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 Tnventi cal

The present invention relates to catal ysts having sel ected pore size

di stributions, nethod of making such catal ysts, nmethods of producing a
crude product, products M obtained fromsuch nethods, and uses of products
obt ai ned. BackT: eund of the invention Crudes that have one or nore
unsui tabl e properties that do not allow the crudes to be economcally
transported, or processed using conventional facilities, are commonly 15
referred to as "di sadvant aged crudes". D sadvantaged crudes may have a hi gh
viscosity that repders.the di sadvantaged._ crude un irabl e for conventional
transportation ag% ort r%gﬁ%es MEESCITY ic%%E. fo’%é%‘%%‘?l’isaggﬁﬁ%”r Udes havi ng

hi gh vi scosi t i es? 3PP FoRIMYETS mif10PS &Fi FEPUIES Ry eHVBHERC2GT def i ci ent

hydr ocar bons. Whenrrgpoocessingodirendweam Mageds ¢ rud eseshav isrgpehydr ogen
deficient hydrocarbons, consistent qsafieebi €s of hydrogen nay need to be
added to inhibit coke formation, particularly if elevated tenperatures and
hi gh pressure are used tg prosess.ine di sadvantaged crude. Hydrogen,
however, 25 is costly T0 produce and/or costl %dtloo tr a_nsﬁort to treatnent
facilities. Céﬁ?/é)ﬁ(t"lefﬁhd'l’wef?éf(f?oﬁ%mb‘f“ Fedtet syt B/ gh viscosity of

t he di sadvant aged e ad@oTnél wde scoracre ngeté di gdvantdged crude at

el evat ed t enper atiudigscsantktps@SSUpecant irly hydregenaha, 30othespresence of a
catal yst. SediMeflaint®HRA Ay tRdod, 0585800 MBYcRGE UL Af.g. I n the |arger
poxes of the catal yst. V\m{ﬂﬁ Vi iCsh(;)o]s|Vjt$>{tj%rr]1d/or ot her properties are reduced
by contact of the feed W Eh-the activé ietals in the smaller pores of the
catal yst that the sé&#iwert**akd/or e &F gere ¢ohpdiinasrreptttihititng to

Vi scosity can not ent@reow Dhsadwantages cofrogonyventronablrteat at ysts are that
they require si gRbddscantsapRupts:: AfraNWAEOgensi nerdekoh9 process the

hydr ogen def ii:gi er@&'erggcgnsgcaasr‘bdqggdvg‘rmt%gég]%gudteg’e. ! l?ﬁrsggxranpa%rogscxg{gob

may have a high viscosity that renders the disadvantaged

crude undesirable for conventional transportaticn and/ox
treatment facilities. Disadvantaged crudes having high
viscesities, additionally, may also include hydrogen

20 deficient hydrocarbons. When proeessing disadvantaged crudes
having hydrogen deficient hydrocarbons, consistent gquantities
of hydrogen may need to be added to inhibit coke formation,
particularly if elevated temperatures and high pressure are
used Lo process the disadvantaged crude. Hydrogen, however,

25 is costly to produce and/or costly to transport Lo treatment
facilities,

Conventional methods of recducing the high viscosity of
the disadvantaged crude include contacting the disadvantaged
crude at elevated temperatures angd pressure with hydrogen in

30 the presence of a catalyst. Sediment formed during
processing way accuwnsuvlate 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



5 the catal yst becone filled. Thus, the activity of the catalyst is
dimnished and the |ife of the catalyst is reduced. To counteract the

di m ni shed activity and/or increase throughput per volune of feed, the
catal yst may contain a significant anount of netal and/or conbination of W
netals. As nore netal is used in a catalyst, the pores of the catal yst
becone filled resulting in catal yst that have that are dim nished pore size
due to the metal occupying space in the pore. To accommbdate nore netal,
catalysts with larger pores dianmeters nmay be nade, however, an increase in
M pore dianeter may reduce the surface area of the catal yst. It woul d
be desirable to have a process and/or catalyst for reducing the viscosity
of a disadvantaged crude at selected tenperatures and m nimal pressures.
Such a catal yst COtHUG HEUSEF LY B &V et 't eMp¥iattifes and mini ma
pressures. 20U. SisPyperRgeNes copeaPBNgD tatady Hensleeihat 5;h928e49get 0 Sher wood,
Jr. et al 6,554,904 erReynaltdsoretyaabgen 6, 4360280p:toeeddatice et al .

5,928,501 to Su ﬁk%h)%@ﬁahmﬂ §m9§%nggg %Q AHQQMEn@rgL 195(& 886 594 to
Mller, 4,746, 41 to _Peck |rrps©p§]64 525,472 to

Moral es et al ., 281°°4Y9° bé@“?%'% hoa?uéttm“amlﬁ”§8 1 to Dahl berg et
al ., and 4,191, 636“&@ PﬁKUW“éPmﬁl““Hé§c¥ﬂﬁé”vé%ieﬂ§&$ﬁo€ésses systens, and
catal ysts for prseessi ngrcrudessaandhordidirg advantaged orudes. U. S,

Publ i shed Pat ent;,,Appkd ¢atd@uNaS.: 208020433414 iM(t(hﬁQU,g;h 17219050133418 to Shan

et al.; 20050139 hr ough 200501395% e 050145543 to
Blian et al ., gﬁ‘éd@i tocﬁﬁaﬁm%?té 'm9§§6§ féé@%ﬁjbuo hgn et al.

20050167320 t'6 Sﬁhﬁ et PAITOre POGBOTE I Ar GUgH s20650P87832° to Shan et
al ., 200501733011t hrought 2008501738303 4se! Bhan ratatalysy 20060060510 t o Shan;
20060231465 to Shan::-20060231456:¢ aishans 20060284846 wb@indhan; 20060231457

to Shan and 200888318/ [149:420a0; , 20070000010 9, Ehane0..al ., 20070000808 S
to Shan: 20070000811 to Shan et f S. Pat ent |cat|on Nos.

11/ 866, 909; 11/ 866%11’6’”113}?8‘86@*92@5%&Bwh "PYPE6e, 3@2@‘“‘1%1986’6 926;
11/ 866, 929 and Pm#8§5m@82'm®fShaneeb@ahﬂhfémkedOCbﬁeb@FdB%L2007 are
rel ated patent appl reabhons: and gesctd b@-@varﬂr@m precessasiyssyst ens, and

catalysts for 10.process) g cLudes.ands ot dlaadyantaged,cr udes. U s
Patent No. 4, 225,4 . descri cata.yst having a

bi nodal pore st P Ct‘ﬁ%L‘é{WBT?‘Hﬁ%/o@’éddmﬁFf‘%]cf’f‘?Féh’ée§s iR Ae“4&YFf uri zati on
and denet al | at i savlgf e alcomtvalbe hyrhydrocat FonigreeamssuPhi s cat al yst
has a |s surhace area.beirvweencd4, anoi2300 mkDsy; 690595%poftcits pore vol ume

in yams having a,pQre;, dbza”&l QH ‘6, EJ@%A@C&QN%MJ LAY Of@ hieSppore volume in
pores having a por.e di'anet e qqults pore vol unme

nd
in pores having 8'BoVaeHﬁéHEfe%m %Bn?hgﬁ“iﬁ“oﬂoak ag' &t 8 nihed using

n|tr()ger] Angevine et al., 4,886,594 to Miller, 4,746,418 (o Peck et
al., 4,548,710 to Simpson, 4,525,472 to Morales et al.,

25 4,499,203 to Toulhoat et al., 4,38%,301 to pahlberyg et al,,
and 4,191,636 to Fukui 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 te Bhan et al.; 20050139518 through
20050138522 to Bhan et al., 20050145543 te Bhan et al.,
20050150818 to Bhan et al., 20000155908 to Bhan et al.,
20050167320 to Bhan et al., 20050167324 through 20050167332



20 adsorption nethods. Operating pressures range from5.5 MPa to 20.7 Mra.
Qperating tenperatures range from371 Cto 454 C. In Tables | through I11

t he average pore dianeter of the catalysts range from 137 Ato 162 K U S.
Pat ent No. 5,928,499 to Sherwood, Jr. et al. 25 describes a process for
hydrotreating a hydrocarbon feed containing conponents boiling above 1000 F
and sul fur, netals and carbon residue utilizing a heterogeneous catal yst
having a specified pore size distribution, median pore dianmeter by surface
area and pore node by volune, to give a 30 product containing a decreased

content of conponents boiling above 1000 I!' and decreased sul fur, netals
and carbon residue is disclosed. The catal yst includes an porous al um na
support containing | ess than_ or i on the finished

,or equal to 2.5 wt %silica _
catal yst basis, Hhd"Bedr fhg @.020]\/(?%%8’""’8“%2%’%’33\03@%353‘\/F‘TI net al oxi de,
7 Ww%to 24 w " 2l5, gROFEOGDBUPoVBEN mEP eO2 e o divdn preYer kY tbess than 0. 2
w % of a phosphetseusookters Thesneat abossts ey theneharact eri zed as 5 having

a total surface apes 0f:;7215:1.0; 2481306108t Q1.3 -cPOr & Mohsv¥Bsef 0.82 to 0.98
cc/g, a nedian pore di aﬁg; I Yésurface rea qof 91 to 104 A, and a pore

di anet er di st ri bt 'R i )P%ﬁ“ 2.9 57 3%, 096" the “tOtal pore vol une is
present as macr ofetEstion ¥psdiantitte?Vgriddtir ¥ tohan / 80°A BPYP t o 78. 0% of
1.0 the total porigsssmbame:.li/scqppESEIt/ses 9 enpoiees, 6 @ dizanet er | ess t hat
250 A. The por ao Mol unes: wats..det epm ned gﬁ.mﬂgsl}g%mgwpm@ma%y _ |
measur ement s. erating pressures range from -2500 psi.g. (approxi mately
12 MPa to 17 NPa?“dcé‘)‘}é“F a‘t"ipﬁ’a”t"‘é“ Jé“r’%cffﬁ‘g‘és"yr"g%“&é ?"’Socn‘i’n %]8”6915 ftg’o 900 P (371 C
to 15384 C). ¢ procqysge P&%@%ﬁ” r HBoabangsE fE¢Fark et al. describes a
hydr opr ocessi ng cat al- yst rdthat vhag, @ssnf acecatea cofaigrieat@bet han 220 nk/ g,
a pore vol ume of..about 1Qvi23-0130ae0L0:d Bu.Pores gleabesietihan about 600

radius A an average,nore;fadius, of., 20,ab0ut,.305,70,A.;0, por es | ess than
600 A, and an i nct enent al - 65r'e“’v5[tfjﬁ%“€ar”ve Wi t(%maL mBxi num at about 25-50 A

radi us. The hydrSERrBUH2FHEEH "WECBHPACTEY "4t ARl opEratTnp? essures range
of about 13. 85 MPar{2600cpeigjecande ant e¥¥per &t upe 96F o421 (790 F). 25As

outlined above, whetke:hascheen: conshbderabl-e.ektar t-10 Mevekop:met hods and
systems to econam Gl Y FQOVAr L.dl saguant Agedaprdes Lo Haeahl e products.

It woul d be advantageous to %e ab o convert: crudes with a high
viscosity, and thet®f 6r8* &T1W EBAGH"E VaFtE® ity A "¥Ftide 30 product
havi ng a decr eagéararpsdogi BY0-¢oivert abyeeontadétysnge rhecgtudes wWith a
catal yst w t hoa sabkdpiain Yesnt ohbe SedigTRss 06 Bk kO mrod &.3vaed d al so be

advant ageous (0 LOSYNR,A BLOLIAI, AUpHAL..QL YA 0dansuk ng puocessing. The
resulting crude praodu thereatter, he converted to sel ected

duct_ may, , ed 10 SE
hydr ocar bon prodéct " &Py i&ﬁﬁ’/"é’ﬁ{’i"&hal‘l}“%i‘éﬁ?“d"fg? ST NG EATal st s.

the catalysts range from 137 A to 162 A.
. 3. Patent No. 5,828,499 to Sherxwood, Jr. et al.

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

0 produot containing a decreased content of components boliling
above 1000 °F and decreased sulfur, metals and carbon residue
is disclosed. The catalyst includes an porous alumina

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



Summary of the invention It has now been found that a hydrocarbon feed
with a high viscosity can be converted into a crude product having a
decreased viscosity whilst sedinment formation is kept |ow by using a

specific catalyst. As a result the catal yst may have a |l ong useful life. In
addition, it has been found that such 10 a conversion may be carried out
with m ni mal hydrogen consunpti on. Accordingly, in sonme enbodi nents,

the invention provides a nmethod of making a catal yst, conpri sing:
co-mulling one or nore netals from Colums 6-10 of the 15 Periodic Table
and/ or one or nore conpounds of one or nore netals from Col ums 6-10 of the
Periodic Table with a support to produce a netal/support conposition; and
cal cini ng the netal /support conposition at tenperatures ranging from 315 C
to 760 ' C to proWicdErasted| Gingdt datisl y¥ POt h2avHoresitze °di stri buti on
with a nedi an po# erdipaymet eftsiangidag 7 +omd b vA ¢ of E56-Apwirth at | east 60%
of the total nunher, of; cﬁo&%smlelficxtabﬁy FQQJseuﬁa'nZ@ 2diskrdesbyti on having a pore

dl anEt er W t hl n qo A]ﬁOO(IuSt(I)’]xeldne !!1(-! cga A m'a nl% Cq{.i aé’yegahfegt l eaSt 50% Of I tS
pore vol une in pores “having’a pore”di aneter 25 st™*Go0 A, and

bet ween 5% and 2’594k alttoéalpé‘t“”éa%fi"éﬁ?eoﬁ ﬁlbé? @4s H‘aﬁ n‘btatado’f%edl anet er

bet ween 1000 A andus000 0432 wher 8 neforenediameter sianrdepdy e vol unes are as
measured by ASTMuYeidaogheQ4284k. to 104 A, ana d PosOfBmendR0gisBRM:Siont he i nvention
pr ovides a cat alM h1§9 ?%O(BTPEI (gl’ghi the ioQ‘H.epfg JE‘N»& Ereg')@ir%ni rgm Col umms

6-10 of the Periodi c Table and/ or one of mnore unds of one or nore
netal s from Col d‘?‘?‘ﬁé‘)pé’"el"o"’oﬁ PRECPErBHicE 1’f‘é’blzé0 ’\I\h‘é’rgltﬁ fan@ fatalyst has a
medi an por e ditangeertpangingeironr H05sAtta 1BOAR WM A atidvetst 60% of the
total nunber of pPesesad nsd he pos eosd zewdistsidbuideannbavkng a pore di aneter

W t hl n at l eaSt I‘(@’Q( 1&\]0[]:0]"841@\1 %g%ﬁpmcpapg € 8{!(@%%& weé"\éu;ch @Jinq'oeaSt 50% Of I ts
pore volunme in por es di anet er of at nost 600 A, and between

5% and 25% of |t§°'bolP%° 'iﬂouﬁ‘ﬁgl H“?B’(')"r’“é%“h%ﬁ/ f‘lﬁdpé Boir’emdl arreter bet ween 1000
A and 5000 A wherrithnporeeditanest erye aitdn pop e "viol bites? 4P as reasured by
ASTM Met hod 04284: 4cmn. sonme enbodi nents, the invention provides a nethod of

10 producing a crude pr QQ%GI 1NoC%”Eia' %éeﬂgo (,]c.\rk e1CQE“ %Q!;cl? nG.sa, hydrocar bon
feed with one or i )[duct t hat i ncl udes

the crude pr oduci”‘h‘i}'\’h‘éf@i’ﬂ’qa‘tmTﬂé’éét‘%% ”bf‘i "f‘ﬁéd‘@ t & €5%pri ses one or
more netal s fromb@REMTY 96-2 006 valee Pérabedi & 2Pa%13§ %ﬂ’falﬂd‘r PYAR or 15 nore
conpounds of onerescennmen Bt @l 600f FoM: Cdl LnsvebadOpok tdieuderi odi ¢ Tabl e;

wherein the Gpl %@Bnﬁ?a—gorﬂagﬁ-lpo%t alystnahagoan, Medi a0 ; p@roaor%aneter rangi ng
from105 A to 150 A ‘é\ﬂx at | w?ﬁt( 60% of th‘entot?al JOnxl er. of pores in the

pore sire distri'Blt |Von”“f’1av Fhig “a pore di'anet 81" Wi thi n“at’ 'éast 60 A of
The hydrocarbon feed 13 contacted at an operating pressures
rarge of about 13.8 MPa (2000 psig) and a temperature of 421
OIS0 ).

25 As outlined above, there has been considerable effort to
develop methods and systems to economically convert
disadvantaged crudes to useable products. If would be
advantageous 0 be able to convert crudes with & high
visgosity, and therefore a low economic value, into a crude

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

minimal amount of hydrogen during processing. The resulting



20 the nedian pore dianmeter, with at | east 50%of its pore volunme in pores
havi ng a pore dianeter of at nost 600 A and between 5% and 25% of its pore
vol une in pores having a pore dianeter between 1000 A and 5000 A, wherein
surface area is as determ ned by ASTM Met hod 03663 and pore di aneters and
25 pore volunes are as neasured by ASTM Met hod 04284; and and pore

di aneters and pore volunes are as neasured by ASTM Met hod 04284. The
invention al so provides a crude product produced by the nethod descri bed
herein. 30 In sonme enbodi nents, the invention further provides a

hydr ocar bon conposition conpri sing: a total Ni/Fe/V content of at

| east 150 wt ppm as determ ned by ASTM Met hod 05708; a residue
content of at least 0.1 grans per gram gf hxdraqciar_bonnlc .n;positi on as

det er mi ned by ASTM'fBtHOG" BEB07e e e §e fieR¥FFTat@ “Coittént of at least 0.1
grans per gram ofvoRyaretarisgrrte orposiceventiasa ideyeriicatdyby ASTM Met hod
05307; 5an oxygestepntent of at nost 0.1 grans per gram of hydrocarbon
conposi tion, as detefmned, Hy, ASIM Nt hod E385;, and a micro-carbon residue
content of at s_l east 0.05 Igrv s g%rmgrtgm ofh derr%argog ggmosi tion as

det er mi ned by "ASTM 10 Wet hod 04530, and wherei'n' t he “Aydfocar bon conposition
has a viscosity HfPatis¢issty $ODPe SOVEE CG7 LEoC SRMEr Bi°HUSH $T08T By i s as
determ ned by ASEvidMsthods©@44L. vhilst sedimersofiernenivodismesrt-siovtihe | nventi on
provides a transpahd at4Q8;: fiuel..CoRpr nsiang.dhe 16& depsoduct.a@r one or 15
more distillate fnacllong, made fJomihe, crude prodush,descrlbed herein.

I n some enbodi nent's,” the 1 nvention provides a ,ﬁ.uent conprising the crude
product or on® of “HOFESER ST 1Nt H19atth biid Hade f 16T He crude product as
descri bed herei ncon@@nidour t her enbodi nments, features fromspecific

Accordingly, in some embodiments, the invention provides

a method of making a catalyst, comprising:
co~mulling one or morée metals from Columng ¢-10 of the
15 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
caleining the metal/support composition at temperatures
ranging from 315 °C to 760 "C to provide a caleined catalyst
2 with a pore size distribution with a nmedian pore diameter
ranging from 105 A to 150 A with at least 0% 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 poere diameters and pore volumes are as measured by
ASTM Method D4284.
In some enmbodiments, the invention provides a catalyst
3 comprising:
oneé or more matals 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

(929



enbodi ments nmay be conbined with features from ot her enbodi nents. For
exanpl e, features from one enbodi nent May be conbined with features from
any of the other enbodinents, In further enbodi nents, additional features
may be added 25 to the specific enbodi nents described herein. Brief

description of the draw ngs The invention has been illustrated by the
follow ng figure: FIG 1 is a schematic of an enbodi nent of a
contacting 30system Detailed description of the invention Terns used
herein are defined as foll ows. "ASTM' refers to Anerican Standard
Testi ng and Materi al s. "APl gravity" refers to APl gravity at 15.5 00
(60 "F). APT gravity is as determ ned by ASTM Met hod D6622. At om ¢

hydr ogen percentage and atom c carbon percent age of tg drocar bon feed
and the crude prddGtt"atcse 482 Héteraidied By ASTM et o “’i}éﬁél.

"Bi nodal cat al ystéasrabers the @tehbpathpstofl] prrahiiohchatedreaste t he maj ority of
the pore vol ume bSteirst {dnbubd; kol dVa: Sledd i SIti11€ﬁ|atdie$Etf isbut bons of pore

diameters, each stapisti eal. dlsbilbubien.naylng.aosignikicant peak when
di spl ayed on a pore vol ume versus pore di anmet er £ r, exanple, a

bi nodal cat al yst YH#EY® HRVE*S088'9F¢ |"‘t%°’*6oq‘é'“‘?}8f e d’i“%‘“’t r?‘ﬁu? ‘@4 n pores
havi ng a pore diteter Sheth@eh o50-tA rand vebOe Ar( wieh PME%rg peake showi ng at 80
A) and 25% of it gizperce nsahetrerodd st khdbatedil angeoenesohaviaageaspore di anet er

bet wveen 300 A angad31590'6§10(1¥\4xet 3 neak ﬁmwwgc,@itmaa&i Mh2ss. Boi | i ng
range distributions for t rocar| product, and/or the

crude product are as d&¥Er Gr%bﬁylﬂc% by ““A‘§’f‘fvi‘r%/é‘tﬁ J %367‘" inl’eS’s ot herwi se
ment i oned. 10 PCHUHEP HaF thenag v avcef é?@”’fb‘“éSphal t enes that are insoluble
in n-pentane. 05 asphatd{engsacontentvohsteas vt endroned:-Hyanr8¥dM:sMet hod

1) 2007. tLhrRsphal 1t0@51ﬁ§)3!ocme1f ehs: tiasphald enes hbal.cpre 25
i nsol ubl e i n n-heplane,, Cas hgltenes, cantent L as.determped by ASTM
Met hod 1) 3279. " ol “’ f%) to one or nore netal s of

Col utm X of the 'PépPiodre fFé‘B‘I“@ éﬂ@/‘ifr‘?ﬁ’néo*ﬁf}mr?nf@‘%oﬂﬁﬁﬁn‘ﬁf? of one or nore
nmet al s of Col unmmoXe ofonpdvecPer icodice kablreralisnfrom Columns 6-i0 of the

Periodic Table; wherein the Column 610 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
20 the median pore diameter, with at least 50% of its pore
volume in pores having a pore diameter of at most 600 A, andg
between 5% and 25% of its pore volume in pores having a pore
diameter between 1000 A and 5000 A, wherein surface ares is
as gdeterminad by ASTM Method D3663 and pore diameters and
25 pore volumes are as measured by ASTM Method DA284; and
and pore diameters and pore volumes are as measured by
ASTM Method D4284.
The invention also provides a crude product produoced by
the method described herein,
3 In some embodiments, the invention further provides a
hydrocarbon composition comprising:
a total Ni/¥e/V content of at least 150 witppm as

determined by ASTM Method D5H708;



30 which X corresponds to a columm nunber (for exanple, 1-12) of the
Periodic Table. For exanple, "Colum 6 netal (s)" refers to one or nore
nmetals from Colum 6 of the Periodic Table and/or one or nore conpounds of
one or nore netals from Colum 6 of the Periodic Table. "Col um X
element (s)" refers to one or nore elenents of Columm X of the Periodic
Tabl e, and/or one or nore conpounds 5 of one or nore elenents of Colum X
of the Periodic Table, in which X corresponds to a colum nunber (for
exanpl e, 13-18) of the Periodic Table. For exanple, "Colum 15 elenent(s)”
refers to one or nore elenents from Colum 15 of the Periodic Table and/or
one or nore conpounds of one or nore elenents 10 from Col unm 15 of the
Peri odi ¢ Tabl e. In the scope of this application, weight of a netal
fromthe Periodic TablesidigicghitrbfoltcHigbind Bf ar#efE™ ¥ om t he Peri odic
Tabl e, wei ght of hairoelementmpbrigmet he dPerimadhidchyTafiveretoed wWeitght of a
conmpound of an el erremd;;m,@mtt henBekiadic 1Tabl € 115:hs ealeal ated as the

vei ght of metal E J@b gn?%stgfl On agrg‘;portmfgr %WTL@%%}OJ F)Jﬁ"!l grams of MeGs

is used per gr am cat he cal cul ate > nol ybdenum net al
in the catalyst is 06‘08“7“9@‘? &Recet ity Bénth ?féf‘ Ip@bé’Fa“QPam of catal yst.

20" Comul 1'i ng" r ebergcarborconacitting, ac ontsirningg LyorsTPalerd 2% g of at | east
two substances teget her such that at |east two substances are m xed through

mechani cal and phys'mm%qsa&qmtl t,ngmcatl torcmsaos»b@tantlally uni f orm
or honpbgeneous m xture. |ncI udes e cont f 25 subst ances

to yield a past ep‘Erhg’tamc%tnh’bdéo‘éjkf"%hﬁ%rﬁ’obj“?rbrﬁrzredcﬁt’i” al “edex‘t fudate particles,
spheroi ds, pi 1 stetpabPétss; @flhatrer sihe| dagarir exPrust onsof | oosel y bound
aggregates or cl usterisy dysramyscknowstext susi on, waokdi ngsceablvetd ng,

pressing, pell eth;ldglgmng]r@dtlgngmr}gtmt MQS Corrul i ng does 30 not include

i npregnati on net hOdSmI \ d 19 m% soli mn qugg(r sed in aliquid or gas
to absorb/ adsorb corrpo"céﬁtem r%‘h’fth Fiqg ed‘ 9 "Content' refers
to the wei ght of V@ ¥ONpoARN N CAPSUBSE rtéf é””("f@ot’“é‘%a‘rrﬁré’““a”hydr ocar bon
feed, a total spreduciistionage cracdenpredectdm expresseckaasciwei ght fraction or
wei ght per cent agg.;based hgnmtnhe total weight of the substrate $ "W ppni
refers to parts per mllion by weight. ;wrtlo"Dov1ld£|9<! at Jfefers to

hydr ocarbons with a Boii e ng range di stribution’betwee §5 (360 P) and
343 C (650 DP) afo"p*iFen” mcrﬂCstﬁopt(ét@’ EBhramert §ig ‘s“&éf‘erm ned by ASTM
Met hod 1) 5307. 10aketcer catomes: ref ersgietmooxygengentrireggemeirand/ or sul fur
contained in fhe m)|ﬁcﬂllaﬁarsgrgﬂéﬁlxﬂéﬁ&,Ofoa@-uﬂ}ﬁdf&ﬁa{pb@lrrarHGteroatOms cont ent

is as deterrrined% ASTM Met hods 8 r.o en, 5782 for total nitrogen,
and D4294 for sul Xdlm(’]m‘l“ mayp Combme(ﬁ r% éena'):(“x%e terros (tto ni trogen conmpounds

that have 15 a pfRg&grry es§°f H*aﬂ“‘pﬁfﬁ fB‘é‘“éﬁ”(’: AFET Bfe AYPYBI ) "€ as det er ni ned
by ASTM Met hod 19289@ined with features from any of the other embodiments.

In further embodiments, additional features may be added
25  to the specific embodiments described herein.

Brief description of the drawings

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

Detailed description of the invention

Terms used herein are defined as follows.



"Hydrocarbon feed/total product” refers to the m xture that contacts the
catal yst during processing. "Hydrogen source" refers to a source of
hydrogen and 20 incl udes hydrogen gas and/ era conpound and/ or conpounds,
that when in the presence of a hydrocarbon feed and the catal yst, react to
provi de hydrogen. A hydrogen source may include, but is not limted to,
hydr ocarbons (for exanple, Cl to 04 hydrocarbons such as nethane, ethane,
propane, and 25 butane), water, or mxtures thereof. A mass bal ance may be
conducted to assess the net anmount of hydrogen provided. "Lnsv" refers to a
volunetric liquid feed rate per total volune of catalyst and is expressed
in hours CO. Total volunme of catalyst is calculated by sunmation of al
catal yst 30 volunes in the contacting zones, as described herein.

"Liquid mxture" reféW%Mt6“értoﬁﬁﬁ§PF96ﬁLFﬁéF’TﬁéPU%éédone or nore
conpounds that areeckiaui d at. standard tenperature and pressure (25 C,
0,101. MPa, hereinaftef JefeLf edrd:0 @Sary” GtRIJy 205 & eOMPOSK | on t hat

i ncludes a conbipation.of .o u are liquid at SWwith
Kllaf drqvawaz 5 Qg oth*qplj; % )g Q@qﬁ%h}@{?? q

one or nore conpounds t7are soli in netal salts of
organi c aci ds" ref er®e8™ FY(HP‘?O“SP%T’%F%@ a’%ﬂ REFT A &EE B REYaPS, zinc,
arseni c, chrom upf tbr hgowbimat ifers atcheveefude prednttere &f netals in netal
salts of organicmaﬁhdSQJsyaSTmahﬁmnhmedLby ASTM Met hod D1318.

"M cro-Carbon Residug; [ NQB;%chnggﬁ; qgf@ré %wamgggnglhy of carbon
resi due remai ni ng after ev oratg%g and 10 sis of a substrate NCR

content is as detBfhitAedepy* Rt ﬁﬁéﬁvﬁhﬁﬁ fo’ats SEbuERh Y f§&num cont ent i n
t he hydr ocar b#n ﬁ@é&mi?@fQV%fﬂUi¥ﬁé<éoﬂﬁeﬁba@ﬂoﬁblVﬁ@eﬁﬂhﬁLﬁuﬂhe feed. The
nol ybdenum cont eatstimat itdes:vihea anpumtcok deabrganiicspmeyytbdenum and

or ganonol ybdenung,a]n Johgnel €8dns Mol Rdgpwn {;Jthen&r @Qd[rtpb@ hydrocarbon feed is

as determ ned by_A N@tho 807. alyst" refers to a
cat al yst in whi le)'l mo |(éc%a yat may hoj\m 306 oi f{’ 1?_'01{, \UCEumo (ngtubyufs di stri but ed

in one statlst|c§1p@ﬁsﬂﬁwwwt?dﬁr%ﬁlﬁﬁﬁﬁfHﬁaﬁ@té?§*a%hém%ﬁa@ﬁéﬁlcal

15  a peak showing at 80 A) and 25% of its pore volume
distributed in pores having a pore diameter between 300 A and
350 A (with a peak showing at 320 Ay,

Boiling range distributions for the hydrocarben feed,

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

“C., asphaltenes” refers Lo asphaltenes that are
insocluble in n-pentane. ¢y asphaltenes content is as
determined by ASTM Method D2007.

“Cy asphaltenes” refers o asphalitenes that are

25 ingoluble in n-heptane. C, asphaltenes content is as
determined by ASTM Method D3I279.

“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 Coluen X of the Periodic Table, in

3 which ¥ corresponds to a column number (foxr example, 1L-12) of
the Periodic Table. For example, “Column & metal(s)” refers

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



20 distribution having a significant peak when displayed on a pore vol une
versus pore dianeter plot. For exanple, a nononodal catal yst nmay have 50%
of its pore volune in pores having a pore di aneter between 70 A and 300 A
(with a peak at 150 A). 25"Naphtha" refers to hydrocarbon conponents with a
boiling range distribution between 38 C, (100 F) and 182 C (360 P) at 0.101
M2a. Naphtha content is as determ ned by ASTM Met hod 05307.

"Ni/V/IFe" refers to nickel, vanadium iron, or 30 conbi nations thereof.
"Ni/V/IPe content!" refers to the content of nickel, vanadium iron, or
conbi nations thereof. The Ni/V/Pe content includes inorganic nickel,

vanadi um andon conpounds and/or Organoni ckel, organovanadi um and

organo: ron conpounds. The Ni/V/Fe content is as determ ned by AST M Met hod
05708. " NB AT OF SRS 195° GPRAINSe BbicR® PELWES "6Fi§aBer cubi c neter of
hydr ocar bon f eedteBiNeneL ohdensaticergas:’ refers to conponents and/ or

m xtures of conponent&itdak @k@ngaseScaddrsSkPone or mordPe(fpepdd gation) val ue”

or "P-value" ref e&%mm & ”H(U‘%L;%d alye, whigh S8R eéoe@t&)mgcnsdiloccul ation
t endency of assph{? tenes in Ys rocarbon fe P-Val ue 1s as 10

det er ni ned by ‘ASTMCRBLAIE* 6736‘86"” oL Colysgry 8(5I|“61@1J‘§E)’roéj"° T(—f\lf]eer‘ st o the
Peri odi c Tabl e aghigpecicfireeropys the trver natbicondrr Unpwhneof 3Pdre and Appli ed
Chem stry (1 UPACy: tNovenberc 2003. FPokexgiametenin 15 redicanipore di aneter”

and "pore 15 vol umg:; refge 4.0.0r8-4.208LEeL colERdi BN, PoRe pehi;aprt er, and pOfe
vol une, as det erm ned Qy ASTM Met hod 04284 (1rrercur¥ Jorosi metry at a
OA ) e NS

contact angle equal*t®81%0J"¢ X B¢ ORBRTE ¢& HG2Y0"Piist T Uneht

(McrOwveritic¥ | h@}“,(”%‘}“bﬂ0§é,‘»h@e‘%ﬂ”gﬁda? WS-A ) may be used to determ ne
t hese 20 val ues. 1n tiReséguelt tlﬁﬁs&msutuaimrrp@msent ¢f thetahave: a boiling

nggs diStribUtig@ @QQ&Q£5§&LQ Gé@@p F)fm@ﬁugﬁgﬁjnkn@dib&néﬁlwlthhOd

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

15 is caleulated as the welght of metal or the weight of
element.. For example, 1f 0.1 grams of MoQ:; is used per gram
of catalyst, the calculated weight of the molybdenum metal in
the ecatalyst is (.067 grams of molybdenum metal per gram of
catalyst.

20 "Comuzlliag" refers Lo contacting, combining, or
pulverizing of at least twe substances together such that at
least two substances arve mixed through mechanical and
physical forces. Comulling can form a substantially uniform
or homogeneous 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, irregular extrusions or loosely bound aggregates
or clusters, by any known extrusion, molding tableting,
pressing, pelletizing, or tuubling methods. Comulling does

30 not include impregnation methods in which a formad solid is
immersed in a liguid or gas to absorbk/adsordb components from

the liguid or gas.



"Sedinment"” refers to inpurities and/or coke that are 25 insoluble in the
hydr ocarbon feed/total product m xture. Sedinent is as determ ned by ASTM
Met hod 04807. Sedinent may al so be determ ned by the Shell Hot Filtration
Test ("SHFST") as described by Van Xernoort et al. in the dour. Inst. Pot.,
1951, pages 596-604. 30"SCFB" refers to standard cubic feet of gas per
barrel of hydrocarbon feed. "Surface area" of a catal ystas determ ned by
ASTM Met hod 03663. "V&O' refers to hydrocarbons with a boiling range
di stribution between 343 C (650 P) and 538 C (1000 P) at 0.101 MPa. WD
content is as determ ned by ASTM Met hod 05307. 5"Viscosity" refers to
kinematic viscosity at 37.8 C (100 F). Viscosity is as determ ned using
ASTM Met hod 0115. In the context of this ication, it is to be
understood that if the"ditue obtaihelf f"i)’rgh’a"brbﬁg‘g?vnéfl'% e substrate
tested i s outsidevigfrdtenifos abrdihe ot Bsroqedrotiedt Retd@! tregtuc met hod may be
nodi fi ed and/ or xecakihe alredhct P ol@8bsde0ss S4IGR: pEREst Yr weight " Hydr ocar bon

feed" refers to %m ,ﬁtdlqg %an Q&' Hdes. hydrgearbans . biudracarbon feed may

include, but is not Iimted to, crudes, di sadvantaged crudes, stabilized

crudes, 15 hydt ocArB8ns®isne éloﬁé‘dt? PO EFPREY ypPGcesses, or i xtures
t her eof . Exanpl es of “Hytréear borefe e hobrai e Fiiont refineryryr ocesses
i ncl ude, but arednatibim:t edvto, 1820hg BEsFdueys sSkore wesi‘duer napht ha,

gasoi | and/or hydrQearphons; £9i1lipa.a0Qve . 5§8m@”e}1q99%5)mor i xt ures
thereof. 20In one eng)%aﬂgent t he hydrocarbon feed is crude, herein also

referred to as criid& fa Crude or crude feed refers to a feed of
hydr ocar bons Vhi ch h#§tpeerrmpf gated-candrer PETEFTe P P Infhydr ocar bon
cont ai ni ng for matiranseanc we ehebhdsr: notugtete beenndirstszbdred and/ or

fractionally 25 digtidibedcbfiem b5 eﬁt&mmmfuapw inkWe b0 REOGEEE rapul ti pl e

T ot on ot BRGEN L RErd oy LT 300G, 0 DL DL 983 o PHS o ea mooPhe €

distillation methods and/ 6r vacuumdls at’i on net
solid, sem-solidtah&rdr Pitgeaed’ ’"@‘h‘ﬂfde‘s" R Rt UaR ror-ex & e coal ,

bi tunmen, tar sandsxerot3B:seriude 401 | pasihenicresgde Obn'Or ikdesfeed may be

stabili sed to fogm;a,m%t,@lgg,I;jc,a;@qlmp}{ogd;@m@,l so ref erred to as stabilized crude

feed. Stabilization WPX oc{;q:wlﬁldieé?}?u al ?r ucL” re ers;ego t%é n(lxturyal of

non- condensabl e qases
fhat contacts the Latalvst 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
inglude, but is not limited to, hydrocarbons (for example, C
to C; hydrocarbons such as methane, ethane, propane, and
25  butane), water, or mixtures thereof. A mass balance may be
conducted to assess the net anmount of hydrogen provided.
“ILHSVY refers to a volumetric liouid feed rate per total
volune of catalyst and is expressed in hours ™y, Total
volume of catalyst is caleoulated by summation of all catalyst
0 volumes in the contacting zones, as described herein.
“Liquid mixture” refers to a composition that inciudes
ona or nore compounds that are liquid at standard temperature

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

10



conbi nations thereof fromthe crude to forma stabilized crude. Such
stabilization may often occur at, or proximte to, the production and/or
retorting site. Stabilized crudes have not been di stilled and/or 5
~fractionally distilled in a treatnent facility to produce nmultiple
conponents wth specific boiling range distributions (for exanple, naphtha,
distillates, VGO, and/or lubricating oils). Distillation includes, but-is
not limted to, atnospheric distillation methods and/or vacuumdistillation
W et hods. Undistilled and/or unfractionated stabilized crudes may include
conponents that have a carbon nunber above 4 in quantities of at least 0.5
grans of conponents per gram of crude. Exanples of stabilized crudes

i ncl ude whol e crydes, topped crudes{ desagted crudes, desglted t opped
crudes, O 15 conBi'n Ht?ﬁﬁs“?ﬁ%?éﬁ? B oR5eIPe e e FEPE 60t lide that has
been treat ed suchf et carobgastiesgre lofuithe edhpoeriesot hate have a boiling
poi nt bel ow 35 Cca@tothaiGlbadRae 85k ats®.atm) have been renoved. Topped

crudes may have a COH%@QL Qimﬁauﬁg$l Qs Lrdlhs Qﬂﬁﬂﬁﬂ ﬁhaﬂﬂ%tﬂQaﬂ5 grams, or
at most 0.02 qra t LLC? n;p?l \id’l pearm gra £n3.c uom uppeod crude.

Some stabilized @3ﬁdé Ve CpTopertied’ that a?ﬁomﬂt% 5t'abiTi zed crudes to
be transported t@”@ﬁ%ﬂéﬁ?lﬁﬁé%”tréﬁﬁ%%ﬁ@-?%8??ﬂfﬁé§“ﬁ?3Pﬁﬁﬁsﬁbrtatlon
carriers (for exanphi, «@8s pispel beresyintd we ks ortighi psyé. Ot her crudes have
one or nore unsuitabhg.pr @rn%rnt R8s ahhratweenderdehem di-sadvant aged.

Di sadvant aged Crg%%&tgrai camgnag cept aQAq SR el gggqr#%m% carrier and/or
a treatnment faci Oow econom C va t he

disadvantagedwcrﬂdéx”Tﬁéfetéﬁbhf@LSOM&%Fﬂﬂﬁﬁhysﬁﬁ ¢RI Aat™Ya reservoir
t hat i ncl udes theTdirsachvam>aged crude is deenmed too costly to produce,
transport, and/or treaiyderthecptopernt tesnefrothechydsocasrbancfeed, such as

for exanple the grudes.or,disadvantaged.Crides Mmy¥any, i dely. The

hydr ocarbon feed, such fo exanple a crude feed ave a viscosity of
at least 1.0 cSt CO&%"%?“’S”@Q"aLt”eI%%‘EL 8% tHProes ’“%{tybﬁ’“é‘&%ta“‘iooo cSt, or at

| east 2000 cS¥ atr93%r8ly@The irydreoéadbomofweensereherdsif dke exanpl e a crude
feed, may have ancARagHhawety:sabs MBS l@a 1Bt avmastetls porvyat nost

“Monomedal catalyst” refers to a catalyst in which at
least the majority of the pore volume is distributed in one
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 compenents 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 DS307.

“Ni/V/FeY rafers to nickel, wvanadium, iron, or

3 combinations thereof .

“NL/V/FPe 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/ox

11



10. It may further have an APl gravity of at |east 5. The hydrocarbon feed,
such as for exanple a crude feed, 10 nmay have a total N /V/Fe content of at
| east 0.00002 grams or at |east 0.0001 grans of Ni/V/ Fe per gram of

hydr ocar bon f eed; The hydrocarbon feed, such as for exanple a crude
feed, may have a total heteroatons content of at |east 0.005 grans i5 of
het er oat ons per gram of hydrocarbon feed; I n sone enbodi nents, the

hydr ocarbon feed has at |east 0.001 granms of oxygen contai ni ng conmpounds
per gram of hydrocarbon feed, and wherein the crude product has a oxygen
cont ai ni ng conpounds content of at nost 90% of the 20 hydrocarbon feed
oxygen-cont ai ni ng conpounds content, wherein oxygen is as determ ned by
ASTM Met hod 11385. The hy dr ocar bon feed, such as for exanple a crude
feed, may have a°P€§VHﬁ@”cdﬁP@ﬁ?aTﬁ“%% PLAFFPIET GPRRRGE Fé%i due per gram
of hydrocarbon f 8ed/rd norgere Lerboliitments bt RePBethydPo¢edr bon or crude feed
may include, per grammdin'feedys ab doeast ckhi? @raFsoOhad et dugec at | east 0.3
grans of reS|duemM§g(heg%gmql§mgﬁggs of residue, or at |east 0.9 grams of
resi due. The hydrocarb on f eed, ch as for exa n?dp a crude feed, may
have per gram’of hydrSEarBEA teed® a Lédﬁf&f EBRYERE® SFEE M I east 0.005, at
| east 0.01, or afdragstoDe@pograndiat are sT49¢ Hy#focar bon feed, such as for
exanpl e a crude feedyr mmpthavena Ghuasphabtvenes ogatent sofuratall east 0. 04

granms or at | east,0:08)g%am8,0f.8 rasphallenes p@{d@gryasn of hydrocarbon

feed; and/or at Ieastegbolnggofﬁmoﬁal%nhgg t 0,04 grans of C asphaltenes

per granlof hydroé’ on feed rocarbon fee such as for exanple a
crude feed, Wﬁ?”ﬁﬁ%&bé’Wﬁk“éﬁﬁ?éﬁpabf a. .least 0.002 grams of MCP per
5 gram of hydrocarbonkfe@d.?aﬂo”ITh@shydnmcaph@nuf@@dpfsuch as for exanple
a crude feed, mayohemes aycopt 8ALALIBL @hSod Br Betakasabtiseof organic acids
of at least 0.000Q %JgganﬁUQ&)ngggmngg&)gran1of hydr ocarbon feed | oThe

hydr ocar bon f eed, “such’ exa crude feed,
“Pore diameter”, “medwan pore diameter”, and “pore

15 volume” refer to pore diameter, median pore diameter, and
pore volume, as determined by ASTM Method D4284 (mercury
porosimetry at a contact angle egqual to 140°). A
micromeritics® A9220 instrument (Micromeritics Inc.,

Norcrosgs, Georgia, U.S.A.) may be used to determine these

0 values.

“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 insoluble in the hydrocarbon feed/total product mixture.
Sediment is as determined by ASTM Method D4807T. Sediment may
also be determined by the Shell Hot Filtration Test (“SHFST)

a8 described by van Kernooxt el al. in the Jour. Inst. Peb.,
1951, pages 596-604.
30 “SOErRY refers to standard cubic feet of gas per barrel

of hydrocarbon feed.
“Surface arvea” of a catalyst is as determined by A3TM

Method D3663.
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may further have a nol ybdenum content of at |east 0.1 wtppm The

hydr ocarbon feed, such as for exanple a crude feed, may further have any

ki nd of combination of the above nentioned properties. 15The 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

hydr ocarbons with a boiling range distribution between 95 40 and 200 C at
0.101 MPa; at |east 0.001 granms, at |east 0.005 granms, or at least. 20 0.01
grans of hydrocarbons with a boiling range distribution between 200 C and
300 C at 0.101 MPa; at |east 0.001 grans, at |east 0.005 grans, or at |east
0. 01 grans of hydrocarbons wth a boi I ing range distribution between 300 00
and 400 C at 0.101 MPai and at | east 001 gr ans, at | east 0.005 grams, 25
or at |east 0.01 grant of”’ﬁ‘ifdrﬁta¥%8ﬁ‘s“b9ﬁ’tﬁl§ b&PHitAY “fefffge di stribution
bet ween 400 C and®B00:Ciat P@~O1 3PS (650 °F) apd &3¢ (Et HE9e “&nbodi nent, the
hydr ocar bon feedy.suckraan vi@reoexank e saqdkudesd eedsrimaycicacl ude per gram of
feed: at |east 0,00} grans, at |east 0.005 grans, or at |east 0.01 30 grans
of hydrocarbons w th_ a b0|I|n ange distribution of at m)§t 100 "0 at
0.101 MPa; at 1east. 0°60T ’grg‘ﬁfé”“’ ¢ P8O Y otE Yrais; dr Gt 1east 0.01
granms of hydrocarbtnstwi t\iseshboi [§ rg deangerdi stiph PGEY gatiseétiéen 100 C and
200 C at 0.101 MPajn ate keastk: 0rGDis gpamsytiat, lieasttOpO05 grams, or at

| east 0.01 gr arrsummme@!eqmr Q@ﬂ%owm @be@;nd Ag- La}ng&rdT skriputi on between

200 C and 300 C at . , t 0 005 grans,
or at |east O. 01"Ub e of*® Odd?bé)mr %ns m“thgi %Eitra[ me&og 9& Ui stribution

bet ween 300 Q& ah‘tl“‘4’(’ﬁ§“@i ét‘y e 199 NPA ARy Bl iEaed o ’OU*I.’1 g"r"ans at | east
0. 005 grams, or atchl eastrt@. 01 grans of hydrocarbons with a boiling range

di stribution bet ween:AQkhca Qanf;t@@isqegxatwo Jigg,ld MPa. 1.290®:shydrocar bon feeds
or crude feeds npy,ing ude .at least 0.001 grans, at

Ocar on L A5 not

.o r.afn
| east 0.005 grans, or ead roﬁd%fg “a mdv mﬁugrocar bons with a boiling
range distributi bivibte é‘E' ﬁﬁ‘éil? '16055”"@%?“{9‘ ﬂ@T@WPé‘ AP 2aY d#FE9e8n t o hi gher
boi | i ng conporentgiredypircabityinetihgodirgdtheantrageds<r udenhasyesper gram of
di sadvant aged cr ud€eo@ GRBLABE @ hyaueh 4D ha)égr(@)@@]"r]la@nSorﬁ)freﬁatn@mDSt 0.2 grans

O gt O & SEAMBaaps syenugBOTE YT %ggikmu £29R,91..clqide feeds my

i ncl ude, per gr am 0 gra 0. 005 grans, or
at least 0.01 gr3gtdrs Warﬁélﬁ}‘%’ﬁa%’" g ‘Bo]i’}ldlr‘r’fg“?‘ﬁﬁgké‘) 4%t ribution of at
| east 200 ' C at &o10PB3RPE. (20S0RE hydvipoaerbdhefee®ds or crude feeds may

i nclude, per gram ofnf eedemdt:deeashe QyOQkagoaed ak 4 @asde, 0. 005 grans, or

at least 0.01 grm@lp leggi%@omb@m %&L %&O'A;b&g@or angs. géc%tr' bution of at

| east 650 C. Exa | es of crudes th m ght treated usl ngt e
fers to a feed of hydrocarbons whlch has been produce

and/ox retorted from hydrocarbon containing formations and
which has not vet been distilled and/or fractionally

25 distilled in a treautment facility to produce multiple
components with specific boiling range distributions, such as
atmogpheric distillation methods and/or vacuum distillation
methods. Crudes may be solid, semi-solid, and/or liguid,
Crudes may include for example coal, bitumen, tar sands ox

W crude oil. The crude or crude feed may be stabilized to form
a stabilized crude, also referred o as stabilized crude
feaed. Stabilization may include, but is not Limited to,

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

13



25 processes described herein include, but are not |limted to, crudes from
of the following regions of the world: U S. Qulf Coast and southern
California, Canada Tar sands, Brazilian Santos and Canpos basins, Egyptian
@ul f of Suez, Chad, Kingdom North Sea, Angola O fshore, Chinese Bohai Bay,
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 hydrocarbon feed nay be topped, as described herein. The crude product
resulting fromtreatnent of the hydrocarbon feed, as described herein, is
generally suitable for transporting and/or treatnent. Properties of the
crude 5 product produced as described herein are closer to the
correspondi ng pr 6PEFET eI REY PFEXHYE FrfR i ediFate S EPatE han t he

hydr ocar bon f eedgcrgie- clSodeptabplitzheiop oy esponding Propeptdrésatgf Brent crude,
t han t he hydrocarbonnd eeshuciiberebyrephanchagitdhie econom ¢ val ue of the

hydr ocar bon feed. Sumbm)% usi%ppr}gdy%i rmyn Qeirei‘adnm/wth l ess or no
pre-treatnent, ng; nci es retreanmntrmy

nci refin
i ncl ude desul fur i 75t ﬁﬁhﬁgh%fqgﬁﬁfa ﬂ5h d%ﬁf?ﬁﬁnnsﬁﬂgFlc distillation
to renove |npurlﬁWégmfF@WP@WQWbWé?}Fﬁ*gbﬁﬁméﬁﬁbﬂrﬁﬁﬁﬁ§S“ﬁéWﬁV&? of at | east
a 15 portion of the orgaronmeprall:i cliconpoyndscand/omr nebalest fisom t he
hydrocar bon feed,i &) perIch med: et Qneqds hthy@rmarbm(i eed is contacted with

e oaralyst s gL @Xal & AP DU 21, .00 9200 gvzxpdenum and/ or
or ganocopper (for ex e ifost 50 W m or at npst

npl e
10 wtppm) in é’ZBmﬁyﬂTod&ﬁﬁ&hl%ﬁeﬁwﬁﬁy“Wéﬂﬂdém?ﬁ%“ﬁ&?ﬁ FF&“GP@% cat al yst
upon contact of tdheihydiocarbontfedd: Wathatdeb@atabystbove 4 in The
accunul ation of @@moailw o@latl NS@L Whk & rePORERtBel g(neglrdaaqt or may lead to

a pressure Chang%m E Emm; nIgpL{ﬁﬂJn%Q%uu&nunulanl qugnnydrocarbon feed
fron1paSS|ng throu e contactln zone at eS|re OerateS For

exanmpl e, the |nI&Wpﬁ?éé%ﬁ?edSF“Fﬁ%CE%W?HEF?HQ“&&W?eﬁdyu?ﬁCﬁﬁase rapidly
over a short periodiohidisngheasfconpared to the starting pressure. A rapid
increase in pressureﬂﬂﬁMﬁinﬁk@ﬁtﬁaQ|Mg@§ngaﬁﬁaih@mﬁaﬁﬁLMSEmdf\Change in

priessure of at | 6a8t.:3, 080 ool 0:Leask MR Al JeERSL THPR, o at | east

10 MPa over a short erlo Icate catal yst P uggi ng.

Treatnent of a hVﬁFbéﬁ?%bﬁJfgéﬁ ?ﬁﬂé “Bridande® it tH eiBdYPREht s descri bed
herei n may i ncl utkaoeint deppadgetiies hydpacar bontdneéed #f rhstt Rel cat al yst (s)
in a contacting 0Re ancber ocoaThidrat ic@ns: afstt NMD20fraROLE oKt act i Nng zones.

In a contacting agggmn@tpgﬁ@§&ngthpqg dt%mgg a hydrocarbon feed may be
changed by cont act o ¥ rocar bo nor e catalysts

relative to 5 the saﬁe ﬁ%ﬁﬁer?? 8“dfhgaﬁ?8”§85fbbﬁ%fe@EOW%P sonme

stabilized crudes to be transported to conventional treatment
facilities by transportation carriers (for example,

25 pipelines, trucks, or ships). Other crudes have one or more
unguitable properties that render them disadvantaged.
Disadvantaged crudes may be unacceptable to a Lransportation
carvier and/or a treatment facility, thus impasting a low
economic value to the disadvantaged crude. The economic

3 wvalve 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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enbodi nents, contacting is perfornmed in the presence of a hydrogen source.
In sonme enbodi nents, the hydrogen source is hydrogen gas. |In sone

enbodi ments, the hydrogen source is one or nore hydrocarbons that, under
certain contacting )O conditions, react to provide relatively snall anount s
of hydrogen to conpound(s) in the hydr ocar bon feed. FIG 1is a
schematic of contacting system 100 that includes contacting zone 102. The
hydr ocarbon feed enters upstream contacting zone 102 via hydrocarbon feed
conduit 15 104. A contacting zone nay be a reactor, a portion of a reactor,
mul tiple portions of a reactor, or conbinations thereof. Exanples of a
contacting zone include a stacked bed reactor, a fixed bed reactor, an
ebul l ati ng bed reactor, a continuously stirred tank reactor ("CSTR ), a
f1ui di zed bed 20 readtOFFPEF'SHT &Y PEAVER A4 PHT 87 I°Phui d cont act or .
Confi guration of esemelorhaereesont dchirgtrenasudes wsery bédedm U. S
Publ i shed Pat ent A@ph&ﬁ&kﬁ@&uBEEL&Q@5Q$B%4b%rhﬂdﬁhanaQEmﬁ|ﬂdehiCh is

| ncor porat ed her gi,p by, £&/ELRAGEn: L GELL &) hoeROS FBRL S e, cont acting
SySt6ﬁ1IS on or COU ed ore 1acli

I the
hydr ocar bon fe%dlﬁ?tﬁ“cétdF?ét”?gfﬁt °6dhteé?th85% %t@ % ﬁay be a
conti nuous process Cfreabisapehbpr s ssuch as “Th%ﬂ@@ﬁt%@tWhg“¥@ne may i ncl ude
one or nore cat akyshsvy bomrexanpkea:tiwet cat alystss)Ls, lar sonestenbodi nment s,

contact 30 of the,hydr QG%’bﬂﬂ ﬁﬁ@d&#&myﬁmiﬁfsh gatalysg, of the two
catal ysts may reduce_Vi SCOSI Xdrocarbon f eed. (§u9§3quent cont act

of the reduced V|sc05|tywhmﬁr&”’iOdhs?ee Wit e Csecond catal yst

decreases netadl e&dhbawt *‘dﬁ&fﬁor‘”vh‘@t e%a%rﬁ @onteéfit 2 (N othdEt ehbodi nent s,

resi due content, aMIR:goNtOGM goamscoNiiWatd oms yof pheseocpnoperties of the

crude product ch@hg@ by at least 10%relative to the sane properties of the

hydr ocar bon feed aftgr cont act pttthe 5 yd&ocargg fe?&u“@ E one or nore
In

Nydro arbon zad, sSuch & VL e xal
catalysts. In certain ‘enbodi e a ‘vol une of 'cat al e contacting

zone is in a ran@@’ﬁfﬁnﬁi@“VoWﬁﬁﬂﬁtgﬁ VHV@ELQGSVOV?@LOt%”S@ﬁW6lt or 30
volt to 40 volst of ratdroti@hs et wmer of MyydreganbBrdfeed in the contacting
zone. In sone 10 enbadbiRNtSoqidesdsyr g 1qtdr&a;tﬁi]]ys¢edam hydtcg;@ar bon feed may

include from 0.0Q1 ,9rans, tpféﬁmgmwm§mﬁf“h9%‘ &pmv& ?§mgﬁ or 0.01 grans

to 3 grans of catalyé?ﬁmso ocarbon feed in the contacting
zone. Cbntactlngh%HﬁHF?Wbﬁ§mrﬁ Hﬁeﬁﬁﬁﬂéft?ﬁﬁoiﬁﬁgcth 5 °F et ude, but are
not limted to, tesperatyrecupbessuee, chydreger?tsodree fl ow, hydrocarbon
feed flow, or2CoRfB&RkbONSediN&yeOf-coGantiagt doRf: 6N dblte0nsS whdre SOME

enbodi ments are goALY QL1 8dsd0.RLAAUE s GEUAE ppoduct with specific
The hydrocarbon feed, such as for exanple a crude feed,
may have a residue content of at least 0.01 grams of residue
par gram of hydrocarbon feed. In some embodiments, the
25 hydrocarbon or crude feed may include, per gram of feed, at
least 0.2 grams of residue, at least Gi3 grams of residue, at
least 0.5 grams of residue, or at least 0.8 grams of residue,
Thae hydrocarbon feed, such as for exanple a crude faed,
may have per gram of hydrocarbon feed, a sulfur content of at
30 least 0.005, at leasgt 0.01, or at least 0.02 grams.
The hydrocarbon feed, such as for example a crude feed,
may have a (s asphaltenes content of at least 0.04 grams or

at least (.08 grams of C, asphaltenes per gram of hydrocarbon
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properties. Tenperature in the contacting zone may range 20 from50 Cto
500 'C, preferably from100 Cto 450 C. In sone enbodi nents, tenperature in
a contacting zone may range from 350C to 450 C, from360 Cto 990 C, or
from370C to 430 C. LHSV of the hydrocarbon feed will generally range from
0.1 hto 30 h-1, 0.4 4(1 to 250.5t0 201 h- 251 to 151.5 h-1to 10 h-1, or 2
h-1 to 5In sone enbodi nents, LIISVis at least 5 If', at least 11 h-1, at

| east 15 h-1, or at |east 20A partial pressure of hydrogen in the
contacting zone may range from0.1 MPa to 8 MPa, 1 MPa to 7 MPa, 2 NSAto 6
MPa, or 3 MPa to 5 MPa. In sone 30 enbodi nents, a partial pressure of

hydr ogen nay be at nost 7 MPa, at nost 6 MPa, at nost 5 MPa, at nost 4 nPa,
at nost 3 MPa, or at nost 3.5 MPa, |In sone enbodinents, a partial pressure
of hydrogen is tHe*Satfe/as 2t Heatob 4P Pressuré ohot e BFita ct fig zone.

I n enbodi nent s i nspthaichet her hydr ogencoumoe fksd.supplied as a gas (for

exanpl e, hydrogen gagjs h@dlﬁ@slr:b@h tas:, deteryi mdexémﬁro mpml sgandi tions of

20C tenperature an911%v301%10Q np@n@sgu“ 1ok S ngf err.e P& as, N nB8/nB) of the
gaseous hydrogen source to hydrocarbon teed ty i ca y ranges fromO.1

N8, g11 to 100° owmﬁ%ﬁlwocwsﬂ NABY nB to 10,000 Nil/m 1 Nr8/1113 to 8, 000
N8/ 18.', 2 Ni113/e to ByOOG:Nreler®, ik lamlor o8 000 NvBfav8, or 10 NVB/ MB

to BOO NnB/ 181 caky acied shidittdiengatalyst{s) saitherhydeogen::source, in sone

embodi ment s, is %Oﬂnlﬂggtw4&mop%rgL%&~g@%;(ﬁézc&gpofqghnguh9$ed through the
contacting zone. Carrier gas may be, for exanple, nitrogen, helium and/or

argon. The carri é?edgas may facilitate flow of 15 the hydrocarbon feed
and/ or flow oft t he hijidr ogemcagbur é&di rvehes clontaering zome(59°d The carri er
gas may al so enhanceuwihxi Agvd A doh@dcant acténgozaneesit ol nvsgae enbodi nent s,

a hydrogen source (fQr. exanpl.g., AQr o,g@fn,d‘,%m@{%]@r ethang).qmay be used as
a carrier gas and recircul ated through the cont <?ct| ng zone. The hydrogen

source may enter “tontdcti hg"ezﬁnrfe‘TﬁZ cbo"%’lﬁ’r]arté?ﬁf’ wr t%°The hydrocar bon f eed
vi a hydrocar bon ﬂ%édo@énﬂﬂﬁqulq}él or separately via gas conduit 106. In

contacti ng 15 The hydrocarbon feed, such as for example a crude feed,

may include per gram of feed: at least 0.001 grams, at least
0.005 grams, or at least (.01 grams of hydrocarbons with a
poiling range distribution between 95 “C and 200 °C at 0.101
MPas al least 0.001 grams, at least 0.005 grams, or at least

20 0.0@ 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, or at least 0.01 grams of hydrocarbons
with a boiling range distribution between 300 “C and 400 °C
at. {0.101 MPa; and at leasti 0.001 grams, at least 0.005 grams,

25 or at least .01 grams of hydrocarbons with a boiling range
distribution between 400 °C and 6350 °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 0.005 grams, or at least 0.01

30 grams of hydrocarbons with a boiling range distribution of at
most 100 °C at 0.101 MPa; at least 0.003 grams, at least
0.005 grams, or at least 0.01 grams of hydrocarbons with a

beiling range distribution between 100 °C and 200 °C at 0.101
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zone 102, contact of the hydrocarbon feed with a catal yst 25 produces a
total product that includes a crude product, and, in sonme enbodi nents, gas.
In some enbodi ments, a carrier, gas is conbined with the hydrocarbon feed
and/ or the hydrogen source in conduit 106. The total product may exit
contacting zone 102 and be transported to other processing zones, 30
storage vessels, or conbinations thereof via conduit 108. In sone
enbodi ments, the total product may contain processing gas and/ or gas fornmed
during processing. Such gases may include, for exanple, hydrogen sulfide,
carbon di oxi de, carbon nonoxi de, excess gaseous hydrogen source, and/or a
carrier gas. If necessary, the excess gas may be separated fromthe total
product and recycled to contacting systen110 purified, transported to
other- processi nifPZopede* ¥ 108} ggensyedseist loPO%BrisF naFi dnse*her eof . In
sonme enbodi nment s 0. Yasraps oducedogdupimngiithe priotessangs detnpstiod0 von based
on total product pe@ed@8t o At@rsobases: omotofal Hroducto,. car qﬂ,ﬁno]'mst 1 von

based the total produgt o%‘«}%@s, of B¢ %95@ @rmo(silammff SyyallAl g@%
non- det ect abl e anmpunts of gas w'are 830 uced duri g cont ﬁ% the feed
i

with the catal yst™™ p PQUERT c48%s “ThE ot aleBrgddtt T $"¢dhsi dered the crude
product . | nasonelletyadinterit seasgrude! (eivthert 1oppddCYr sximtopped) i s
separated prior toaconkact.w thweng pforberencatiahysbsilim kSeont acting zone

102. During the a@nahanmnb& WO6LSE © @tanh%astwaatp@rltohmdof the crude is
separ at ed using techn%% known ln t he arétgcg mﬂ qﬁ ar gi ng,

drooarbon eads or L er
menbr ane separati on, Feductt on)™'t ocar bon f eed.

For exanpl e, %hté%mhﬁyfﬁﬁiafwP%ﬁéﬂ)B%ﬁﬂi%ﬁlﬁ“s%ﬁé%&t@& ?Wﬂﬁn?ﬁe crude. In
20 another exanpke,legonponentass hatyahavercas botil iangrinarnge:dé st ri buti on bel ow

95 ' C or bel ow 1@&1@1%@3’043@{ at dogasbo pardd aliby veepanatadtram the crude to

produce the hydr . 1 vh8ast a portion of
napht ha and conpgﬁha : 'ng(prOmn{’thépuﬁgfh ha(§g§é§8ggﬁgted fromthe 25

di sadvant aged cr GEEe has, per|95al Ghed EFAYEHi AR CE et He C¢Y-atfe prislct s
bl ended W th & chudecdrhais p6 at hessane sasusorr di fiber @nt okreom t he hydrocar bon
feed. For exanple, tm,@c}w@taap(mdmtm NRY-He eani ngd: whtd, a6r ude having a

di fferent viscosit reby result ina 3 e pr uct having a
viscosity that |%E%e ﬁ?@mi eﬁ?fLé%ggﬂqrmf'cg Rﬁglg s %c “and the

viscosity of theabﬁﬁﬁ% Gﬁ‘ﬁﬁﬁﬁﬁéﬁwg%ﬁﬁﬁF@S”?Hé 6ﬁﬁa€mpfﬁﬁﬁct may be
bl ended with crudethiwithg af TANeawi 8E€0SE tay @Aty opa-APl gravity that is

2 Some hydrocarbon feeds or crude feeds may include, per
gram of feed, at least 0.001 grams, at least 0.005 groms, or
at least 0.01 grams of hydrocarbons with a boiling 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
Coast and southern California, Canada Tar sands, Brazilian
Santos and Camnpos basins, Bgyptian Gulf of Suez, Chad, United
Kingdom North Sea, Angola Offshore, Chinese Bohai Bay,

0 Venezuelan Zulia, Malaysia, andé Indonesia Sumatya.

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

are acceptable for transportation and/or treatment.

17



different, thereby producing a product that has a selected property that is
bet ween that sel ected property of the crude product and the crude. The

bl ended product nay be suitable for transportation and/or treatnent. In
‘'sonme enbodi ments, 5 di sadvantaged crude is separated to formthe

hydr ocarbon feed. The hydrocarbon feed is then contacted with one or nore
catal ysts to change a selected property of the hydrocarbon feed to forma
total product. At least a portion of the total product and/or at |east a
portion of a crude product fromthe total product may bl ended with at | east
a portion of the disadvantaged crude and/or a different crude to obtain a
product having the desired properties. In sone enbodi nents, the crude
product and/or the bl ended product are transported to a refinery and
distilled 0 and/or f#xctidasddy dest MY b tPeePr cAUEETRR? R 9HHF e

hydr ocar bon fractthorsuseTheoydracariben: i actdtans smynbayprocessed to
produce ConnerC'%hmPrQQH&%Sx HﬁﬁxéﬁitIaQ§QQ£&§t&@ﬂxﬁyﬁbx lubricants, or
cheni cal s. Blendln%] d,separating e, van g ed g;ude and/ or

hydr ocar bon 20 f 68 gp?of q““rdauc amO“d/orm u [ uct 1S described U. S.
Publ i shed Pat eht Pﬁ@?ﬁﬁ @aﬁU@‘ﬁi R .9e 200801 83412 9 CB%& &t L%ﬂ , which is

i ncor por at ed her ebrrebyontisfoerenee.iecd R Some TerdsotitreRtisstet r@der ude product
has a total nolykdenum Q%t)@ﬁﬁ)oroffe@t, 0s16:90%, @t MMWsispbagat nost 10% 25

at nost 5, or atpﬁ%§ L§96Q'Bmm? nq%yb~% qm% %q aﬂxﬂfﬂ%ge Eng9carbon feed.

In certain enbodi denum cont ent
rangi ng from 0. OGT“‘\?\fﬁ’ﬁrﬁl’tOoeW”W*Cp‘bﬂfe 1"? otrl?fld’yéff?abﬁoﬁpjrﬁeiio 8u' wt ppm  or
fromO0.01 to & OS5 wepprriu@Ohay somefiopbodimerasser phereriydemprioduct has a
copper content ofnakhRekan80% ratiniMSer DO ciat . MBsd-c1DWerat naypst 5% or at

nost 3% of the 099&%@ %QQ}lgmngmeh%@mqlhqgﬁr hon.feed.  Ln centain

enbodi nents, the crude pro has' a total Copper content ranging from

0.001 wt ppm to 1°WHPPR T 6 6" 065 WP To 0.1 wt ppm or from0.01 to 0. 05
wtppm I n sone enbodfmemagpid he ¢puwdenygpodoet hasva eotalicgontent of netal s
in netal saltss obongank GhaCirdscatalidB&tromd90d /&t ndmst 509 at nost 10%

or at nost 5% Ofd;my&%wm&qgé;oent, Emrormu%émw Lmeth%m%gqlﬁoﬁ Qt.qorganic
acids in the hydrocarbon g ic acid %gnerall form net al

salts incl ude, bé?(8W€QH6%W Wh??@ ‘Fbﬂyéﬁ?b&fr x@” & ds¥™t'hi ol's, inides,
sul foni ¢ aci ds, @W@nsuﬁf@ﬁ@ﬁé@hmE%wﬁﬁF@é@%Pf%%@%ﬁbﬁkyﬁﬁcmﬁéﬁﬂs i ncl ude, but
are not limted tomomaphtiRgmi, Cat most 20 wtppn, or at most 10 wippm} in a

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

The accuvmulation of 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
pregssure. A rapid incrgase 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
hydrocarhon feed in accordance with embodiments described

herein may include contaclting the hydrocarbon feed with the
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aci ds, phenanthrenic acids, and benzoic acid. The netal portion of the
netal salts may include alkali netals (for exanple, lithium sodium and
pot assium, alkaline-earth netals (for exanple, magnesium calcium and
‘barium, Colum 15 12 netals (for exanple, zinc and cadm um), Colum 15
metals (for exanple arsenic), Colum 6 metals (for exanple, chromum, or
m xt ures thereof. In certain enbodi nents, the crude product has a
total content of netals in nmetal salts of organic acids, per gram 20 of
crude product, in a range fromO0.1 wtppmto 50 wt ppm 3 wppmto 20 wt ppm
grans, or 10 wtppmto 1 wppmof total netals in metal salt of organic
acids per gram of crude product. In certain enbodi nents, APT gravity of the
crude product 25 produced fromcontact of the hydrocar bon feed with

catal yst, at the C6MYAEE) NG &oAdicHoNsZoNe POPMRET eRSEHtBYcatt Feast 2, at

| east 3, at | eastorSporercoatackeqstent®. r et at taneadtond henaAPIt geaavidny of the

hydrocarbon feed. b e8hkad Hy&@@ﬁ@b:ﬂ@@&cﬁmaﬁ& c@!&@;\éhtmﬁ (Qimich,eofcf ude product
ranges from?7 to rtajn enbodi nents,

the crude pr oduct%ﬁaﬁhoo@pbso@ fs@fa% mo]? O"@ o2 mm@éﬁ%”éf ]rrci)lg '80% or at nost
70% of : 11 vi séosiPey*aBt PrHEThY af d@%r”dﬁ’f?cf‘)é@a fep) sOME“®nbodi ments, the

Vi scosi ty of the wrudeemproduectaciigigats P800, tiat pypetce500s or at nost 100
cSt. In sone enbo;}hm%m soudBe ef udee Ialegﬂbk&intﬂaﬁh(ﬁl:%ﬁdigdl’f‘ﬁkﬁuzﬁ@ﬁtaent of at

rmSt 0 1% by V\el g}r}%‘] 0%"‘1"1 %gudgﬂ p)O]I gigé(}d%m(‘h?“i 5 "]§@ ﬁ%’ tl’] 9(9 61 Z)TC’ t he cr Ude

product may rang rom g rom 0 to 0.05% or
from 0. 005% t o 0 B 10%" b)}"yﬁ\chéﬁt"“bfu’@r uﬂréiebrcﬁﬁh’df’ opfpokife enbodi ment s, t he
sul fur cont entit ofcopHgiarudespr bewetvivs atavipsty 969 satvrpstt 80% or at nost
70% of the sul f uniydfgeont entpha tsheishydr agabhonof eedi. | n some enbodi nent s

the sul fur content of.the grydgmqlrpQUgjt 4S d@tmb @gp@m 1Q2.95.ams per gram of
crude product. The suI fur conten range from 0. 001

grans to 0.1 gram@S ¥Fromt6o58%t ’6’“‘6 18% f*}ﬁ?n%ym?pmfr%n If)“do‘i’ymé“’o 05 grams per
gram of crude 15pPodadt contacting|agngdite Véwﬁﬁdﬂrqwmoﬁ feefeconitik ogen cont ent of
the crude productiots ¥0%ita@t:30%ne8Q% He0a 1:20%0r0ra #0Y6.d00410% of t he

nitr ogen cont ent rggcttﬁp,em&thfD.%cﬁ(gIQQ&mf gieq reactor, or combilnations
thereof. Examples of a contacting zone include a stacked bed
resctor, & fixed bed reactor, an ebullating bed reactor, a
continuously stirred tank reactor (“CSTR”), a fluidized bed
20 reactor, a spray reactor, and a liquid/liquid contactor.
Configuration of one or more contacting rmones is described in
U.5. Published Patent Appliication No., 20050133414 to Bhan et
al., which is incorporated herein by reference. In certain
ambodinents, 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 continuous
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 viscosity 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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In sonme enbodi ments, the crude product has a nitrogen 20 content at | east
0.02 grans of nitrogen per gram of crude product. In sone enbodi nents, the
nitrogen content of the crude product may range from 0.001 grans to 0.1
granms, fromO0.005 grants to 0.08 grans, or fromO0.01 to 0.05 grans per gram
of crude product. 25In sone enbodi nents, the crude product includes, inits
nol ecul ar structures, fromO0.05 grans to 0.15 grans or fromO0.09 grans to
0.13 grans of hydrogen per gram of crude product. The crude product may
include, in its nolecular structure, front 0.8 grans to 0.9 grans or from
0.82 grans to nu 0.88 grans of carbon per gram of crude product. A ratio of
atom ¢ hydrogen to atomc carbon (HC) of the crude product may be within
70% to 130% 80%to 120% or 90%to 110% of the atomic HC ratio of the
hydr ocar bon feed. epexeprtdecProduct® AbOnFEorfEriat Fo Rt Ate2ms to 30% of

t he hydrocar bon figettoatcdmi e ddnE naatdne dingiceatespetr-hat aptiakenand/ or

consunpti on of hxﬂg&g@mhblmomﬁapn@&%@ ol Sihehatdovelysseal |, and/ or that

hydr ogen is produced %’e"' ; er 1?131«:0 dgo(j%ro luct i nel gqlegmconponents with a
range of boiling o Tn n% the crude product includes,

per gram of thé d’rYﬁfd)éaﬁ%%cﬁ%‘f *”%Pt °‘T°e8§f“°’0’ B‘E}flbr‘*arrs or from0.001 grams to
0,5 grans of hydrocarbceastaw tdho@iboitki pgralamger! destivebutitbn of at nost
100at 0.101 MPa; (V)V}iaat,L:in@aﬁin( 0s001: gfds el 1d Fom O @0kogsans to 0.5 grans

of hydrocar bons Wihi@ag% Lng. ranag, di. Sty Lot L0 Beliepn,10Q C and 200 C
at 0.101 MPa; at |eas : 6 grams, or fromoO grams to 0.5 grans of

hydr ocar bons wi t BY& BT dge¢ é‘f’]é@eé"%‘tdﬂﬁﬁt?%}ﬁ bé’fw@@‘n 200 C and 300 C at
0. 101 MPa; at 1t eastodi®enDs.001s grianst coraifriomDhobrcykhansdetor® 5 grans of
hydr ocar bons wit hn@ub@iflrjmng goangendicstini dpuké,on. detween +300qLmand 400 "C at

0.101 MPa; and at 0r (ﬁ@‘? rQﬂsO\Ool'%ngQ'zw@bfqrafIl Q‘impgr Q@ﬂ, gg!—;l@snﬁfo S grans of
hydr ocarbons with a il ran distri ut| on between 400 C and 538 C at

0.101 MPa. 20In é’éﬁ‘?‘r‘é’“é‘r}?ﬁlbd “Hert ]”t W8 ¢Flidd P'8duct incl udes, per gram of
crude product, at |e&stta@::00Fkoglamgsofr MadrodarBenson °AY a boi |l i ng range
distribution of atcmst pk0:LCrnat 1011l thPacandiare abréseast, 0. 001 grans of

hydrocar bons wit QY&OQQJ Lelmrzlg@ rf%gehﬂi' §c',far b&?au'(rép%nmbs@t Vé@ecfbmim{%: Y%ssand 200 "C at
0.101 MPa. 25In sone enb mgoéne a distillate
content of at | eé%‘“ﬁ““i‘io%‘“'é‘iul ‘é’ag‘f”diiz’(?@/cs ’"6’ e éf T'east rit?o‘f% of the Pistillate
content of the hyersedrbor Fedee Theud ?ritquCP‘at“@“cWéﬁtc of the crude
product may be, peipegriam Ofemperature in the contacting zone 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, ox from 370°C to
430 °C., LHSV of the hydrocarbon feed will generally range
from 0.1 h™ to 30 b™%, 0.4 h™* to 25 h'Y, 0.5 v o 20 W7, ¥ W
25 ‘to 15 hY, 1.5 hrto 10 h'Y, or 2 WY to 5 b7, In some
embodiments, LHSV is at least & h™, at least L1 h™", at least
15 b, or at least 20 nh'. A partial pressure of hydrogen
in the contacting zone may range from (.1 MPa to 8 MPa, 1 MpPa
to 7 MPa, 2 MPA to 6 MPa, or 3 MPa to 5 MPa, In some
36 embodiments, a partial pressure of hydrogen may be at most 7
MPa, at most & MPa, at most % MPa, at most 4 MPa, at most 3

MPa, or at most 3.5 MPa. In some embodiments, a partial
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crude product, in a range from0.00001 grans to 0.6 grans 30(0.001-60 wt%,
0.001 grans to 0.5 grans (0.1-50 wt6), or 0.01 grans to 0.4 grans (1-40
w% . In certain enbodi nents, the crude product has a VA& content, boiling
bet ween 343C to 538C at 0.101 MPa, of 70% to 130% 80%to 120% O 90%to
110% of the VG content of the hydrocarbon feed. In sone enbodi nents, the
crude product has, per gramof crude product, a V& content in a range from
0. 00001 granms to 0,8 grans, 0.001 grans to 0.7 granms, 0.01 5 grans to 0.6
grans, or 0.1 granms to 0.5 grans. in sone enbodi nents, the crude
product has a residue content of at nost 90% at nost 80% or at nost 50%
of the residue content of the hydrocarbon feed. The crude product nay have,
Per gram of crude product, a residue content in a Wrange fromin a range
from 0. 00001 gr aﬁﬁ“’t’b”‘ﬁ“%h@‘i‘f&ﬁ@ 19 OO P afrd e dODHTPHRANE, 0P grans to
0.6 granms, 0.05 geamsting Ond grans, or 0.1 to 0.3 grans. In sone
e][TboSIi rren:s%g/he ;:r Uﬂefﬂf&gﬂ@ttbﬁ&ch@cl?ﬁe?lly;@oqenangl w0 1 asgg@&@n?ﬁ c?n:elntc&
of at nos 9 at _nps S o or S e tota

and 07 asphal t enes “cont éérglt % mfi Wg%rgg%grg ongfzgg rT‘Ii)nzkott% erngjérrbodl ment s,
the 05 asphal t'enes I’@ﬁ‘r’f‘ﬁe‘ﬁ’ﬂ’dUﬁO‘Ph@i H9§r‘€c‘a¢rbbWLT€@dlioé3éPrl east 10% at

| east 30% or at pleast:, 40% ofrirhea C6 aasphaltenesnecante@nt of the hydrocarbon

feed. In certai nhﬁm-? | DRALS 1o tRE ) fjgmfamfogcf%@m@picgm Rases RELy, 9r am of

hydr ocar bon feed taI asphal t.enes ran ing fromO0. 001
grams to 0.2 graPﬂsJ N'b 'bl“t omb%[i(gm il o R 5 grans.

I'n certain embodhént &, 81498 Ii’s“rifld'e)p\mbfdudf’ hage é‘“WEﬁ? éd‘ﬂ‘t/é‘ntwof at nmost 95%
at nost 90% or atoopost/n80% of Mnhe’ 26 sNCReCoNtenkcied dihe thydr ocar bon feed.

In some enbodi mept$;,-deer easi.ngate, Qéma@phal E&@Q&wbg&n&ﬂm @f the

hydr ocar bon feed nt ai nin tivel ,content nay
i ncrease the sta%mn{lglnf‘?% ‘g?‘]toﬁrr3c§ ogar béﬁ ?Cecécfllt] ot aI ‘hmﬂ gﬁct m xture. 30

The crude produc‘fonﬁé“s””? r‘fmé‘-’oné:“éfﬁﬁécﬂdﬁé‘h’tys“eff‘f%n?’t?%b@l“ﬁi%ﬁ to 0.20

grans, 0.005 grams.iteo 8:dbr grams, Toe B:0tr gramsytacOli0d@ granst of MCR per
gram of crudespr %ug;dxocamon rdda SQIB: enhogi MBNt$arhe serddenproduct is a
hydr ocar bon corrponsm ach O]boqg) a ;,hgt ggfrmr/ EgJ Ma\pgmoegghaﬁg%at | east 150

Wt ppny a resi due” Con r ans ramo ydr ocar bon
conposition; a dM¢t P‘J F&tté“d’ﬁﬁ*t ‘éﬁ’t”qofonﬁf - eaf§t“’(§“31““§ ‘bLF“é‘Hﬁ per gram of
hydr ocar bon conpasi-ticonsovare ofoyger~eiontiedtesef. actigosterQzthagnans per gram of

hydrocar bon corrp@@i td Qo & R G015 ROM I B dHR 2 €Nt RBhrOthat | east 0. 05
grans per o%ntlé/&ggocggpoon conposition, and has a viscosity of at nost
100 cSt at 3

The hydrogen source may enter contacting zone 102 co-
currently with the hydrocarbon feed via hydrocarbon feed
conduit 104 or separately via gas conduit 106. In contacting
zong 102, contact of the hydrocarbon feed with a catalyst

25 produces a total product that includes a crude product, and,
in sowe embodimenls, gas. In some embodiments, a carcier gas
is combined with the hydrocarbon feed and/or the hydrogen
souree in conduit 106. The total product may exit contacting
zone 102 angd be transported to other processing zones,

30 storage vessels, or cgombinations thereof via conduit 108.

In some embodiments, the total product may contain
processing gas and/or gas formed during processing.  Such

gasas may include, for example, hydrogen sulfide, carbon
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toln sonme enbodi nents, the crude product includes fromgreater than O
granms, but |less than 0.01 grans, 0.000001. grans to 0.001 grans, or 0.00001
grans to 0.0001 grans of total catalyst per gram of crude product. The
catal yst present in the crude product may assist in stabilizing the 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 described herein
may be configured to add one or nore catal ysts described herein to the
crude 20 product during treatnent. It may be desirable to only

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/IFe and/ ofiogidef urerbm tHe* Wy dreo e b e fe ety 19§ t /I 5°°25 nanner ,

hydr ogen upt ake ghawing conteacdssng rraycdeatyconeeniceat e’ nonbe esi due
reduction, and n@patﬁgycﬁttmn@ Os;at] hﬁtd&@m@m%@ty@t@d%on&%ttﬁﬁﬁq of such

hydr ogen is al soob in 1.1 duce onents. ig t he hydr ocar bon
feed, the anount Y"F g%#o uen tﬂ’ge du QR d?he&%gpg S 1Ay be i ni mi zed. 30

Por exanple, & d?@é‘tﬁ?a”fﬂsé@‘e?d Er W@l’}?‘éy"“ﬁa‘\}‘é”ﬁ’fhl gh “TO@%I due but a Ni/V/Fe
content that is atceptabl eat @rppetd tineatmentrrandlsors &y anspaopt ati on
speci fications. Queh:kydeoearhopfiead dtnﬁ}éther s.effdcient|ly treated by

reduci ng residue, w,fhoyf geﬁ&tr?%ﬁ! DG M t/hV ‘?aJ gropust .0 %ggrﬁeerrbodi ments,

contact of a hy drocarbon feed usin 6 cat al yst escri rein at

t enper at ur es andI“pt“@@s‘t’tﬁ“tbé‘%l"‘%“‘t‘fie§’tfiji”"t‘3‘é0"1h’é‘?”ef’P eb‘rafifﬁjé‘@%““é" Ot ué product that
has a viscosity of aprdrpdtivibl eStagt oBFh@ foq@ wdht BrratatNiysFe/ V cont ent  of

at |l east 150 wt ppmucd €64 due cant entaet at cdveastod.cle ghams per gram of
crude product, g, distillate content of at Ieast 0 1 grams per gram of crude
product, an oxygen 10 content of gram of crude
product, and a nicro? Ssz}“f)ﬁﬁh?dé%‘f”dUe ‘6“1% é‘ﬂ hcdf“%tjtpwli 853”[“ UP6% grans per gram
of crude productis separat@atralYsts cosedt i“ntlope: 6F ™DT e2eriedi hents of the

i nventions may id&ﬁtldddﬁmO:EteleOJl’O?lTDmeerwtkm nebalasi@ngdicebsQne: asas® nore netal s

on a support. Tttepét%tat 8¢ Y cb@d 0. ebenentsals:horanal qid trtt@n Qrmof a
conmpound of the he catuf) ésts descr,Lbed herel n _may be introduced
'r

into the cont actllhgf‘ %o(rtgr &% By SRUPLEY & OF HER B Bie 1;/J‘:eét“i‘r\c/e as a
catal yst in the re@rtaeri Hyrrohes et%ﬁv@"ﬁawp@,fevmenfog”uwmtlezo and/ or a
hydr ocar bon feedaconkai né ng abd pardisligonpactted bt hné hewder ecur sor) .

In some enmbodj MentiSe. Gakali¥Stsnitses st Q.change mg%r tige of the hydrocarbon

];Tgtegl I ?gl) u?ﬁclo{]gll?{_rrlbtttlon %Oiowrrgl‘s gor bel:trew q‘b(? 8 nay bseugtpqg:tot CO' ums 6-10
paltlally ¢eparated from the c¢rude to produce the hydrocarbon

feed. In some embodiments, at least a portion of naphtha and
compounds more velatile than naphtha arve separated from the
25 disadvantaged crude.

In some embodiments, the crude preduct is blended with a
crude that is the same as or different from the hydrocarbon
feed. ¥For exampile, the crude product may be combined with a
cruge having a different viscoesity Thereby resulting in a

3 blended product having a viscosiity that is between the
viscosity of the crude product and the viscosity of the
crude. In another example, the crude product may he blended

with crude having @ TAN, viscosity and/or API gravity that is
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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
catalyst, a total Colums 6-10 nmetal (s) content in a range from at | east
300. 0001 grans, at l|least 0.001 grans, at least 0.01 grams, or in a range 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 (0)
Exanpl es of Columm 15 el enents include phosphorus. The catal yst may have a
total Columm 15 el enent content, per gram of catalyst, in range from

0. 000001 grams to 0.1 grans, 5 0 00001 grans to 0,06 grans, 0.00005 grans
to 0.03 granms, ‘F‘J16&@6@1“@@%&%}’{@“@”@0‘1%‘?%%“““ has” a W“é‘é?eiial n

enbodi nent s, the1>r@a¢3fak)k@ﬁt i‘aclcudes @ok B edretalefsy of Cok yvrmdBnet al (s)

i ncl ude, but arepBedct! idd tiRde:t@e. CiOPiMme BRjaybdenunt: shimngst en, or

m xtures thereof fmTh%nlrm Pﬂ‘%é’rl X§J/omyemm per g&aaa%gijmg,at,al yst, a total
Col um 6 net al Iaqﬁ ontent of | east | east 1 grants, at

l east 0.02 gra FBY9Fh C’é“‘i’aﬁ’géc’faﬁﬁtrﬁd Loog‘ﬁﬂ“ ighrC 1 Cc?ﬂ(?)OBG grans, 0.001
granms to 0.3 graftsd. ho03igramen tfecD i1 tYpawsrtagied0w- g Yeaitsnt s 0. 08 grans.
I n sonme enbodi ments)ystheocat@jeystseidbed pedaades of nomRa@EObograns to 0. 06
grams of Col um @»aﬁ&‘; atork Qt&%ﬁ G6am; of Agaitegjsiy§tpor’f:ﬂmscgnﬂloerrb()d' ments,

conpounds of Col u | ude oxi des no denum tri oxi de
and/ or tungsten tto‘L P mggm mcg/(S(:’)é ’t“aﬁ“g bBdi Aen f’§ %rﬁgt é)r?%%{gst i ncl udes

only Col um 6“net"ar s”’@)r‘obﬂi Hragttu Y 81%6%6hﬁbahd§d*‘"~l f PARCERBYdi nent, t he
cat al yst i ncl udes:echlsysvantagbdenum andtor avlyederumeoxt des:inlan one

enbodi nent the Gobam 6~1Q nﬁla{lmgal @h}fﬁtn@@ﬁpri ses at least 0.1 grans of
nmol ybdenum per gram.of catal yst.. C nt s, the catalyst includes
a conbi nation 25 of iU € S Mf LP Lﬁi W ufthp 0%8“0?”%1’()?& ﬁet al s from Col unms
7- 10. Col unms 7RMUFeHet-artsy s HePtRpatesbift 2afd et "Pni'ted 5, manganese,
technetium rhenndmr FrsoniorgBladitsyilikedkel proputehen empoypal | adi um  rhodi um

osm um iridi umnyplk (&tai*kfbunira@tra ofd Xt tHee8yd-haThe eatalystmaaye have, per gram

of 30 catal yst, tota I ).Ganient in a range from at
| east 0.0001 gr a}%gwme LO Cyu@e C(S)%mI""Ql‘{rrygﬁgdu((‘%e%lu(s\C % 01 granms, or in a

range of 0.0001 ‘gjfs“?fﬁh‘:”‘"t";‘('?fE Buedr alr‘r‘E“‘“Gn‘@O’l" gF HPEcRS - 0’3’\‘:»‘9“6?’%i’rrﬁ““j 0. 005 grans
to 0.1 grans, orae@aﬁllrg;ramhe tdgsd@vmaquaﬂﬂsld@laﬁdmmh@m@dbmnt at | east one
of the Col ums 7728, mtfi&'}&o@lﬂ:rmrm(ﬁ%(Hid@klﬁjod\a;ﬂdi@ﬂe@@bwdtté sln sone

embodi ments, t h%upfﬁtvﬁé&'%i_e'n[‘c}sjpﬂpl%§u§9|I%m'l?o%%l%h?ﬁem skf) of Buaddition to the
Col ums 6-10 neta

whl(h JS incorporated herein by refergnce.
In some embodiments, the crude product has a total
molyhdenum content of at most 20%, at most 50%, at most 10%,
25 al most 5%, 0r at most 3% of the molybdenun content of Lhe
hydrocarbon feed. In certain embodiments, the crude product
has a total molybdenum content ranging from 0,001 wtppm ¢o 1
wippm, from 0.00H wippm to 0.1 wippm, or from 0.01 o 0.05
wippnm.
30 In some embodiment.s, the crude produclt has a copper
content of at most 90%, at most 50%, at most 10%, at most 5%,
or at most 3% of the copper content of the hydrocarbon feed.

In certain embodiments, the crude product has a total copper

23



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 catal yst does not include Columms 7-10 netals. A nolar
ratio of Colum 6 netal to Colums 7-10 netal 10 may be in a range fromO0.1
to 20, 1 to 10, or 2 to 5. In sonme enbodi nents, the catal yst. includes
Colum 15 elenent Cs) 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 Colum 10 netal (s). 15 A nol ar
ratio of the total Colum 10 netal to the total Colum 6 netal in the
catalyst may be in a range from] to 10, or from?2 to 5 In sone

enbodi ments, the catal yst includes Colum 15 el enent (s) in addition to the
Col utm 6 net al (s EXatiprEy 6120 CEbIMGRAT 4% * e BRENn ¥ ‘ﬁé’f)ﬂd’émﬁhosphor us.

The catal yst maytthaveevertoteal frx@olufh t23 .5 ememt. content, Per gram of

catal yst, in range fimoml. £H0000dnglr ams 4:0dd plod@E@NBs 20:06001 grans to 0.06

gram, 0.00005 GEagst s .03 railhy, 06, A00K80 05 L0, 0,00, 0r ars. 251 n
sonme enbodi nent s Col ums 6- g’( are incorp &é? éP\Mth a support to

form the catal'yst® et X% "éjr}rb&dl‘??éht Gl TnfiE b6 lﬁf %) in conbination
with Colum 15 ef®@helt of 83t3de érinmvdor portat €dowiarhe ackifpporte to formt he
catal yst. | n enbodimemte fRdwhbequnthecnet alar Ba)raand/form 302l enent (5) are
supported, the \AﬁJLgbtmcolfudct h@mcamlnyistmm& uqe$a@L(ny§upm&x,, all netal (s),
and all el enent (¢ “ n. some enhodi ments, rt]rre”sm]o rt }p%lﬁu(desf refractory
oxi des, porous car Bagey h‘at QFical 52 851 It 6r " conbi nat i'ons t her eof .
Refractory oxi”de‘s”ﬁ%lyll‘né?’lﬁiﬁemcb‘iﬁe 4Pk arethol| it ed ‘t"o ”"éff P, silica,
silica-alum na, 4ditanpumuoxikdes aiifcomuneexideyidragnesieum oxi de, or

m xtures ther eofpmSu{ap@m& msélb@lom@; @e@huﬁg QW@&W ¢tal manufacturer

such as Criteriopn o . Catalysts and Technol og ( usto Texas US A).
@xal > Hit iu, <J.()dllliﬂ, nd J_qt())t mm ; d}k m( exr

Por ous carbon based rmat er| a e, ut acti vated
carbon and/ or pdises Graaphictete: ES?é’h‘ﬁllé’@ 6“?“‘2@‘& ?'tdeg‘f‘ H’&’I u%ié“l‘i" zeol i tes,
beta zeolitesl nordenit digeetirbes, 2 Z8MEB Fa@olut eSolamd: ¥ erraierite zeol ites.
Zeolites Wmay begoohtained ££00 aceqnpes ehdhs maputashuser such as Zeol yst

(Vall'ey Forge, Fenngsylyvan! s fhdreot.
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 wippm, 3
wippm to 20 wtppm grams, or 10 wippm to 1 wtppm of total
metals in metal salt of organic acids per gram of crude
proguct.
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 3, or at least 10 relative to the API
gravity of the hydrocarbon feed. In certain eabodiments, APT
gravity of the crude product ranges from 7 to 40, 10 to 30,
W or 12 to 25.
In certain embodiments, the crude product has a
viscosity of at most 20%, at most 80%, or at most 70% of the

viscosity of the hydrocarbon feed. In some embodiments, the
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In sonme enbodi nents, Columms 6-10 nmetal (s) are incorporated with a support
to formthe catalyst. In certain enbodi nents, Columms 6-10 netal (s) in
conbination with Colum 15 15 elenment (s) are incorporated with a support
to formthe catalyst. In enbodinents in which the netal (s) and/or el enent
(5) are supported, the weight of the catalyst includes all support, al
netal (s), and all elenent(s). The support nay be porous and nay include
refractory oxides, porous 20 carbon based naterials, zeolites, or

conbi nati ons thereof. Refractory oxides may include, but are not limted
to, alumna, silica, silica-alumna, titanium oxide, zirconium oxide,
magnesi um oxi de, or m xtures thereof. Supports may be obtained froma
comrerci al manufacturer such as Criterion 25 Catal ysts and Technol ogi es LP
(Houston, Texas, VYJ°GIAY)Ct P@r6ﬁ§e€§WH6ﬁ16é§eﬁmﬁa¥@g1éf§m Phcllde, but are
not limted to, ectivasedt€atbon and/ or porous graphite. Exanples of
zeol i bes include Y-zeohireswobobasze0ki dbs: prnidenkd @ zeoldktes, 5314-5
zeol i tes, and fe{({nll n{tl EF a;%gLil '[0613; b%%gldhé o% :Qldggigongt ObTT?CI ned froma

conmer ci al nanufacturer such as , Pennsyl vani a,

U S A). I n*EePtai FrEHh oY Hiénf’”s“d"tpﬁ d%bﬁ?ﬁ‘ér’f‘”"“?‘néf%@s %§atma al uni na,
del ta al um na, atpRa'*abumreisas. érorcdritdi ndribAs:. ehérwof.C0Fhécamount of gammm
alum na, delta ammmima,ea@phafahumim@amﬁr conbi nati ons thereof, per gram of
cat al ytSt Sugportin m hx@mh)ﬂm@i ra‘lr?)gem F\QM(Q?LQ;QO% gﬁl@@ué(p Q?éi%% grarns, 0.001
granms to gra granms as

det er mi ned by x- Fhét'|f%P§Ct?%Hom1rP%Sh@LJWBOd ﬁ@ﬁﬁgg THésupport i ncl udes
from 0. 0001 gtfa n%"”t‘%i“OOflﬁh@P&?ﬁ“EGPGYOI“‘@ alis ¢ WBS‘“@P%‘“‘ or 0.01 grans to
0. 03 grans of si#hilca; candn0o90hgreans: Hedict9999tgreanms 0. @. 85ngrans to 0. 999
grams, Ofr 0.99 tlgea qr%g cgr@xnﬁ@ %ﬁocﬂaL‘Uml‘ ndfﬂgqroggern@-tdio[\helgnﬁt a Bronsted
base such as SI|IC%qu%9 th eghgpgr&) mlqhuf t}LQr gf coke at

el evat ed t enper at ur yorend e met a Forh umw 6-10 of the
Peri odi ¢ Tabl e a‘r?df"d)r8 s 6F TP & LohpAuRtS T BF Bife?GF %F@’dﬁet als from

Col ums 6-10 wof #heudReri odic Table may be co-nmulled wwth a 15 support to
forma mxture. The 1 IR fBYeRe, fiak mEdrcjgm Qopaht i€l @8 cruce Catal ysts

that have a | ar urface,are th.a n alytic metal
(for exanpl e, Co N 6. ? [ % <) Eb n" “d surf@@%ofllgﬁggggt al yst may be

prepared by conﬁPFf%ﬁ” 6“‘ﬁé‘%a?él?@F%ﬂﬁ@¥hF§ﬂmnth a support. Comulling of
t he support and cat alkytone emvettitenray thercomné& srdosttaned al diyregenf or m or
honbgeneous i Xtddh€ent |4t SQIE ©ODOLLNEAE §:1.WdLhc 288065 SOlacent may be added

tofacilitate foraing Lhe Mgt w,fo%l.mt BLA8LBoLaTRY o gqhgxtfuded or

formed into extrudate 25 pa pi | l ets, cylinders,

i rregul ar extru§f8ﬁ§p5P“Po8§%F?“ﬁoﬁﬁ8(h§§¥€§§Fe§38r 8?ﬁ§téﬁ§“ by any known
ext rusi on, nol dihglt abireting,08prrensi ny, frpell @t kFzitnep gormstiesvbl | ng et hods.
The Col utms 6- 1Qnﬁebahwﬁ&)paﬂﬂcﬁupport nmay be comulied 30 with suitable

m Xi g edui pignt. | hRAE 430, ORE ML AL ydeSy RLESERLLRS, TEL 8l My be added
a

t oget her or separate Y np es of suit mxing e Pnent i ncl ude
t unbl ers, melecular structures, from .05 grams to 0.15 gram or from

0.09 grams to 0.13 grams of hydrcogen per gramn of crude
product,  The crude product may include, in its molecular
structure, from 0.8 grams to 0.9 grams crxr from 0.82 grams to
30 0.88 grams of carbon per gram of crude product. A ratio of
atomic hydrogen o atemic carbon (H/C) of the crude proguct
may bhe within 70% to 130%, 80% to 120%, or 90% to 110% of ithe

atomic H/C ratio of the hydrocarbon feed. A crude product
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stationary shells or troughs, Miuller mxers (for exanple, batch type or
continuous type), inpact m xers, and any other generally known m xer, or
generally known device, that will suitably provide the Colums 6-10

metal (s)/support mxture. In certain enbodinents, the materials are m xed
until. the 5 Colums 6-10 netal (s) is (are) substantially honogeneously
di spersed in the support. Dispersion of the Colums 6-10 netal (s) in the
support may inhibit coking of the Colums 6- 10 netal (5) at high
tenperatures and/ or pressures, thus all ow ng hydrocarbon feeds containing
significant anmounts of JO residue and/or high viscosities to be processed
at rates, tenperatures and pressures not obtainable by using conventional
catal ysts nmade using inpregnation techniques. In some embodinents,

conpi ling of a sdbﬁb?t“ngdfﬁ%“& Hithe 3P4 ite 2 0Ard 061 RittheBrae Aetal (s) forns a
snoot her cat al ystt@ut idceatibSiNisgnpotiner voatkal apgtorsumbaeeiqmayst | ower the

br Onstgd aci di tyhﬂfm&ﬁeuc@ﬁgaw&trssutfxgmlb@ﬁa%@jm,l ﬁﬁsoaltum; na sin{)es are
exposed. ng the u metal (s) alone or in conbination
wi th Col ums 7- yamé!fen E Obhfehgo e support allows (in contrast to

i mpr egnati on a suH‘ﬁo?Tt“ © FFoJueast e A IPorPPERTGE 8" thEPBtdl (s) to reside
under the surfaceméﬁnq hei nerbetidedrenetbatiireatsal Yot cxvfomrrekahpl e, enbedded in
t he support), | eadirng:st Qekassn metak onad hessurf acecidrtan. cooul d ot herw se

occur in the unephedded 1'1‘311& al, orﬁa%l%w% 0. 's“qr%%%tqm%ia%ﬂt Syuhaving |ess
metal on the surface of the catalyst ext nd/or catalytic

activity of the afatyet™B¥ &17°6Wihy at* Iabzﬂ?ta’L élg(bof’tTL é} 38? '‘The netal to
move to the sifrfaceésof §Rel gatwl ygt “gard ¢ gz The- netaPFscimy nove to the
surface of the cafabystothieughnenesi emeofdithevstnhasevweh tdewcat al yst

during contact of,4 he eat.aly st whd;N.@  Budroear hotf eﬁdfmﬁodlvobhout wi shi ng
to be bound by an m xi ng of the

C 1]T1kltl;])d Qf Y‘tlmhe(())'j’y] {i!ﬁ()r(]tlr r(lcgl\';’a'l.{rll Q} 019[3‘1 al! (34
conponents of t he“tat'al Y8t L Ray ' cHarGa 1°he “&t% Gctlir e er of the Colum

6-10 netal in th‘élseé#buiﬂﬁ?ﬂ@emoeﬁ?e%%fl Co>%‘i“’blé05l:r yottal- 18t r“t’j%ft af eef® a
subst anti al | yisr andomeaderoxofro@od .wm ¢badkOtaret alyzams ¢theyerysials struct ure of

the enmbedded cat @lyst voilhg, %@%rd@t} thb@m%eema&(movdre;&laomy be determ ned
usi ng powder Xx- ray, dl[(Jf_Lf Lactdlm 1@& ocasOOlThremg Or { ){f e&oﬁment al netal in the
5 catal yst rel ative Ae °8F dér6f " eI enehtar ‘et al oxi de may
be determ ned by?CotFas |‘3|’1g'l‘f’tdﬁ‘t‘;‘«‘"‘E)*l"iﬂér“'l(t’ﬁli at?fél@ﬁ*l mﬂ‘?e@li@iﬁ’é‘tlﬁl‘ peak in an
x-ray diffracti ometsgectaouin efa the *Caoltutm 06+t8. net al oxide to the order of

the Colum 6-30 netal, peakebi@Bntt- HRAYcdhé fpﬁr@&at(‘l ORcSRESt beimyefn t he
catalyst. From broadening,and/or, absengs of..PaklgLns..2550013hed with
boiling range distribution of at most 100 °C at 0.101 MPa
and/oxr at least 0.001 grams of hydrocarbons with a bolling
range distribution beltween 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
MDistillate content of the erude product may be, per gram of
crude product, in a range from 0.0000%1 grams to 0.6 grams
30 (0.001-60 wt%), 0.001L grams to 0.5 grams (0.1-50 wt%), or
.01 grams to 0.4 grams {1-40 wt%).

In certain emboediments, the crade product has a VGO

content, boiling between 343°C to B38°C at 0.101 MPa, of 70%
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Colum 6-10 netal in an x-ray diffraction spectrum it is possible to
estimate that the Colum 6-10 netal (s) are substantially randomy ordered
in the crystal structure. For exanple, nolybdenumtrioxide and the al um na
support having a nedi an pore dianeter of at |east 180 A nmay be conbined to
forman al um na/ nol ybdenum tri oxi de m xture. The nol ybdenumtrioxi de has a
definite pattern (for exanple, definite D001, D002 and/or 1)303 peaks). The
al um na/ nol ybdenum tri oxi de m xture nay be heat treated at a tenperature of
at |east 316 20C (600 F), at least 427 C (800 F), or at |east 538 C (1000
F) to produce a catal yst that does not exhibit a pattern for nol ybdenum
dioxide in an x-ray diffraction spectrum (for exanple, an absence of the
0001 peak). In some enbodi nents, co-mulling the Colums 6-10 25 netal (s)
with the support t¢detis &%Cet diits 6- 10 ket aly( 8) F8uppore ifiktdre. In sone
enbodi nents, an agcd dy@ancd:06n weder linSscaddetodioertthe tGolcummspGald:

met al () / suppor t g Xﬂ;&r ue.mtnoofa§§1'd§tplb<§hctoranmol &mm‘t the mqag Wi into
particles. The V\%to%(m mm r tl utredmgmo LAl e.,added, in such,gpounts, and 30
by such nethods, "as re ed & the m Xt ( ure a desi r’ed consi st ency
suitable to be f&Fed<i ﬁﬁt"oqfﬁ‘ﬁi’ft Ptl“eé 9 fplles 96F™aci ds i ncl ude, but are
not limted to, nitricsae ehpoaicetisc aeci dudswkdurt deaci tsidurd hydrochloric
aci d. The Colcunmsy @r J& ;oeba) (aﬁ)n/oﬁiump@stn i XdoWe @cfrmy de formed into

partl cles usi ng k[‘u‘é’” Eon gye%@ hyd] oc‘glb%rw jo§c'IlChlh%Sc e %X&{ulclger The
particles (extrudat es y nown catal yst cutting nethods to

formparticles. The par tfic’(‘fl%ém 5’1 yd%ég?‘iié’é‘t frrééidé’ﬁ ‘(OBYG“éd’)” at a
tenperature i W armangect rom 85:9€ trom 2600000 soprnf Fomh 83 @t ¢?-285 C for a
period of time (fiahsaxanpl @uwfon. Q. brads ROUSS$ @fund- b.dsowrsy @nd/ or until the
noi sture content;of fhe Qgrothql € h;agr%gached a desired level. The Col um
6-10 net aI/support &nd/or the Colu 6-10 10 met alllsuppotrt Cpartlcles may be
calcined in the presTé’nécé“eo‘f”‘hﬁ%Jt’“e%h r téfﬁd‘? B¢ 855796 "FT Eh"Af'r “at a tenperature
in a range betweernt 815:r08 tanek FOEECMCOT pétweerf 0535t Csad* 700 C, or bet ween
500 C and 680:5C fof: wmspeki adnef $dsner (horoexanphe ©. SpBahoud=s or 1 to 5

hours) 1o 1 emove yeLAl b} EnaLESEs3UE kD [HALuAL dibafihedpartion of the
Col ums 6-10 netals are con tal oxide. The

p )
t enper at ur e condf*tf‘*c?ﬁ%ltéi“v\ﬁ‘f%ﬁmt ﬁ’é B%lrhtyficﬁcérboﬁrfé‘“gaISC| ned iy be such that
the pore struct u¥® oft t4eet fiPhalor cdl E9eaed Ofiokt treetsi P redrierd led to formthe
pore structure atgtsitr face: ap@asaobn 20ad.hen cattaly stisoadescs bed herei n.

Cal cining at &;e%’ééga%cﬁzsf&rde}%erp@&hﬁﬁm o@%&@od’@%nl AGheasesdine pore vol une

of the catalyst, th us ch pglwneo Mistribution of oR)%E egs?agunqgthg surface area

such that the caFal ys‘f hot SFFECE V" A" ey polunds t hat
contribute to highR™¥i §chsl<t)9 %Fnﬂ’laé‘ﬁ 25 ¢-88jyees. o O 15 @ﬂ‘i‘ﬁact of a
hydr ocar bon feed havinng::uadesiwableetpr opertudesrpduor rexanpfie, an undesirabl e

viscosity, APl gravifVes M:Ro@io@tvﬁngh «Bsphad t wner. GRBE 8t ,ocnekal s cont ent

and/or resi duzt Cbg,qt enggnt orI Lho hycc?rocmasanGe nBt a(')me(c$1 g’1mega§t al ysts havi ng
stacked structures ? or catal'ys usi ng npregnat|on

t echni ques) may EHRiASH élll%\‘iaﬁéld* lﬂ‘éﬁﬁer“{if”m‘“éé’faﬁﬁl%‘fd fﬁ“é%%hf‘éé‘ to produce a
crude product wwhisehectednpropertiesy sthecaft@vated it ergper at ures or

pressures ingrease the stability of the hydrocarbon feed/total produch
mixnture,
30 The crude product has, in some embodiments, from §.0001 grams
to 0.20 grams, 0.00% grams to .15 grams, or 0.01 grams to

D.010 grams of MCR per gvam of crude product.
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all ow m ni mal contact of the catalyst with hydrocarbon feed so that the
cat al yst does not becone deactivated. Contact of the catalyst with feeds
havi ng hi gh residue contents may shorten catalyst life due to the high

nmol ecul ar wei ght 5 conpounds and/or metals in the hydrocarbon feed pl uggi ng
the pores of the catalyst. In contrast, contact of the feed with a
catalyst with dispersed netal clusters (for exanple, a catalyst formed by
comulling) that forma desired surface topology for the Wcatal yst as
descri bed herein may all ow advant ageous changes to the feed to occur at

hi gher tenperatures and/or |ower pressures. This desired topol ogy may all ow
t he hydrocarbon feed to contact the surface or the catalyst for |onger
periods of time without deleterious effects to the active 15 netal sites of
the catal yst, thus tHhe sdispeircded hpt gle elwdstrepducatial y Svdavayrhave a | onger
life than the conventiapalihahygs @ptro@@essjmgv catiahy st ,avatesef evat ed

t enper atures and wk]glggpr pgsqg§éjrg§@gfg[ aexlqaqpt% 1tg§mg eqtg#raﬁ;s,\ﬁof at | east 400
C and pressures nPa ed 20 topol ogy

catal yst may all g’\)’\?”’mmficég’%pm“lﬁié ?u%qwl\/tl?ﬁ ui’(’”li‘é"cihar g ng>or c1hang| ng the
catal yst, thus?® c@éfﬁmso?fefpﬁfi‘“@éééfsilm’goqdh@mhymp%aﬁb@nanf pegemgyniset economical |y
advant ageous. of atlmssane geahodimentser catratysts comypshbeochar act eri zed by

pore structure. V@rﬁ<)0<t43&b(ppp@,Lan;Jl&ﬁuﬁeop%ﬁ aqrzsetaerosw @&Jmuq@r Aanbut are not
limted to, pore )dl {;ren.arbo p%&eos,no UlﬁIITE "x a \%e gr? 4 er m(())(?l’fbl nations
thereof. The catal 8y have dlstrl% fén of “t'otal’ Gudntity of pore
si zes versus pore’Qicamét e3r7s8 ‘The medi an pore di aneter of the pore size

di stribution may be imsarer amgeinerom 1050At ordbOr Apcdi®s Ax¢no 30 130A, or
110 Ato 120 A LA..SOMEL @andh.nemt@,.ctabangpatoamygimba& & daor e size

di stri but t d dj 105 A to 150 A
110 A o 130A of Ti0A 13 30°A “ub 1 ot el B OP R otal nunber of

pores in the por &St 78 2 dFs PFT Bt Bh “r’l&‘iiﬁ H’g"dé"tpor“é‘@d?aéﬁléi‘ér within 60 A 45
A, 35 A or 25 Argfetthén medicardeporogudi aareberist in stabiinzgongeenbodi nent s,
pore vol une ofs p@flﬁs graguchendling eastpdcd ienBh@oratreh@ast. Omé cnB/ g, or at

least 0.9 cm/g. 1.CE ; 919}5‘? qu of pores nmay range
fromO0.3 cnB/g to a.)gt ;n%)fwuﬂgg%m%%% 08 XO Hﬂ%n, 0 %qm nl/4 to 0.7

clelg. The Ipl(‘JPémvd’f’ﬁfrﬁéf P EHE ‘@égalbﬁ%’t”aﬁ%lﬂ’dg’é lf)'i)r"és‘hﬁaw ng a pore
di amet er bet ween¢:dA rapdrc5008¢tAogndepoiies ravimygsalporeliidradi @net er greater
than 5000 A | n senmecesbadidrent:systkheseabvad yisteihas aemaju@city of its pore
vol une in porgs iI;lg;g}élll(r;gdlqj pone.di,apeter of at nost 600 A at nmpst 500 A at

nost 300 A, or at m)st
It may be desirable to only selectively leduce 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 hydrocarbon feed. In thig

25 mwanner, hydrogen uptake during contacting may be
“concentrated” on resicdue reduction, and net reduction of
other components. Since less ol such hydrogen is also being
used Lo reduce other components in the hydrocarbon feed, the
amount of hydrogen used dvring the process may be minimized.

30 For example, a disadvantaged crude may have a high residue,
hut a Ni/V/Fe content that ils acceptable 1o meet treatment

and/or transportation specifications. Such hydrocarbon feed

28



In sone enbodi nents, the catal yst may have a pore size 15 distribution with
a nedi an pore dianeter in a range fromabout 105 Ato 150 A, with at | east
60% of the total, nunber of pores in the pore size distribution having a
pore dianmeter within 60 A of the median pore dianeter, with at | east 50% of
its pore volume in pores having a pore dianeter of at nost 20 600 A, and
bet ween 5% and 25% of its pore volune in pores having a pore dianeter

bet ween 1000 A and $000 A. I n sone enbodi nents the catal yst has at
nost 10% at nost 5% or at nost 4% of its pore volune in pores of at |east
5000 A. 25Such a catal yst may have a surface areas of at |east 200 re/g.
Such surface area may be in a range from 250 n2/9 to 500 aOg, or 260 nR/g
to 400 nR/g. Cat al ysts havi ng specific surface topol ogy, |arge
surface areas and“pd¥edf $tiiBetivrsetes i B aBove iy e¥hi bi t enhanced
run tinmes in com@seiraducappli/fatd.ons at | ow pressures and el evat ed
tenperatures. For exanpbes tha:eatal Yst 6088 Notarsleasdyd vasatdigs at |east 1

year of run ti ”E-th%fl@ta%’m%n&e%@rj_rbkéﬁ' hteLmSatn‘gganJgaizggésrja wied to.the high
surface area of the cafalyst and/or the narrow distribution of pore

di aneter in the PHIE RV MTE P PHE At ErY st oM HuS 1 W fretal s of the
catal yst remai n exposgd $opr [vorigef0 péy abds - Hf Ct iankotat RasFePVuggi ng of the
pores of the catabyshe ios 41 nagBliso heghe hirghicsarchaeer area and:=sel ect ed

di st !‘i bUt! on OT RO1 %§an!snpotzhc§u39q{£em¥191* l{:quug.f:, tah@m@aitl‘alé/$gni@lﬂl QWs pr ocessi ng
of high viscosi ty,agnd/o resi due crud not be able to be

‘ /.or ]hl)ghl S I L ﬁs t_h(fat_would [
processed with cShvénti dnalf “CArEl yEEL TaVi'iy Pt e “Saf Bof8 di stri buti on,
but smal | er suitf aeweay €a.2tCs¢i hi riyane por ¢oHpPT edudarallyst At ¢ enperat ures
rangi ng from 315uCreecaf66: C:amaye tackhi vate foermat ioproes poresmhavi ng
simlar pore di agetens phRd.narrow pore distributions with large surface
areas. In certain e"{?eﬂg'l @Qtussm t.he cat al yst %xi‘sts in §Q{gped forms, for
S

iR one or, mdrg embodimgnits of .
exanpl e, pellets, cylinders, “and/of extrudates. Fn°sone ‘embodi nents, the

cat al yst and/or EHETERRAINGEL PPREEUTEOT TSN indet et ' oF AT tétal sul fi des
(prior to use)s usbrgrdtethin guesrknowThie et hies afut b€ fiorelexanpl e, ACTI CATI N
process, CRL Integnatd 9Rake dRfo}.a bopsOE.LRROMEMNt Set he 20 catal yst may
be dri ed then sulfided, Aternatlvely, the satalyst my,be sulfided in situ
by contact of the catalyst With a hydrécar oni feed t at 1 ncl udes
sul fur - cont ai ni n§PEBHPEUTARS 2F - BYCH 6t U7 i72& PP Redf s £§ Ze ei t her
gaseous hydr ogencsullfdtden ikme cheapriegenoe (@fr hydwrdgenhenosuiltpgqui d- phase 25
sul furizing agents/sHehnascQrganasddl fdik. GORPAUNEs i fmhadiengicn
the precursor).
in some embodiments, catalysts used Lo change properties
of the hydrocarbon feed include one or more Columns 6-10
metals on a support. Columns 6-10 metal {s) include, but are
25 nolt limited to, chromiwe, molybdenum, tungsten, manganese,
technetium, rhenium, iron, c¢obalt, nickel, ruthenium,
palladium, rhodium, osmiuvm, iridium, platinum, or mixtures
thareof. The catalyst may have, per gran of catalyst, a
total Columns 6-10 metal {(s) content in a range from at least
1 0.0001 grams, at least 0.00) grams, at least 0.01 grams, or
in a range of 0.0001 grams to 0.6 grams, 0.001 gxams to .3
grams, 0.005 grams to 0.1 grams, or 0.01 grams to 0.08 grams.

In some embodiments, the catalyst includes Column 15
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al kyl sul fi des, polysulfides, thiols, and sul foxides). Ex-situ sulfurization
processes are described in U S. Patent Nos. 5,468,372 to Seamans et al .,
and 5,688,736 to Seamans et al., all of which are incorporated herein by
reference. 30l n certain enbodinents, the catal yst is obtainable by
co-mulling Colum 6-10 netal (s) wth a support. Co-mulling the Colum 6
netal (s) with the support nmay forma m xture or a substantially
honbgeneous m xture. I n sone enbodi nents, the m xture nay be extruded
and/or dried. The m xture may be calcined at a tenperature of between 315

C and 700 C to produce the catal yst. The support may i ncl ude
alumna, 31 ica, alumna-silica, 5 titanium oxide, zirconium oxide,
magnesi um oxi de, or m xtures thereof. The catal yst may have from

0.001 grans to 0cBengrhiws,ir0c@O5ofrgnkhe e00m2 fridngetabic?0. 01 grans to 0.1
grans of Colum 6xd&@)aebalco(s)y pesiegsam ok neat @loystorud.n 8eme W enbodi nent s,

the catal yst rraydﬂrbqwdﬁaﬁhadoegstmﬁ élolg{ruarfs &Lm@@ld&Mn@ SEI araf S) per gram
of catalyst. In some clude at |east 0.05

i
grans to 0.2 grams ) ‘Sc‘fo‘r’ i ]6”% ml“ @ 8&}0% ?"é’ﬁofo Pa’tarT”st In some
embodi ment's, the Yc@t'&t ;9§°t'“°n*éfy°|%c‘lﬁﬁ‘d@ Pr@?ﬁ?mm ot Ans’ ?@mﬂ ?rgrams, 0.005
15 to 0.05 gransp.ow: fgrem G @logranssto 0. 03 grans of Colum 10 rretal (s)
per gram of catal yst ;s kB-Ge¥ tLaa.i;dauamanitmem@,lymen&a&@l yatwmay include from

0.001 grams to O, g‘iag Q”Sonuan (5n<>§9L(Q} Q§c 'Lg> Q.I’r%m e 1 me QA’ 1%]‘ ans to 0.03
5 I'(s m of cat C)éu A

granms of Col umm gra | yst comul I ing of netal
and support, fol FB’W@&}%Y““Y}E’&P%‘] n‘d’t“%ﬁ‘r‘“' r?ﬁ;/“ﬁ?‘ﬁéfﬁc‘é“’ ¥ modal cat al yst
havi ng a por eisi zetadigt rivolrvicorrewi drhm @ ediamt por etdl amatrer® rangi ng from
105 A to 150 A wintthnad) Leasic 60% afeathe. doobnl anushero ot peigsain the pore
si ze distribution,havj '89 g@ar&or%/g @H‘%t %nq‘é"' ftJJA!nrb 3@)3a<5:aln§ar§t Q0 A of the

medi an pore di aneter, eas 50% of pore volune in pores havi ng

a pore diameter 8F™&t Or‘rﬁ% q%ﬁ@ R, U dny Bt \%eoé)ﬁ %ﬂ}‘“aﬁa H504°81i t's pore vol une
in pores having aPopwerditanetérorbes-welans o oobadigads5000 ALt some
enbodi nent s, tshelﬁabmsysﬂommawomVﬁma yredican;pey er dicamet eme20 (Ey om 110 A and

130 A. N Qe a%ni?fodamp@s it %mg%@&mm ymta[@acﬁdcaoﬁedl an pore
di anet er of at npst 120 A th at Ieast 0% of maj H)geuum Lrlo@%{n of pores in

the pore size di %‘E’I”i“‘bd’t TR H’év‘i“ﬁ PG Pore et &

and/or tungsten trioxide. In certain embodiments, the
catalyst includes only Column € metals or only Column &

20 compounds.  In an embodiment, the catalyst includes only
molybdenun and/ox 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 wmetals Trom Columns 7-
10. Columns 7~10 metal(s) include, but are not limited to,
manganese, technetium, rhenium, iron, ceobalt, nickel,
rutheniwm, palladivm, rhodium, osmium, irvidium, platinum, orx
mixtures thereof. 'The catalyst may have, per gram of

30 catalyst, a total Columns 6-10 metal (8) content in a range
from at least 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, 0.00%

grams to 0.3 grams, 0.005 grams to 0.1 gramg, or 0.0l grams
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diameter within 60 A, with at least 50%of its pore volume in pores having
a pore dianeter from1.05 Ato 150 A between 5% and 25% of its pore vol une
in pores having a pore dianmeter between 1000 A and 5000 A. 5The cat al yst
may have a surface area of from 250 n2/9 to about 300 nR/g and a pore

vol unme about 0.1 cc/g. This catal yst may reduce at |east a portion of
the conponents that contribute to higher viscosities, a portion of the
conponents that contribute to residue, and/or a portion of the

oxygen-cont ai ni ng conpounds. Treatnent of the hydrocarbon feed with a

bi rodal Col ums 6-10 netal catalyst with a selected pore distribution may
be econom cal advantageous since it allows production of a product with
reduced viscosity with | ow hydrogen consunpti on. ~The catal yst of the
appl i cation may p? Odifc& decr dd& Proiviete i ' 122 e rotv e o%sfye as conpar ed
to the hydrocar bomof eedlwetipvrlow hyevlogerocarsunpti on. I n some enbodi nents,
at contacting conditipBsicatnBat@b@l MoSSHIR ¢ OfncRicds MBRum:hydr ogen

consumpti on ey be,al. UPSt 80, NIB/110,. &b, [RSL 50,20 B/ 1B, .o at most 30

ETeHIC
N8/ n8. In sone e at contacting con Ions at a total pressure

of 3.5 MPa, hydr e €8s ust AL HRay* Bt Foth 4 “RifSAHB 2080 N8/ nB, from 1
NnQ' nml to 50 N8P PEI@zamprrfl.@maBarngdNiCe o8 "MOWheddss mg» tohen odt al yst Cs) of
this applicationcandys25 aonihelchbig-oper atd rgu.aondutdsons may.al | ow a crude
product to be preduged,t;hal..has selected properties changed relative to the
hydrocarbon feed whi|le other properties of the hydrocarbon feed are not
significantly changeZH.‘“C’J‘F’ﬁefﬁlégﬁli‘t(ioﬁ@“”c e pF o 4G ™ ey hAVE *enhanced
properties relvat Pareb80 tforrie HyrPotdebtn ¥ dedlard, 2 tthus, Be nore

acceptabl e for tsanspocdiatien @and08: yeefinaivags column IAr s@RgeTent of two or

nore catal ysts i, assel&ctediseausnsa My Rty oluthassequenge of property
i mprovenents for, the feed. For example, ARl graviiy,at least a portion of
the C5 asphal tenés, at [east a portion of metal’s in e al°salts of organi c
acids, at |east @'pbistioRlore théwir brietats) eastoamport PoAl of - t he ni ckel ,
and/ or at | east muapontianeoff Swettheavanadhum oftanolybdenunmiin t he
hydrocarbon feed.fam bakedugad. hafone: aty least »a..pY tian: of, heteroatons in

the feed are redH)ced. Arr angement and/ or selection of the catal ysts

. 0. o from 2.1t 5. .
may, in sone enbodi ments, inprove |ives of the catalysts and/or the W
stability of the hydrotdfghiefaetrt ot al capt'oducrcidkt (Pe™ | pr overrent of a
catal yst 1ife andeosatstiabn labtsriof tbheeypdvocarbon (feeditzotial @r oduct
m xture during prAGe@sSst RO-KBYs ahd:0M 3ne0NLA6T I RE. syshem Loy aparate for at

least 3 nmonths, at least 6 mpnths, or at least]. year wthout replacenent
of 15 the catal yst in the contacting zone, = Jeam éor?f)jit?igt"l'oﬁg of selected

catal ysts may al’l?8%f FEFUE IO Aradt TPehst a8 ot (SR §F&he® Cotfponent s t hat
contribute to visessi {y00&t gtamaste & Porkironcofl.tte componehtPsl t hat
contribute to reghele, at |least a portion of the conmponents 20 that

contribute tq,TAN, qf sco%gbeim&%}:{!n%ﬂ?, thereof, . fr.am.tbe hydrocarbon feed
before other properties of the hydr ocarbon _
incorporated with a sdipport to form the catalyst. In certain

embodiments, Columns 6-10 metal({s) in combination with Column
15 elenent (g) are incorporated with a support to form the
catalyst. In embodiments in which the metal {s) and/or

30 element (8) are supported, the weight of the catalyst inclwies
all support, all metal{s), and all element(s). In sone
embodiments, the suppori includes refractory oxides, porous

carbon based materials, zeolites, or combinations thereof.
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feed are changed, while maintaining the stability of the hydrocarbon
feed/total product m xture during processing (for exanple, nmaintaining a
hydr ocarbon feed P-val ue of above 251.5)Alternatively, C' asphaltenes,
and/or APl gravity may be increnmentally reduced by contact of the
hydrocarbon feed with selected catal ysts. The ability to increnmentally
and/ or selectively change properties of the hydrocarbon feed nay all ow the
stability of the hydrocarbon feed/total product 30 m xture to be maintained
during processing. In sone enbodi nents, the catal yst (described
above) may be positioned upstream of a series of catalysts. Such
positioning of the catalyst may allow renoval of high nolecular weight
contam nants, and/or netals in netal salts of organic acids, while

mai nt ai ni ng the %@EBWPF¥936FSﬁHéJW?HWﬁcéWbdﬁeP@éngHF§POproduct m xture.
The catal yst al | ewsjrd, nsigdrre ertbodeimuts, tferiuwermval zofcobuat | east a
portion of oxygepri@onhaiRbNG SQAEPOUAUS tuh-eMBNaloOf GopRepent .o hat
contribute to a 8‘&8 %%SEOM }]&%ﬁmd‘fzﬁm%g% KB?‘L] 5% Lygl§elnthe system or

conbi nati ons thereo from rocar . For exanple reduci ng at

| east a portidn 8ﬁﬁﬁﬁﬁ§ﬁﬁﬁﬂféﬁﬁém¥hsﬁhe‘WVﬁfﬁcéﬁﬁdn‘?@éﬁ)total product to
m xture rel ativeraort hedhy drocardenifleedci vl biut srplragditngeof ot her

catal ysts positienedxdamms&hean]mﬂmd:b&us;ghamﬁaasesmh@@shﬂngth of time the

contacting systemorw bl%gp@r@t,@& W hlsw J8Pe0) %&r@nmof catal yst _

Reduction in VISCO L ng nq neq_s qgrea ealife of one or
nmore 15 catal yst¥ pb§?t| edz%ffﬁ? fﬁg 8&F§F9§i’%%éé?lbeﬁaébee I n

sone enbodi nefit stevcferéial Fipray apirabtie! curalay st s iy Bé positi oned
downst r eam and/ ofecupst neamyofortibe reatsal wsta, descsihbed herein to reduce

sel ected properties &ﬁsgmggmggﬁqmnFoqbgﬁggpj@0“@“gqgeggilization cat al yst
may be p05|t|oned 20 31\Qﬁstreaman /oyoggggEggghof the catalyst to reduce

the Ni/V/Fe contelt "of"the ¢ dde Brodité as "Corpardd to NT7ViFe of the
feed. A desulfur@?gﬁﬁﬁﬁﬁcéPéWV@t“ﬁﬁymb€46b§PﬁwﬁﬁéﬁtH%Wﬁé?ﬁ@éﬁmbf t he
catal yst to rieduceecichentsul faus -iconpaianbdg: coapounds ©@ondiwentheof t he crude
product as conpaesh o, th,eez&ds,wnfturmcmmitn& NGt LQPamyds content of the
feed. The ability.Lo.dgl Lyer, iydrooen.te; spesi Hed,comtacthng.,
all support, all metal{s), and all element{s}., The support
may be porous and may include refractory oxides, porous
20 carbon based materials, zeclites, or combinations thereof.
Refractory oxides nmay include, but are not limited to,
alumina, silica, silica-alumina, titaniuvm oxide, zirconium
oxide, magnesium oxide, or mixtures thereof. Supports may be
obtained from a commercial manufacturer swuch as Criterion
25 Catalysts and Technologies LP {Houston, Texas, U.8.A.).
Porous carbon based materials include, but are not limited
to, activated carbon and/or porous graphite. Examples of
zeolites include Y-zeolites, beta zeclites, mordenite
#zaolites, A5M-5 zeolites, and ferrierite zeolites. Zdeolites
M may be obtained from a commercial manufacturer such asg
reclyst (Valley Ferge, Pennsylvania, U.5.A.).
In certain embodiments, the support includes gamma

alumina, delta alumina, alpha alumina, or combinations
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zones tends to mnimze hydrogen usage during contacting. Conbinations of
catalyst (s) that facAlity generation of hydrogen during contacting, and
catal ysts that uptake a Mrelatively | ow amount of hydrogen during
contacting, may be used to change sel ected properties of a crude product
reLative to the sane properties of the hydrocarbon feed The order and/or
nunber of catalyst(s) may be selected to mnimze net hydrogen uptake
whi | e nmai ntai ning the hydrocarbon feed/total product stability. M niml net
hydr ogen uptake allows residue content, VGO content, diatillate content,
APl gravity, or conbinations thereof of 5 the hydrocarbon feed to be

mai nt ai ned within 20% of the respective properties of the hydrocarbon feed,
while the APl gravity and/or the viscosity of the crude product is at nost
90% of the APl gF&VFtly ahé/Britthe’ ¢rgeosiviircoftet e 2hyfdPbcarBan f eed.
10Reducti on i n neturhydr ogembtuptcake byrtdie pydeceartborrafyeed nmay produce a
crude product thafppbas aybed |1i1@91Jn@@georﬁjiosédbilb}-iﬁli\@@oS)i M ladnst 0 the boiling
poi nt distributi 9%9%,&{};%"!9 s bod" of ;I1<m°ssi£|% at ;ms, H G ol the crude

product may al so onl relatively anounts as conpared to 15
the atonic H C of ™t ﬁ’?"‘ﬁfdr%&ﬁ?%ﬁ?ﬁ paggray diliraqthctsoffe S¥fhodi nents, cat al yst
sel ecti on and/ or ¢rdeenol et alvystisiichugsnbiondt.- P wiaph tedht'f ol | ed
contacting condi i=@ns o(foar g:@xanpl eps terperat ore ands op hydraear bon feed

flow rate) may a§jsn,§¢mgna5@@lusrd egamhmr 9986, lapmls% By &he 20 hydrocar bon
feed, maintainin rocarbon f eed/ total pr oduct m xture stability during

processi ng, and hja%éilﬁb’ ‘oe’or Hole’ p?’i?ﬁ‘érc’(il TGP t HB“EPUFE B oduct
relative to tHe tegpeenitye Hsropert resibfeat heo Hypdroeertornyf eed. Stability of
t he hydrocarbon fieediut ot-aktipnadueice mxture:smyerbe affcect ed by 25 vari ous

phases separ at ing f Il &Gy hesRERANCASRA £kl &w@qgamxture Phase

separation may b soI A t he hydr ocar bon
f eed and/ or crudgabqc ?;,dor <yne ?rhmorﬁ ‘a"ng%"é‘rd te %I‘? T“(’)‘:t{’a[ mbir“béﬂ%f m xt ur e,

fl occul ati on of Ca‘élﬁﬁ%ﬂ ﬁéﬁe%f f’?%ﬁ?’i‘ﬁ@%%@d‘éﬁﬁﬁnﬂf" g¢ldre ot &l 230 product
m xt ure, precispi t@ppontofocoaporents he anxdure sy dreocambnnfeed/ t ot al

product m xture, ,04;cQabi nati ons t her eof . At certain times during the
contacting period, t a@300{13(:? tr t| KelL 193; (h glrfog@agpognwfged andé:pr t ot al
product in the hydrocaibon feed/ Tt ar bt m xtuf'e nay change. As the

concentration of “tHet PoteaF2IgEHdlee! | ﬁof r?éa”I‘WEI'r Serypdr-5 f'eedrt ot al product
m xt ure changes duerd euffereral iton @tatyhe vey deppprodudty, c@olubpl ity of the

conponent s of xt hge catalytic metals with a supporlt. Comulling of the
support and catalyltic metal may form a sukstantially uniform
or homogenecus 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, spheroids, pills, tablets, cylinders, irregular
extrusions or locsely bound aggregates or clusters, by any
known extrusicn, molding tableting, pressing, pelletizing, ox
tumbling methods.
The Columns 6-10 metal{s) and support may be comulled
W with suvitable nixing eguipment. If more than one metal is
present the metals may be added together or separvately.
Bxamples of suitable mixing egquipment include tumblers,

staticonary shells or troughs, Muller mixers {(for example,
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hydr ocarbon feed and/ or conponents of the total product in the hydrocarbon
feed/total product m xture tends to change. For exanple, the hydrocarbon
feed may contain conponents that 10 are soluble in the hydrocarbon feed at
t he begi nning of processing. As properties of the hydrocarbon feed change
(for exanple, API gravity, viscosity, MR C5 asphaltenes, P-val ue,

sedi nent, or conbinations thereof), the conponents may tend to becone | ess
soluble in the hydrocarbon feed/total O product m xture. In some instances,
t he hydrocarbon feed and the total product nay formtwo phases and/ or
beconme insoluble in one another. Solubility changes may al so result in the
hydr ocarbon feed/total product m xture formng two or nore phases.
Formation of two phases, through flocculation of 20 asphaltenes, change in
concentration of PRy BRArBof P BEASAPY ot &P Brivdiet , *Kntlo? U5F eci pi tat i on
of conponents, tendsatly reduoexdrherr gdrerfly onewopevins e tioft tHeé catal ysts.
Addi tionally, th@uajaﬁipbm@&e efc tHRmR @COSSH. TRY) baphadusedu:dor exanpl e,
repeated treat ment, of Lhe.ydrasar ban Jfeeditolal m%édnrnpﬁum mixture may be

necessary to produce a cru roduct with desired erties. Duri ng
processing, the FeYyErué& %H?‘G‘E ‘detfi AErt ‘Vai”lfé" S Ff@m‘ 4 8E R bon fend/ t ot al
product m xture mpgpebednonitoredornd Hheerstabst itby Ceﬂ“t’hé’ pt ocess,

hydr ocar bon feedpe@nddoin hydrogatbany fieedit ebringpsoductorixt gre may be

assessed. Typi Calszﬁmac% alhughma;p lﬁsl @,tdméz ek fdi gates that
floccul ati on of as on feed ener al I .y occurs. |f

the P-value is iAfl C’wéﬁgl ﬁ/ydéﬁf’mlr sti“f d“oywmi:f’g PO U8 P Refeases or is
relatively stabl eeddrd ﬁgd/@éﬁ“tla‘tt"ilwoltﬂﬁeﬁot% Smicﬁ*cheéa{‘ e¥fhat the
hydr ocar bon feedtigerehatsd wel yrostabs|ecdiringeront astrisng. Hydr ocar bon

feed/total pr oducgnvmu&t)mle Stk Yo ua‘ﬁﬁc;a%@&ﬁ@dl&yt(B?lr\/a%lnb‘@: may be 5
control | ed by COI’i];[] som@ Lﬂ%d%qrﬂaf aCto:n@Ql;%gn OnSo.Jl c¥m*f5 nm QI’] Of cat al ysts,
by sel ective ordéring f i conb ons the éof Such

control ling of céwt é%kuf“ﬁé E:‘bl*ﬁ‘@l‘ta'c3 |‘ﬁn§°”r‘?ﬁya FWILWeC%‘@hYSHof‘WﬁTf LHSV,
tenperature, pressupehehydrogen suplkakepy hydrotiar bomsfaed:ifil ows or W
conbi nations thergobataiyst ﬂl\@met @éd'ang BeSeGiABNt s Mak ug-dlbbng. processing

may indicate formation_ of ecul ar nds re i.tate of high
mol ecul ar conpounds, & mulr}rm QQG {um“ m‘?l’aﬁg‘stqpfwm \* p“d.‘??“é’ﬁ?a‘\?%‘f ue t hat

decreases or is i‘”é%“a‘t‘ilvfﬁs ’§Pdﬁﬁ@3 duri Ry H1% SEBFAC MG f1di cates that the
hydr ocar bon feedcdgrass| at |:imeieyna$t<albb!e adumwrerg) conteet ingertion ofDuri ng
processing, the il ﬂttia@f‘ﬁsﬁuri&:@; BaSO0ta6hd g 20N8:ofwaidkikxed bed react or

may be monitored, Lall C%Pélysl qgﬁp%%ang n ?{yeg&edﬁgrﬁ%gr gpl , indicate that flow

through the 20 cat I's’in itlhon 'l ow may be caused

by an increase i headé’ﬁo’s‘i’ 8T "e@di ehte FUTAR FOH. vorHE ‘?H‘éﬁ“’é%ﬁse in deposit or
sedi nent may pl ugeeporiestioef uitehesdded abypdt catehes - r éstaoire g feréw of t he

hydr ocar bon feedndhrpugh the:contiachingeZ onene 251TyRkE aklanss hydr ocar bon f eed

havi ng vi SCOS&St i ?ﬁetﬁ%yor 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 matals may move to the surface of
the catalyst through erosion of the surface of the catalyst
during contaclt of the catalyst with a hydrocarbon feed,

30 Without wishing to be bound by any kind of theory,

intercalation and/or mixing of the compenents of the
catalysts may change the structured ordex of the Column 6-10

metal in the Column 6-10 metal oxide crystal structure to a
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i nhibit the hydrocarbon feed from being transported and/or punped are
contacted at el evated hydrogen pressures (for exanple, at |east 7 MPa, at

| east 1.0 MPa or at |east 15 MPa) to produce products that are nore fluid.
At el evated 30 hydrogen pressures coke formation is inhibited, thus the
properties of the hydrocarbon feed may be changed with m ni mal coke
production. Since reduction of viscosity, residue and C))/01, asphaltenes
i s not dependent on hydrogen pressure reduction of these properties nmay
not occur unless the contacting tenperature is at |east 300 C. For sone
hydr ocarbon feeds, tenperatures of at |east 350 C may be required to reduce
desired properties of the hydrocarbon feed 5 to produce a product that
neets the desired specifications. At increased tenperatures coke formation
may occur, even AtPREPEAt'Ed YU OTEn Pr e st &5tV BEef HE Pfoperties of the
hydrocarbon f eed carseachanged,e thehdPanghidrel oftalhse . hyte ccdrbonhtteed/ t ot a
product may decr eas@n el ®Weds1Ongnmet Qéte&@ﬁd}ﬁﬂﬁ;@inq@vdﬁ@xfﬂfym causing the
product i xture %pﬂ@@mg?mm&abl fro SICEr SLEYRLEA.Mydrogen pressures

require large amounts o dr ogen, rocess cap redum ng properties
that are i ndepend®itYbf *pré ’s§u‘r° u?ft eﬁl%flet“@Hﬁéf“étfﬂr é‘é *P% desirabl e.

Cont act of a hydrecdrbéfe feede Havemgra W sewsiity of aten®|@ast 10 cSt at
37.8 "C (for exanple; c@to heastpk0rcht a-al digasttbn00c-0Bh,0ror at | east.

2000 cSt) in a cept mlulnﬁctu-wrxpteﬁ%%ae1mn,gangsir ézq_hgmlm%w-]@ 390 C to 440
C, or from400 C to 430 C at essdugje 1, 3.5 M : O 7 MPa with the
catal yst descri b&dhet 8l i ptoduéds™s Jrcf'fuJ ’fbc pro d’uc‘tmh{élviarf'ﬁ thanged
properties (fdr é%ﬁ‘nﬂﬂé‘?e”\ﬂ‘%éb‘ypfy‘,bs‘t"l‘égl‘Hu‘éﬂiaﬁd’bmw%}é’bﬁhﬁ@nes) of at nost
50% at nost 30%clatn OSt n@QY irabn sty dil%gacofonatparosin, 1% of the respective
property of the Bydr;@&na&bmJ@@dmleArion@ug@ntaa@tmo%tahenP;'r@val ue remains nmay
be kept above 1.0 bde nltrol | n‘g cont actlpg temperatuge. For

Sub3s randgen e Cx SLRre.
exanpl e, in sone’ enbodi e nper at ure néFeases above 450 C, the

P -val ue drops béf/ <. 'U’%i?ﬂff“t"hé”@éﬁ"oé’éjr bitfh 2f'@et FHRFArT pro/dict ni xture
becones unst abl eredifn phe: tienperattine deor eds ésuabelcowB7@cCo m ni mal changes
to the hydrocar bmmfﬁegnmQp%iyia@(smmw&sdo mixture | NTISORE. yBARQMI ment s,

contacting tenmpefratures are controlle ¢h. that, C5,asphal t enes and/ or
ot her asphal t ene aroemr% Foved® JmFe Pha 'Hnl{ i ”‘dmfjff" R%ﬁ cont'ént of the

I nta
hydr ocar bon f eed"““?Ré’Hﬁ&jt e P615S¢ he lﬂml%ﬁ‘f"é‘ﬁ? bf*?ﬂ%u‘g‘ﬁox‘ﬁﬂidr ogen upt ake
and/ or hi gher cont-gotd ngyy bemper ataptes apwy ter@stdtrd af fagr @t omé of two phases
that may reduge thesst abi | it Yok fohechyginogar bonaf eeditofsate product m xture
and/or life of 0”3%86’“ rrak epr%f dhe Galy gﬁt)’%& &Q‘nEJLO!‘xhg{)1L$ contacting

t enperature and rogen u e In conmpination wt e catal ysts descri bed
herein all ows th’éattﬁr §‘brh 1E)Jt"’8‘f’f€§m 9B E° radtic 8d MM F EFhE"MCR content of the
hydr ocar bon f eedswatyncHangagny. arrdsatdeve] yreshal beamount. | n sone

enbodi nents, cont actimNgoeonBbdinefS, afcemnulling the Columns 6-10

25 metal{s) with the support forms a Columns 6-10

(}’(

metal (s} /support mixture. In some embodiments, an acid
and/or water is added to the Columns 6-~10 metal (s)/support
mixture to assist in formation of the mixture into particles.
The watey and/or dilute acid are added in such amounts, and
3 by such methods, as reguired to give the mixture s desired
congistency suitable to be formed into particles. Examples
of acids include, but are not limited to, niftric acid, acetic

acid, sulfuric acid, and hvdrochloric acid.



IV controlled such that the total partial pressure of the contacting zone
is maintained at a desired pressure, at a set: flowrate and el evated
tenperatures (for exanple, tenperatures of at |east 200 C, at |east 300 C
or at least C). The ability to operate at a total pressure of at IS nost 5
MPa or at nost 3.5 MPa allows an increase in LHSV (for exanple an increase
to at least 0.5 11-1, at least 1 h-1, at least 2 hL, at least 5 h-1, or at
|l east 10 11.1) with the sane or longer catalyst |ife as contacting at total
pressures of at nbst 5 MPa or at nost 3.5 MPa. Operating at |ower parti al
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 available. In sone enbodi nents, the total pressure is the sane
as the total partial ‘Pt 8S9H % “of0 WSfaF GY&PReitnly &g 149 ’F‘héoﬁ"&ﬁt acting
25zone. Therer poaiprodisdts provuced igyec onttaetarhguar hydmocar bon f eed
W th one or noreceathatyStsedescrdbedehet@itas My, be cusekidy kfbva W de range

of applications i gm Dot 1 D e 3B fz)mowq!.dﬁqmuse@@ figedto refineries,
feed for pr odum n% el di l uent, or an_enhanci ng agent

ortati
for underground § b‘r’élﬁ@vér%tb?o(gé““gé EI‘:&‘Fmpé)“(‘é%‘fé” “hy#tScEBon feeds
havi ng an APT gr &% ytwofttafc r?essftw‘mb("fcoko é)‘évanfalfél breustrefafidfor heavy
oi | /tar sands crude) exmmyLderconwes tredrs bntes warisouschyduogardsen streans

through a seri es of;:processhdNdr ShERS USLNU,Ehacking Ji’cnslzleﬁl (f0r . exanple, an

ebul I ati ng bed crackj ng.. , fluid catal tlc rackin t, thernmal
cracking unit, or otjh (’Cfljlﬁimf ¢ )no%/mml “’up}éc’lq art° %gm géﬂ ocar botlh feed to

| i ght er conpor’fbnt“%‘)a”"JPT’O‘“LRé’dﬁ&JPbr‘P%fMt%’é‘ Wegc’ﬁs?Wy”%hW‘ﬁro% esi due content
of a hydrocarbonnhfteet toi/produse aicheed st peamrhatre Maya bengr ocessed in a
cracking unit my.gohance %hﬁdp;r(@ce‘sski@mgp@nam of ahydsoear ben feed. A system

e et NodS. A, Weabalyshe deser | bed ReLel ! prchangs or opert ! es of
a hydrocarbon fee % 03| t| oned upstream of one or nore cracking

units. Treatnent o’f“*’t*}‘n‘ér%ydr otarbi T tleéd PHOGNE BT - Aote Sy §1%ns descri bed
herei n may producketaztf éedtthatriipprévies thevprodessing aate of the cracking
unit by at | east (*(3-159&&134%'[ e ectmzspoa&mlgea&m axiact ornOkedberalsrd €ast a

factor of 10, or, il%gg at w}ﬁamg 0100, Olﬁal%?%%l% hd s§é48temf0r

treating a hydrocar avin Vi SCOS| t 100 cSt at 37.8
C and/or 0.1 grah¥* ‘thrWo‘l}éu‘ﬁéfo gj’rfa%eoff”ﬁ]y&?%fd’&@rdo@’rf“% d may incl ude one
or nore contacti pgtsydeens 20mdésorrbedrirére aposileonedsupstream of a
cracki ng unita The contaski gcSyst agrdmy i(’ﬂfdlhtdﬁ HNeer@krd0res cat al ysts

descsi bed herein, x%a@@}bheanoﬁeopwqgﬁ mﬁre@mc gmm 9&%3; o@aey ng a viscosity of
at npst 50% of the viscosity of e car f eed md %‘»7 ¢ and/or at

most 90% of t he F%gll\aﬁe iéufm cﬁénqo the dl.;tr'l_ ution of pores

surface area such that the catalyst is not as effective in
renoving compounds that contribute to high viscosity and/or
25 residue,

Contact of a hydrocarbon feed having undesirable
properties (for example, an undesirable viscosity, APl
gravity, MCR content, asphalitene contenit, metals content
and/or residue content) with a Columns 6-10 metal (s}

W catalyots having stacked structures (for example, a catalyst
formed using impregnation technigues) may redquire elevated
temperatures and/or pressures o produce a crude product with

selected properties. The elevated temperatures or pressures
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25 hydrocarbon feed. The crude product and/or a m xture of the crude
product and hydrocarbon feed may enter a cracking unit. Since the crude
product and/or m xture of the crude product and hydrocarbon feed has a

| ower viscosity than the original hydrocarbon feed, the processing rate

t hrough the cracking 30 unit may be inproved, I n sone enbodi nents,
hydr ocarbon feeds having at |east 0.01 grans of Cs asphal tenes nay be
deasphalted prior to hydreprocessing treatnment in a refinery operation.
Deasphal ti ng processes may invol ve sol vent extraction and/or contacting the
crude with a catalyst to renpove asphal tenes. Reduction of at |east a
portion of the conponents that contribute to viscosity, at |east a portion
of the conmponents 5 that contribute to residue and/ or asphaltenes prior to
t he deasphal ti ng sprocessnrayrabitnbhate cotre vilesdtif mrdrgsoplrentewxt racti on,
reduce the anountscafiat eguicked ysolvante: andhocanhance. t hevedd bei ency of the

deasphal Ui ng proGes s, figl. GXAMRLE, (3. 5YSHEM Lolokr&atdng ., hydrocarbon feed
havi ng, per 10 gran1o¥ rbon fee at least 0.01 granms of asphaltenes

am_ drocar ! ced L lea .01,
and/or 0.1 grans”BIKF%§F§ﬂémaﬁHhamV1é%ég?PﬁmbPaﬁf”Pééff-10 cSt at 37.8 'C
may include onkt ceraepre wodtantichy igydreensraesem bed Meseirna Posi ti oned
upstream of an deasphal tingsdanyd:. The contacting system may include one or

15 nore catal ysts desgribhgdsdhersin.«capapl e.0f «pmodueingsa.chude product
having a C5 asphal tenes, ¢ nt ent of L, Most 0% of _ t.he g¥grqqarbon feed C5

asphal t enes cont ént’ & r&si die”¢ont ent” oF "8t nbst g% 6f 't he *hydr ocar bon
feed residue cont@itlirg irdedsrt y whigd 1H81c5br oYt H1é Hdr ocar bon
viscosity or 20 cenmbifiats onsriher eokin The acrardeivpredust @ndder a m xture of
the crude product,and faydrecarbon: figad By &ntekthe,/deasphal ting unit.

Since the crude product aqp/or mxture of the pruqq grgguqt %nd t he
@ssures,  This desireq Lopol avy, ail “he CArT .
hydr ocar bon feedB(§§m35IoméF°é§ﬁﬁh toﬁb?m?g?iaugwaﬁﬁ/’r V|5365|ty t han the

original 25 hydr 68%r Bori°Téed 't RerFrocéssieny tef it cicdnéy) St t he deasphal ting
unit may be increaseds by tdhe weawbt 5% ctatidueasted®%e gite heast 20% or at
| east 50% of tihenowahgiinad oefdhi caeMG¥:, EXamples: sphoal dathi icngrexanpl es of
catal yst preparat]ons.apd 30 methods af L{:?]!m g é%‘&fbe&%@}o%ﬁ/ sts under
controlled contacting conditions are set ortﬁ bel ow, anple 1.
Preparation of a”CBPRATA®SS¢ FoFAVEt al {is PLCAt ! FyBEratures and OV st sol ution
was prepared by eoisbinisngoMekinelé 7 89n@6agraney , atplrospHéPi’€ @i d (73. 66
granms, 85.9 Ml %yesandsdei oni ged waber of 2408, 9r ass)sei@céorma slurry. The
slurr y was he§ﬂt e@oéo?oé?/zcaq;a Wlstll lLayd(!\l%%Qlaugn.ioggssotzo tblgexug Ov!j.itgért

recharging or changing the catalyst, thus cost of processing

the hydrocarbon feed may be econcmically advantageous,

in some embodiments, catalysts may be characterized by
pore structure. Various pore structure parameters include,
25 but are not limited to, pore diemeter, pore volume, surface

areas, ¢or combinations thereof, The catalyst may have a

distribution of total guantity of pore sizes versus pore

digmeters. The median pore diameter of the pore size

distribution may be in a range from 105 A to 150 A, 110 A to

30 1304, ox 110 A vo 120 A, In some embodiments, the catalyst
has a pore size distribution with a median pore diameter in a
range from L05 A to 150 A, 110 A to 1304, or 110 A vo 120 4,

with at least 60% of a totail number of pores in the pore size
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5To the slurry, N (01)2.(210.32 grans) was added at a rate to control any
observed exotherm and then heated to 96 C until dissolution of the solids.
To the heated m xture was added citric acid nonohydrate (5 Ml I, 200. 46
grans) at a rate sufficient to control any observed exotherm After 10
addition of the citric acid the solution was heated to 100 C until, the
nol ybdenunt ni ckel / phosphorus solution was |I: ransparent, and then reduced
t he vol une of the nol ybdenunt ni ckel / phosphorus solution to 1249. 80 grans.
To a muller, a support (4016.09 grans) that contained 15 0.02 grans of
silica and 0.98 grans al um na per gram of support was added. Wth the

mul | er runni ng, the nol ybdenum ni ckel / phosphorus sol ution (1249. 80 grans)
was added to the support and the resulting m xture was nulled for 25

mi nut es. Dei oni z&d*WVaPEEoN 1L HranE)"Has aded®t bt 26" A

mol ybdenunt ni ckelok ptios pliarhasyesupport diaxttgre and the resulting mixture was
mul 'ed 15 m nutes. AddisthoBaloatdehon gad wWates of 10%:60:.,0a85) was added to

the mxture and the..resulbiNg,mxture was,Jull ed ,20..m nutes, The mul | ed
nmol ybdenuni ni ckel / phosphor us/ support m xture had a pH of 5.?)5 25 and a | oss

on ignition of’ . BBE rfg?&@bi&f‘éi"e Paf Bt VETRE R ePore® Y R T ed mi xture was
ext ruded using 1933 wm/tricl Hlse widss &6 ddfntd 038 wpi/Bolye exteudat e particl es.
The extrudate parbticches‘ayere dried at 125 '0 for several hours and then
calcined at 676.7 C 6‘1;1:25(91?_*) \r'JJ.Qiﬁe t)Mhpguaﬁ_'yssi:rhgcﬁa@&s:aL)a/ﬁ-}rﬁ1ha39r:gc9nt ai ned 0. 133
grams of nolybdenum  0.032 l%r,rarrs_rﬁfﬁ ni ckel, @r]ddo. 005, grans of phosphorus
with the bal ance®d&i R SUpport s Thé ¥4t alyst “RAd 5 pbre 57287 8i st ri buti on
with a nedi an'pofErdianetereofrar1P8%vi t 6o of™PH@er St al"nunber of pores
in the pore sizeadilgitr hbutiremhaviongita poe eothir@net esrewi ki 59 A of 5 the

nedi an pore di amgL.er wiMetlt & 2PALS YO WIMRLOfos0.HY GChOmes Sarface area of
277 n2/g. The por tdzle§tﬁl’l bution neasured using mercury porosinetry at

e Slze
a contact angle of a%d‘ﬁjgl s shown in TABLE 1. TABLE 1
In some embodiments, the catalyst may have a pore size
15  distribution with a median pore diameter in a range from
about 105 A to 150 A, with at leaslt 60% ol the total nunber
of pores in the pore size distribution having a pore diameter
within 6¢ A of the median pore diameter, with at least 50% of
its pore volume in pores having a pore dlameter of at most
20 600 A, and between 5% and 25% of its pore volume in pores
having a pore giameter between 1000 A and 5000 A,

In some embodiments the catalyst has at most 10%, at
most 5% or at most 4% of its pore volume in pores of at least
5000 A.

25 Such a catalyst may have a surface areas of at least 200
m*/¢.  Such surface area may be in a range from 250 n’ /g to
500 mi/qg, or 260 mf/g to 400 wm'/g.

Catalysts having specific surface topology, larye

surface areas and pore distributions described above may

W exhibit enhanced run times in commercial applications at low
pressures and elevated temperatures. For example, the
catalyst does not deact:ive after at least 1 year of run time.

The enhanced run times may be attributed to the high surface
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Pore Di aneter % Pore in A volune <70 6.21
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20

25
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area of the catalysi and/or the narrow distribution of pore
diameter in the pore volume of the catalyst. Thus, the
metals of the catalyst remain exposed for longer perioeds of
time, thus plugging of the pores of the catalyst is minimal.
The high surface area and selected distribution of pores in
the pore volume of the catalyst allows processing of high
viscosity and/or high residue crudes that would not be able
to be processed with conventional catalysts having the same
pore distribution, bul smaller surface area. Calcining a
comulled catalyst at temperatures ranging from 315 °C te 760
°C may facilitate formation of pores having similar pore
diametexs and narrow pore distributions with large surface
areas.

In certain embodiments, the catalyst exists in shaped
forms, for example, pellets, cylinders, and/or extrudates.
In some embodiments, the catalyslt and/or the catalyst
precursor is sulfided to form metal sulfides (prior to use)
using techniques known in the art (for example, ACTICAT™
process, CRI International, Inc.). In some embodiments, the
catalyst mav be dried then sulfided. 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 eliher gaseous
hydrogen sulfide in the presence of hydrogen, or liguid-phase
sulfurizing agents such as organosulfur compounds {including
alkylsulfides, polysulfides, thiols, and sulfoxides). Ex-
gitu suvlfurization processes are described in U.5. Patent
Hos. 5,468,372 to Seamans et al., and 5,688,736 to Seamans et
al., all of which are incorporated herein by reference.

In certain embodiments, the catalyst is obtainable by
co-malling Column 6~10 metal (s} with a support. Co-mulling
the Column 6 metal{s} with the support may form a mixture oy

a substantially homogeneous mixture. In some embodiments,
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100-130 25.35 1. 30-150 6. 34 150- 180

the mixture may be extruded and/or dried. The mixture may be
calcined at a temperature of between 315 °C and 700 °C to
progduce the catalyst.

The support may include alumina, silica, alumina-silica,
titanivm oxide, zirconium oxide, magnesium oxide, or mixtures
thereof.

The catalyst may have from 9.001 grams to 0.3 grams,
0.005 grams to .2 grams, or 0.01 grams to 0.1 grams of
Column 6-10 metal (s} per gram of catalyst. In some
embodinents, the catalyst may include at least 0.1 grams of
Column 6 metal(s) per gram of catalyst. In some ewmbodiments,
the catalyst may include at least 0.05 grams to 0.2 grams of
Column § wetal (s} per gram of catalyst. In some embodiments,
the catalyst may include from 0.001 grams to 0.1 grams, 0.005
to 0.05 grams, or from 0.0% grams to 0.03 grams of Column 10
netal (s} per gram of catalyst. Tn certain embodiments, the
catalyst may include from 0.901 grams to 0.1 grams, ¢.C05 to
0.05 grams, or from 0.0l grams to 0.03 grams of Column 9
metal (s) per gram of catalyst.

Such comulling of metal and support, followed by
calcination, may produce a bimodal catalyst having a pore
gize 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
at least 60 A of the median pore diameter, with at least 50%
of its pore volume in pores having a pore diameter of at most
600 A, and between 5% and 25% of its pore volume in pores
naving a pore diameter between L0600 A and 5000 A. In some
embodiments, the catalyst may have a median pore diameter
from 310 A and 130 A.

In some embodiments, the catalyst may have a median pore
diameter of at most 120 A, with at least 60% of a total

mmber of pores in the pore size distribution having a pore

10



4.73 180- 200 1. 86 200-240 2.41 240-600 7.15
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diameter within 60 A, with at least 50% of its pore volume in
pores having a pere diameter from 105 A to 150 A, between 5%
and 25% of its porg veolume in pores having a pore diameter
between 1000 A and 5000 A.

The catalyst may have a surface area of from 250 m*/g to
apbout 300 Hf/g and a pore volume about 0.7 cefg.

This catalyst may reduce at least a portion of the
components that contribute to higher viscosities, a portion
of the components that contribute to residue, and/oxr a
portion of the cxygen-containing compounds. Treatment of the
hydrocarbon feed with a bimodal Celumns 6-~10 metal catalyst
with a selected pore distribution may be economical
advantagecus since it allows production of a product with
reduced viscosity with low hydrogen consumption.

The catalyst of the application may produce a crude
product with a lower viscosilty as compared Lo the hydrocarbon
feed with low hydrogen consumpticn. In some embodiments, at
contacting conditions at a total pressure of 3.5 MPa,
hydrogen consumption may be at most 60 Nm'/m*, at most 50
Nee*/m®, or at most 30 Nm®/n®.  In some embodiments, at
contacting conditions al a total pressurxe of 3.5 MPa,
hydrogen censumption may be from 1 K/m® o 60 Bmd/wm®, from i
Nef/n? to 50 mNe'/mY, or from 5 NmY/mt te 30 Nm/mt.

Using the catalyst{s) of this application and
controlling operating conditions may allow a c¢rude product o
bhe produced that has selected properties changed relative to
the hydrocarben feed while other properties of the
hydrocarbon feed are not significantly changed. The
resulting crude product may have enhanced properties relative
to the hvdrocarkbon feed 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

11
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for the feed. For example, API gravity, al least a porltion
of the C; asphaltenes, at least a portion of metals in metal
salts of organic acids, at least a portion of the iron, at
least a portion of the nickel, and/or at least a portion of
the vanadium or molybdenum in the hydrocarbon feed can be
reduced before at least a portion of hetercatoms in the feed
are reduced,

Avrangement and/for selection of the catalysts may, in
some embodiments, improve lives of the catalysts and/or the
stability of the hydrocarbon feed/total product mixture.
Improvement of a catalyst life and/or stability of the
hydrocarbon feed/total product mixiture during processing may
allow a contacting system to operate for at least 3 months,
at least © months, or at least 1 year withoul replacement of
the catalyst in the contacting zone.

Combinations of selected catalysts may allow reduction
in at least a portion of the compenents that contribute to
viscosity, at least a portion cf the components that
contribute to residue, at least a portion of the components
that contribute to TAN, or combinations thereof, from the
hydrocarbon feed bafore 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
1.5). Alternatively, C, asphaltenes, and/or API gravity may
be ingrementally reduced by contact of the hydrocarbon feed
with selected catalysts. The ability to incrementally and/or
selectively change properties of the hydrocarbon feed wmay
allow the stability of the hvdrocarbon feed/total product
mixture to be maintained during processing.

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

positioning of the ¢atalyst may allow removal of high

A2



>5000 3. 17 Thi s exanp. e denonstrates a catalyst that includes a W
support,and onor nore netals from Colums 6-10 of the Peri odi c Tabl e
and/ or one or nore conpounds of one or nore nmetals from Col unms 6-10 of the
Periodi c Table. The catal yst has a surface area of at |east 250 nR/g, a
medi an pore dianeter ranging from 105 A to 150 A with at | east 60% 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 having a pore dianmeter or at nost 600 A,
and between b% and

molecular weight contaminants, and/or metals in netal salts
of organic acids, while maintaining the stability of the
hydrocarbon fesd/total product mixture.

The catalyst allows, in some embodiments, fox removal of

5 at least a portion of oxyvgen-containing compounds, removal of
components that contribute o a decrease in the life of other
catalysts in the system, or combinaticns thereof, from the
hydrocarbon feed. TFor example, reducing at least a portion
of C, asphaltenes in the hydrocarbon feed/total product

19 mixture relative to the hydrocarbon feed inhibits plugging of
other catalysts positioned downstream, and thus, increases
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 one or more

13 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 (0 reduce selected properties of the feed.
For example, a demetallization catalyst may be positioned

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 desulfurization catalyst may be positioned
downstream of the catalyst to reduce the sulfur-contsining
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
zoneg tends to minimize hydrogen usage during contacting.
Combinations of catalysit{s) that facility generation of
hydrogen during contacting, and catalysts that uptake a

3 relatively low amcunt of hydrogen during contacting, may be
used to change selected properties of a crude product
relative o the same properties of the hydrocarbon feed. The

order and/or nunber of catalyst (s} may be selected to
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25% of its pore volune in pores having a pore di aneter between 1000 A and
5000 A. Exanple 2. Contact of a Illydrocarbon Feed wth a Colum 6 Metal
(s) Catalyst. A tubular reactor with a centrally 5 positioned thernowel |
was equi pped with thernocouples to neasure tenperatures throughout a

catal yst bed. The catal yst bed was forned by filling the space between the
thernmowel | and an inner wall of the reactor with catal ysts and silicon
carbide (20-grid, Stanford Materials; Aliso Viejo, CA). Such msilicon
carbide is believed to have low, if any, catalytic properties under the
process conditions described herein. The catal yst was bl ended with an equal
vol ume anount of silicon carbide before placing the mxture into the
contacting zone of the reactor ISThe hydrocarbon feed flow to the reactor
was fromthe top"o OF "t ife" Te BB 81"t § e " Hof B G e eact or . Silicon

car bi de was posi tyBaed at fedfdt ot topdof Fthellipactoritd sarve as a bottom
support. A Col umydGoget altacataloystreprpaieebnas Weserided in 20 Exanple 1

was nixed with saldgmaee (\c@ar;tmn{jeh(ﬂt %tﬂc@lﬂpfOSQO&%AUWSich%h}Ianed in the
contacting zone. oned on top of the top

cont acti ng zone £s ”qumdg%’d?%edako PaA ‘éi“f"é“'g"’élr‘“eu"éé ‘B B e%@at zone. The
catal yst bed was*t@acéye |pﬁ?¥29fa“|ilcﬁdb‘é’r v orarhee FoB. tate thadluded four
heati ng zones cosrespoadi/ng the vihe:preheat: zone, pidestcontkactdsng zone, and

the bottom suppobds. or the 2aFNE Ak AlYSl . WaS SUkfdidedby,.i ntroduci ng a gaseous
m xture of 5 volg‘1 Jnydr. Q&en sul fide and 95 volt hydrogen gas into the

contacting zones St a'rate of 1.5 liter of gaseous 30 m xture per vol une
(nil) of total’ catal{fSt'(8t I''cbh WAFBFUeTWdS Piot coUtTeEtr™as patt of the

vol une of cat al ysty) profeqyperatbenr esvdoft the contaetiing momes were increased to
204 C (400 F) overss dirhoih and: J}ehdual b(21Q.4n<§pf)Qﬂ & SR8 onAf L € hol di ng at

204 C, the cont aa%»&grg&n@é\dwerp@e 06,8350 ¢ DEF EIRALALLY., {0,316 CL (600 P)
at arate of 10 our e contacting zones were mai nt ai ned at

316 C for an hout otor?éh %We%ﬁ?léw)?]}‘a’i“‘é‘éd“’ﬁ%“%“?@“ "CONETOD OF) over 1 5
hour and hel d*attB78-oCid 8¢ rid-hhduriscaFwe ent acting zones were allowed to
cool to anbient tenperatur&bedinentsAfdaesiystlskigaténrob: the:.cat al ysts, the

tenperature of the gant agtlomgmée{b%swmsc}?wﬁ@&i bR ippper ature of 410 C. A

hydr ocar bon feed §1Peace Ri ver) havin roperties |isted
ditions (for efample, te porature and/01 hydrocarben 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 hydrocarpbon feed. Stability of the
hydrocarbon feed/toral product mizxture may be affected by

25  wvarious phases separating from the hydrocarbon feed/total
product mixture. Phase separation may be caused by, for
exanple, insolubility of the hydrocarbon feed and/oxr ¢rude
product in the hydrocarbon feed/total product mixture,
flocculation of asphaltenes from the hydrocarbon feed/total

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

theresof.
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Win Table 2. The hydrocarbon feed fl owed 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 N TOW (2000 SCPB) and | M5V was about 0.5
11-1. The two contacting zones were heated to 400 00 and nai ntai ned between
400 00 and 420 00 at a pressure of 3.5 HPa (500 psig) for 3436 hours as the
hydr ocarbon feed flowed t hrough the reactor. 20As shown in Table 2, the
crude product had a viscosity of 58 ¢St at 37.8 C Thi s exanpl e
denonstrates that contact of a hydrocarbon feed wth a catal yst that

i ncludes one or nore netals from Colums 6 of the Periodic Table and/ or one
or nore conpounds 25Mof®dAe StMGofE et §OT PO ESFs B°of the Periodic
Tabl e havi ng a pesweesirzeicdi €t hydyotdrdom Wadharg/ereditan pofetdianeter in the
range from 105 t aydkethBen Wbddicdbk) l@adicr 30% w0t dab Scrpaye wel 4 in pores
having a pore di AIRLSY: 2 Ofcn8l; msmm,,@zammq h%tw&al@o@ and 20%of its

pore vol une |n paores havi n%%]a por e di anet er between 1000 A and 5000 A; at

a pressure of 3. BQWL5+ FETULES ‘“é"‘d‘rrﬁcféd’bcﬁgodﬁ'&twhﬁ%i“ﬁdOﬁ i S¥osity content
of at nost 50% ofrdtydredatbonieedvyviistiosireypoatnt3PF8"€. This exanpl e al so
denonstr at es t hatyaodydsiocasubani/feeduyhamitag rathevt@aosicbyucofinat | east 1000

cSt at 37.8 C may,Jg, £onLAGH @m@tmapwlmﬁwmﬁowmoug &ngl ng the
catal yst and/or producing gn unstab ro or exanpl e, the P-val ue
duri ng contacting " was€™ %2 A hyﬁrﬁ(@?lif’” ?“ ) y (Om‘”t’)‘ywm‘mg“ﬁf’ was' 5 produced.
Exanpl e 3. Cofft agt® b‘f“‘éJW’éerB%éW%ﬁd‘fbéédGW tﬂh &e Csbimire oMet al  (s)

Cat al yst. The hygheoeanbon feedipecdbaloysine gont@ctirngeccondidd ons, and

sul fidation wer e(ffoheex%m a@@@m evzsteyes:(eyptmhat Isb@;apz;ﬁssqre during

operation (1389 tiqu(,,. b(,(%}n*.l\qa or S?ll‘lﬂl)lildl,é?ﬁ‘: U&x@c&?) q\{vn ancn(,]rxt'TH 1} the crude

product had a vi scosi ty o data from
Exanpl es 2 and BVGtﬂ‘érfﬁ’né‘tcP%‘t 885% ﬁ‘é?t“bb‘bﬁ'ﬁéé?|’W@r%f‘rbﬁ°ﬁe‘eﬁ9’cﬁ°b‘t‘ar bon feed at a
pressure of 3155 Meauandizat:d enpesatumesarbet, welenhkB0cErandedbs420 00

produces a crudet r@r&ductprmlkh naph%medo\m@a@ssrwmr eel4Gt QR MLEh | ess
Q%Idmgﬁgr Cgnggﬁﬁ '6851. ‘é":‘?c) her Se&)‘{%u% 919”894 &g, L qot ?oecsuc_f{ l{get[i'g{,\g?ug: eggh?'eged
provi des an econdifi ¥eaRrafftedge=as pF‘@é@‘ H‘flﬁ‘r%ge{ﬁr’i”é‘qr‘é’adi’r B¥°t o operate

phases. Formation of two phases, through flocculation of

M asphaltenes, change in concentration of hydrocarbon feed and
total product, and/oxr precipitation of components, tends to
reduce the life of one or more cf 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 value of
the hydrocarbon fead/total produch mixture may e monitored
and the stability of the process, hydrocarbon feed, and/or

30 hydrocarbon feed/total product mizture may be assessed,
Typically, a P-value that is at most 1.0 indicates that
flogeulation of asphaltenes from the hydrocarbon feed

generally oceurs. If the P-~value is Initially at least 1.0,
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20 the contacting system Conparative Exanple. The hydrocarbon feed,
contacting conditions, and sulfidation were the sane as Exanple 2. A
comer ci al bi nodal nol ybdenum ni ckel catalyst (EM 5030, Criterion Catal ysts
& Technol ogi es, Houston, TX, 21 25 cnB) used for upgradi ng reside was
prepared m xed with silic)ne carbide (30 cm3 for a total catalyst/sl' one
carbide m xture of 54 cnB) was positioned in the contacting zone_ The run
was term nated at 1872 hourh due to a rapid increase in pressure change
(inlet pressure of greater than 30 13 MPa (about 1872 psig). Rapid increase
in pressure was attributed to the catal yst being plugged fromhigh |evels
of sedinment and/or precipitation of sone of the product. due to the P-val ue
being I ess than 1. In conparing Exanples 2 and 3 with the
conpar ati ve Exanple SU$h@ erifdérpradact'si haee te7ev | drbiraftiéd® for all the
Exanpl es. The comtaettihynmehdrorhiExanptaess 2handnd hagecsibgnitkecant |y | onger
than the contact r£idiBeh@rschifi@c ue APALIRLLNM By EXRPLRrpMSrMELLal t MY be
concl uded that the.gontact, ot bhe hydrocarbon feed yilh, hydrogen in the
presence of the binodal catalyst pﬁépare "as ‘descri bed i anple 1 may be
done at IOM/pr%s§ﬂFé§“§ﬁ&WH?@ﬁmﬁéﬁﬁe?ﬁfﬁﬁéggF@F“FHW@EPYﬁ?F?ﬁﬂgnof ti me than
the conparative ehatcataigttsatbvt helesaive Mpeemperratairestand: pressures. TABLE 2
Property Feed Crude:Rresucthdexanpl®ch Z2eBroliing of contacting
conditions may include controlling LUSV, temperature,
pressure, hydrogen uptake, hydrocarbon feed fliow, or
it 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. & rapid
in¢rease in inlet pressure may indicate that flow through the
20 cataelyst is dnhibited. 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, hydrocarbon feed having viscosities that
inhibit the hydreocarbon feed from being transported and/ox
pumped are contacted 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 {luid. At elevated
3 hydrogen pressures coke formation is inhibited, thus the
properties of the hydrocarbon feed may be changed with
minimal coke production. Since reduction of viscosity,

residue and C./C, asphaltenes iz not dependent on hydrogen
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Conparative Contact Tinme,hours 3436 3.5 MPa 3436 7 MPa 1872 3.5 MPa
Pressure, MPa APl Gravity 7.9 14.9 16.3 15.8

pressure reduction of these properties may not cccur unless
the contacting temperature is at least 300 °C. JFor some
hydzocarbon feeds, temperatures of at least 350 °C may be
required to reduce desired properties of the hydrocarbon feed

5  to produce a product that meets the desired specifications.
At increased temperatures coke formation may occur, even at
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

1w form, causing the product mixture to become unstable. Since,
elevated hydrogen pressures require large amounts of
hydrogen, a process capable of redocing properties that are
independent of pressure at nminimal temperatures is desirable.

Centact of a hydrocarbon feed having a wviscosity of at

15 least 10 oSt at 27.8 °C (for example, at least 100 ¢St, at
least 1000 ¢8t, or at least 2000 ¢50) in & conltrolled
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 C./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 keplt 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., I the temperature decraases below 370 °C,
minimal changes to the hydrocarbon feed properties occurs,

30 In some embodiments, contacting temperatures are
controlled such that Cs 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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Density at 15.56C(60 'F),g/cnB8 1.0149 0.9633 0.9573 0.9608 Hydrogen,w %
10. 109 10.645 11.015 10.617 Carbon, wt % 81. 987 84.25 84.6 84.617 Sul fur, w %

6.687 0.62

hydrogen uptake and/ox higher contacting temperatures may
result in formation of twoe phages that may redoce the
stability of the hydrocarbon feed/total product mixture
and/or life of one or more of the catalysts. Control of

5 contacting temperatuvre and hydrogen uptake in combination
with the catalysts described herein allows the Cs asphaltenes
to bhe reduced while the MCR content of the hydrocarbon feed
only changes by a relatively small amount.

In some embodiments, contacting conditions are

160 controlled 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

15 most 5 MPa or at most 3.5 MPa allows an increase in LBSV (for
example an increase to abt least 0.5 h™, at least 1L 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 mest 5 MPa or at most 3.5 MPa. Operating at lower partial

20 pressures of hydrogen or lower botal pressure decreases the
coslt of the operation and allows contacting to be performed
where limited amounts of hydrogen are available. In some
empodiments, the total pressure is the same as the ftotal
partial pressure of hydrogen being fed to the contacting

25 zone.

The crude product produced by contacting a hydrocarbon
feed with one or mere catalysts described herein may be
unseful in a wide range of applicaitions including, but not
Limited to, use a feed to refineries, feed for producing

W transportation fuel, a diluenit, or an enhancing agent fox
underground 0il recovery processes. For example, hydrocarbon
feeds having an ARI gravity of at most 10 (for exsmple,

bitumen and/or heavy oil/tar sands crude) may be converted
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4.473 0.27 3.701 0.315 3.782 Oxygen, w % Ni trogen, wt % 0. 366 0. 362
0. 369 0.385 Nickel,wtppm 70 60 0.2

into various hydrocarbon streams through a series of

progesgsing steps using cracking vnits (for example, an

ebullating bed cracking unit, a £luid catalytic cracking

unit, thermal cracking unit, or otherx units known to converi
5  hydrocarbon feed to lighter components).

Reduction ¢f 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 berein to change properties of a
hydrocarbon feed may De positioned upstream of ons ox more
cracking units. Treatment of the hydrocarbon feed in one or
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 ieast a factor of
10, or at least a factor of 100. For example, a system for
treating a hydrocarbon feed having a viscosity of at least
100 ¢St at 37.8 °C and/or 0.1 grams of residuc per gram of
hydrocarbon feed may include one or more contacting systoems

20 described herein positioned upstream of a cracking unit. The
contacting system may inciude one 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 nmost 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 orxiginal
hydrocarbon feed, the processing rate through the cracking

3 unit may be improved.

In some embodiments, hydrocarbon feeds having at least
0.0L grams of C, asphaltenes may be deasphalted prior to

hydroprocessing treatmenl in a refinery oOperation.
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39 0.2 56 0.2 Iron, ppm2.4 Vanadi um wt ppm 205 180 90 152 2.1 0.2
Cal cium w ppm Copper, Wwppm6.7 0.9

Deasphalting processes may involve solvent extraction and/ox
contacting the crude with a catalyst to remove asphaltenes.
Reduction of at least a portion of the components that
contribute to viscosily, 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 selvent, and/or
enhance the efficiency of the deasphallting process. Fox
¢xample, a system for treating a hydrocarbon feed having, per

10 gram of hydrocarbon feed, at least 0.0l grams of Cy
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. 7The contacting system may include 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 €, asphaltenes content, a residue content of
at most 90% of the hydrocarbon feed residue content, &
viscosity of at most 50% of the hydreocarbon viscosity or

20 combinations 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 efficilency.

Non-limiting examples of catalyst preparations and

3 methods of weing such catalysts under controlled contacting

conditions are set forth below.

Bxample 1. Prepaxation of a Columns 6-10 Metal (s) Catalvst.
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Chromum wppm0.3 0.2 0.2 0.2 Silicon, wtppm 1.2 0.3

4 0.40.30.2
10.30.20.30.4 Vagnesium w ppmO. 8

1.
0.

A first solution was prepared by combining MoO, (789.96
grams), phosphoric acid {73.66 grams, 85.9 Mol%}, and
deilonized water (2400 grams) to form & slurry. The slurxy
was heated to B2 °C until dissolution of the solids.

b To the slurry, Ni(OH),- (210.32 grams) was added al a
rate to control any cbserved exotherm, and then heated to 96
°C ountil dissolution of the solids. Po the heated mixture
was added citric acid wmonohydrate (5 Mol%, 200.46 grams) at a
rate sufficient to control any observed exotherm. After

0 addition of the citric acid the solution was heated te 100 °C
until Che molybdenum/nickel/phogphorus solulion was
transparent, and then reduced the volume of the
molybdenum/nickel/phosphorus szolution to 1249.80 grams.

To a muller, a support (1076.08 grams) that contained

15 0.02 grams of silica and 0.98 grams alumina per gram of
suppoert 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.%0 grams) was added to the

20 molybdenum/nickel/phosphorus/support mixture and the
resulting mixture 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 uvsing 1.3 mw 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

30 contained 0.133 grams of molyvbhdenum, 0.032 grams of nickel
and 0.005 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



Zinc, wwppm6.0 0.9 0.3 0.7 1.7 Ml ybdenum wppm6.6 0.4 9.0 0.8 9.6
M cr o- Car bon Resi due, wt% 12,5 10.3

pore size distribution having a pore diameter within 59 A of
the median pere diameter, a total pore volume of 0.69 ccfg, a
suxrface area of 277 mz/g. The pore size distribution measured
using mercury porosimeltry at a contact angle of 140 is shown

5 in TABLE 1,

TABLE 1

Pore Diametexnr % Pore

in A Volume

<70 6.24
10-100 26.413
100~130 25.35
130-1%0 6.34
150-180 4.73
180-200 1.86
200-240 2,41
240-6C0 7.15
600-1000 2.6
1000-3000 7.2
3000-5600 6.7
>5000 3.17

This example demonstrates a catalyst thati includes a

16 support, and one or nore metals from Columns 6-10 of the
Periodic Table and/or one cor more conmpounds of one or mnoye
metals from Columns 6~10 of the Periocdic Table. The catalyst
has a surface area of at least 250 m’/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 distribuition having a
pore diameter within at least 60 A of the median pore
diameter, with at least 50% of its pore velume in pores

having a pore diameter of at most 600 A, and between 5% and



Ch Asphaltenes,wt% 16.2 7.5 6.0 8.0 C7 Asphaltenes,w% 10.9 -.2 5.8 3.9 5.9
5.1 5.1 Naphtha, W%

25% of its pore volume in pores having a pore diameter
between 1000 A and 5000 A.
Example 2. Contact ¢f a Bydrocarbon Feed with a Column 6

Metal (s} Catalyst. A tubular reactor with a centrally

5 positioned thermowell was equipped with thermocouples Lo
measure temperatures throughout a catalyst bed. The catalyst
bed was formed by filling the space between the thermowell
and an inner wall of the reactor with catalysits and silicon
carbide (Z20-grid, Stanford Materials; Aliso Viejo, CA}). Such

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

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

15 The hydrocarbon feed {low to the reactor was from the
top of the reactor to the bottom of the reactor, Silicon
carbide was positionad at the bottom of the reactor Lo serve
as a bottom support.

A Column 6 metal catalyst prepared as described in

W Fxample 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 into 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 a gaseous
mixture of 5 vol% hydrogen sulfide and 95 val% hydrogen gas
into the contacting zones at a rate of 1.% liter of gaseous

30 nixture 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



Distillatewt% 15.0 29.5 29.4 30.7 V&, Wm%37.5 39.6 10.2 39.8
Resi due, wt%7.4 25.1 1.2 24.5 1.2 24.4 <1.0 P-Val uel2.6

20

25

holging at 204 °C, the contacting zones were increased
incrementally to 316 °C (600 °I) at a rate of 10 °C (50 °F)
per hour, The ¢ontacting zones were maintained at 316 °C for
an hour, then incrementally vaised to 370 *C {700 °F) over 1
hour and held at 370 *C for two hours. The contacting zones
were allowed to ¢cool Lo 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
in Table 2. The hydrocarbon feed flowed through the preheat
zone, ftop contacting zone, bottom contacting zone, and bottom
suppoxt 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
rto fead was 318 Bm®/m® (2000 SCFB) and LHSV was about 0.5 h''.
The two contaclting zones were heated to 400 °C and maintained
between 400 °C and 420 °C at a pressure of 3.5 MPa (300 psig)
for 3436 hours as the hydrocarbon feed flowed through the
reactor,

As shown in Table 2, the crude product had a viscosity
of 58 o8t at 37.8 °C

This example demonstrates that contact of a hydrocarbon
feed with a catalyst that includes one or more metals from
Columns & of the Periodic Table and/or one or more compounds
of one or more metals from Columns ¢ of the Periodic Table
having a pore size distribution with a median pore diameter
in the range from 105 to 150 A, with at least 50% of its pore
volume in pores having a pore diameter of at mest 130 A, and
between 10% and 20% of its pore volume in pores having a pore
diameter between 1000 A and 5000 A; at a pressure of 3.3 MPa
produces a crude product having a viscosity content of at
most 50% of hydrocarbon feed wviscosity at 37.8 °C. This

exanple also demonstrates thalt a hydrocarbon feed having a



_Property_ Feed 2 Crude Product 3 Conparative Exanple Vi scosity at
37.8C (100E), cSt 8357 58 65

viscosity of at least 1000 ¢St at 37.8 °C may be contacted at
low pressures without plugging the catalyst and/or producing
an unstablie product. For example, the P-value during
contacting was 1.2 and 0.007% of sediment by weight was

5 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

10 hours) was about 7 MPa, As shown in Table 2, the crude
product had a viscosity of 65 ¢St at 37.8 °C.

Comparison of the data from Bxamples Z and 3
demonstrates that contacting of the hydrocarbon feed at a
pressure of 3.% MPa and at temperatures between 400 °C and

15 420 °C produces a crude product with enhanced viscosity
reduction with less hydrogen consumption was observed as
compared to the crude product obtained at higher pressure and
the same temperature. Uperating at lower pressures provides
an economic advantage as less hydrogen is required to operate

20 the contacting system.

Comparative Example. The hydrocarbon feed, contacting

conditions, and sulfidation were the same as Exanmple Z.
A commercial bimodal molybdenum/nickel catalyst (RM
5030, Critericn Catalysts & Technologies, Houston, TX, 24
25 en®) used for upgrading reside was prepared mixed with
silicone carbide (30 om® for a total catalyst/silicone
carbide mixture of 54 cm®) was positiocned in the contacting
zone. The run was terminated at 1872 hours due to a rapid
increase in pressure change (inlel pressure of greater than
36 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 I-value being less than 1.

L
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51.4 Hydrogen Consunption, Nnm8/nB8 55.17 104.5 * Sedinent, w% 0.007 0.008
plugged *Not Determined What is clainmed is 1. A nmethod of producing a
crude product, conprising: contacting a hydrocarbon feed with a catalyst to
produce a total product that includes the crude product, wherein the

catal yst conprises a netal fromCol. 6-10 of the Periodic Table, or a
conpound thereof, or a mxture of the netal and a conpound thereof; wherein
the catal yst has a nedian pore dianmeter ranging from 105A to 150A with at

| east 60% of the total nunber of pores in the pore size distribution having
a pore dianeter within at | east 60A of the nedian pore dianeter, with at

| east 50% of its pore volunme in pores having a pore dianmeter of at npst
600A, and between 5% and 25% of its pore vol une in pores having a pore

di aneter bet ween 1006” A°H{d SOBTAY Sther&f i ot et i &HBi"éF §°and pore vol unes
are as neasured byaRSTM:Method 42845 haRe sTheanmekehod Of €llatm 1, wherein
the crude productixhids.| QUi chabdokt te @b Rafpreandatk 10keMPa. 3. The net hod

of claim1, vvherel ~pydracar , Leed.. osity of at least 100
cSt at 37.8C. and (%Lhtéh%r{}yeggﬁgj ng Fkg g f}g} Ejém%)%t E)IFe at 25C. and 0.101

MPa, and the nbt KEWHFUrt her@®ofpr f$&8 toht £ g CBRTaEt nlcondi ti ons
such that the cruydespr oduce HydsocarvdnsEwgiviyh Avd3peBEr of arsimsst 90% of the
viscosity of theohydeocashon:deedt gtre@fe8Cs, dowbhened An ix8QOsity IS as

determ ned by AS—E]M/ Mgt&Qg ap414> ﬁ'pressures; and high temperatures for longer
periods of time than the comparative catalyst at the sanme

He tenperatures and pressures,

TARLE 2
Property Fead Crude Product
Example 2 3 Comparative
Contact Time, hours 3436 3436 1872
Pressure, MPa 3.5 MPa T MPa 3.5 MPa
API Gravity 7.9 14.9 16.3 15.8
Pensity at 15.56 °C (601 1.0149 0.9633 0.9573 0.9608
°Fy, g/cm’
Hydrogen, wth 10.109 | 10,645 11.015 10.617
Carbon, wi$ §1.987 84.25 84,6 84.617
Sulfur, wi% 6.687 4.473 3.701 3.782
Oxygen, wt¥ 0.62 0.27 0.315 *
Nitrogen, wth% 0.366 0.362 .369 0.38%
Nickel, wippm 70 60 39 56
Tron, ppmn 2.4 0.2 3.2 0.2
Vanadium, whpp 205 4 1890 %0 k52
Calcium, wippn 6.7 1.4 0.3 2.0
Copper, whppm 0.9 (.4 0.2 0.2
Chromium, wippm 0.3 c.2 0.2 0.2
Silicon, wippnm 1.2 0.3 0.3 0.3
Magnesium, whppmn 0.8 0.4 0.2 0.4
Zing, wippm 6.0 6.9 0.7 1.7
Molybdenum, wippm 0.6 0.3 0.4 0.8
Micro~Carbon Residue, 12.5 10.3 9.0 3.6
wi %
Cs Asphaltenas, wld 16.2 [ 6.0 5.0
Gy Asphaltenes, wth 10.9 5,2 3.9 5.1
Naphtha, wt% 5.8 5.9 5.1
Distillate, wt% 15.0 28,5 28 £ 30,7
VGO, wWts 37.5 39.0 40.2 39.8
Residue, wt¥ 47.4 25,1 24.5 24.4
P-Value 2.6 1.2 1.2 <i.0
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4. The nethod of claim1,
conditions at a total

200C.

6. The

further conprises controlling contacting

pressure at nost 5 MPa and a tenperature of at
5. The method of claim1l1l, wherein the crude product has a sedi nent
content of at nobst 0.01 grain per gram of crude product.

| east

net hod of

claim1l1, wherein the nethod further conprises fractionating the crude

pr oduct
fuel from at

0.99 cnB/g.
area of at
nmet hod of cl ai
t he hydrocarbo
sul fided by co
met hod of cl ai
6-10 netal wt
silica-al um na
m xtures there
bi nodal

into one or

nore distilla

te fractions,

| east one of the distillate fractions.

1 wherein the pore volune in pores of the catalyst
8. The method of claim1l wherein the catal yst has a surface -

| east 200 n2/g as determ ned by ASTM Met hod D3663.

and producing tran
7. The netho

9.

sportation
d of claim

is fromO0.3 cnB/g to

The

m.1 wherein the catalyst is sul_tided prior to contact with
nBfoeety  10.. . The nef beddof. cl.ai.m $rudeersef¥ett he catal yst is
tAck ol rhe car wi th-tife hydrochrbonSFEBtREval. The
TH%OWﬁéfq%Q‘tﬁe catil§3f is obtailjned By co-muli'ing the Col
TSR Limsel geted—fromtgesgroupygprs stingsof—al um na,
wmt’Fd*ani um oxi de, zj rconi um oxi dg, nagnesi um oxi de, | and
pfedideh: [hes net hod of clai m b.ogherlei 0. tdse catmabyst hias a

pore sizétel stierbutfion.
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What is claimed is:

1. A methed of producing a crude product, comprising:

contacting a hydrocarbon feed with a catalyst to produce a total product that includes the
crude product, wherein the catalyst comprises a metal from Col. 6-10 of the Periodic Table,
or a compound thereof, or a mixture of the metal and a compound thereof; wherein the
catalyst has a median pore diameter ranging from 105A to 150A with at least 60% of the total
number of pores in the pore size distribution having a pore diameter within at least 60A of the
median pore diameter, with at least 50% of its pore volume in pores having a pore diameter
of at most 600A, and between 5% and 25% of its pore volume in pores having a pore
diameter between 1000 A and 5000A, wherein pore diameters and pore volumes are as

measured by ASTM Method D4284,

2. The method of claim 1, wherein the crude product is a liquid mixture at 25°C. and
0.101 MPa,
3. The method of claim 1, wherein the hydrocarbon feed has a viscosity of at least 100

cSt at 37.8°C. and the crude product is a liquid mixture at 25°C. and 0.101 MPa, and the
method further comprises controlling contacting conditions such that the crude product has a
viscosity at 37.8°C. of at most 90% of the viscosity of the hydrocarbon feed at 37.8°C.,
wherein viscosity is as determined by ASTM Method D445.

4. The method of claim 1, further comprises controlling contacting conditions at a total

pressure at most 5 MPa and a temperature of at least 200°C.

5. The method of claim 1, wherein the crude product has a sediment content of at most

0.01 gram per gram of crude product.

6. The method of claim 1, wherein the method further comprises fractionating the crude
product info one or more distillate fractions, and producing transportation fuel from at least

one of the distillate fractions.

7. The method of claim 1 wherein the pore volume in pores of the catalyst is from 0.3

em’/g to 0.99 em’/g.
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8. The method of claim 1 wherein the catalyst has a surface area of at least 200 m’/g as

determined by ASTM Method D3663.

9. The method of claim 1 wherein the catalyst 1s sulfided prior to contact with the

hydrocarbon feed.

10.  The method of claim 1 wherein the catalyst is sulfided by contact of the catalyst with

the hydrocarbon feed.
11, The method of claim 1 wherein the catalyst is obtained by co-mulling the Col. 6-10
metal with a support selected from the group consisting of alumina, silica-alumina, titanium

oxide, zirconium oxide, magnesium oxide, and mixtures thereof.

12. The method of claim 1 wherein the catalyst has a bimodal pore size distribution.

59



