of the nol ybdenum content of the hydrocarbon
feed. In certain enbodi nents, the crude product has a total nolybdenum
content ranging fromO0.001 wtppmto 1 wtppm fromO 005 wtppmto 0.1 wt ppm

or fromO. Q\;(h%{)%%?zh% wt ppm 30l n sone enbodi nents, egﬂ/b@ﬁ’ 9% ggct has a

copper conte nost 90% at nost 50% at nost 10 % or at
nost 3% of the copper content of the hydrocarbon feed. In certal n

enbodi ments, the crude product has a total copper content ranging from
0.001 wtppmto 1 wppm fromO0.005 wtppmto 0.1 wppm or fromO0.01 to 0.05

wtppm 1 n sqnk enbodi %%mémth%n @h%% 9&9&!&1%11@98 zaesaeaélco%ceeg@nt of nmetals

in metal salts of organic acid at nost 0% “at nost % at nost 10%
or at nost B%Fofontrntt @Faqio%ﬁﬁémﬂsofofn’élﬁ%l@swﬁp@@@&}s @%I*Ih@ 6fudt gani ¢

aci ds in the hydrocalhen feed. J.@Q?-rl'o% acigdsvthat genesad |y form netal
salts include, but are not limted t carboxylic acids, thiols, imdes,

sul foni c aciRFEPeRhtP S i b?{%ﬁ“é’éroﬁéé)ﬁﬁl £eedPIRPE AT BORGE i ¢f ddFds i ncl ude, but

are not |4 miyedotosndraphthenite acd ds, mph@naamhmpem c aci ds, and benzoic
acid. The netal ortl nof %)8 .nmetal salt e al k metals (for

d
exanpl e, lithi um cﬁ G ARG8T A urﬁOlsug]o éf fHe- eé{r’fh rrg dl's (for
exanpl e, rrag:rwmacmnq:aboewm 1and PraieuAyorn COl wods IS 32 wnetwal 80(f or exanpl e,

zinc and cadghym, colum 15 a6tals, Choiy SXamPLe ALse0i Qo Rl i, © metal s

(for exanple, chro , or mixtures ther I'n certain enbodi nents,
the crude pr@dﬁ@@am ﬁeﬁ@tlall thpmaetechingrercars i geral salts of organic

acids, pey @n@%%ﬁ’er&fs,Cﬁuéjﬁlrg&ogycéa’taﬂ?s@ arn@n%dzfc{c%ﬁfbgn 1rassppEy t 0 50 wt ppm
3 wppmto 20 wtppm grans pmto 1 wp total netals in netal

salt of or galﬁllcéu‘é%lfd?mparwjr &r‘ﬁa’%’ﬁ té’r&&eg’ﬁ?*t?dugtgoq FTERT tH n 8RB ment s,

APl gravity oC'tf ot he q::raudetcprao@u@ms 25 peodueadpkromconbhacto fof the

hydr ocar bon ed vmbth Ea%ciil at tthetcont actl ng conditions, is increased
by at | east FITRFATREAs ) feast 5°501Y &t"Feast 10 relative to the API
gravity of t he hqmt@canb@mdn@edmdm metmealamneabbmc;rrenns,maézPl gravity of the

crude pr %du%%cﬁg&]ag,e%uftrgﬁ zlottolﬂgﬂteqiotgp t?ie%perature, pressure,

hydrogen source flow, hydrocarbon feed flow, or combinations
thereof. Contacting conditions in some embodiments are
contrelled to produce a crude product with specific
properties. Temperature in the contacting zcne may range

20 from 50 °C to 500 °C, preferably from 100 °C to 450 °C. In
some embodiments, temperature in a contacting zone may range
from 350°C to 450 °C, from 360 °C to 440 °C, or from 370°C to
430 °C. LHSV of the hydrocarbon feed will generally range
from 0.1 h™* to 30 h™, 0.4 h™" to 25 h™', 0.5 h™ to 20 n™', 1 n”

25 'to 15 h™, 1.5 hTto 10 kY, or 2 1t to 5 h7'.  In some
embodiments, LHSV is at least 5 h™', at least 11 h™', at least
15 h™, or at least 20 h™'. A partial pressure of hydrogen
in the contacting zone may range from (0.1 MPa to § MPa, 1 MPa
te 7 MPa, 2 MPA to 6 MPa, or 3 MPa to 5 MPa. In some

30 embodiments, a partial pressure of hydrogen may be at most 7
MPs, at most & MPa, at most 5 MPa, alt most 4 MPa, at most 3

MPa, or at most 3.5 MPa. In some embodiments, a partial
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300r 12 to 25. In certain enbodi nents, the crude product has a
viscosity of at nost 90% at nost 80% or at nost 70% of the viscosity of

t he hydrocarbon feed. In sonme enbodi nents, the viscosity of the crude
product is 4000, at nost 500, or at nost 100 cSt.. ln sone
enbodinentga;%ﬂgﬁ%f%de product has a sedi nent content %ﬁwgﬁm%%%@”b.lwbby
wei ght of crude product. The 5 sedi nent content of the crude product nmay
range from 0.0001%to 0.1% by weight, fromO0.001%to 0.05% or from 0.005%
to 0.01% by wei ght of crude product. In sonme enbodi nents, the sulfur

content of {}é&s@)wgeofpwgy&&eni %%&%%9&%&;@}%@a;agihgﬁgg%or{% 8t [ps! 70% of

the sul fur content of "the” hydrocarbon fee yodi MEnt'S t he
sul fur cont €ifPt8Ft1He 2€ftide product is at |east 0.02 grans per gram of

crude product. The swohithemontaninoh Lhe wridgproduet My fange; from 0.001
grans to 0.1 grans, fromO0.005 to 0.08 granms or fromO0.01 to 0.05 grans per

gram of crud® F59T oldGét exemple, | hy@oee  etibiodi Aehtlso tRe dfittrBgest cont ent of

the crudes proadustnd s <60% ¢ &rk30% 2 B0% £iel20%0e Una99% 1:01,110% of the
nitrogen content of the hydrocarbon feed., |n sone enbodi nents, the crude

product has BFeRPEFOgén S20fGHtent tar s Bagym0. 0F Hraus8Puthi trogen per gram
of crude praoduebged csebe ©Thadi MRS arbhe Mmlhrogancont eMyof rihe crude

broduct 1y g ange o Guf03 AR 00C; T arane, a0, 005 apare Lo 0. 08
enmbodi nent s,Nrt' e’ ¢ utle) 0pr sdiret, i nakiiEsto i M oot sumphgcul an’/afrauct ures, from
g-rgfn % aﬁcﬁfufjéea 080 IR 9haMB, Of o hfOM0: %o ANE ot 2oQe 43 8B, Of Nydrogen per
catalyst (s). The hydrogen source, in some embodiments, is
combined with carrier gas{es) and recirculated through the
contacting zone. Carrier gas may be, for example, nitrogen,
helium, and/or argon. The carrier gas may facilitate flow of
15 the hydrocarkon feed and/or flow of the hydrogen source in
the contacting zone{s). The carrier gas may also enhance
mixing in the contacting zone({s). In some embodiments, a
hydrogen source (for example, hydrogen, methane or ethane)
may be used as a carrier gas and recirculated through the
20 contacting zone.
The hydrogen scurce may enter contacting zone 102 co-
currently with the hydrocarbon feed via hydrocarbon feed
conduit 104 or separately via gas conduit 106. In contacting
zone 102, contact of the hydrocarbon fezed with a catalyst
25 preduces a tetal product that includes a crude product, and,
in scme embodiments, gas. In some embodiments, a carrier gas
is combined with the hydrocarbon feed and/or the hydrogen
source in conduit 106. The teotal product may exit contacting
zone 102 and be transported to other processing zones,
30 storage vessels, or combinations thereof via conduit 108.
In some embodiments, the total product may contain
processing gas and/or gas formed during processing.  Such

gases may include, for example, hydrogen sulfide, carbon
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product. The crude product may include, in its nolecular structure, from
0.8 grans to 0.9 grans or fromO0.82 grans to 30 0.88 grans of carbon per
gram of crude product. A ratio of atom c hydrogen to atom c carbon (H C) of
t he crude pr.od ct may be within 70%to 130% 80%to 120% or 90%to 110% of
the atom CQW C"YEF18 of the hydrocarbon feed. A crude ’E)‘f%@ﬁf@?‘”o‘“‘a“tlbm c HC
ratio within 10%to 30% of the hydrocarbon feed atomc H C ratio indicates
t hat uptake and/ or consunption of hydrogen in the process is relatively

smal I, and/or that hydrogen is produced in si tu. 5The crude product
|ncludes co ne h_a ran of _boi | pQi n_sone enbodi nent s,
the crude ppaég) ?él Nl rE) %smonﬁgggﬁ’r fn’%cgfsst%e Cr' eydrogauc?ourgte | east 0.001

grans, or frm@/cr@@lcaqrraﬁs das -0. Bfgrea;ﬁssa)lfy,hycdeoe)areb@nsawrrtafy acboi |l i ng
range di strls%taw@e&ffr% Reteolf G lcd %Q%S Boer A t[%e £22+ 00 gfams or

from0.001 grams to 0.5 grans of hydrocar ing ra
di stributi orﬁyﬁéﬁ&‘i\/e%q{) 1@91(5% PO gt ed. 0 P vPR Prate b ekt Z@“@&l grans, or

from 0. 00l gramsgt ovdds219) AW cohoydresarbensow t hashehling range
di stribution between 200 C and 300 C at 0.101 MPa; at |east 0.001 grans, or

from 0. 001 RETY G 5985 SHOBFERYErSEar BEnS 4FTH a°bdt IR Fange
di stributi onchéet ween 300t&angr400-1C at k0% MPe wavddadn lkeast 0. 001

grans, or fr 0 r of hdr C ons wi.th a boiling range
di stributi or&%}gg\%gen]mgégn% g gé%ﬂ% é/%% ﬁﬁ’{)prﬁ’ﬁl}] " B U ERbodi ment s
t he crude priodgere jardloddes)tpenigieh of: crudetproduet anantseastgfs 001 grans
of hydr ogar hons, W d .2 QQHr!gnQoB@&Q? 09“ Shd 1AL QN0 thgt%%% 3400 Cat 0.101

MPa and/or at |east 0.001 grans hydr ocar bons w i'ng range

di stributi on"bEPFRETF£60 @%ﬁ@téb(}’f@déﬁt Olslﬁﬁnwéer%me soveeenbodi ment s,
the crude praddgtthas a distillate content of at |east 110% at | east 120%
or at least 130%of the Distillate content, of the hydrocarbon feed. The

Distillate content TFet ABEHTGR pr STUCE Ry B8, t(f%’degP%"arf’iTB1‘°]PE’?‘&)(1e product ,
in a range fisom:P2:00001 g1 @B ot Oorﬂ.a@t_gikﬁm o&@(@rG&keG@an%s,tsOu@M gr ams to

0.5 gra (0150 Wt 9 0l.grans.to
cert ai nngnbo Fieht e Y FRe® clrogzde %rodﬁct% AT PE” %Ei)onc@%fjgﬁ?s’ ﬁ(@ FPHY bet vveen
343C to 538@ @prOlQI_TOijI\/P]ae @fod@094 separated using technigques known in

the art (for example, sparging, membrane separation, pressure
reduction) to produce the hydrocarbon feed. For example,
water may ke at least partially separated from the crude. In
20 another example, components that have a boiling range
distribution below 95 °C or below 100 °C may be at least
partially separated from the crude to produce the hydrocarbon
feed. In some embodiments, at least a portion of naphtha and
compounds more volatile than naphtha are separated from the
25  disadvantaged crude.

In some embodiments, the crude product is blended with a
crude that is the same as or different from the hydrocarbon
fead. For example, the crude product may be combined with a
crude having a different viscosity thersby resulting in a

30 blended product having a viscosity that is between the
viscosity of the crude product and the viscosity of the
crude. In another example, the crude product may be blended

with crude having a TAN, viscosity and/or API gravity that is
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to 130% 80%to 120% or 90%to 110% of the VA content of the hydrocarbon
feed. In sone enbodi nents, the crude product has, per gram of crude
product, a VG content in a range from 0.00001 grans to 0.8 grans, 0.001
grans to O .01 5 grans to 0.6 grans, or 0.1 grans to 0.5 grans.
I'n some enﬁ%dlﬂgﬁﬁym the crude product has a residue c%ﬁ?@ﬁ?m%¥a%& nost
90% at nost 80% or at nost 50% of the residue content of the hydrocarbon
feed. The crude product may have, per gram of crude product, a residue
content in ato range fromin a range from 0. 00001 grans to 0.8 grans,
0.001 grans t.0:Q. 7, 9r 1 to 0. r 5 to 0.5 grans,
or 0.1 to O. ?f‘grr ne %ﬁ%rm%;%rogu quﬁo f%%ﬁgsggs 5m8r%dge g@a ct has a
total C5 ancPr@?ea“SpH;illaﬂveneéoe@@ﬁeemha(ﬁ sateqimst p@@%rtatoﬁwe 80%ge at 15 nost
75% or at msk,80%Rf twecmreal %%ngngd %%BQ@»&%% SpEankenL, of the

hydr ocarbon feed. In other enbodi nents asp ha tenes content of the
hydr ocar bon e i FORRE TRBHET 21096 dtropbastt 30%7 W“ea?mlp@élsftem@% of the C5

asphal t enes @eatemt t0kat hﬁzd@Ydst%atl@ﬂeaaﬁﬂ fokR QRF hahfoQkedi ments, the 20
carbon feed, a total C5 and C7

hydr ocar bon as hydr o

asphal t enes ff:ﬁﬁt’eqf Pgﬁ ?‘%kﬁof’o Wd@ltﬁ‘?’bﬁé’“%“@dzwépér%’e 0rot%% 0. 15
grans, or 0.0R5agrans Lbocﬁ)arﬂ@ gl’a@fsacted proplemq:edsf aiha emmja&ams the crude
Prodset o el conkent . b 00k 208 BhsTPR st ibn Hs Fhamoes 80% O

the 25 131TR content of Focar bon sone” enb nts
decreasi ng t'#é2EEEPRAl @req“(@g ebntaast @quriteOhy@ﬁ ecarboen freedcwhi | e

mai nt ai nidg @ohebal insehy slable NERpCRLENt TBY.d Nehease e, shal || e of

t he hydrocarbon feed/total product” m xture. 30 The cru product has
sone enbodi féft €FSFERFBIDDTLI VYT AT/ 06 9. DT fgrams, cr@d@otsv g#oéarsn too 0. 15

granms, or 0;ﬁﬂ:d@d‘t&ﬂﬁvﬁﬁgobk%lgegiﬁﬁﬁpQBpM@Ber gram of crude product.
I n sone enbodi meg N the cry gro uct is ap\%drocar bon conposition that

has a total Ni/F O@Snf?%({d%‘?“ 7 1'E&stT B0 PR 2A°f esitdie content of at
| east 0.1 grémsdperorgram oa‘mhydairm;aarrb@n CORPOST iian; and distibi&at e cont ent

of at | east I g am ydrocar.bon conposi tion, an oxygen
cont ent gjfs ggd%%]"s i%rg%?%lpa% Lﬂr ae%g Hydroeatrfon” cbsosi tion: a

m cro-car bo@yrié@l?c‘mi?@ncém@mon@f eﬁhel éa@tocar@Engflazfmlpm ngevabe of hydr ocar bon

conposi tion,38pds NAs 18 ¥iSkRS] wmn% c8h1 tdu%QQ &, 8L 37.8 C In
sone enbodi ments, the crude product |nc romgreater than 0 grans, but

| ess than 0. GI"gRAHREEION 0DOA0 1 st o @m@me@*% oFlamdd000ancyr ans t o
0. 0001 gransepbrdwildl oeatidl ¥isbapeintdham Ofuger Mo dueda-Ehg catal yst

present |'1 %ggdcrég¥% égggtct anAQéis%kﬁée'élo%E?P'fé égggr}gg% J.s.
Published Patent Application No. 20050133414 to Bhan et al.,
which is incorporated herein by reference.

In some embodiments, the crude product has a total

melybdenum content of at most 90%, at most 50%, at most 10%,

25 at most 5%, or at most 3% of the molybdenum content of the
hydrocarbon feed. In certain embodiments, the crude product
has a total molybdenum content ranging from 0.001 wtppm to 1
wtppnm, from 0.005 wippm to 0.1 wtppm, or from 0.01 to 0.05
wtppm.

30 In scme embodiments, the crude product has a copper
content of at most 90%, alt most 50%, at most 10%, at most 5%,
or at most 3% of the copper content of the hydrocarbon faed.

In certain embodiments, the crude product has a total copper
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15 crude product during transportation and/or treatnent. The catalyst in
the crude product may inhibit corrosion, inhibit friction, and/or increase
wat er separation abilities of the crude product. Methods descri bed herei n
may be confygw&thd-Q add one or nore catal ysts described herein to

crude 20 product dufing treatnent. It may be desW’é{Bﬁngwﬂéwéhl y

sel ectively reduce one or nore conponents (for exanple, residue and/or
viscosity) in a hydrocarbon feed wi thout significantly changi ng the anount
of Ni/V/Fe and/or sulfur in the hydrocarbon feed. In this 25 manner,

hydr ogen upt r n i ncentr at N J€8 due

reducti on, aﬁdgﬁﬁg? H}%&ggl %lra]&%)fo g?wpggﬁgﬂeﬁﬁ Slf‘r%cren ?esosb StP%8Uch
hydrogen is & dolb&irRy usedity Peliide 8t ﬁ%rwt@@m)onents in the hydrocarbon

feed, the amount 1pfsdiedereendesed, dud RYuEDE BHOCESS sMBY, fig M ni mi zed. 30
For exarrpl e, a disadvanta ed crude ma gve%g ﬁ resg?dﬁgc(:él but a Ni/V/Fe

content that®9° ¢ REcepIsbres t'6 REbE: t584p n‘é%tméiﬁﬁl%foraotiﬁian%fp@tt apion

speci ficati ons, Suchsydoecarbenst ead, GBYaileoB@rfﬁ’\ efef Led endly treated by
reducing resj %E W tpgn%tta I slo re UCI nﬁ I n, some enbodi nent s,
contact of a hydrocarbon ESC%& a‘f’l%’@f"s‘c F&SEFi edRerein at

t enper at ur eshxainfécmmlfr%e@ 5 Odescm ed dhetieitn gpneduogs farc mgdel pr oduct t hat

has a vi SCOsécifl)ﬁsoin(@Fud@os}&zt]-%gecl‘?‘&tq mgze et% gaglgtxgjllylclllzec{v content of at

| east 150 thpm a residue content of at gram of crude
product, a di'SCilFI atdgent BhtL o8t c astciideasend sulgpartesper Exprarheef otr ude

product . 1@n O%YeenL W centientnabiqadl MRSk 0. lbt0h afB-Rek o rx@é’thEileg’{éjde
product, and a m cro-carbpon resi due content of at |eas 05 grans per gram

of crude prdtfd€f: PRenantpngnicy ae5dys@ddi hetsivd corSifor eTE‘hﬁQﬂﬁaﬁfents of the

i nventions meytinclatehenesior BBLEs b[wyklﬂﬁu@leSaﬁE@[lOfne@aﬁh% Qo5 nore netals
on a support, e in elenme in the formof a
conmpound of tﬁxg?eﬁl%lhﬁ' csaot%a}lystanddgg{g‘?(‘isﬁéla‘ het aﬁlﬁ%faﬁé i ntroduced
into the com@&@ﬂﬁngfozoneaza:slea perecirisor , canduthemdbeeomin)gcthvenas a

catal yst,j n {NACON acbing,£o0e. (L0l SXATRl NS oﬁg?{%% z3gand/or a

hydr ocarbon feed containing sulfur s con acte e prech %or)
In some enbodiCheftdPleatsasssics - useldmmo 6 chelirge ;{)f@peémamese,of t he hydrocarbon

feed i ncl udereagi @) MekenGoluagsy g k@ snmetals on a support. Columms 6-10

metal (s) include but are
In certain embodiments, the crude product has a total

content of metals in metal salts of organic acids, per gram
20 of crude product, in a range from 0.1 wtppm to 50 wtppm, 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
product,
In certain embodiments, API gravity of the crude product
25 produced from contact of the hydrocarbon feed with catalyst,
at the contacting conditions, is increased by at least 2, at
least 3, at least 5, or at least 10 relative to the API
gravity of the hydrocarbon feed. In certain embodiments, API
gravity of the crude product ranges from 7 to 40, 10 to 30,
30 or 12 to 25.
In certain embodiments, the crude product has a
vigscosity of at most 90%, at most 80%, or at most 70% of the

viscosity of the hydrocarbon fzed. In some embodiments, the
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25 not limted to, chrom um nolybdenum tungsten, nmanganese, technetium
rhenium iron, cobalt, nickel, ruthenium palladium rhodium osm um
iridium platinum or mxtures thereof. The catal yst nay have, per gram of
catal yst, %53? (gggl ums 6-10 netal (s) content in a range fromat |east 30
0.0001 grans, “At I'east 0.001 grams, at |east 0.01 granRCT/BR209%441} ange of
0.0001 grans to 0.6 grans, 0.001 granms to 0.3 grans, 0.005 grans to 0.1
grans, or 0.01 grans to 0.08 grans. In sonme enbodi nents, the catal yst

i ncludes Colum 15 elenent(s) in addition to the Colums 6-10 netal (s).
Exanpl es of I i ho phor S e cataly may have a
total Col um\g%gggy%%rﬁltggﬁ%%e B%%adrjucgr gm 0 Wlat Fﬁ“or?&ngéoffrom

0. 000001 gr &is attom@stl 1§Pap®: . 50. 00001 gr ans to 0.06 grans, 0.00005 grans to
0.03 grams, or OIQQQ%Eg@ﬁﬁgﬁﬁﬂ%ngspg%mQE§H@E produ%f Hls % 3égf%e gbOdlnents

t he catal yst includes Col um tal I'ncl'ude, but are
not |imted ‘7(06“"'@815r%fma&ni“o%ﬂ/l%(ﬂe?mm@lﬂhhgsﬁ envdercusdreur edheher eof . The 10

cat al yst naysdaiamem_ Flﬁi’ntgﬁﬁmioﬁ neat AldeSbro@dtohal, gé”’@rcﬁn ehah{s) content
of at | east 0 80({ | east. 0. 01 grans, at | east rans and/or in a

range from 0000 yar%”%t’o o8 AP S0t 0gFandt ti50. & %)rb&rréo 0. 005 grans
to 0.1 grans).-0af i@yovlﬂlgharm tcouBe OB-cgiats. | n sone enbodi nents, the

catal yst includgs,f 1 t:0,.0.96 | ran m 6 netal(s) per
gram of cat aﬂl ystgﬁ gnn%?g?r%&g%b g£ n’ﬁ'}lf% 7 fsto%ndrsq‘S eﬁfﬁ%péo%‘ttal (s)

i ncl ude oxi d’és%u%%%%rﬁml%d@ﬁunwar |0®xﬂblen<3md77@)% afungsten fluri oxi de. In
certain gnbadinaent Sor the SRLRYSted Nekudes, Qnly o'ﬁmeﬁt{mté\gl s or only

Colum 6 20 congounds I n ‘an enbodi ment, the cata I nc es only
mol ybdenum aivdf 8F mtﬁﬁae%rﬁh@xi:ﬁ%e oEAdite 1érrﬁbd3ie@éht0t(}*?eg@@1ﬂurm 6- 10

netal cat al ystr gesprdrsesu@d greasét O TLeQE@lrEJrOEOMMbggnH{B ReLagr am of
cat al yst. In S nme_ enbodi nen &I%OP}D$€ cat al i ncl udes a conbi nati on 25 of

Col um 6 netEl s):L M h T BReE MRS thOoPrTbﬂIii‘f?ﬁs from §. 0l utms 7- 10
metal (s) i ndjoudeOB bitamar er Notoml DIt @d DODS RAAGANESE grhechnetiLua rhenium
iron, cobal kel rut henium palladium rhodium osmum iridium

plati num o mxtur es thereof. The catal yst nay have, per gram of 30

catal yst, a total» Goirgnasb@litgnpet dihgshiconentontrera pange trode at | east

0. 0001 gramg,rsdhed gast t ra I a range of
0. 0001 gragﬁp too %.6 grg?m&p(])i?go rr%Orar%ré {E@s 9 QOL Q SF%O% gRrLgerrs to 0.1

grams, or 0. BIrgreheo ten®. @Stb?mropﬁr}éﬁefé Odl ment at |east one of the
Col ums 7- 10 rretﬁrh SReNPibEaSe Rt SkaheaBdhQr peobdd nakn, Spegahodi nent s,

the Cata&ySt gC|Ud%§]eaéyqp %Sggggn%?t Qn;gnadqgtlon tf thg Col umms 6-10
met al (s)” gen per gram ¢f crude
product In some embodiments, the nitrogen content of the
crude product may range from 0.001 grams to 0.1 grams, from
0.005 grams to 0.08 grams, or from 0.01 to 0.05 grams per
gram of crude product,.
25 In some embodiments, the crude product includes, in its
molecular structures, from 0.03 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
structure, from C.8 grams to 0.9 grams or from 0.82 grams to
30 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 pe within 70% to 130%, 80% to 120%, or 90% to 110% of the

atomic H/C ratic of the hydrocarbon feed. A crude product
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5 enbodi nents, the catal yst has at nost 0.03 grans, at nost 0.02 grans or
0.01 grans of Colums 7-10 netals per gramof catalyst. In sone

enbodi ments, the cat aI yst does not include Colums 7-10 netals. A nolar
ratio of Col um to Colums 7-10 netal 10 may be in a range fromO0.1
to 20, 1 té"/(l%f’")"ﬁ’f”? to 5. In some enbodi nents, the cab@I'YSOOYHAUdes
Colum 15 elenent(s) in addition to the conbination of Colum 6 netal (s)
with one or nore netals from Colums 7-10. In other enbodinents, the

catal yst includes Colum 6 netal (s) and CoI urm 10 netal (s). 15 A nol ar

rati o of thetotal | umm 10 netal . to al netal in the
catal yst may’ Ba*F nll/%)rrgﬁb% "flrtgr]r{lllq‘b tj?o br"ﬁf FB?n%gydrr(?c%rbqrh fegfe
enbodi nent s, attohéccattalypsto i nelivdess ColatnmaptkBiee beamaint (:s)nsmnﬁptaddl &fon to the

Col um 6 net a f .20, Caol el e ts e, phosphor us.
The cat al ystrﬁJrray %v@é“ gg%o[? ﬂ%e&(%lhsmrei{gplYesl%n{“%ntagﬁ? Li:% tgr am of
cat al yst, i myaage" ficorr0d0e0001 grtams to 0.1 grans, O. 00001 grans to 0.06

grams, 0.00005 g@@@ﬁ:ﬂﬁe%%u%a{@aau%so QL0 2B 40,0001 geans. 25In
sone enbodi nents, Columms 6-10 netal (s) are incorporated vvlth a support to

formthe cat¥lyps l‘?%“&értaﬁ“n Salh o ERTER L SCo - UAME 6L 10T ¢BICA (S) i n
conbi nati on Mictha&ol wan dbareloenend (c&);da,r@rddir@@r poF atogetvw Igpia support to

formthe catal yst. ntS| t he taI nd/ or 30

el enent (s) agre}{su O%%trgﬂ 8%@%?%t \3@ %h%mg‘ﬁt% yat P erdés att support,
all netal (s)a bamulraj lragbemettispution séne: enBodi Merfcsatthacsupport i ncl udes
refractofy oxi q§§$t g)orogys a"?rfst,)OQr %%3“38 erlrging tozeOoF (%n gtrfoconbl nati ons

thereof. Refractory oxid ut are not al um na,
silica, sil Wéﬂra%‘frﬁcm Wl«‘aﬂ't a’inmhima denoe | Hesaibin ioxi u@twwgﬂléél Um oxi de,

or mxtures dhepeefec SUPPOrd:s MBE,V aﬁe 1@9&@'@%@1“ A2 CONRLChahg,
manuf acturer such as Criterion gsts and Technol ogies LP (Houston,

Texas, U.S. A7F™SPgt dus Eafr‘“b‘bﬁfb%i%‘él@cﬁﬁ erf #ighi adrUdén9Ibi98re not linited
to, activatedsearhomncangéoredpoross® graphsde. cEaarr:le%s oba;zeel Ligs i ncl ude

Y-zeolites, zeolites e zeoli t ZSM5 zeolites, and
ferrieri fsz z%@b?t%%amSZeSﬂ?é’é“ 6\/% Y9G8 Bbt%i nédg‘féfr‘k?moa TSR EPSLS
manuf act ur ewistuch lasiZegl ystge( YastwpuEosgee theansydov aai e&;d UoB. 7¢) . In

sone enbodi ngnts mm 0, ( re . l.ncorporat th a support to
formthe cat aIb 1OlCI(R/JrE\)E’{ceg Cg.la% e%odlorré?rjl% agraf% rgml tgﬁs in

conbi nat|0r|qMthrqmﬂ @imhydrocarbons with a bOlllng range distribution
between 400 °C and 538 °C at 0.101 MPa.

20 In some embodiments the crude product includes, per gram
¢f crude product, at least 0.001 grams of hydrocarbons with a
boiling range distribution of at most 100 °C at 0.101 MPa
and/or at least 0.001 grams of hydrocarbons with a beiling
range distribution between 100 °C and 200 °C at 0.101 MPa.

25 In some embodiments, the crude product has a distillate
content of at least 110%, at least 120%, or at least 130% of
the Distillate content of the hydrocarbon feed. The
Distillate content of the crude product may be, per gram of
crude product, in a range from 0.00001 grams to 0.6 grams

30 (0.001-60 wt%), 0.001 grams to 0.5 grams (0.1-50 wit%), or
0.01 grams to 0.4 grams (1-40 wt%),

In certain embodiments, the crude product has a VGO

content, boiling between 343°C to %38°C at 0.101 MPa, of 70%
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15 15 el enent(s) are incorporated with a support to formthe catalyst. In
enbodi nents in which the netal (s) and/or el enent(s) are supported, the
wei ght of the catalyst includes all support, all netal (s), and all

el enent (s) ort may be porous and may include refractory oxides,
por ous 20 ?:"’é’r%ﬁ”ﬁ 'gged materials, zeolites, or conbi nakGOFEUREPEDS .
Refractory oxi des may include, but are not limted to, alumna, silica,
silica-alumna, titanium oxide, zirconium oxide, nagnesium oxi de, or

m xtures thereof. Supports may be obtained froma conmercial nmanufacturer
such as Critigyijgps 23.6atal y. nd,. techn s, LP fHouston, Texas,

U.S.A ). Porous car E)ggn Egs 2’c:'i)Lr‘ra?e(rjgloalg |§£c % t%UtV(Ggrgorhc?tn Y Phited to,
activat ed cdrisohyarriiasbopofasgs gilamwﬁteeem@damphe\s, afhezeoldd esobmel ude

Y- zeol ites, 1Bel ap2eeibhess dDLAOHIA£o0L 1@ oo fM:S 780! It 88, and
ferrierite zeolltes Zeolites may be obtai ned roma cémer ¢i &l

manuf act ur er®-S48Rt a&-aREot g st §( VafFfFSey OF@?beﬁfdPén‘n%)ﬂ \iaair@ms,UOSGA ). I n

certain esrrboﬁlanfenwtcs 0 %h@r&mp@&tolzn@rggestcg@n'gaq)@gr&,gm na, delta al um na,
al pha alumna, o t hereof. The anount of gamma alum na, delta

tl
al unmina, al pha aﬁuﬁoﬂ‘ﬁ % ‘jc)lBﬁBFh'atﬁhSngr‘f%rpéB?iuCtpéﬁaqg? afisdfiueat al yst
support, maycdsgenn & pangesi Pom 0:1000Lt gs@Ns oﬁcOatO @3 rghee,f 92001 grans to

0.5 gram, .QLagramh.bh: 0L LA 0L AL, TSl 5 Bl Orams as determ ned by

x-ray diffraction. 1 n sone enbo d € 'suppor
grans to 0. Ig§Yghavrs, P@m%&ﬂgl@én@rmdﬁ ®r©6mg:r amsreordu@. 6dnigmansnta 0. 03 grans

of silica andqyl. HORaNs 100 2999 (9haHE: 290 & e %Parr% 9 9%ar gy ams, or

0.99 to 0.97 grans of _alumi na. Incorporation 10 of Bronst'e se such as
silica into $hB83stpPor't 9P i AnPbidrafsr atd 6n%¢m%ol@e0atgr@m@va@ ed
tenperatures.s grams,Ode Or1 n0re. m&j@h@ from Col ums 6-10 of the Periodic
Tabl e and/ or one_or nore conpounds of one or nore netals from Col uims 6-10

of the Periodic TabiEnElPBETEREfrulT"Ed T PACSHPpoRE I F6rnfa m xture.
The m xt ur e avglyChesbos metheisntontpart bel &S mosL 90%,Catahyst sothai: have a | arge

surface areg, \éﬂttlﬁ?{g S@gp%mosgng? O£of cat Lg? aggtg}g(ﬁfgg%]utexarrpl e, Col umms

6-10 netals) on t ace 55t "t he cafal IR B Scomul i ng 20
the catal ytienfierals whe hairogpport fe€dnulin pghef drbedsuppert tand catal ytic

metal may formgsubshantd.ahLye W LAL M AL BOMRALNSoNS; MX! ULe., I n some
enbodi nents, water and/or solvent may b itate torm ng the

m xture int d%3 pastle@sehat0rmprbat eherslidel ¢f fib@ rﬁ@daﬂmadtéxw udat e 25
particles, spheeot ds, <pilhwrotabbet %ae@yl m@%ﬁ:ﬁald [h 894 R t@Xt F:1si ons or

| oosel y hound a r. clusters, known extrusion, nolding
tabl ot g BMECerHE par oM s G o Lbl G HEEbtAc “ne €hFtims 6-10
net al (s) andssupbartasmplbeneonvhtett ranging from 0.001 grams to 0.2
grams, 0.0l to 0.15 grams, or 0.09% grams to 0.15 grams.
In certain embodiments, the crude product has a MCR
content of at most 95%, at most 90%, or at most 80% of the
25  MCR content of the hydrocarbon feed. In some embodiments,
decreasing the Cs asphaltenes content of the hydrocarben feed
while maintaining a relatively stable MCR content may
increase the stability of the hydrocarbon feed/total product
mixture.
30 The crude product has, in scme embodiments, from 0.0001 grams
toe 0.20 grams, C.005 grams to 0.15 grams, or 0.01 grams to
0.010 grams cof MCR per gram of crude product.
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30 with suitable mxing equipnent. If nore than one netal is present the
nmetal s may be added together or separately. Exanples of suitable m xing
equi pnent include tunblers, stationary shells or troughs, Miuller m xers
(for exanpl t type or continuous type), inpact mxers, and any other
general |y Q’ﬁ%&%gﬁ%@]r, or general Iy known device, that”a/PF20%e%4bl y

provi de the Columms 6-10 netal (s)/support mxture. In certain enbodi nents,
the materials are mxed until the 5 Colums 6-10 netal (s) is (are)
substantially honbgeneously dispersed in the support. Dispersion of the
Col ums 6-10 net al ( [ . ort L nhi bi.t caking of the Colums 6-
10 metal (s) at h?gh%mgngg%gﬁﬂnr%ggghnt /eg? ¥16?ee srgfhé%tf ]tshﬁshﬁ%og’\ﬁrﬂan

hydr ocar bon F&&ds:eonmt ahal ngssighdtdlcant Faffoyntsemf of0at esiadwelahd/ or hi gh

vi scosities L@phe Precessedilchales ot eopar at yres, and pressures not
obt ai nabl e by usi ng conventional catalysts nmade using | npregnation

t echni ques. THTEEHEBnEHr PERtE"/ chIEL hip t6f cansifp6it aedriatnPng silica
and Col umm Gyrk@smedalgsh &OmyBracsrmoet hefpaat-abystarsukiace.cohbaA. snoot her
the Bronsted_acidity of the catal yst surface

cat al yst surgfac% may. I og\er ¢ | | ,

because | ess” aPimi iy dit e& Al e PEk piedCl PYIrocerRo I SPIRgS 1 e eof umm 6
met al (s) al onerorcirbovombs natel onnvertth cCobunmss7- AQ Smetahd SerWytdn t he
support al | Qys (] ] e tion . of.a ort) .at |least a
portion of 20 th%gporrcrcs&t(}glg%gfmtptg%%{é%eggﬁdfé% tdhfé’léﬂc%fl{gg’eg%falt ﬁ“@sgrrbedded
metal catal YU cforateXdnpl €- enbedded in the support), leading to |ess

metal on,d he sur{acgnkhaf Miukd: O NGIW- S8 PGEUE AN ﬁ@@u&&eff?%ﬁlded met al
catalyst. In sonme enbodinments, having less netal on the surface of the

catal yst ext®ia5°T Hd@50| §¥a@sandtorieeat Bhgh ifc Chctiaist y0 ot040Reé cat al yst by

al | owi ng at Jreastt® ponti @mf, the metal §:2.m0ve ¢ @obheysinsf age of the
cat al yst duri_ior%glus nove to the surface of the catalyst

(_ﬁi. 1TQ§ netals ma ] !

through er osi%on~of* the > 5 Tadé*Br Ot KEUBaRIFEET duritfg @bhidét of the

cat al yst wi tdreachydimocae bomdeeptdoc 30Wht outs iwic Shik g abo: bei fyound by any ki nd
of theory, | C i.on,and/ .o 1 Xin f the .comonents of e catal ysts
may changse tc}rw}gsétguo%ﬁ?e%&gglgeﬁr%%(ptoﬁga& nur%]dg? ngrﬁégfﬁ?mi n %E% Col um 6-10
met al oxi de “@tysvall it thetwrdet preduwgbsantibably qeamdeivor dehioft Col uim

6-10 metal imitheosr ¥shiaby StMELW %qa%rt%a%@@%%ﬁ%%y%tf- e order of
the Columm 6-10 netal may be determ ned using powder x-ra
crude product.” Methods described herein may be configured to

add one or more catalysts described herein to the crude

20 product during treatment.

It may be desirable to only selectively reduce one or

more components (for example, residue and/or viscosity) in a
hydrocarbon feed without significantly changing the amount of
Ni/V/Fe and/or sulfur in the hydreocarbon feed. In this

25  manner, hydrogen uptake during contacting may be
“concentrated” on residue reduction, and not reduction of
other compeonents. Since less of such hydrogen is also being
used to reduce other components in the hydrocarbon feed, the
amount. of hydrogen used during the process may be minimized.

30 For example, a disadvantaged crude may have a high residue,
but a Ni/V/Fe content that is acceptable to meet treatment

and/or transportation specifications. Such hydrocarbon feed
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diffraction nethods. The order of elenental nmetal in the 5 catal yst
relative to the order of elenental netal in the netal oxide may be

determ ned by conparing the order of the Columm 6-10 netal peak in an x-ray
di ffraction spectrumof the Columm 6-10 netal oxide to the order of the

Col um 6- 16" I26Yéak in an x-ray diffracti on spectr uRSOPS0M4EaT al yst .
From br oadeni ng and/ or absence of patterns associated with Col um 6-10
nmetal in an x-ray diffraction spectrum it is possible to estimate that the
Col um 6-10 netal (s) are substantially randomy ordered in the crystal
structure. For exanple, nolybdenumtrioxide and the al um na support having
a medi an por®YdPEMELE S6f FateteEstrerde A reP e I RO MSEAE e thtIhBPEn an

al um na/ nol yhdenusaddinaxivdes /mext ure. The nol ybdenum tri oxi de has a definite

pattern (for exanple, definite D001, DOO d/ or .DO03. peaks). The

al umi na/ ol ybdenggn%drnieo??‘%oeélr%e?%’r ed("rrr}latlegi})c eoaﬂ@aﬁy??oec trggn ?[%e)g tahperature of
at |east 316-120C2{60GLF) destribedstedd? & (BOPeFituors abd|mastub88 C (1000
F) Lo produceqa,catalistt Nahades NakusxflLRihca patd sep Jor ol ybdenum
dioxide in an x-ray diffraction spectrum (for exanple, an absence of the
Don peak). I'i3sspe-emdodr mtts 108 oGPk g & hE- Colipmas BL/ER/25 metal (s)
with the suppeibnf ofimeial &olunmes ok, NBt al(ishésuppent §i XUnessd N sonme
enbodi nent s, gn aci d and/ or ter C'&s added to the Col ums 6-10

met al (s)/ suppdr EXMHkEGFedt Y &$sFEEYS RF POt ol OF 1t RES nFSGPE $ht o
particles. TEielwatero.angtais giekuieraeirdcarie adde:i,nasueh,@mounts, and 30
by such t ho s.required .t ive the m xture a desired. .consistency

sui t abl e@o%ﬁg%f&%?n%f{j ai%nl:tﬂ%ﬁ’gcpél)r'?i (g]faemss. PR el es” o ruacgéi 85T uddd but are
not |imtedntigronidnbon aesdiveacetiantacitdat selburd dSagirays ard byar ochl ori c
aci d. oTReL &P S 6, 10 metal (s)/support mixture may be formed into
particles using known techniques in the art such as an extruder. The
particles (extruetEsptiaysdse 18utrusirngokhewRoedtelbsef citet i ng met hods to
form particligsenThaPakli cl@$ad Sy bLenbeattkeated s(dried) at &
tenperature in a range frome65 Cto 260 C or from85 Cto 235 C for a
period of® ti"Pe®(Fortexanhpt €5°P8rt 0. 878 RAUTS BRY 125 1Roft €Y &Ad/ or until the
noi st ure coroent oofirt Bee paridd eF ea haspbead hed +ae desianed twevel . The Col umm

6- 10 met al / supgor{. andler. Lhe, Colum, 610 40 et al sypport, particl es my be
cal ci ned i n the prasence of hot @it "Andror "Gxygarm <t ieh°ai't® at a tenperat ure

in a range PerheerRl5o6 avd a760=Qrspet weeh t586 CcandadUFeCasor bet ween
500 C and 680G {or 18 PRLiQdtOb: 18 L fo%xém&‘l]eq An8n NoyLg, or 1 to 5

o]
hours) to renove volatile matter such 15(,t hat at” | east a portion of the
Col utms #- 16 AHEPAlS RYPECEHHPEr R 1o E R dsr ek bundisngometcakdoxitde. The
t enper at ur e v@engdidd@rs-at which the particles are calcined may be such that
the pore structure of th i calcined mxture is controlled to formthe

final .
pore structure and “SOFf FEPUFERSS 0f°228 Y He CARAI Y82 G PheEt sy ei n.
Cal ci ni ng atoft enpenaitrucesogr €ateriddiane 76@ Grmayrd melease d-he pore vol ume

o ence hEELag K3, 100G {0l D por e, g e ace ares
cont ri bute tothigh bedstosidyonhei,omo2fbdasidugungsten, manganese,

technetium, rhenium, iron, cobalt, nickel, ruthenium,

palladium, rhodium, osmium, iridium, platinum, or mixtures

thereof. The catalyst may have, per gram of catalyst, a

total Columns 6-10 metal (s) content in a range from at least

30 0£.0001 grams, at least 0.001 grams, at least 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 0.0l grams to 0.08 grams.

In some embodiments, the catalyst includes Column 15
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Contact of a hydrocarbon feed having undesirable properties (for exanple,
an undesirable viscosity, APl gravity, NCR content, asphaltene content,
netal s content and/or residue content) with a Colums 6-10 netal (s) 30
catal ysts |.n cked structures (for exanple, a catal yst formed using

i mpr egnat i g‘%ﬂ”{%@ﬁ?ﬁ%gues) may require el evated tenper at X 8SS28HWEFGE7 pressures
to produce a crude product with selected properties. The el evated
tenperatures or pressures allow mniml contact of the catalyst with

hydr ocarbon feed so that the catal yst does not becone deactivated. Contact

of the catal 1 f.eeds.havin i.gh_.residu nt en may shorten
catal yst I f%ﬁ% S}é\l’c%% tlﬁegﬁ?%ﬁOﬁo?%glﬁ%apogx%r?ngght%“ggé‘begﬁﬁ)zﬁ)ds and/or nmetals in
t he hydr ocarisenrteed plaggimdg St beenportesiofludeepbaialoyst. The I n contrast,

comact of hRaioed whi af SALBLYPICEN U Sheksac JIBLAL. Clusters, (Lor

exanpl e, a catalyst formed by comulling orma desiréd striace
t opol ogy for®% Rétehisdl yst BHivgesest BedCheteiomamaytalol. bwsahsant ageous

changes to theobeed;dsasoesur. cat o hhaNen . beIPeLALIL 63 ands of, .Qwer, pressures.
This desire t?B?' org¥ maé al | ow t he hydrocarbon feed to contact the surface
180V ot SngRr

of the cata 0587 68&"f tinme without deleterious effects to
the active is nmetalcsitbhes @fbothececat,akystcatahyse theidbspersednnetal cluster

catal yst may | R | r1df 1 he nith onventional hydroprocessing
catal yst, at g%\?a)?'ed%tggﬁperfjaeu?‘éza)anacﬁ% r\éﬁ S5UrEE T Ex ! e,

t enper at ur esthebran| @adybAOONC awdgires sur esxofrd 8nvPac: 5 NRa, or 7 MPa).
The oel eqt ed20110PA90N 62" Aol % 2LL OA DTG53, 0 Bipgr U W thou

rechargi ng or changi ng the catal yst, thus ¢ rocessi ng the
hydr ocar bon "é¢éd (#ay-opéert sHortcaddsf AdV@ttlageputeast 0.01 |gragemet

embodi nent s, 1ceatab &t $-pBY PR /charact ephded by PR 1SLIMEE YLeq yarious pore
structure paraneters include, 25 but are not limted fo, pore dianeter,

pore vol une, 780t ate dr 853" &P LomHi At ohd herabt toThel ¢aeBPystr nay have
a di stributiconiofrdret ab guEntirtiys Of TPOEENSIZEBSIMRITUS PRY e dhappters. The

medi an pore di er. of ore size distributio be in a range from
105 A to?5r1501q]ﬁ,§lq§éﬁ) f,&opo&g@o%aﬁ?msor Olﬂogé& gtrﬁ'miz?)p&g?%ﬁ“ SofEtehbddi ment s,
the catal ysteehrasram por eaalzestdi stn idonei enbaiithnas mednasupor efdi aneter in a

range from Q3 Mt® ng@g%%) ]:L:]'xgléblé %ﬁ{]lgﬂgé" ¥ ég'omégilytbge%‘%rg t:'A‘r’j_<>¥;Vl eh at | east

60% of a total nunber of pores in the pore size StFibution having a pore
di amet er wi tHICACBOEYRISASD ArigBide . orin2Geptadin ehecdimdinan, pore di ameter.

catalyst includes only Column 6 metals or only Column 6

20 compounds. In an embodiment, the catalyst includes only
molybdenum and/or molybdenum oxides. In one embodiment the
Column 6-10 metal catalyst comprises at least 0.1 grams of
molybdenum per gram of catalyst.

In some embodiments, the catalyst includes a combination

25  of Column 6 metal(s) with one or more metals from Columns 7-
10, Columns 7-10 metal{s) include, but are not limited to,
manganese, technetium, rhenium, iron, cobalt, nickel,
ruthenium, palladium, rhodium, csmium, iridium, platinum, or
mixtures thereof. The catalyst may have, per gram of

30 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
0.C1 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 0.0l grams
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In sonme enbodi nents, pore volunme of pores may be at least 0.3 cnB/g, at

|l east 0.7 cnB/g, or at least 0.9 cnB/g. 5 In certain enbodi nents, pore

vol une of pores may range fromO0.3 cnB/g to 0.99 cnB/g, 0.4 cnB/g to 0.8
cnB/g, or m)ﬂﬁk ;t0 0.7 cnB/g. The pore vol une_of the catalyst

i ncl udes pores having a pore diameter between 1 A and 5008244 hor es
havi ng a pore 10 di aneter greater than 5000 A In sone enbodi nents, the
catal yst has a majority of its pore volume in pores having a pore dianeter
of at nost 600 A, at nmost 500 A, at nobst 300 A, or at nost 200 A. In sone

enbodi nent s, . I Reygat,alyst a .par ize distribution with a nedian
pore dianeter in aar'% ange fir’?g#ngb(\éﬁ?(%fggnﬁ atstozlfgf)t APt h-Tt c\fglti&[%ris 60% of
the total nuférrefalsocesriiterhel porieagiizer diobeiibuti on having a pore

diameter within 60 ARf. imedian per ' t j.t.h east 50%of its
pore vol une in pores hlavﬂilhlﬂ&f1 gi%g%%e Ugli%argr%?éel%gf §g%lu\r,érf§tsst C%%u"{gloggA, and

bet ween 5% dnd™9884Df 1t §d%6flémv’é? e Falperes-havieigl 4spor éndiarmet er

bet ween 100Q:mboand:iA00the catalyst MaSORE @IHodi fNL:snthescat.akyst has at
nost 10% at, nmst 5% or ?t most 4% of its pore volume In pores of at |east
5000 A 25Such”“a?cataryst - ey *ALY & a COUP T d ~aF dfEadf BT 148t °200 ne/ g.
Such surfacecadpénsthay Ibesine anbadgerftspmi2bQan?l gstt @obOhdRige1@fe 260 162/ g

to 400 n2/g..Sakal sty having specific surface topol ogy, large surface
areas and pore distributions described above may 30 exhi bit enhanced run

times in conmer chalol@ppkieit icdnSohtmn éwipradssar esiamd 2t 8vaked!

t enper at W esnayFBE BXANRLEye thenCRtalysbodoes npt deact | after at least 1
year of run tinme. The enﬁgaencedmrun times mayobe httr?bhei(gsd t%gt he hi gh

surface  ar®4®of"tHETEREN Y€ e o tt e vales obe dinst & P ritsinent 6f) por e

di aneter in ichespor@nvebume ebrbhetGataby dolulhus ndthe (tetaks ofc the

cat al yst renol}i n gxpmoslteg f%r | onger peri 6)ds of time, thus plugging of the
pores of the cAfal y&i=r8 W mBfUi™8 The'hi git ShracBPatEyr did & ect ed

di stributi oradklpor escindéhe&cpone &aluae(Of shbheceatal ystmedzh @ws. processi ng

of high yisgosi l.or_hi, sidue.crudes that would ngt be able to be
processed wi tﬁbg%%%%tl?oﬁglLg]%a%g%/ls;égl rzrir\]/?l‘r%])gmleﬁ‘gI siéDrrgL%otroga&i stribution,
but smal | er Supkace mgted. irCahei nitgg vat may be in a range from 1 to

10, or from 2 to 5.
In some embodiments, the catalyst includes Column 15
element (s) in addition to the Column 6 metal{s). Examples of

20 Column 15 elements include phosphorus. The catalyst may have
& total Column 15 element content, per gram of catalyst, in
range from 0.000001 grams to 0.1 grams, 0.00001 grams to 0.06
grams, 0.00005% grams to 0.03 grams, or 0.0001 grams to 0.001
grams.

25 In some embodiments, Columns 6-10 metal{s) are
incorporated with a support to form the catalyst. In certain
embodiments, Columns 6~10 metal {s) in cembination with Column
15 element(s) are incorporated with a support to form the
catalyst. In embodiments in which the metal (s) and/or

30 element (5) are supported, the weight of the catalyst includes
all support, all metal(s), and all element(s). In some
embodiments, the support includes refractory oxides, porous

carbon based materials, zeolites, or combinations thereof.
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10 comul | ed catal yst at tenperatures ranging from315 Cto 760 C may

facilitate formati on of pores having simlar pore dianeters and narrow pore
distributions with large surface areas. In certain enbodi nents, the

catal yst exists in shaped 15 forns, for exanple, pellets, cyllnders and/ or
ext r udat es VG H'¥B4¥3 enbodi ments, the catal yst and/or tﬁ%”ﬁ%@%%?§¥7precursor
is sulfided to form netal sulfldes (prior to use) using techniques known in
the art (for exanple, ACTICATTm process, CRl International, Inc.). In sone
enbodi ments, the 20 catalyst may be dried then sulfided. Alternatively, the

catal yst may. ided.in situ b ontact of th Iyst with a

hydr ocar bon Qﬁ- %ﬁ@ioﬁﬁg?uﬁgg st %ﬁ%? %ﬂ?éﬁﬁlﬂﬁtggﬁﬁ% AdL In-situ
sulfurlzatlGﬁuwayauUnﬁﬁze,ehﬂhea @aseoas'hydmmgenn&mktldEHKmlbhe presence
of hydrogen,gr.li phas I S ch anosul fur
conmpounds (fﬁcludlé%§ﬁgﬁky O%%Lédes Hg%§£@$f ggg$§thgo 5 g <?OX|des)
Ex-situ sul fadtiezacd dﬁfOﬁrec@w@gcmb ngagEadthegri pudl 8s Pa:ttemomos 5, 468, 372

to Seamans efatdhystaAnGadrH880136:140 1PeANBNS Bl Bbxas,allsof ywhich are _
i ncorporated herein by reference. 30In certain enbodlnents ‘the catalyst is

obt ai nabl e BV”@BSdﬁ?ﬁpﬁgb@%VMHﬁt%i%ﬁﬁnéﬁ%ﬂT%? R & 80pportreeo- mul | i ng
t he Col umm G.drEbatf(\Sa)teW td&hrhtdmeaswpppr;)braw q‘x@@m@e M Xk G 0@

substantial I, gene Xt u i ment the m xture nay be
extruded an or jﬁcg*ﬁemyzePu}%aﬁay g ﬁéﬁ“&?asﬁyé%perature of

bet ween 315 @oamdeﬁ,oasﬂ—bmq@rlodase admefeain&iryse zeolites. Thelsupgport may

| ncl ude & UHAAse Shld:G8ea A M 03 S 601 Tl FAOLUL,OX g 21 T CONi um oxi de,
magnesi um oxi de, m xtures thereo fe- cat al ysS nay have from

0. 001 gransZF@lESB gieasy 21065 Beawylveni.2 Ughaks),- or 0.01 grans to 0.1

grams of Colum & I Eet@bdSheReS, HAMMRS @qtoaM@étl shnasome 10 enbodi ments,
the catal yst, may include at least 0.1 grans of Col unn 6 nmetal (s) per gram

of cat al yst .*"CATRYTRE-cEnBbih feRtBrotthdocatdl y&e malLivatt ude ETFEEst 0. 05
grans to 0. &n@bamﬁs,cobunmSGe;nm alelts) (pPerirgeamm ofateah abitst col Bsonme
enbodi ne cat i ncl ude fro 0.001 grams o 0.1 granms, 0.005

15 to 0.8% dﬁ% emetﬁFXoﬁ?%l%foﬁ?%ﬁ§EFow'ﬂ%f gF 1bFOC%JﬂhﬁhTO netal Ks)
per gram of wakalyst. Thnecerdiaknt £nipodhhenttse mhﬁﬂcabahmakuﬁay i ncl ude from

0.001 grans $Q,0 r 0 0 ans to 0.03
grams of Colum gé“g %F§ 195%Q§eéa&$ﬁf§%§§§ﬁ“% n%yt‘lngﬁ?%ﬁsof net al
and support, alfobPrasd b?ll metal(s), and all eiement( . The support

may be porcous and may include refractory oxides, porous

20 carbon based materials, zeolites, or combinations thereof.
Refractory oxides may include, but are not limited to,
alumina, silica, silica-alumina, titanium oxide, zirconium
cxide, magnesium oxide, or mixtures thereof. Supports may be
obtained from a commercial manufacturer such as Criterion

25  Catalysts and Technologies LP (Houston, Texas, U.S.A.).
Porous carbon based materials include, but are not limited
to, activated carbon and/ox porous graphite. Examples of
zeclites include Y-zeolites, beta zeolites, mordenite
zeolites, ZSM-5 zeolites, and ferrierite zeolites. Zeolites

30 may be obtained from a commercial manufacturer such as
Zeolyst (Valley Forge, Pennsylvania, U.5.A.).

In certain embodiments, the support includes gamma

alumina, delta alumina, alpha alumina, or combinaticns
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cal cination, may produce a binodal catal yst having a pore size distribution
with a nedian pore dianeter ranging from 105 Ato 150 A with at |east 60%
of the total nunber of pores in the pore size distribution having a pore

di aneter w Ohi n 25 at least 60 A of the nedian pore diameter, with at |east
50% of its pofe ol tme in pores having a pore di amet er PGHUS009ME6X7 600 A,
and between 5% and 25% of its pore volune in pores having a pore dianeter
bet ween 1000 A and 5000 A. In sonme enbodi nents, the catal yst may have a
medi an pore diameter 30 from 110 A and 130 A I n sone enbodi nents,

t he cat al ystth@gogav 1 medi an pore diapeter of at nost 120 A, with at

| east 60% of & total nunber 5 Ogo‘?aé‘g“ai AL porels 248t st r ifBaR7 on having a
pore di anetaumanghiar 60mAnawiibhs athdreast ®0%;0hmidss cpesB a0l ume in pores
havi ng a por [ ter om 10 ta. 150 et ween 5% and 25% of its pore
vol ume in posﬁlggbgg'sin% {a)tgp%gréa g?ré e&éromb%:t%v\%)gngi% R Andf S600°A. 5The

cat al yst may’ HAvesmrsuipaeed arens of0 .fOLoar260 toRd gl traaboutr 3@0ns®/ g and a
pore vol wre @hodtafs %sC8hGernined thﬂ—%a?atﬁi%leEEt.ﬂ@y. reduce at least a
portion of the conponents that cortribute to higher viscosities, a portion
of the conpdiERES THar EBRtYIPBAtE telvess den AnWr 9aan® fwobtidn of the

oxygen- cont ajiainag CATPOYAslss +Ir eatenbknef dhe bydrocarbom feed, with a

bi nodal Col umns.6: 10 net atal yst wit sel ected pore distribution may
be econom ca@%vﬁ%st'ag“@%ﬁi'% ﬁ'&@’x?tmalol' g@\% Frédticti-on oF2" fPoduct with

reduced vi scb$ivBygmintsh bow IDpdrogerticonsunmts anumikilhergataloystief the
applicatipn Jmy pL C product with a ] ower viscosity as conpared
to the hydrocar bon gegg }\?\nasf%%ﬂgyvlv {ﬁ/%rlg'é%% lc%r?sﬁ#r%ﬁ%’ﬁ?% A'“one enmbodi nent s,
at cont act i nghédhei tdreasian o cokalatpeéssanes ofr3mmtNPas. hydr ogen

consunption may g al; FBSE BRNIBLE, caluRSk-59 20 NIBLIB, QL at nost 30

N2/ n8. In some enbodi ments, at contacting conditions at a total pressure
of 3.5 MPa, 'RYAFoY&H CCondtirfift FEHS MBFPBENEF G 2PIIFBY MBE® SO aNHBf N8 from 1

Ne/ m8 to 50 dN1BinB,6-Q0 bf 0Meb phlaBdBt @280 N/ BB. cdlsinga4 hE ceatal yst (s) of

this applJcation and
pplg supportr%o form a mixture. The mixture may be formed into

particles.

Catalysts that have a large surface area with a minimal
amount of catalytic metal (for example, Columns 6-10 metals)
on the surface of the catalyst may be prepared by comulling

20 the catalytic metals with a support. Comulling of the
support and catalytic metal may form a substantially uniform
or hemogeneous mixture. In some embodiments, water and/or
solvent may be added to facilitate forming the mixture into a
paste that may be extruded or formed into extrudate

25 particles, sphercids, pills, tablets, cylinders, irregular
extrusions or loeosely bound aggregates or clusters, by any
known extrusion, molding tableting, pressing, pelletizing, or
tumbling methods,

The Columns 6~10 metal (s) and support may be comulled

30 with suitable mixing equipment. If more than one metal is
present the metals may be added together or separately.
Examples of suitable mixing equipment include tumblers,

stationary shells or troughs, Muller mixers (for example,
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2% controlling operating conditions may all ow a crude product to be
produced that has sel ected properties changed relative to the hydrocarbon
feed while other properties of the hydrocarbon feed are not significantly
changed. The resulting crude product may have enhanced properties relative
30 to the KYUFOYRFHONn feed and, thus, be nore acceptab?&”? O¥HEMEport at i on
and/ or refining. Arrangenent of two or nore catalysts in a selected
sequence may control the sequence of property inprovenents for the feed.
For exanple, APl gravity, at |least a portion of the C5 asphaltenes, at
| east a portion.of metals in metal salts.of organic acids, at |east a
portion of tQ%%CPr{ ¢ 8 PRESTEYDorti®dn %Wpﬁqie%hf?ﬁaél?“grﬁﬁﬁnptgfrl east a
portion of SyarkeaVanadioum oi=zenm| ybdemgmaily tkhewhythvdcar bamtf eedll can be
reduced bef I - ti e j he.feed are reduced.
Oqué?%%y ol Fmé‘e F{%re FQ?% s % E n?e%tagqg)%snup%og% n%xq

r e, .
Arrangenent an selection o e catalysts ray, 1 me enbodi ment s,
i nprove |ived 6frihe eabvatystssandiomathelallg grabiixdetdyuvofilt kdehydr ocar bon

feed/tota prAAUES Yt ME€a1 (STPEOVEIRAt sQfs@ncatal ysbubid e RRd,or stability
of the hydrocarbon feed/total product m xture durln% EFOCESSIng may allow a
a

contacting SYSPERTID 'GperatPPerFt at HreBstsPmBht HE “atvreadt 18 nonths, or
at least 1 yeanlwt houtheepl@ecesemy abnilbid hekead aliyshel tuithgescent acti ng

zone. qpnb' {ion of .sel ected catalysts may allow reduction in at

1 . N ¥ < " K -
| east a pOFtIOHe%% eagohl}%gﬁ?%e?%ﬁ?e%d%%ﬁ?ﬁu?%¥¥ﬂr3?Séﬁ%ﬁty, at least a
portion of tdidosdmpdembsattvat feofd rachutenitrg ségidiieanataneast af portion of

the compgpent.s 3o, that ¢ by Q. TAN, . qr ' i ons reof, fromthe
hydr ocar bon f%éd %é?%yg otgér p%gﬁ%g?gggt%gﬁa%gg%§%%gcggﬁgﬁg$éed are
changed, whils8PABEFHI%&SNRRY RIS SSEADINCIt ghofinghée Npdreeag bon feed/ t ot al

product m Xtdyn@edtidiag Bé@&l@)@%%n@adé( %%i@éaiﬂﬂ%'r%%%é@ﬂdﬁt akalngashydrocar bon
. Y,

feed P-value of above 25 1. Al ternativel asphal t enes, and/or API

gravity nay Be3PHerdmeAtatse r edliced "Byt ohts3EPOBT CREaHYdioéat bith f eed
wi th sel ect etiacabmlystsi0o Theaabk) i totnkoa i Hserent @lday yand/ofrasel ectivel y

change p[op rties of the Q%ﬁyoca bon feeg nmay al low the stability of the
hydr ocar Lon%f 5@8?}16%&03%? ct 30" m Kfur O“Eed'ybge r%ﬁgﬁltsé?ﬁeadclﬂiﬁ?’?’n%f
processing. the catdlyssomer &rpotecmnes lesheloat ab ysitteGdeserd:ipede@above) nmay
be EosLt oned WPELLEATLOL ATerLah ¥ el islenucn pontiagng. of Lhe
nmetals in metidgh Salumps 7-10 metal {s) with the support allows {in
contrast to impregnation of a support) at least a portion of
20 the metal(s) to reside under the surface of the embedded
metal catalyst (for example, embedded in the support),
leading tc less metal on the surface than would otherwise
occur in the unembedded metal catalyst. In some embodiments,
having less metal on the surface of the catalyst extends the
25  life and/or catalytic activity of the catalyst by allowing at
least a portion of the metal to move to the surface of the
catalyst during use. The metals may move to the surface of
the catalyst through erosion of the surface of the catalyst
during contact of the catalyst with a hydrocarbon feed.
30 Without wishing to be bound by any kind of theory,
intercalation and/or mixing of the components of the
catalysts may change the structured order of the Column 6-10

metal in the Column 6-10 metal oxide crystal structure to a
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of organic acids, while maintaining the stability of the hydrocarbon
feed/total product m xture. The catalyst allows, in sonme enbodi nents, for
renoval of 5 at |east a portion of oxygen-containing conpounds, renoval of
conponents that contribute to a decrease in the life of other catalysts in
the system” UG D Pnati ons thereof, fromthe hydrocar BoHUAEE46HD,
exanpl e, reducing at least a portion of C5 asphaltenes in the hydrocarbon
feed/total product to mxture relative to the hydrocarbon feed inhibits

pl uggi ng of other catal ysts positioned downstream and thus, increases the

l ength of ti he caont act i system be aqperated withqut replenishnment
of catal yst .Sr{%esiriﬁ%fﬁiagﬁyi ﬁar\}/(i[l1<’gnc8§;§?]§/ Onfgg?éhf %o EH5ddiWetS, increase a
life of one woshei esthimictatalofstbe pogictidedechafiyer. t Meecatddry st descri bed

above. J10,SOHE nt ¢l al | vali |l e _catalysts may be
posi ti oned d%vmgusnt rgglr%eg%g?io%&pg%r(geg%}g‘%g‘%‘ﬁél%g?ﬁyvjs??gdés%aﬁ bed herein to
reduce sel ectiéd:prober tpekodt- t Fee fesdr Fbrelexanplie megaleirettakl i zati on

catal yst qmay.he1p9sitdianes. 20, daunstd.eany andhon  Wpstigam of.Lhe catal yst to
reduce the Ni/V/Fe content of the crude produce as conpared to N /V/ Fe of

the feed. ATfE§Ul PEr9z88Y oif CEESIYStedhiy HEFESPE i Bitedr oWt £Bam of t he
catal yst to crducestive msulf Weaont a&imixnga € AIPOUACS: GoBbeMtr@f ckhe crude

product as ¢ red to the 25 .sul fur-containing conpounds content of the
feed. The ab{’%lrgip??/f'f%n %eﬁ?v%erzta%y ﬁ)%eerifot gh%poer F?i%gr%(?np%]zwnng (5 nes tends
to m ni m ze nepdiogeErk usage duriyngi Contcactr ngpecConbiafathensatafl yeat al yst (s)
that facid ity gepes.atld.on.of dr ug cti.ng., al ysts that
upt ake a[30 rrgl at i végﬁtf/j P%Wna%unt 0 C%yé%%&%%ghgi%gﬁgg%%%hgtwﬁ%, may be
used to charfgevgel eciledeprbper ehes 6y 81EFUWE Lpr othrsttrped atti e to the sane

properties qfoskheihwdr egarhon teed.cnkheo okger-andian1nynber, of catal yst(s)
may be selected to  mnimze net hydrogen uptake while maintaining the

hydr ocar bon F®&47 ot YpF Fefret Yst i 1ert y°  WienChéf tale E LRy BGen Tipt ake
al l ows resi dugmgdal el yb ¥ ant 8flde dhatidd atencontsepporARavgravd ty, or
conbi natilons thereof of .5 the h¥dro ar bong d to be g@iﬁnteg}i ned within 20%

‘ , /dr ¢ e
of the ré&spetrive BrépettTes of ™t hie “Hydr othr Bol¥ &d CORRT 1 tRe API gravity
and/ or the Jicseosh taluofing helgbddeurprtodugtdd stiaturmost T88% afybtibeurdAPl gravity

and/or the Vﬂﬁggﬂié M]a?;f atél]sgfiquQEO}?ﬂrt%(EH ]Efeo%:d'example, definite Dggi,

Dggz and/or Dges peaks). The alumina/molybdenum trioxide
mixture may be heat treated at a temperature of at least 316

20 °C (600 °F), at least 427 °C (800 °F), or at least 538 °C
(1000 °F) to produce a catalyst that does not exhibit a
pattern for molybdenum dioxide in an x~ray diffractiocn
spectrum (for example, an absence of the Dy peak).

In some embodiments, co-mulling the Columns 6~10

25 metal(s) with the support forms a Columns 6-10
metal (g)/support mixture. In some embodiments, an acid
and/cr water is added to the Columns 6-10 metal (s)/support
mixture to assist in formation of the mizture into particles.
The water and/or dilute acid are added in such amounts, and

30 by such methods, as required to give the mixture a desired
consistency suitable to be formed into particles. Examples
of acids include, but are not limited to, nitric acid, acetic

acid, sulfuric acid, and hydrochlceric acid.
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Reduction in net hydrogen uptake by the hydrocarbon feed nmay produce a
crude product that has a boiling range distribution simlar to the boiling
poi nt distribution of the hydrocarbon feed. The atomc H C of the crude
pr oduct I | y change by relatively small anounts as conpared to 15
t he atom”g%ﬂ/%@glfﬁ%?%e hydr ocar bon f eed. I n sonme "&MBGATNECY, catal yst
sel ection and/or order of catalysts in conbination with controlled
contacting conditions (for exanple, tenperature and/or hydrocarbon feed
flow rate) may assist in reducing hydrogen uptake by the 20 hydrocarbon
food omr ot al g YOr a6a DORo [REIA 0 Al RLOOUEL L XLIL 8L ABIALLY during
processing, and changing one or nore propertres o the crude product
rel ative toithe naspetts veipyopenti esclofiquhe hydimecarbomchead.arStability of
the hydrocachen,dged/ tad %Jarlea@pésct(emﬂ&gt%S;Tfa{at)}ol%eaé&@q}s%q%bwn% vari ous

o)

phases separating fromthe h%/drocar bon feed/tot'al product m xture. Phase
separ ati on a2 bStcausedbietkts éRafpite Parhsotubi | T8 e tipkethydr ocar bon
;leed alndlsormﬁfzibwlae h@é@dthﬁéatieﬂf?Me@%déﬁ(égrtl@@ﬁeiﬁﬁ' ﬁl/“.fet @ﬁa?el r@hﬁéggﬁomm >O<Iture,
occul ation.of . asphaltenes fromthe hydrocarbon feed/total 30 product

mi xt ure, prgéi pi 4t ?gé of “Cohpdhént sCf{roor?'n(‘%ghec Hy'dr 8B 06H PEed/ ot al
product m xt(dee,exemptonbiorati ors ohes eof 1-5 hours)Abngernt annil iymes duri ng
the contactipg [ e_conce ' arbon .feed, and/ or total
product in thesﬁ%r gg%?%%noﬁe% %%t&g%é%rﬁlgggc?y%h%%u?e%r%éﬁggh%envgeg.' As the
concentration offhehgotgiralo—pe oiict /prendid hydrwocarbofrBirheed! @ ot al product

m xture @hamg@asl/%ﬁpwt farmation f, theLrude; prodyst, selubility of the
conponents of the hydrocarbon feed and/ or conponents ‘of the total product

in the hydrBBarbidnaFeety Losvae” priddudts mtx Bub e reerdsre o ‘cRargese For exanpl e,

th hydrgcabfbamdéneeds H‘stgeaam@(@ n’cqo?@@mt 534 fraf a}&g aye °89l ybl e i‘n Lhe
ydrocar bon_feed at..thg, begi ny _processing. As properties of the
hydr ocar bon°Fe& "chihge” (afngr g@ia%p?%{' %@erb?‘é\ﬁgﬁt v SC0sPEYPINOR, 05
asphal t enesp.P-&abues sedi ment hooirsgonbimeabions lbhereofs): et heagonponent s
may tendsto hecane Less Sghubls, 1 the dydiocarhen, fead/total product

In , he e“tot al

m Xt ure. sone instance Rydrocarbon Teed and product may
formtwo phasesrand/ v Weconerdarsobimd endtnl orel denot HBre tSoberiturey changes

may al so regyld:diBnbhe hydepcarben | eed/d gral . Nradugt, U XLuLg.f orm ng two
or nore phases. Formation of two phases, through flocculation of 20
asphal t enes "P&hai§ePP e SorEemi et oh"dff Hydr elaribefd Teddrands t otal product,

and/ or prectpitahiien of eenponeRcse tendsute deducerdhe kbfe of one or nore
of the cat alr;xsts. Addi ti onal l%éd[ &]he ef fici ?Qz‘f . of the process may be

f
reduced.” FoF "ex&TpI &1 % §F8aF Y gathent ©8 h§lr ' TEEPHBR Fed/ t ot al

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 contribulte to high viscosity and/or
25  residue.

Contact ¢f a hydrocarbon feed having undesirable
properties (for example, an undesirable viscosity, API
gravity, MCR content, asphaltene content, metals content
and/or residue content) with a Columns 6-10 metal (s)

30 catalysts having stacked structures (for example, a catalyst
formed using impregnation techniques) may require elevated
temperatures and/or pressures to produce a crude product with

selected properties. The elevated temperatures or pressures
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25 product m xture may be necessary to produce a crude product with desired
properties. During processing, the P-val ue and/or sedi nent val ue of

t he hydrocarbon feed/total product m xture nmay be nonitored and the
stability cess, hydrocarbon feed, and/or 30 hydrocarbon

f eed/ t ot al R%rzg ﬁé@%r)n xture may be assessed. Typicall y,P(%"53W840%17t hat is at
nost 1.0 indicates that floccul ati on of asphaltenes fromthe hydrocarbon
feed generally occurs. If the P-value is initially at least 1.0, and such
P-val ue increases or is relatively stable during contacting, then this

i ndi cates that,thg hydyacarhor is.relatively stabile durin

contacti ng. Hy?:lr ocgrlbon feeg??o{igﬁcqf)r%adtua? %%‘i ‘?(J?tu}%/élygf%%%r ioflyj,Se assessed
by P-val ue, Sfayde theceritalolt edbasy nebritewiki fepcontaed i ngocoadi tifons, by

sel ection ofneatAMSEE, wity: $ELELNELONHERI DY QfucCBLAl Y5Ls 2O combi nat i ons
t hereof. Such controlling of contacting conditions nmay I nclude controlling
LHSV, tenperdftr®d CBF%JS%‘%T e inyicodentifhtiare, “hipdndeartssnlteed flow, or 10
co nbi natsi onsmphereotind/or metMNiiNOELOG @rs8gidENE¥al 318 duhl NG,Pr ocessi ng
may i ndi cat O}‘_,osr 1t itgg of __hi g@ nol ecul ar conpounds, precipitate of high

mol ecul ar cOipounds, or"Preéfpitation of metals. A sedinent val ue that

decreases or is Ielativelty stable diriing rkbdcentraet cag:liyedi eaties that the
hydr ocarbonf eed:Jis felal eyl able dlEAG CONLBGHING copeq o DM I NG

processing, the inlet pressure of a contactihg zone d reactor
may be noni £6FeH.104) r Bptid forredseired imrépcpressipey nay khdi cate that flow

through fhec20a pakaky Sdedcs ibohidited. nhe1h BRI Nivhhe0afyf LAW By be caused
by an increase_in deposit or sediment formation. The increase in deposit or
sedi ment may°ptify fH6res® GPCPherC Rt AN Bt PRERT ESt PRI MgoTEoW of t he

hydr ocar bonpteeth-hr ough st hes cont ashbng;Zane. 21251y phée &l Jayochyliocar bon feed
having viscegities that i r%gi bi teft he h%d_r ocarbon feed from being transported
i ®at P&V at e d iy 8P bYei tpf 86 SITPE8 (for exanpl e, at

and/ or purrpe%@are contacte
| east 7 MPapeamtodseastti® WMPahort afelbeastoukbe MRadtst 0o prredueeips oduct s t hat

are noresflpid,, At .glevat, - r.o Jpressures coke fo igQn is
i nhi bi t ed, RS :t%hég%)r%%gﬁtgi g%“%%(fg%hgterﬂuy’dFg%a‘%bsc?ﬁ‘F’ee%d“er%ﬁ@n‘gjéus%ﬁénged Wi t h
m ni mal coké&2pr-otichfviiavs ackonueduttfortheh wvhescosivey;ionedi due and 05/ 07

asphal t enesnig-abcdepandent a O NYdE 088N ated temperatures and lower
pressures (for example, temperatures of at least 400 °C and
pressures of 3.8 MPa, 5 MPa, or 7 MPa). The selected
20 topology 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.
In some embodiments, catalysts may be characterized by
pore structure. Various pore slrugture parameters include,
25 but are not limited to, pore diameter, pore volume, surface
areas, or combinations thereof. The catalyst may have a
distribution ¢f total quantity of pore sizes versus pore
diameters. The median pore diameter of the pore size
distribution may be in a range from 105 A to 150 A, 110 A to
30 130A, or 110 A to 120 A. In some embodiments, the catalyst
has a pore size distribution with a median pore diameter in a
range from 105 A to 150 A, 110 A to 1304, or 110 A to 120 A,

with at least 60% of a total number of pores in the pore size
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pressure reduction of these properties may not occur unless the contacting
tenperature is at |least 300 C. For sone hydrocarbon feeds, tenperatures of
at least 350 C may be required to reduce desired properties of the

hydr ocar b 0 produce a product that neets the desired

speci fi cawgﬁg‘%ﬂ (5)7% ncreased tenperatures coke formati%d FEYP8&EHr , even at
el evat ed hydrogen pressures. As the properties of the hydrocarbon feed are
changed, the P-value of the hydrocarbon feed/total product rmay decrease
bel ow 1.0 and/or sedinment may 10 form causing the product mxture to
becone unst n a y n..pr.essur e |re rge anmounts
of hydr ogen%ggﬁrb?gégg T(I:agﬁg% %e%‘rgr gé%%?cr% Vﬁr%hplgr t%rﬁe‘é '?qn %é‘ ”“rgndependent
of pressur e %4t 2hithiofarhe amgératiresdianadegi.rabl e. Contact of a hydrocar bon
feed having a viscesht Yerfoshedd, 885¢ \Joquﬁ@o@gm%és%n% LLoL. exanpl e, at

| east 100 cSt, at |east 1000 cSt, or_at | east in a controll ed
t enper at ur e *PaRhge of C@f@ Ctoeash 0o Cﬁ@tﬁrcorioauma@@ Oo? Y & 900 C to 430

C at pressurr65c@a‘ta3n5c-arﬂrﬂ%@.m5n%a,po@é o VP2 Mtﬂbﬁehem&aty%'n%t sdgscri bed

herei n produces_a, crud Iy havi ropertr es (for exanple,

vi scosity, lrdegr d“uégand%cégc&" 2%ph¢ﬂ4t §ﬁepsg§lt8f sgl 5694 - %tc"hé%t 30% at

most 20% at:on®st ckdd. or at nost 1% of the respectrve property of the

hydr ocarbon f eedy, DUE L 09, QL At ’th%hgatalgéltu h L RIBL NS, .06, kept above 1.0
or ex% pl e

by controlling the 25 contacting te ure. DSV H'S G
enbodi ment sPOF¢ dikaet efrferaeen el %éﬁ@a@é@ Abave 9563 @a‘ftlhw P-wadeue dr ops

bel ow 1. aﬁ@arﬁé’t%rhggéep&-ﬁr b, feed Lot al, ggragtg;rboméwse bggones unstabl e.
|f the tenperature decreases bel ow 370 C, m ni mal changés to the

hydr ocar bon CFEEd S5r Bperd iMed obeicurs. 18D IRPrsokel WitbeHi PaIHSs haghi act i ng

t enrper at ur egoas &il@l@r@téﬁwfedtsrhtﬁs]’t thati 0% rasphaldoengs andber ojdar

asphal t enes are_remn \94'" | e mai ntai ning the MCR content of the

hydr ocar bon °F et moﬁed i'on of the NCR content through hydrogen uptake
and/ or hi gher comt aohé nigwbtoempertast,urt% cnayzlryesudaty havé of matkosif two phases

that may,sreduge. ih] : dr,ocar bon feed/tot _I roduct m xture
and/or life o olr]%)g%é?ﬁ%%rg %f CL g(t)aely (%Lfagle Tont'r 81 “ 67 5 tdht act i ng

t enper at ur e2aid Rydr Bgen L1at Ak erijth @‘orﬁbﬂaﬁat Poh ofi thetheadatahlyst s descri bed
herein al | ous g&%s@na@@@bt:@r@%et elp&lrb%%&t?%a%h%e tﬂb%e'\@fsr&e%ke“t of the

hydr ocar bon feed onlg changes a relativel anount. I n so
embodi ment s¥ bt &€t # R é“-@ﬁdlf‘?‘i’@ﬁ‘spar% df@m%?—‘ﬁrr olilredas UehsE hal® torﬁe t ot al

partial presssnmref vbheneCont 3tdsNGazONe d $ofBidilakhsd & 28 desi red
pressure, aéo Set ro rate @nd eI vated te eratures (for exanple,

t enper at'ur e afanfje% ®580°°C, 2%t “Peadt *300PC° SPTHEe 1'¥a8PTA00 00). The
ability to b@*enrlme abra dlamatexprbessferéze 10f00ak a’]rﬁ:l Bosd B MPa or at npbst 3.5

MPa al | N (F t | t 0.5
n1 et east 1 rCregeTeae oot A eEe 15 TS Featt 10 ho2)

with the samestors% @ng@r reat al iy stf [Li§ evcas Gghmf@ctlmngoms odt at preessures of
at nost 5 MReg@ry at nost 3.5 MPa. Operating at |ower partial

25 Such a catalyst may have a surface areas of at least 200
m’/g. Such surface area may be in a range from 250 m’/g to
500 m*/g, or 260 m?/g to 400 m?/g.

Catalysts having specific surface topology, large
surface areas and pore distributions described above may

30 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
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20 pressures of hydrogen or |lower total pressure decreases the cost of the
operation and allows contacting to be perforned where Iimted anounts of
hydrogen are avail able. In sone enbodi nents, the total pressure is the sane
as the totgl Partlal pressure of hydrogen belng fed to the contacting
25zone.  "OMPHE®G ude product produced by contacti nd @ HP 88 bon f eed
with one or nore catal ysts described herein may be useful in a w de range
of applications including, but not limted to, use a feed to refineries,
feed for producing 30 transportation fuel, a diluent, or an enhancing agent
for undergrqun I pro S r_ex | e drocarbon feeds
havi ng an A%% grgéf?ﬁ o%mﬁ?%t ané%% ?g%ﬁng§§w ?Wngb g%%h%gnﬁ?or heavy
oil/tar sand@am¢Uﬂeﬁnn@%3b@rGOWVEmﬁedf thentcetyhrdtousThydr ¢car bon streans
through a seigss ofs EEQC@aSc%'l@QtSEe@r%§nu§iMe9r Mu@gggwge%lgﬁgr of£xanpl e, an
ebul l ati ng bed cracking unit, a fluid catalytic crac unit, thernmal
cracki ng unité-me ortigshe “%ﬁﬁ@s“%ﬁdﬁhPPée%dHVéP? %“ﬁ@@?bc@%ﬁ%ﬁl$ébd to

lighter conpeBemd) surrace aRBAUGEd @B18ftddhe:ivisgasiiby angLeesrasi due
content of a hydrocarbon feed toegﬁﬁduce a feed streamthat may be

processed i n"8 RFECRPAY Uit “Ray énbéﬂﬁﬁgsﬁpﬁﬁﬁ§§fﬁﬁ(#aPég%f hydr ocar bon
feed. A systemasitygatdémetibbds: drde Woateal ysdts wdescridiedeheissi N t o change

pronerties ab fe AacaLbon.f ead Jmy be, Pasih] pned upshy agm el one o more

cracking units. T nt o rocar bon Oor nore systens
descri bed h@pé¢nhmﬁylbm©uuneba¢f%@@lﬁhanuﬁﬁpeoveg t héariséegsing rate of

the cracki ngoti fod¥ahij8ast ABcR:bastal (abofng atcheass -2 {ﬁ%%r of 4, at

| east a factor of 10, or at least a factor 0. For exa a system
for treatingCatdydr6eht o fREIRHAR A ROEFSsBHEINGy SHFLkar P@H%t 100 cSt at

37.8 C and/ atafetkrgr and ofrrbRspeiee dpetr ghamed Jydr osardben-fged may include
one or nore contactlng systens 20 described herein positioned upstream of a
cracki ng unit % he contacting systemmay include one or nore catal ysts
descri bed herelnncapabiex@hmpanﬁumhngmaaQmud9y$u@ﬂu@tshawsngp@jV|sc05|ty of
at nmost 350%:Q §h?b¥'§§é ég he hydrocarbon feed at 37.8 C and/or at

nost 909%0f the reS|due h dFocarp rS’f%ﬁ? ﬁgﬁggﬁ e’ pr oduct

and/or a nliﬂU$@MbEmb@ém@m@§e‘@Woéacﬁlﬂﬁdah?&wod@ﬁbgﬂuﬂa@d may enter a

cracking unplecsidice: § neGh HQ& R odugt,and/ Qﬁlﬂ&ét%urﬁrl%fr we %r yude product
and hydrocarbon feed has a | ower viscosity than the oru%ﬁyA% ydr ocar bon

feed, the protEs<iEREC+AtS ERPBUGH the TitadkPhgeBOPhAI tA e i nmproved.

process, CRI International, Inc.). In some embodiments, the

20 catalyst may be dried then sulifided. Alternatively, the
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

25 sulfurizing agents such as organosulfur compounds (including
alkylsuifides, pclysulfides, thicls, and sulfoxides). Ex-
situ sulfurizaticon processes are described in U.S. Patent
Nos. 5,468,372 to Seamans et al., and 5,688,736 to Seamans et
al., all of which are incorporated herein by reference.

30 In certain embodiments, the catalyst is obtainable by
cormuiling Column 6-10 metal (s) with a support. Co-mulling
the Column ¢ metal (s) with the support may form a mizxture or

& substantially homogeneous mixture. In scme embodiments,
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In sonme enbodi nents, hydrocarbon feeds having at |east 0.01 granms of C5
asphal tenes may be deasphalted prior to hydroprocessing treatnent in a
refinery operation. Deasphalting processes may involve solvent extraction
and/ or con‘g@c&;}igﬂ?@gye crude with a catal yst to renove asphaltenes.
Reduction of ‘at Teast a portion of the conponents that®‘dOReIPBIPE to
viscosity, at |east a portion of the conponents 5 that contribute to
resi due and/ or asphaltenes prior to the deasphalting process nmay elimnm nate
t he need for solvent extraction, reduce the anount of required solvent,
and/ or enhan | flclenc e lting.process. For exanple, a
system f or tdr%ga[%%hﬁéﬁg %@d%%cé?‘g{)uréepeéggﬁ%\gp%%é'perrg?[dmgxr am of “hydr ocar bon
feed, at |e&Stconayi ayranmerekrasumsphiabtierses ahd/6r 2a0d 170gr 4astof resi due and
a viscositypebaade keastaQ 8t at 37.8 C may include one or nore contacting
systens described herein positioned upstream of an deasphalting unit. The
contacting syst emmayPYHd 688 e vgr aB Hore thtighystsigasceibiad, herein
capabl e of phoguaingxader udecpradueki fhayvidgnas G asphal tengs.content of at
nost 50% of h_hee hfydr ocarbon feed C5 asphaltenes content, a residue content
of at nost 90%%t 't he hydr ocarbon feed residue content, a viscosity of at
nmost 50% of t he Thedeatanbonmei Seosi fyooro .00mbinatsi 0as) thexeaf, The crude
product and/j,0 , f crude o] ~and .hydrocar bon feed may
enter the dgég% aglrptd?%%lg{cﬁnoio'tz. IQ%i‘[%nscfegghoepj(‘:lr gg%%ﬁb?to%dgé%/ %rna&‘FoPPm xture of the
crude produ€Pidmd orhe Petdrdearyon skeedhastalyower Iasphal t ene, residue
and/ or vigscesbd¥inlhan, the Qriginal 29 mcqlhggaéipqr%ag@e(gzl g?gTyfo%CeSS' ng

y

ef ficiency aof the deasphalting unit nay be increased east 5% at
| east 10% &b Peadt "o09h GY HET|1EESt °50%GEYEhe oFi §PPRICTEPiveEsey.

Exanpl es  Neneldadztiiveg exanptesacohrcadaly ot opropacats ans gngh3Q dret hods of
using such catal ysts_ und r,cont rol I eg co“néactAi ng conditions are set forth

bel ow. Exanpl e’ °PFep4rdti 8h" of °4 Sbl Unis Y6t 10 Vet di'{ STeedtatiyst .

A first sol abheoretwassprepanedldbie coobi hiong Yob3 (:489. DG rgrans) . cophosphori c
acid (73466,9r . _ | 9 dei onj zed er (240 ans), to forma

slurry. %?'hetgl (ﬁ{ﬂr%yg\gi\grgsg'hggt g%lm? g)ngé gﬁargl]snt{f)l O s%fﬂl& ioofgcgguTIh Osol i ds.

To the sl urgiaNis{ Opf2-(210082x4jredms) - wde addediratrbodiateetto went rol any

observed exgtheryg. apgd itﬁaﬁnggeﬁto%pot@oﬁ%r%ynﬁé lp di §§£ASQE ig(?%)f the solids.

To the heated m xture was added citric acid nonohydrate ‘%o 200. 46
grams) at alr%t SrEEFfi Vi APt O LoAERrBE Wny - bh<ErPEdoeXStHBRNY After 10
addi tion of mbher @it pbe @Cidot hestsokpti on was heated to 100 00 until the

nmol ybdenum ni ckel / phos rus solution was transparent, and then reduced the
vol une gfljl t he &W%d‘éﬂﬁﬂﬁﬁf‘gk‘ﬁﬁﬁ%%pﬁ%ﬂr GEPRYT Ut iF8h T 1249. 80 gr ans.

To a mul | er cakeisuppont 240P6odEegrambjodlatatantsai nedi @2pgrans of silica
I il At R
’ 105 A to 150 A with at least 60% of the total number of pores
in the pore size distribution having a pore diameter within
25 at least 60 A of the median pore diameter, with at least 50%
of 1ts pore volume in pores having a pore diameter of at most
600 A, and between 5% and 25% of its pore volume in pores
having a pore diameter between 1000 A and 5000 A. 1In some
embodiments, the catalyst may have a median pore diameter
30 from 110 A and 130 A.
In some embodiments, the catalyst may have z median pore

diameter of at most 120 A, with at least 60% of a total

numser of pores in the pore size distribution having a pore
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nmol ybdenum ni ckel / phosphorus sol ution (1249.80 grans) was added to the
support and the resulting m xture was nulled for 25 m nutes. Deionized

wat er (211.90 grans) was added to the 20

nol ybdenu i |.Lphosphorus/ support m xture and the resulting m xture was
nul 1 ed 15"ﬁﬁﬁﬁﬁﬁgﬁﬁ ddi tional deionized water (109.69‘&?3%3?”&@?’bdded to
the m xture and the resulting mxture was nmulled 20 m nutes. The null ed

nmol ybdenuni ni ckel / phosphor us/ support m xture had a pH of 5.05 and a | oss on
ignition of .5689 granms per gram of m xture. The mull ed m xture was

extruded usif i lobe dies t or 3 trilobe extrudate particles.
The ext rudat eggé%% mél%@e%ﬂ%%} 3? %mo%Péroéé53r%?rehgﬁr §"and" t hen
cal ci ned at P876s " 00n¢1250F; fibandthes howr S.05Thetcdtal ¥stbe3@eecontsai ned 0. 133

grams of molydesum: 0:032,ar 2By 3 SKRl. A0 f Q08,0 At phosphor us

wi th the bal ance bei ng support. The catalyst had a pore size distribution
with a nmedi &FFpeFe ‘dPEnktaE 6fCA¥PA with 60% of the total nunber of pores
in the pore sizgdicatsai it vad ey A0s @ PRELEaEANBL eLoMidshi 2 K9 A of the

medi an pore diameter,.a total pore volume of 0.69 cc/g, a surface area of
277 n2l g. TﬁgoﬁBrgeO%s?‘z% dfde ¢ i%ﬁ?i B HiEadhred di ﬁﬁ/cc-h'er cury porosimetry at

a contact angl e Bfisl40tilsysshown Sedune TABLUEait TABIE:dn Ror enbi aneter in A %
Pore Vb"“ﬂecéﬁﬁoﬁéé%% Zﬁggig%ng§iﬁgie to higher viscosities, a portien
of the components that contribute to residue, and/or a

10 portion of the ouygen-containing compounds. Treatment of the
hydrocarbon feed with a bimodal Columns 6-10 metal catalyst
with a selected pore distribution may be econocnical
advantageous since it allows production of a product with
reduced viscosity with low hydrogen consumpticn.

15 The catalyst of the application may produce a crude
product with a lower viscosity as compared to the hydrocarbon
feed with low hydrogen consumption. In some embodiments, at
contacting conditions at a total pressure of 3.5 MPa,
nydrogen consumption may be at most 60 Nm'/m®, at most 50

20 Nm¥/m®, or at most 30 Nm’/m®. In some embodiments, at
contacting conditions at a total pressure of 3.5 MPa,
hydrogen consumption may be from 1 Nm®/m® to 60 Nw®/m®, from 1
Nm/m® to 50 Nm®/m®, or from 5 Nm®/m® to 30 Nm®/md.

Using the catalyst(s) of this application and

25  controlling operating conditions may allew a crude product to
be produced that has selected properties changed relative to
the hydrocarbon feed while other properties of the
hydrocarbon feed are not significantly changed. The
resulting crude product may have enhanced properties relative

30 to the hydrocarbon feaed and, thus, be more acceptable for
transportation and/or refining.

Arrangement of two or more catalysts in a selected

sequence may control the sequence of property improvements
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100-130 25.35 130-150 6.34 150-180 4.73 180-200 1.86 200-240 2.41 240-600
7.15 600-1000 2.6 1000-3000 7.2 3000-5000

WO 2009/126973 PCT/US2009/046917

for the feed. For example, API gravity, at least a portion
of the Cs asphaltenes, at least a portion of metals in metal
salts of organic acids, at least a portion of the ircn, at
least a portion of the nickel, and/or at least a portion of

5 the wvanadium or melybdenum in the hydrecarbon feed can be
reduced before at least a portion of hetercatoms in the feed
are reduced.

Arrangement and/or selection of the catalysts may, in
scme embodiments, improve lives of the catalysts and/or the

10 stability of the hydrocarbon feed/total product mixture.
Improvement of a catalyst life and/or stability of the
hydrocarbon feed/total product mixture during processing may
allow & contacting system to operate for at least 3 months,
att least 6 months, or at least 1 year without replacement of

15 the catalyst in the contacting zone.

Combinations of selected catalysts may allow reduction
in at least a portion of the components that contribute to
viscosity, at least a portion of the components that
contribute to residue, at least a portion of the components

20 that contribute to TAN, or combinations thereof, from the
hydrocarbon feed before other properties of the hydrocarbon
feed are changed, while maintaining the stability of the
hydrocarbon feed/total product mixture during processing (for
example, maintaining a hydrocarbon feed P-value of above

25 1.5). Alternatively, Cs asphaltenes, and/or API gravity may
e incrementally reduced by contact of the hydrocarbon feed
with selected catalysts. The ability to incrementally and/or
selectively change properties of the hydrocarbon feed may
allow the stability of the hydrocarbon feed/total product

30 mixture to be maintained during processing.

In some embodiments, the catalyst {described above) may
be positicned upstream of a series of catalysts. Such

positioning of the catalyst may allow removal of high
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6.7 >5000 3.17 This exanple denponstrates a catalyst that includes a 10
support, and one or nore netals from Colums 6-10 of the Periodic Table
and/ or one or m)re conmpounds of one or nore netals from Colums 6-10 of the
Peri odi c T%dﬁ )q, catal yst has a surface area of at |east 250 n/g, a
medi an por & dI At 6F ranging from 105 A to 150 A with H{VYR4E48EY of the
15 total nunber of pores in the pore size distribution having a pore
dianeter within at |least 60 A of the nedian pore dianeter, with at | east
50% of its pore volume in pores havi ng a pore dianeter of at nost 600 A,

and bet ween 5%.an 9 0 ol ores  havin ore diameter
bet ween 1000 A aﬁicjfar %{%ﬁg dg?%aﬁ & (f(y)n%é)gt m% alg ﬁyd@%@gr B&htFeed with a
Colum 6 MstfaPfgynicaralyst WhAl@umnaﬁlmHa‘{:ttbe Watbhlauzen:t takly 5

posi i oned tfyarBoNeld: Wasq RALPPELALLiterapcoupl es Lo measure
tenperatures throughout a catalyst bed. The catalyst bed was forned by

filling the spact*béfherct e pher rowerre sigodH  Hiver fwalienobat e react or

with catal ys:tts lamL Sal bbﬁ@fbrcaﬁbbﬂ@eﬁnzeoﬂidl% A St @&r‘f&%ﬁd%&%b%?,oﬁ' i so
Viejo, CA. j.con Cﬁl‘bldElS believed to have |ow, if

catal ytic pr op ‘Qiné"ss ﬁﬁﬁ%rcc{” & B G &8s cHIfdrEPBINY! &E%cﬂ%&fh‘éﬁ‘}éﬁrn The
cat al yst was:abhénded ini tie asryoeqrmaloxvobmmaﬁﬁumumfresrJ iceR eas bide before

pl aci ng the yy L8 N he pgont al t,he reactor. |SThe
hydr ocar bon r@]ded fll%g\?v %%C% hnggaéct gl%l gef%%lg% e ?(()eoplsgf £RE“F¥hct or to the
bottom of tKé Fed&cPoriteSidsi tortheakbidecavysn pbsid/itonel ratdbtre bottom of the

reactor fwo &g&wz@&e@d@%é elny %H@Qﬂfdtmcéﬂ%l 40 Glrm%@% gﬁtu?%; o[}f epared as
r

described in 20 Exanple 1 was m xed with silicone ca of 50 cnB)
was positi or?éBeFncattﬁéyé’b%tpé’éﬁ“h@)%ﬁ‘@wnstreamr and thus, fertases

the length of time the contacting system may be operated

without replenishment of catalyst. Reduction in viscosity

may, in some embodiments, increase a life of ore or more
15 catalysts positioned after the catalyst described above.

In some embodiments, commercially available catalysts
may be positioned downstream and/or upstream of the catalyst
described herein to reduce selected properties of +he feed.
For example, a demetallization gatalyst may be positicned

20 downstream and/or upstream of the catalyst to reduce the
Ni/V/Fe content of the crude produce as compared to Ni/V/Fe
of the feed. A desulfurizaticn catalyst may be positioned
downstream of the catalyst to reduce the sulfur-containing
compounds content of the crude product as compared to the

25 sulfur-containing compounds content of the feed.

The ability to deliver hydrogen to specified contacting
zones tends to minimize hydrogen usage during contacting.
Combinations of catalyst(s) that facility generation of
hydrogen during contacting, and catalysts that uptake a

30 relatively low amount of hydrogen during contacting, may be
used to change selected properties of a crude product
relative to the same properties of the hydrocarboen feed. The

order and/or number of catalyst(s) may be selected to
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Silicon 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 25 that included four heating zones correspondi ng to the
pr eheat ZOYRy 20 B‘P ceont acting zone, and the bottom suppor

catal yst was Su ed by introduci ng a gaseous mi xt ur ep%rﬂu%lg'{?@f‘%%ydr ogen
sul fide and 95 voI % hydrogen gas into the contacting zones at a rate of 1.5
liter of gaseous 30 m xture per volunme (nL) of total catalyst (silicon
carbide was not counted as part of the volune of catalyst). Tenperatures of

the contact inﬁgi%g%ezle\g%?%gro%heﬁ@aq@t 0, ¢ geoﬁ‘gbéé"’(‘)”?rh pver 1 hour and held

at 204 C for 2 hour din con? acting zones were
i ncreased i AYFAEheitwn ﬁeQ@)’t@iélwl(%@l@tF%tééftllatrat etipfindD r@t(50 F) per hour.

The contact ifjgr2@nespeeke memgaf@rge@uetcéﬂt@ng f @éo %Bnb% t hen
i ncr enent aI[F%gf raised to 370 C é?OO F) over hour "and held at 370 C for

two hours & LU ECEPRF YonB&T viBrre 1aY | d%e&o‘[“}e“&?ddlomb o-legHsPEne £

t enper at Ur e.the hydroAhtBen Stdeki d@tfb@oﬁa@ifnamedcamimstzs 5ﬂ1ehgenperature of
the contactin zones was rr[atﬁsed era ure_ of 410 C. Xdr ocar bon

feed (Peace ﬁge Y Rabi By T HES prlopdF F%‘% 9923PRY TF Y nvHS é 2.
hydr ocar bon gfreedtxf Ia@\dlédrtth‘reoughcctmeypneh@&t czrote,privapccant act dg: zone,

bottom cont agki g FQNEp; agﬂ%v?@% é)rﬂﬁ/%?p %&fcoéﬂey rgactor. The hydrocarbon
0

feed was contacted with each e catalysts in‘the presence of hydrogen
gas. Cont actiVAgoewwant fes were as fol lows: ratio of hydrogen gas 15 to

feed was ;o318 NrerééH%c@QQQLrS@EE)h@dl@gkh'%m% ﬁfoélhte ng?rdgatbo;lx_hgeetdm

contacting zones were heated to 400 C and nmi ntai ned” bet ween 400 00 and 420

00 at a pref8irBr¥tics. 5 ke BET WS §52% 612532380 HduPsT#94 he hydr ocar bon

f eed f|Omedcﬁhtﬂughnbhesﬁﬁa@&0£o12@A@o§hﬂﬁppbﬂngﬁﬁ%@rghuﬂﬂ@% grudg product
had a vi SCO%I ogrb‘%g St at %3 anpl e denonstrates that
contact of a H drocar bo%oq‘ eed ngtt?méc %Iofsfh? h“é:tudﬁn?:lf?jjdlé% BHe or nore

net al s froma(Eebmfrrisr Ghoafigd he E’elatndm:yT:aﬂadle aneliofs enec@dfpamr@iec£onpounds 25
of one oy, npLe Q@C;H@LCS PJEC’J@ gg q(%ﬁogagé the Periodic Table having a pore
an

size distribution Wlt ameter in the range from 105 to 150
A with at | eastI%@%nefefﬂkt@lrﬂelﬁ@srv@bumam spoeesldravihafpacpdee ai anet er of

at nost 130cé\tamsb%we&m%@%an%%g‘yemtﬂotﬁe@%o%tgew(ge in pores having a
pore 30 dianeter between 1000 A and 5000 A; at pressure of 3.5 MPa

produces a EPOTESIRTSAUERT KAGIALE a t\?i“@%%%ﬁ‘{r)? éwcefnﬁlyéfo%trbw 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/total product mixture may be affected by

25  various phases separating from the hydrocarbon feed/total
product mixture. Phase separation may be caused by, for
example, insolubility of the hydrocarbon feed and/or crude
product in the hydrocarbon feed/total product mixture,
floceculation 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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nost 50% of hydrocarbon feed viscosity at 37.8 C. This exanple al so
denonstrates that a hydrocarbon feed having a viscosity of at |east 1000
cSt at 37.8 C nay be contacted at | ow pressures w t hout IpI uggihng theI
catal yst a roduci ng an unstabl e product. For exanple the P-val ue
duri né con?‘gf:?’ig’%%ﬁﬁ’gs 1.2 and 0.007% of sedi ment by \Ne%gwgwg“‘@lbr oduced.
Exanpl e 3. Contact of a Hydrocarbon Feed with a Colum 6 Metal (s)

Cat al yst. The hydrocarbon feed, catal yst, contacting conditions, and
sul fidation were the same as Exanple 2 except that the pressure during

operation (1389 10 hours) wgsabout, 7 Q/Egco&%%é%%eirgog{abghghl the crude

, ;aQout
product had a viscosity of GScht at son 'of e data from
Exanpl es 2 8 HeifoRsgt ¢atlesizphatbaroiead tangoof tatkd hyctwcarbothd eed at a

pressure of mabobRadndead, dRAPEE AlM8Sy DatMeen, 400, .G and ,15. 420 C produces
a crude product with enhanced viscosity reduction w th | ess hydr ogen

consunpt i on ?ﬁ/&ge@b%aetﬁ\?@do5sth€oﬁ‘b’é‘°r]e@rf%u‘ﬂﬂé“cFﬁﬂéﬂﬁﬁ@ﬁ@@torbbt ai ned at
hi gher priessigee/ anchit pecSai® nt @OPes ahdhiges CREr b i NGmat 160w tREessur es
he. cont act g By Bl GH CComparat v ExaHp| CoETHE y rold bon feed: -
cont acti ng curdptidrs, fapd sul/ b datiponewer e ft hee samaasrdxanpke 2. A
comer ci al bﬁh@oﬁl rd@é‘rﬁ@ﬁeﬂf&féfé%@é&e'pr%ﬁ@é %%&t&@ﬂt%ggg’toacihta%geiapn Catalysts
& Technol ogi es, uston, TX 24
For example, the hydrocarbon feed may contain components that
10 are soluble in the hydrocarbon feed at the beginning of
processing. As properties of the hydrocarbon feed change
(for example, API gravity, viscosity, MCR, Cs; asphaltenes, P-
value, sediment, or combinations therecf), the components may
tend to become less soluble in the hydrocarbon feed/total
15 product mixture. In some instances, the hydrocarbon feed and
the total product may form two phases and/cr become insoluble
in one another. Solubility changes may also result in the
hydrocarbon feed/total product mixture forming two 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 and/or sediment wvalue of
the hydrocarbon feed/total product mixture may be monitored
and the stability of the process, hydrocarbon feed, and/or
30 hydrocarbon feed/total product mixture may be assessed.
Typically, a P-value that is at most 1.0 indicates that
Flocculation of asphaltenes from the hydrocarbon feed

generally occurs. If the P-value is initially at least 1.0,
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25 CMB) used for upgrading reside was prepared m xed with silicone carbide
(30 cnB for a total catalyst/silicone carbide m xture of 54 cnB) was
positioned in the contacting zone. The run was terminated at 1872 hours due

to a rapi dw@g@@g@ml n pressure change (inlet pressur eP(Q]t/g r)?e}?mehlet han 30

13 MPa (about psig). Rapid increase in pressure was d to the
cat al yst being plugged fromhigh | evels of sedinent and/or precipitation of
sonme of the product due to the P-value being less than 1. WO

2009/ 126973PCT/ US2009/ 046917 In conparing Exanples 2 and 3 with the

conparative fanple, P-%Q@u@rm%e%i&dw §sh@a¢%é§bm} asrtaxﬁéggﬁ hat all" the

Exanpl es. The contact tine for ampl e dare sign tly I onger
than the corffPAcfctitfe 8PN tHE s5iedrfisarat Fvad skanpidocasbaudeedi 5 may be

concl uded tn@uat:bmqp@u;asil@fduw@g hydegearon heed,wi-th, hwdrogen,i n the
presence of bi nodal cataly t prepared as described in Exanple 1 may be

done at |0W%P§§§Erf‘8§‘t&ﬁﬂ “Tﬁa(?ﬁ t Bhpéraftir e FobY | Giigere pdtivodg of time than
t he conpar atdoverchtal yst cattoheisamenWitenperabaresnandoprLssyr s, TABLE 2

Property Fe%%’ggHQﬁm%@?d&?%e%éggﬂkgoréeghgpo'aga&hX%LanHECt Ti e, hour s
combinations thereof. Such controlling of contacting
conditions may include controlling LHSV, temperature,
pressure, hydrogen uptake, hydrocarbon feed flow, or

10 combinations thereof.

Monitoring a sediment value during processing may
indicate formation of high molecular compounds, precipitate
of high molecular compounds, or precipitation of metals. A
sediment value that decreases or is relatively stable during

15 contacting indicates that the hydrocarbon feed is relatively
stable during contacting.

During processing, the inlet pressure of a contacting
zone of a fixed bed reactor may be monitored. A rapid
increase in inlet pressure may indicate that flow through the

20 catalyst is inhibited. The inhibition of flow may be caused
by an increase in deposit or sediment formation. The increase
in deposit or sediment may plug pores of the catalyst, thus
restricting flow of the hydrocarbon feed through the
contacting zone.

25 Typically, hydroccarbon feed having viscosities that
inhibit the hydrocarbon feed from being transported and/or
pumped are centacted at elevated hydrogen pressures (for
example, at least 7 MPa, at least 10 MPa or at least 15 MPa)
to produce products that are more fluid. At elevated

30 hydrogen pressures coke formation is inhibited, thus the
properties of the hydrocarbon feed may be changed with
minimal coke producticon. Since reduction of viscosity,

residue and Cs/C; asphaltenes is not dependent on hydrogen
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pressure reduction of these properties may not occur unless
the contacting temperature is at least 300 °C. For some
hydrocarbon feeds, temperatures of at least 350 °C may be
required to reduce desired properties of the hydrocarbon feed

5 to produce a preoduct that meets the desired specifications.
At increased temperatures coke formation may occur, even atl
elevated hydrogen pressures. As the properties of the
hydrocarbon feed are changed, the P-value of the hydrocarbon
feed/total product may decrease below 1.0 and/or sediment may

o form, causing the product mixture to become unstable. Since,
elevated hydrogen pressures reguire large amounts of
hydrogen, a process capable of reducing properties that are
independent of pressure at minimal temperatures is desirable.

Contact of a hydrocarbon feed having a viscosity of at

15 least 10 ¢St at 37.8 °C (for example, at least 100 ¢St, at
least 1000 eSt, or at least 2000 c¢St) in a controlled
temperature range of 370 °C to 450 °C, 390 °C to 440 °C, or
from 400 °C to 430 °C at pressures of 3.5 MPa, 5 MPa, or 7
MPa with the catalyst described herein produces a crude

20 product having changed properties (for example, viscosity,
residue and Cs;/C; asphaltenes) of at most 50%, at most 30%,
at most 20%, at most 10%, or at most 1% of the respective
property of the hydrocarbon feed. During contact, the P~
value remains may be kept above 1.0 by controlling the

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

30 In some embodiments, contacting temperatures are
controlled such that C; asphaltenes and/or other asphaltenes
are removed while maintaining the MCR content of the

hydrocarbon feed. Reduction of the MCR content through
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hydrogen uptake and/or higher contacting temperatures may
result in formation of two phases that may reduce the
stability of the hydrocarbon feed/total product mixture
and/or life of one or more of the catalysts. Control of
contacting temperature and hydrogen uptake in combination
with the caltalysts described herein allows the Cs asphaltenes
to be reduced while the MCR content of the hydrocarbon feed
only changes by a relatively small amount.

In some embodiments, contacting conditions are
controlied such that the total partial pressure of the
contacting zone is maintained at a desired pressure, at a set
flow rate and elevated temperatures (for example,
temperatures of at least 200 °C, at least 300 °C, or at least
400 °C). The ability to operate at a total pressure of at
most 5 MPa or at most 3.5 MPa allows an increase in LESV (for
example an increase to at least 0.5 h™, at least 1 h™, at
least 2 h™, at least 5 h™', or at least 10 h™) with the same
or longer catalyst life as contacting at total pressures of
at most 5 MPa or at most 3.5 MPa. Operating at lower partial
pressures of hydrogen or lower total pressure decreases the
cost of the operation and allows contacting to be performed
where limited amcunts of hydrogen are available. In some
empodiments, the total pressure is the same as the total
partial pressure of hydrogen being fed to the contacting
zone,

The crude product produced by contacting a hydrocarbon
feed with one or more catalysts described herein may be
useful in a wide range of applications including, but not
limited to, use a feed to refineries, feed for producing
transportation fuel, a diluent, or an enhancing agent for
underground oil reccvery processes. For example, hydrocarbon
feeds having an API gravity of at most 10 (for example,

bitumen and/or heavy oil/tar sands crude) may be converted
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into various 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 convert
5 hydrocarbon feed to lighter components).

Reduction of the viscosity and/or residue content of a
hydrocarbon feed to produce a feed stream that may be
processed in a cracking unit may enhance the processing rate
of hydrocarbon feed. A system using the methods and

10 catalysts described herein to changs properties of a
hydrocarkbon feed may be positioned upstream of one or more
cracking units. Treatment of the hydrocarbon feed in one ox
more systems described herein may produce a feed that
improves the processing rate of the cracking unit by at least

15 a factor of 2, at least a factor of 4, at least a factor of
10, or at least a factor of 100. For example, a system for
treating a hydrocarbon feed having a wviscosity of at least
100 ¢St at 37.8 °C and/or 0.1 grams of residue per gram of
hydrocarbon feed may include one ¢r more contacting systems

20 described herein pcesitioned upstream of a cracking unit. The
contacting system may inciude cone or more catalysts described
herein capable ¢of producing a crude product having a
viscosity of at most 50% of the viscosity of the hydrocarbon
feed at 37.8 °C and/or at most 90% of the residue of the

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

30 unit may be improved.

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.
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Deasphalting processes may involve solvent extraction and/or
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 portion of the components

5 that contribute to residue and/or asphaltenes prior to the
deasphalting process may eliminate the need for solvent
extraction, reduce the amount of required solvent, and/or
enhance the efficiency of the deasphalting process. For
example, a system for treating a hydrocarbon feed having, per

10 gram of hydrocarbon feed, at least 0.01 grams of Cs
asphaltenes and/or 0.1 grams of residue and a viscosity of at
least 10 ¢8t at 37.8 °C may include one or more contacting
systems described herein positioned upstream of an
deasphalting unit. The contacting system may inc¢lude one or

15 more catalysts described herein capable of producing a crude
product having a Cs; asphaltenes content of at most 50% of the
hydrocarbon feed Cs; asphaltenes content, a residue content of
at most 90% of the hydrocarbon feed residue content, a
viscosity of at most 50% of the hydreocarbon viscosity or

20 combinatiocons thereof. The crude product and/or a mixture of
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

25 hydrocarbon feed, the processing efficiency of the
deasphalting unit may be increased by at least 5%, at least
10%, at least 20% or at least 50% of the original efficiency.
Ixamples

Non-limiting examples of catalyst preparations and

30 methods of using such catalysts under controlled contacting

conditions are set forth below.

Example 1. Preparation of a Columns 6-10 Metal (s} Catalyst.

50



0.2 0.2 Chromum wtppm0.3 0.2 0.2 0.2 Silicon, wtppm11.2 0.3 0.3 0.3
Magnesium wppm0.8 0.4 0.2 0.4

WO 2009/126973 PCT/US2009/046917

A first solution was prepared by combining MoO; (789.96
grams), phosphoric acid (73.66 grams, 85.9 Mol%), and
deionized water (2400 grams) tc form a slurry. The slurry
was heated to 82 °C until dissolution of the solids.

5 To the slurry, Ni{OH).-(210.32 grams} was added at a
rate to control any observed exotherm, and then heated toc 96
°C until dissolution of the solids. To the heated mixture
was added citric acid monohydrate (5 Mol%, 200.46 grams) at a
rate sufficient to control any observed exctherm. After

10 addition of the citric acid the sclution was heated to 100 °C
until the molybdenum/nickel/phosphorus solution was
transparent, and then reduced the volume of the
molybdenum/nickel/phosphorus solution to 1249.80 grams.

To a maller, a support (4076.09 grams) that contained

15 0.02 grams of silica and 0.98 grams alumina per gram of
support was added. With the muller running, the
molybdenum/nickel/phosphorus solution (1249.80 grams) was
added to the support and the resulting mixture was mulled for
25 minutes. Deionized water (211.90 grams) was added to the

20 molybdenum/nickel/phosphorus/suppert mixture and the
resulting mixtuvre was mulled 15 minutes. Additional
deionized water (109.69 grams) was added to the mixture and
the resulting mixture was mulled 20 minutes. The mulled
molybdenum/nickel/phosphorus/support mixture had a pH of 5.05

25 and a loss on ignition of .5689 grams per gram of mixture.

The mulled mixture was extruded using 1.3 mm trilobe
dies to form 1.3 trilobe extrudate particles. The extrudate
particles were dried at 125 °C for several hours and then
calcined at 676.7 °C {1250°F) for two hours. The catalyst

300 contained 0.133 grams of molybdenum, 0.032 grams of nickel
and §.005 grams of phosphorus with the balance being support.
The catalyst had a pore size distribution with a median pore

diameter of 117A with 60% of the total number of pores in the
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pore size distribution having a pore diameter within 59 A of
the median pore diameter, a total pore volume of 0.6% cc/g, a
surface area of 277 m’/g. The pore size distribution measured
using mercury porosimetry at a contact angle of 140 is shown

5 in TABLE 1.

TABLE 1

Pore Diameter | % Pore
in A Volume
<70 6.24
70-100 26.43
100-130 25.35
130-150 6.34
150-180 4.73
180-200 1.86
200-240 2.4%
240-600 7.15
600-1000 2.6
1000-30C0 7.2
3000-5000 6.7
>5000 3.17

This example demonstrates a catalyst that includes a

0 support, and one or more metals from Ceolumns 6-10 of the
Periodic Table and/or one or more compounds of one or more
metals from Columns 6-10 of the Periodic Table. The catalyst
has a surface area of at least 250 mz/g, a median pore
diameter ranging from 105 A to 150 A with at least 60% of the

15 total number of pores in the pore size distribution having a
pore diameter within at least 60 A of the median pore
diameter, with at least 50% of its pore volume in poreas

having a pore diameter of at most 600 A, and between 5% and
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25% of its pore volume in pores having a pore diameter
between 1000 A and 5000 A.

Example 2, Contact of a Hydrocarbon Feed with a Column 6

Metal {s) Catalyst. A tubular reactor with a cantrally

5 positicned thermowell was equipped with thermocouples to
measure temperatures throughout a catalyst bed. The catalyst
bed was formed by filling the space betwegen the thermowell
and an inner wall of the reactor with catalysts and silicon
carbide {20~-grid, Stanford Materials; Aliso Viedo, CA). Such

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

The catalyst was blended with an equal volume amount of
silicon carbide before placing the mixture into the
contacting zone of the reactor.

i5 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.

A Ceolumn 6 metal catalyst prepared as described in

20 Example 1 was mixed with silicone carbide {(total of 50 cm’)
was positioned in the contacting zone.

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 inte a Lindberg furnace

25 that included four heating zones corresponding to the preheat
zone, the contacting zone, and the bottom support.

The catalyst was sulfided by introducing & gaseous
mixture of 5 vol% hydrogen sulfide and 95 wvol% hydrogen gas
into the contacting zones at a rate of 1.5 liter of gaseous

30 mixture per volume (mL) of total catalyst (silicon carbide
was not counted as part of the volume of catalyst).
Temperatures of the contacting zones were increased to 204 °C

(400 °F) over 1 hour and held at 204 °C for 2 hours. After
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holding at 204 °C, the contacting zones were increased
incrementally to 316 °C (600 °F) at a rate of 10 °C (50 °F)
per hour. The contacting zones were maintained at 316 °C for
an hour, then incrementally raised fto 370 °C (700 °F) over 1
5 hour and held at 370 °C for two hcours. The contacting zones
were allowed to cool to ambient temperature.
After sulfidation of the catalysts, the temperature of
the contacting zones was raised to a temperature of 410 °C.
A hydrocarbon feed (Peace River) having the properties listed
10 in Tabkle 2. The hydrocarbon feed flowed through the preheat
zone, top contacting zone, bottom contacting zone, and bottom
support ¢of the reactor. The hydrocarbon feed was contacted
with each of the catalysts in the presence of hydrogen gas.
Contacting conditions were as follows: ratio of hydrogen gas
15 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 400 °C and 420 °C at a pressure of 3.5 MPa {500 psig)
for 3436 hours as the hydrocarbon feed flowed through the
reactor.
20 As shown in Table 2, the crude product had a viscosity
of 58 ¢St at 37.8 °cC
This example demonstrates that contact of a hydrocarbon
feed with & catalyst that includes one or more metals from
Columns 6 of the Periodic Table and/or one or more compounds
25  of one or more metals from Columns 6 of the Pericdic Table
having a pore size distribution with a median pore diamelter
in the range from 105 to 150 A, with at least 50% of its pore
volume in pores having a pore diameter of at most 130 A, and
petween 10% and 20% of its pore volume in pores having a pore
30  diameter between 1000 A and 5000 A; at a pressure of 3.5 MPa
produces a crude product having a viscosity content of at
most 50% of hydrocarbon feed viscosity at 37.8 °C. This

example also demcnstrates that a hydrocarbon feed having a
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viscosity of at least 1000 ¢St at 37.8 °C may be contacted at
low pressures without plugging the catalyst and/or producing
an unstable preoduct. For example, the P-value during
contacting was 1.2 and 0.007% of sediment by weight was

produced.

Example 3. Contact of a Hydrocarbon Feed with a Column 6

Metal (s} Catalyst. The hydrocarbon feed, catalyst,

contacting conditions, and sulfidation were the same as
Example 2 except that the pressure during operation (1389
hours) was about 7 MPa. As shown in Table 2, the crude
product had a viscosity of 65 ¢St at 37.8 °C.

Comparison ¢f the data from Examples 2 and 3
daemonstrates that contacting of the hydrocarbon feed at a
pressure of 3.5 MPa and at temperatures between 400 °C and
420 °C produces a crude product with enhanced viscosity
reduction with less hydrogen consumption was observed as
compared to the crude preduct cbtained at higher pressure and
the same temperature. Operating at lower pressures provides
an eccnomic advantage as less hydrogen 1s required to operate
the contacting system.

Comparative Example. The hydrocarbon feed, contacting

conditions, and sulfidation were the same as Example 2.

A commercial bimodal molybdenum/nickel catalyst (RM
5030, Criterion Catalysts & Technologies, Houston, TX, 24
cm’®) used for upgrading reside was prepared mixed with
silicone 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). Rapid increase in pressure was
attributed to the catalyst being plugged from high levels of
sediment and/or precipitation of some of the product due to

the P-value being less than 1.
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104.5 Sedinent, wt% 0.007 0.008 plugged *No Determned CLAIMS 1. A
nmet hod of making a catal yst, conprising: co-nmulling one or nore
nmetals from Colums 6-10 of the 5 Periodic Table and/or one or nore

conmpounds ofyPfey/REs7ore netals from Col ums 6-10 of t herRatdoediseirTabl e
Wi th a support to produce a netal/support conposition; and cal ci ni ng
the netal /support conposition at tenperatures ranging from315 Cto 760 C
to provide a calcined catalyst Mwith a pore size distribution with a
medi an pore di aneter
In comparing Examples 2 and 3 with the comparative
Example, the crude products have similar values for all the

Examples. "The contact time for Examples 2 and 3 are

significantly longer than the contact time for the
5 comparative example. As such, 1t may be concluded that the
contact of the hydrocarben feed with hydrogen in the presence
of the bimodal catalyslt prepared as described in Example 1
may be done at low pressures and high temperatures for longer
periods of time than the comparative catalyst at the same

10  temperatures and pressures.

TABLE 2
Property Feed Crude Product
hxample 2 3 Comparative
Contact Time, hours 3436 3436 1872
Pressure, MPa 3.5 MPa 7 MPa 3.5 MPa
API Gravity 7.9 14.9 16.3 15.8
Density at 15.56 °C (601 1.0148 0.9633 0.9573 0.9608
°ry, g/cm’®
Hydrogen, wt% 10.169 10.645 11.015 16.617
Carbon, wt% 81.987 84,25 84.6 84.617
Sulfur, wts 6.687 4,473 3.701 3.782
Oxygen, wt% 0.62 0.27 0.315 *
Nitrogen, wt% 0.366 0.362 0.369 0.38%
Nickel, wtppm 70 &0 39 56
Iron, ppm 2.4 0.2 0.2 0.2
Vanadium, wtppm 205 180 60 152
Calcium, wippm 6.7 1.4 0.3 2.1
Copper, wippn 0.9 0.4 0.2 0.2
Chromium, wtppn 0.3 0.2 0.2 0.2
Silicon, wtppm 1.2 0.3 0.3 0.3
Magnesium, wtppm 0.8 0.4 0.2 0.4
Zingc, wtppm 6.0 0.9 0.7 1.7
Molybdenum, wtppm 5.6 0.3 0.4 0.8
Micro-Carbon Residue, 12.5 10.3 9.0 9.6
wt%
Cs Asphaltenes, wt% 16.2 7.5 6.0 8.0
C; Asphalienes, wt% 10.9 5.2 3.9 5.1
Naphtha, wt% 5.8 5.9 5.1
Distillate, wt% 15.0 29.5 29.4 30.7
VGO, wt% 37.5 39.6 40.2 39.8
Residue, wtd 47.4 25.1 24.5 24.4
P-vValue 2.6 1.2 1.2 <1.0




ranging from105 A to 150 A with at |east 60% of the total nunmber of pores
in the pore size distribution having a pore dianmeter within 60 A of the
medi an pore dianeter, with at | east 50% of its pore volume in pores having
a pore di amgtefskaeRf at nost 600 A, and between 5% andhc3afe@boichs pore

vol une in pores having a pore dianeter between 1000 A and 5000 A, wherein
pore dianeters and pore volunes are as neasured by ASTM Met hod D4284. 2. A
catal yst conprising: 20one or nore netals from Colums 6-10 of the Periodic
Tabl e and/ or one or nore conmpounds of one or nore netals from Col ums 6-10
of the Perim@iperdgbl €, wherein fheregal a yst has exuwmdirabaped € di anet gr
rangi ng friogmkge.A T0 150 AW th at Teast 69% off thest ot all cempdertiok |pores
in the porg/ S-g6:i&p 4 avig DUt on nAvhNg a pere di ameier Withiniah east 60
A of the nedicancppresdi ameter, with at il east 50% of its pore volune ijn
por es havi|ig,@-poF & HsaiEl&f,, of Jat nost] 680, A and 1befween 5% and 25% of
its pore Vjalipe® i n pores havingja pore [di aneter between 1000 A and 5000 A,
wher ei n por&drafgl &S 30 and pgre vol unes.ede as neassr ed by1AxEM Met hod
D4284. 3. Thg b lyatnal claim 2, wherein the catalyst is binodal.” 4. The
catal yst of claim2, wherein the catal yst conprises a support, which
support includes, per gram of support, from0.0001 grans to 0.10 grans, of
silica; and 0.90 granms to 0.9999 grans of al um na.
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CLAIMS

1. A method of making a catalyst, comprising:

co-mulling one or more metals from Columns 6-10 of the
Periodic Table and/or one or more compounds of one or more
metals from Columns 6-10 of the Periodic Table with a support
to produce a metal/support composition; and

calecining the metal/support composition at temperatures
ranging from 315 °C to 760 °C to provide a calcined catalyst
with a pore size distribution with a median pore diameter
ranging from 105 A to 150 A with at least 60% of the total
number of pores in the pore size distribution having a pore
diameter within 60 A of the median pors diameter, with at
least 50% of its pore veolume in pores having a pore diameter
of at most 600 A, and between 5% and 25% of its pore volume
in pores having a pore diameter between 1000 A and 5000 A,
wherein pore diameters and pore volumes are as measured by
ASTM Method b4284.
2. A catalyst comprising:

one or more metals from Columns 6-10 of the Periodic
Table and/or one or more compounds of one or more metals from
Columns 6-10 of the Periodic Table; wherein the catalyst has
a median pore diameter ranging from 105 A to 150 A with at
least 60% of the total number of pores in the pore size
distribution having a pore diameter within at least 60 A of
the median pore diameter, with at least 50% of its pere
volume in pores having a pore diameter of at most 600 A, and
between 5% and 25% of its pore volume in peres having a pore
diameter between 1000 A and 5000 A, wherein pore diameters
and pore volumes are as measured by ASTM Method D4284.
3. The catalyst of claim 2, wherein the catalyst is

bimodal.



4. The catalyst of claim 2, wherein the catalyst comprises a support, which support
includes, per gram of support, from 0.0001 grams to 0.10 grams, of silica; and 0.90 grams to

0.9999 grams of alumina.
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