WD 2013/ 033298PCT/ US2012/ 052991 -- 1 - USE OF SUPERCRI TI CAL FLU D I N
HYDROPROCESSI NG HEAVY HYDROCARBONS FI ELD OF THE | NVENTI ON 100011Thi s

i nventi orwD0/a38298ed to a process for produci ng a hydr eprasesi2es29ptr oduct
fromresidua or heavy hydrocarbon feedsl-Mre specifically, this invention
is directed to a process for producing a hydroprocessed product froma
heavy hydrocarbon oil, using a supercritical fluid or solvent. BACKGROUND

100021Crude oil is typl catIS)L 1) Jﬁiﬁ&%ﬁiﬁﬂarl et y of conponents
§ ) “

that can be used directly ds b dst ocks for
further processi niNdIVRRORROE Waric

distillation, a heavy resi duum | S produced typ| cal ly that has an initial
boiling point of about 650F (343'C). This residuumis typically referred to
as at nosphergcpre i e oV EasSrRnRNat nospheri ¢ resi duum fracti on.

100031At nospheric restduumtractions tend to collect a relatively high
quantity of various netals, sulfur conponents and nitrogen conponents
relative t | irght et kst idd I

st 11 at D o de R el B gy oA e O sed et s
are rel atipeliycifpslesteidbh or haawmahydrasaibuelfsedd h‘a:mag;ﬁ:cﬁy@}l;@mm renoved by
various catalytic u%droprocesm ng techni ques. 100041l n sone instances, the
at nospher ilgveggirdgubnacted igra pcosh i@mpma&wmamaé@'dmamﬁpefﬁ penducafrom pressure
bel ow at spherl ;‘i&ﬂ@egsur to recover. adldr:ltl onal tillation fractions.

At vacuum @8?% y il omaR S}‘Pﬁ“ﬁ%i&?a yet qﬁ%" n be recovered without
adding to various problens encountered in atnospheric

BACKGROUND

130821 Crude oil is typically distilled to produce a variety of componeuts that
can be used directly as fuels or that are used as feedstocks for further processing
or upgrading. In what is known as atmospheric distillation, a heavy residuum is
produced typically that has an mitial boiling point of about 650°F (343°C). This
residuum is typically referred to as atmospheric residuum or as an atmospheric

residuam fraction.

160831  Atmospheric residuum fractions tend to collect a relatively high
quantity of various metals, sulfur components and nifrogen components relative
to the lighter distillation fractions as a result of the distillation process. Because
these metal, sulfur and nitrogen components are relatively undesirable in various
fuels, they are typically removed by various catalytic hydroprocessing

techniques.

106064]  In some instances, the atmospheric residuum 1s further distilled under
vacuium, 1.€., at a pressure below atmospheric pressure, to recover additional
distillation fractions. At vacuum conditions, additional lighter fractions can be

recovered without adding to various problems encountered in atmospheric



WD 2013/ 033298PCT/ US2012/ 052991 -- 2 - distillation such as coking of the
heavy fraction conponents. The heavy residuumrecovered in vacuum

di still atworofo38398 at nospheric residuumis typically r@Cetusea20829 vacuum
resi duum or a vacuum resi duum fraction;2and typically has an initial

boi l i ng point of about 1050F (566C). This vacuumresiduumis generally

hi gher in nmetals, sulfur conponents and nitrogen conponents than

at mospher i&stﬁi@ﬁlo%“&ﬁh A% Methl%gv? BSEHNA EBn%%ﬁE«s’%t@h%eq bl duum
t np ypically }alytlc

removal of ese components s t carried out by ca

hydr opr ocesgsidogm £000&L&at ahytie dirdrephegess higo9heat Wospheniic and vacuum
residua, including other heavy oils such as bitunen fromoil sand, is

carri ed ouvpically hefepreddens aaofiuthydndgemn, crusvaguar ogdhompn dwessimpdeat al yst .
in some processes, hydroprocessing of heavy oil or residua is carried out
by adding b7 i dHE SBinie8) Do %U@Uglﬁlﬁél}ﬁXB?%{’;FegQ@né)-o%%FSe‘éqcél‘ﬁﬁ‘ or ot her
heavy oi | n al sq incl . r-acki VI I neavy carbon
comonent < aPuM R sElEaS Bt aRaN AR, BB EE L A BB Dt Lomponent s.

This is typinealilonid @hRLERE IR RS HRALATLRE as Wakhé B UPAR adladseeduct
i ncludi ng hi gher volunmes of fuel conponents. 100071As an exanpl e of one

type of hydsidpuocessong girtbeesssmdrntPattepicalp cadic6il;t335cdilsot oses a
process far renoving sulfur froma hydrocarbon fraction having a boiling
poi nt aboV&UARGESHHOF (343C). in carrying out the process, the hydrocarbon
fraction is separated into a gas oil fraction having a boiling point

bet ween about 650F "343"C) and about 1050F (566C), and a heavy residuum
fraction Hé6iHithg aboeiabpdtpl@EOEne 566 GspliEne aasyailinf reackizon i s

catal ytically hydrodesul furized until the gas o0il fraction contains |ess
than 1 periééyhlfiﬂgwtﬁﬁm heapyeoy GO SUIVIRT FBE Yasash 'S FETERCRT BB EW to dil ute
t he heavy resi d_uurin f raction,. a_%%,'g he dil uted Qefi,\éé/sf eqsi duum f g,acti on is
catal yti cdl Y 1B 29155033588 PETUSIITEF 0B SDE ALYt 3 SHUG PERESTT ur i zed,
produci ng {yiehso0Esstitehs RLARALNG; %Eﬂ%&ﬂ@%ﬁ‘iém%daddﬁn%?H'cﬁi‘éﬂéﬁﬁ&“t ent. The
process is ‘considered to provide an increased catalyst Tife and to use a
smal | er reabtor. vol ume conpared to typical processes. 100081U.S. Patent No.
4,302, 323 di scl oses a process for upgrading a residual

18006}  Hydroprocessing of residua or other heavy o can also include a
cracking activity in which the heavy carbon components are “cracked” into
smaller or lower molecular weight components. This is typically referred to as
upgrading, with the upgraded product including higher volumes of fuel

components.

(60871  As an example of one type of hvdroprocessing process, U.S. Patent
No. 3,617,325 discloses a process for removing sulfur from a hydrocarbon
fraction having a boiling point above about 630°F (343°C). In carrying out the
process, the hydrocarboun fraction is separated into a gas oil fraction having a
boiling point between about 650°F (343°C) and about 1050°F (566°C), and a
heavy residuum fraction boiling above about 1050°F (566°C). The gas ol
fraction is catalytically hydrodesulfurized until the gas oil {raction contains less
than 1 percent sulfur. The hydrodesulfunized gas o1l is then used to dilute the

heavy residuum fraction, and the diluted heavy residunm fraction is catalytically



petroleum fraction in which the residual fraction is mxed with a |ight
cycle oil and hydrogen and the m xture sent through a catalytic
hydr ot r eaWOreg13238298cont ai ni ng a hydrotreati ng catal yst &Qa/ush@n/ 05991
hydr ocr acki ng zone contai ning a hydrocracki ng catal yst. Upgraded products
are then separated fromthe effluent of the hydrocracki ng zone. The |ight
cycle oil boils in the range O from 400F (204C) to 700F (371C), has a high
aromati ¢ GanEMlsBRded Atk Pk Ll 98 hiedink SofipREAET ey the | i ght
ITuerit rat a

cycle oil ‘dcts nore as _ er than a ydrogen donor and that
the addi ti@muebohfear.! TBObrExed B @kideesdid @ vide 1 Subskanthalyst ngs ease in
the yield of prem um products such as distillate fuels. 100091U. S. Pat ent
No. 4, 421,6830diss ¢l sosalracaombisliaticcwnyydrd de sglifaipreatsson and

hydr ocracki ng process. The feedstock can be atnospheric residuum or vacuum
residuum which is mxed with a solvent that is a recycled distillate

boi | 'i ng atjgabsut F09TPAGRANG20402 3723 Wclonensidessdot apbadaqui valient to a
FCC Iight cycle oil. The process uses a mixture of |arge pore and smal |

pore cat alpestodewudincasnlimamdechate waulubl Porteos s ihiddddvii aWaldcatgstis. The
process converts the hjgher. boiling point residua to |ower boiling point
hydrocarbéﬁ@ﬁﬁﬁﬁ?%?h?%%' P?Pﬁ?ﬁ%ﬁ@ggﬁﬁug%ﬁﬁ@h VWﬁhW@“P@ﬁ%@%ﬁ%@%eteroatons,
metal s and, -hon residus fr. . kahery bai ling: point. resi .

T S e AR R CATSOE I RO RO SRR o
processi NgyjidpgtstkineTat-0vAr Agedanhanced SOk debaaké PR ol (iRXdfflaski Ny
power for nmany conplex organic nolecules. Afluid at both a tenperature and
pressure tdiahe bxdeedsckits zcrd.t T ecaligheopmée at! uwels andhpromgs wit drdrs 406MSi dered a
supercritical flui supercritical fluid exists in.a formin which its

Juid A er . | , )
li qui d and2§ddebles’ & A4 “Wphap 1 3ngzaugspEyakyt1 opd 5DYgR in nitfogenyy e

i ndi stinguishabl e fr e another. The critical .tenperature of a fluidis
the temperbturassovt MRNE el pl et 62 1 G A B5 2 T ncr ease i
pressure. pkhrogdd §dclanRBSSUEAdR iR & Wb @i§h§ cihe ovaReLI R BSgure of the
fluid at its critical tenperature. it has been shown that not only does the
sol ubi | i t ywubktahgalviycratein glesyibil dtheesupermoitdtcalic huddiilinerfdake general |y
with tenperature, but also that above the critical tenperature the
solubility increases with pressure, often by an order of nagnitude.
100111Addifpoerl  Ussspabnsupes gri healisdibddsdscanisindgesribed in U S Patent
No. 4,483,761, which discloses the use of supercritical fluids as a
cracki ng redirodeshitiiribe@avy ahy dydeardubmppioeessActior thedgiot chhé&edi scl osed
process, heavy hydrocarbons are upgraded and cracked by contacting the
heavy hydrid@&@FBIBHE Wtthusl eF Vaslued s himgvhiohds siixpé sgticappyrniaiehs (Cs-)

and a sol vent, .at a tenper Lur ot h, sufficld f,ok cr.agki ng and greater

t han or eqﬁ§f§FBd@%§ﬁ§g$$?§%%”§@ﬁﬁ%ﬁﬁ?ﬂ&%ﬁ@#?ﬂﬁg4§%FVén§¥’%%%fgffg ability
to sol ubi Iy : Vi Ay-droeat S 1 ak .ed. t 0. dNVest F Qo & he use
of supercﬁ#%ﬁ%gﬁﬁ%%ﬁgff§gﬁgggg?%ﬁgggédé%??gggﬁggrggl%%ghgggfpwgééo&

hydr odesul :pliumiZdbpiercaedlytoppedapbt-gohedmmaliydes suishiali NioW sataBts., over
conventional hydrotreating catalysts. For exanple, U S. Patent No.

5, 496, 464 Tispilogswsooavprt Sesighier beilngdroottriesidiadgo doweavsy inggoodar bon o |

containin substantial portjo f terjal that boils above 524C to form
Cover boi TREosEbrs By Drbg dir DledeanE sapH e sl iy Ho D RE 1Ky

hydr ocar b‘%ﬂet%;]slflﬁlsc; ﬁ!s?{ ?&Ed&ﬂ@%ﬁi {ﬂegiiglhmj FARAL @Hrﬁ‘r&ﬁﬁﬁaﬁyc' Ic paraffinic
hydr ocarbon that 1s hydrogen-rich an as a crrtical 7enperature of |ess
t han 500C. The addition of the solvent to the heavy hydrocarbon oil forms a

diluted f ckm xture and the feedstock mxture js, hydrotreated in the
br esence. dPLOE T vRir-BRFpERTEa Ery S G R et shE ni e fredeur e
subst ant i ?fi}”bé’@%ﬁ&%}dﬂ&ﬁ%g & gﬂl@&‘e %x%n%%&%bﬁﬁkli%agi%ﬂ%g%&‘t'{a&iﬁs?gs%?%é#r e of
t he sol vent. e“supercritical solvent Is considered to act”as a
hydr ogen- rihgily dbihgeRtorsendeaseaskst kefiptdfakith atymgbrateeami matden and
2 9 #
that exceeds iis critical temperature and pressure is considered a supercritical

flud. A supercritical fluid exists in a form m which its liquid and gaseous states



condensation of asphal tene nol ecul es, and to enhance the degree of breakup
of coke precursor "mcelles,"” and to enhance diffusivity of the reactant
nol ecul eswornv/@sadsout of the pores of the activated caPboruse@aRaszpst. The
solvent in conjunction with the activatéd carbon act in a unique way to
transfer gaseous hydrogen to the heavy hydrogen-deficient feedstock.

[0013] There is a need to further devel op processes for hydroprocessing

heavy hydre{?}&/%ﬁgﬁ@g%&ﬁ@%&?&%&&ﬂ%ﬁ ﬁfxé‘gﬁti&iggé&%ﬁgl{aﬁeffo.4 B Qe

parti cul ar e to hydroprocess heavy fe il at or above

1050F (566ehpealise sekeniiadh it 88idcan@bBEq(686L kY ahinaskhanih eseira) into
mol ecul es boiling bel ow 1050F (566C) (also referred to as a "1050F (566CQ)
fracti on" Teraim)al pwhbishie o aflnidzisribe vhgorfwesmtre oh thef {1Gathigdroear bon
conpounds (Le., hydrocarpbon conmpounds having four carbons _or less.), and
coke bypr éaﬁ@@g%ﬁu@um/ﬁw«g@ﬂ TP Eﬁ:@@y@%@ﬁm@w@@f O BEYAVENT! ON

[ 0014] Thi s nvent.i rovi des {ay.pr fo aduci ng hydropr ocessed
product . TRAHT 610 SRRt FER e e by B BB B TES “a cn

can be usedyfmREqAERHEMELNBLATE ROty TRErcREQCERE pREQMHABSiA Y
advantage of having a long catalyst run length. [0015] According to oOne

aspect of arhedensentaponyddé.here is provided a process for producing a
hydr opr ocessed product. The process includes a step of sending to a
hydr opr ocessi ng zone (preferably located in a reactor vessel) a conbined

feed conpriigaed; of saahesmay ubysddsm%%ﬁqm@i; Futrmedeirbaiareisn phhe RRAVY
hydr ocarbon oil conponent has a ASTM D86 10% distillation point of at |east

650F (343@).48Aaidl avimhuentiocarnponentt supontiicdul ding§ o7 & tyacking inedswoh vent
conponent s conprised of at |east one supercrjtical hydrocarbon conpound
having a dPf Dp&E DYERpEDSDERE. dhdopiiBgdnies dIPREseORIIMEY 'RaEY i s cont act ed

wi th hydragprocessing catalyst, in the hydroprocessing zone i,n the presence
of WO 2013B35388PeTF RIS Sgg 1 ket CRGETTGUR 2 el o and
pressure abEy@idhR GhtdihG! it CHPREALMHEH NPT ESTUNLE b ide Aty | east one
supercritical hydrocarbon conmpound to formthe hydroprocessed product.

1001611 n aecppetdten! lanh enffadewebt crachengheavyrchyd tlooasban:adid theanpanént has

temperature of the solvent.

(6812}  The ability to solubilize heavy hydrocarbons has also led to
mnvestigation of the use of supercritical conditions for hydrodenitogenation and
hydrodesulphurization of topped petroleum crudes, shale oils, etc., over
conventional hydrotreating catalysts. For example, U.S. Patent No. 5,496,464
discloses a process for hydrotreating a heavy hydrocarbon o1l containing a
substantial portion of material that boils above 524°C to form lower boiling
materials. The process comprises adding to the heavy hydrocarbon oil as solvent
a paraffinic, isoparaffinic or cyclic paraffinic hydrocarbon that 1s hydrogen-rich
and has a critical temperature of less than 500°C. The addition of the solvent to
the heavy hydrocarbon oil forms a diluted feedstock mixture and the feedstock
rixture i1s hydrotreated in the presence of activated carbon catalystat a
temperature and pressure substantially at or greater than the critical temperature
and pressure of the solvent. The supercritical solvent is considered to act as a

hydrogen-rich diluent to decrease the probability of recombination and



an initial .ASTM D86 boiling point of 650F (343C) or greater. The heavy
hydr ocarbon oil can contain at |east 0.0001 grans of Ni/V/Fe, on a total

el ement alwbagizn3sfsni ckel , vanadi um and iron. 100171l n @c@/GSatedsavent , t he
conbined feed is conprised of from30 wt%to 90 wt % of the heavy

- hydrocarbon oil conponent and from10 wt%to 70 w % of the sol vent
component, based on total weight of the conbined feed. 100181l n another

speci fied exnodipe tq? ats?ﬁa}%?{étlﬁﬁew%s Ofnd 36 iﬁl?igp Q%ddgg(?géjsﬂtqu

hydroproceSS|ng ca he presence of rogen 1’s carrie at a
hydr ogen R@kb?ﬂ&@ﬁ@‘siﬂfo@ﬂéibm@@@_e@l%@e(@ﬁ&é—’iwBi Q)’igaiﬁ‘ m&@@@ﬂméwes{ 20684
kPa-g). 100191l n yet another enbodi nent, the solvent conponent is conprised
of nore tHah)mnbmﬁuﬁéhcpbnﬁaéhhhydﬁwﬁaﬁbm@oeampdyﬁdT&md@@onﬁanting of the
conbi ned feed with the hydroprocesglng cataly in the presence of hydrogen
i s carri edGHNECT R by aPakslerbeRAE! ng W‘@H%W*’at‘fﬁaﬁfaﬂﬁg‘icﬁ’rﬁﬁ?qlt‘?al

pressure . Q i cal hydrocarbon conmpound in
t he soIveq%&ﬁgiﬁgﬁgﬁg%&igbg%@g%eg(k CK%%O%%%&ﬁﬁThe sol vent conponent is
conprised of nore than one supercrltlcal hydr ocar bon conpound and

contacting g% he, uper critical %/ car bon conp g i th the. conbined feed
and the hyd 3Beirig s § durtly 416 190 SERCES of! WIPBISSASE car rf ed out

at a tenpera E\%&d}&%%m {Soild lei?rrﬁdh ?ﬂﬁ“ ?a«f aﬂutc)'dﬁa{s tEF{{Bﬁgf%éjfs%tﬂl dttﬂ

hi ghest - boi 1 per cr bon~ co ent

conponent deq%i%%%@%%ﬁ%&?@ﬁebﬁ?@é&k%@ﬁ%i aror %@%%KOO}HO‘@WBV ARbi ve

enmbodi ment, the confacting is carried out at a total pressure and at a
t enper at urrefeatedntoi ash ‘tMBO&bﬁiﬁDﬁeﬂﬁf)eﬁeattanﬂ hahsenmydo@mlocﬂss edilpreoduct s are
conprised of no nore than one vapor and one qw d6phase during contact,
below 1050°F (566°C) (also referred to as a | ()‘30 6°C ) fraction’
herein), while minimizing the formation of “Cy  hydrocarbon compounds (i.e.,

hydrocarbon compounds having four carbons or less), and coke byproducts.

SUMMARY OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

18614}  This invention provides a process for producing hydroprocessed
product. The hydroprocessed products are lighter hydrocarbon oils, which can
be used to produce fuel grade products. The process provides an advantage of

having a long catalyst run length.

160151 According to one aspect of the invention, there 1s provided a process
for producing a hydroprocessed product. The process includes a step of sending
to a hydroprocessing zone (preferably located in a reactor vessel) a combined
feed comprised of a heavy hydrocarbon o1l component, wherein the heavy
hydrocarbon oil component has a ASTM D86 10% distillation point of at least
630°F (343°C), and a solvent component in which a majority of the solvent
component is comprised of at least one supercritical hydrocarbon compound
having a critical temperature and pressure. The combined feed is countacted with

a hydroprocessing catalyst in the hydroprocessing zone in the presence of



1002211 n a specific enbodi nent, the solvent conponent is conprised of at

| east one supercritical solvent conpound selected fromthe group consisting
of benzerw 20038298, Xyl ene, et hyl benzene, isopropyl beaTASR(012/052991

tri met hyl benzene and tetranet hyl benzenet-The sol vent conponent can be
conprised of a mxture of aromatic nol ecul es having boiling points of from
200F (93C) to 750F (399C). Alternatively, the solvent conponent can be

conpri sed ;9f4 t havi ng

boi 11 ng. papet g BB Rre Tty & 0B} 3308 BB ER 30d her

enbodi rrentzpmiga@e §0i1eantic 0 aRORERrcaBa iy STV 6860 :9%uad 8¢ Fdmaticon point of
at | east 250F (120C). The sol vent conponent can be a petroleumfraction
wi t h an ARlvdgemwictiyseofpprafumipst 35' . 100241Preferably, the contacting is
carried out at a tenperature of from 320F (160C) to 900F (482C). The
contacting can also be carried out at a pressure of from 600 psig (4137
kPa-g) to [8008] psiga (p3RaBdaidRaba)imechOQBS hbaveh paitibshalil esmpaid®Mas t he
sol vent conponent is conprised of trimethvl benzene. For exanple, the

sol vent cdim@ﬁeﬂtr’\?p@vkﬁﬁpﬁm s phinapl AT (BB W 0‘2’/@1‘&&£¢i‘etﬂ§ﬂh§ﬁ2ene based
on total ht e sol vent c&n‘g W@ﬁ 10026 '%]:' r abl % _ﬂe heavy
hydrocarb ?‘Fm FEHICORRYR eheasly %gi%?ﬁpﬁﬁ AtY AP ePE B Rhed prior to
entering té?@g@nﬁ%&ﬁé& ﬁ?gﬁ%&!‘f{ ﬁ%ﬂ%nfﬁéﬁd‘%?}h U L L

i nvention, € heavy Focarbon ol conponent and the sol vent conponent
may be conbined in the hydroprocessing zone. In a particular version of

i nj ect ed SUPETL; g%wwﬁ i ﬁﬁ@aﬁ%@%{%éd R 00T Sy GPB1 oEdesi ng
[y ) 7 | y
cont ai ms- tRETCRT &R FRAY i afnBhh LT RRN R SrPE T RRET R nes™

100271The (ﬂ&h@@@i&@llﬁz{%ﬁ@t&lﬂ?&[&%&%ﬁltm@ﬂ tengatd MBe ephodiqents. of the over al |

16618}  In another specified embodiment, the contacting of the combined feed
with a hydroprocessing catalyst in the presence of hydrogen 1s carmied out ata
hydrogen partial pressure from 550 psig (3792 kPa-g)} to 3000 psig (20684
kPa-g}.

16019}  In yet another embodiment, the solvent component is comprised of
more than one supercritical hydrocarbon compound and contacting of the
combined feed with the hydroprocessing catalyst in the presence of hydrogen is
carried out at a total pressure that is higher than the critical pressure of the
highest-boiling point supercritical hydrocarbon compound in the solvent

component.

160287 1o still another, the solvent component is comprised of more than one
supercritical hydrocarbon compound and contacting of the supereritical
hydrocarbon compound with the combined feed and the hydroprocessing
catalyst in the presence of hydrogen is carried out at a temperature that is higher
than the critical temperature of the highest-boiling point supercritical

hydrocarbon compound in the solvent component.



I nvention, as well as conparative exanples. '[he Figures pertaining to the
I nvention are intended to be viewed as exenplary enbodi nents within the
scope of wheowss®Bl invention as clained. 100281FI GUREPLTAISCH12/052991
conparati ve exanpl e of hydroprocessi ng-éf 100% Basrah resid. 100291FI GURE 2
shows a specific exanple of the invention regarding hydroprocessing of
60/ 40 resid/trimethyl benzene feed. 100301FI GURE 3 shows a conparative

exanp! € ooy oprosesslagyel AMALesil dEL I NARNEAAL PR ieadiy DETAI LED

DESCRI PTI I'S Invention r ocess

produci ng ;ﬁef%@é@@i@@@ﬁé 1@!’1.@_@@!&\1116[%6&6@9@53&1 ts&d@@z@&hée of treating
resi dua or heavy hydrocarbon oils to produce a hydroprocessed oil product

t hat has rladicame@cs&shﬂwodwﬁm regempmetlalisiamdre 1050fRe (@B66ary cheact i on”
conponent s, (i. nponents that boil at 1050F (566C) and above) relative
to the heaﬁwﬂ%&"im@ (@\b‘%%ﬁ@%‘szgspcw US2012/ 052991 -- 9 - 100321The

I nvention is particularly advantageous in that substantially |onger

160221 1o a specific embodiment, the solvent component is comprised of at
least one supercritical solvent compound selected from the group consisting of
benzene, toluene, xylene, ethyl benzene, iso-propyl benzene, trimethylbenzene
and tetramethylbenzene. The solvent component can be comprised of a mixture
of aromatic molecules having boiling points of from 200°F (93°C) to 730°F
{399°C). Alternatively, the solvent component can be comprised of a mixture of
aromatic and hydroaromatic molecules having boiling points of from 200°F

(93°C) to 730°F (399°C).

18623} In another embodiment, the solvent component has an ASTM D86
10% distillation point of at least 250°F (120°C). The solvent component can be

a petroleum fraction with an API gravity of at most 35°.

16024}  Preferably, the contacting 1s carried out at a temperature of from
320°F (160°C) to 900°F (482°C). The contacting can also be carried out at a

pressure of from 600 psig (4137 kPa-g) to 3000 psig (20684 kPa-~g).

(302581  In a particular embodiment, the solvent component is comprised of
trimethylbenzene. For example, the solvent component is comprised of at least

50 wt % trimethylbenzene, based on total weight of the solvent component.

16026}  Preferably, the heavy hydrocarbon oil component and the solvent
component are combined prior to euntering the hydroprocessing zone although
embodiments of the invention, the heavy hydrocarbon o1l component and the
solvent component may be combined 1n the hydroprocessing zone. Ina

particular version of this embodiment, at least a portion of the solvent



run | ength can be achieved relative to conventional hydroprocessing

nmet hods. This benefit can be enhanced by operating at desired tenperature
and presswpeolsisgysa particul ar solvent as a co-feed coRPOAS212/052991
particular, a majority of the solvent e8mponent is conprised of
supercritical hydrocarbon conpounds in which the supercritical hydrocarbon
conpounds have a critical tenperature and pressure. The heavy hydrocarbon

. %ﬁ%%%ﬁ@%%?%ﬁ%{&@& Sgga-rz‘{‘!%?g%ﬁ{)%11?%%?}]%?%%@@:?&%%?1%tﬁ?nt acting the

conbi ned fee oprocessi ng ca S presence of hydrogen at
a t enper atiideogidde 3 05 SeHcea FRONEBebBE qebhdi. CRl adeRReabsditerndhpr essur e of
the supercritical hydtf ocar bon conpounds to form a hydroprocessed product.
The hydr oprocessedssprpdust cdasine dduced ysulnfaifixedbtdogen, netals and | 050F
(566C) fraction conponents (i.e., conponents that boil at 1050F (566C) and
above) relative to the heavy hydrocarbon oil feed conponent. Heavy

Hydr ocarbon G| 100331The hydroprocessed product is produced froma heavy
hydr ocar b@gReiF BERPINENFIORQ@IN HE DRAMANGHYdrocarbon oil's include, but
are not limted to, -heavy crude oils, distillation residues, heavy oils
comng fromcatalytic treatnent (such as fluid catalytic cracking), tars
(such as qipls7fr Ofﬂ(ﬂé'a&Q&%%N?iﬂgr&ri'eété%ﬁ%ite&'ﬁﬁﬁ@ém@é&%ﬁ‘éﬁ@@? sheQhJegalf such as
bi tumen) fromoil sands and Reavy oils derived from coal . 100341Heavy

hydr ocar banveaitis:, eanvddead ¢agupadatisenkasplesd, Thartdiores geltachiag t@timospheri c
conditions. Additional exanples of heavy oils that can be hydroprocessed,
treated oriUpYtEtEE IHESOPAINEE VWS & FRVENET O PRGNS K abHC®OBEt unen,
vacuum resifd@%f ,r,or_ngBr azilian Santos and Canpos basins, Egyptian Qulf of
Suez, Chad” WRAETHE'EN i1 & “NMil4Ysi a, and Indonesia. Sumatra. O her
exanpl es of heavy hydrocarbon oil include residuumfrom WO

2013/ 033298PCT/ US2012/ 052991 - 10 refinery distil|ation processes,

i ncl udi ng 80%Bk ph&Hi b Rdndl shaws eracamsr i Y roRp s dudsay ocapsig pe Yo
hydrocarb%gijlsn%gn have an initial ASTM D86 boiling point of 650F (343C)
or greater:d%?%F%F bly, the heavy hydrocarbon oil will have an ASTM D86 10%
distillation point of at |east 650F (343C), alternatively at |east 660F
(3490C), or,_at least 750F (fQQC), or. at | east 1020F (549C). 100351Heavy
hydr ocar bdR¥8¥1 s EHAVRE £ ehars velPyeiicghanme 6f dic BeratsiumssrdogaN) . For
exanpl e, VY., ocar bon .ail s .that processed according to
this i nve?’ﬁvi%éﬁm%ggé&g’ %‘ﬁﬁ?é@ TSTEd”ltgg]setﬂ?ﬂgil?%élg%%{gst 0.3, or at least 1.
100361The density, or weight per volune, of the heavy hydrocarbon can be
det erm ne ordi.ng, to, ASTM D287-92(2006) Standard Test Method. for APl
Gavity ogiﬁ@gi%he BG83 8 SsoriBI U PrEBOE ForlyroRetEe Meedisd) , and
i's provided._in. tLer fi. APl gravity. In general, the higher the API
gravity, ?gtéld{}gé@gg%ﬁgeh‘@@!e@ %f” ~ APl gravity is at nost 20 in one

enbodi ment, at nost 15') in another enbodi ment, and at nost 10" in another
enbodi nent, 100371Heavy hydrocarbon oils can be high in netals. For

exanpl e, 108 s 1LED DESCRIPTION

Introduction

(6031}  This invention provides a process for producing a hydroprocessed
product. The process is capable of treating residua or heavy hydrocarbon oils to
produce a hvdroprocessed oil product that has reduced sulfur, nitrogen, metals
and "1080°F+ (566°C+) fraction” components (L.e., components that boil at

1030°F (366°C) and above) relative to the heavy oil.



heavy hydrocarbon oil can be high in total nickel, vanadiumand iron

contents. In one enbodi nent, the heavy hydrocarbon oil wll contain at
| east 0. 0WOQB1333ay8 of Ni/V/Fe (50 ppn) or at |east 0, 0002/Use@n®s29p1 MV Fe
(200 ppm per gram of heavy hydrocarbonoeil, on a total elenental basis of

ni ckel , vanadi um and iron. 100381Contam nants such as nitrogen and sul fur
are found in heavy hydrocarbon oils, often in organically-bound form

Ni t t : f. : ; . : : t al
oo SgRASEL 598 a0 SO SR RO e LR pEpR gL onL

ni trogen, ‘or about mto ni about

100 wppm tranabatih ci0GeWepBvelasiadvers b@ﬁ\aémmhmhydr@grdclagsibg@ydh&%dr ocar bon
conponent. The nitrogen WD 2013/033298PCT/ US2012/ 052991 - 11 - containing

conpounds Tan bbecipresent erasinbad by oprratiog-basticetidnpgenrs pet pessuBxanpl es
of basic nitrogen splg(ci es incl udee%ui nol i nes and substituted. quinolines.
Exanpl es of!Hbn PBHETEAFONYE 8h A SPSEP_ §OP ROPENe 'B41BRSS RS HAPTEYBSt i t ut ed
car bazol e 391 SU | tent...of s h . recarhbon .ol l.Ly ranges
fr om about 500 ki eeCing a0 Suh Rt S S IR Fo BRI about

1000 wppm,@i:akRN R0 WRBIR @50l EOMLBROM 1ARAD MRt anahaut 438, 000
wppm based on total weight "of the heavy hydrocarbon conponent. Sulfur wll
usual | y beprpssesent hasepnghndrcahibpnhoufedd sohtbrsl arfekariptasoefeeduecdh sul f ur
conpounds i nclude the class of heterocyclic sulfur conmpounds such as

t hi ophenedlyF@pieanssas GyHicopHémashe penpoIH GpAeTEs I EH@PEMESHIRIC§HEYSthorol ogs
and anal ogs ﬂg’ her. )or,}gaiinli&g;ﬁé!%l bound sul fur c(gnpgund}s i ncl #ge“fﬁl j}phati c,
napht heni ¢ ‘a8 SFSRTT O HrBRCABT ARTTPLBIYT AR PIaP e VB Py SUFFd des.
100401Hea i ol i Ay B t I n one
embodi mont 2 PR Peauy NSk Gear Bar B b R BB f 8 et 15
wt % n- pe nt}@@@ﬂ%@pﬁ&bﬁ@m@(ﬁict.sdﬁa‘é&i}ﬁrdgﬁ@é&%kE@gr&mwﬁﬁ:ﬁ reeRpoRent,that is used
according to this invention is conprised of at |east one supercritical

sol vent canpoged, metaiseidcH) W Fsuper drit freationsohupperdd ipourtnpe<dés i ned as

a conmpound, i.e, ., hydrocarbon coppound, having.a .critical paint,. such as a
rioroal b b RGO SR BENET snBYe RPRG IRk RSOt | <
defined as.gs¢ | havi ng at | east one hydrogen atom and at | east one
carbon at ?ﬁ?di&g‘pgg%m point is the tenperature and pressure at which a

phase boundary of the hydrocarbon ceases to exist. A preferred
supercritigcal sglvent .co %und of this invention is a. hydrocarbon oil
sol vent tmﬁ—‘i&%%qui d critical point bel ow the operating

18633} The hydroprocessed product is produced from a heavy hydrocarbon
oil component. Examples of heavy hydrocarbon ouls wclude, but are not limited
to, heavy crude otls, distillation residues, heavy oils coming from catalytic
treatment (such as fluid catalytic cracking), tars (such as oils from visbreaking
or stmilar thermal processes), otls (such as bitumen} from oil sands and heavy

oils derived from coal,

16834}  Heavy hvdrocarbon oils can be hquid, semi-solid, and/or solid at
atmospheric conditions. Additional examples of heavy oils that can be
hydroprocessed, treated or upgraded according to this invention include
Athabasca bitumen, vacuum resids from Brazilian Santos and Campos basins,
Egyptian Gulf of Suez, Chad, Venezuelan Zulia, Malaysia, and Indonesia

Sumatra. Other examples of heavy hydrocarbon oil wchude residuum from



WO 2013/ 033298PCT/ US2012/ 052991 - 12 tenperature and pressure at which the
hydr opr ocessi ng process is being carried out. 100421According to this

i nvent i onwoths/ssl98ent conponent can include supercriti CaI/GSINOMII
conpounds as wel | as hydrocarbons that- Hre not considered supercritical

sol vent conpounds. Preferably, a majority (i.e., at least 50 wt % based on
t ot al solvent wei ght) of the solvent conponent is conprised of one or nore

supercriti o) | . | ri.sed of at
onet 60 weDne S IRAtG pRE SR LN RIpt: b oRalY SR ARR, R SRR DL
of super crplbwsabb COMONNAS: h R4 EINS s Upe hatd hi CaikiaBARTeNtDORPICMAds
contained in the solvent conposition preferably have a critical t enperature

of at | eagteiB08FBITEICHI“Ther gunpouldsetdmy, dbe hyﬁi‘r\obmrbxom@mrmbw ni c
derivatives of hydro nd. ot her or t have a
critical t@ﬁﬁéﬂﬁa‘gg}@f%ﬁ O%fgé%%} lagigpporat 9@%&6 gggyi:g hese conpounds
have @ O ik Bl LRUREAL YR -Pl ROt OrERE Rl IaprRdaF %?9 teabl B0°F

parti cul ar” he supercri‘tirca aveé a cri
terrperaturg49¢()alt | east 350F (177"C), or at Ieast 480F (249C), or at |east
600F (316" C), and not greater than 750F (399C). 100441The supercritical
sol vent conpounds contalned in the sol vent conmponent preferably have a

critical 3&}@%@2” super }r&ﬁ';(%r { h&{ﬂ &99@ ﬁ%} ggﬁlgzh &Z} &Ea- d19 d mlyﬁﬁ&

pr ef er abl e sol vent

conponent (Hawe) aF&d éxtd bg RS fd@o@aﬁb@@b; Q'ﬂ@@fc@ﬁ b%h@@iékﬁ@b@s%b@ (2750
kPa-g), alternatively 50 psig (2413 kPa-g), alternatively not greater than

300 psi g (Ro68likPar g)s nnfreneibnéianatuMei\y)irmﬁm;t 8dt et icbiah32860atpsag 1( 1724
kPa-g). Preferably, the supercritical solvent conpounds contained in the
sol vent conponent have a critical pressure of at |east 50 psig (345 kPa-g),

or at | eagpgdf0 pTihe @389 2§k B@'&ﬁ)l;ht%ur&k} Hn@asst theGepsy BvlidR3dbdRam®e WO
2013/ 033298PCT/ US2012/ 052991 - 13 100451The supercritical solvent conpounds
cont ai ned doterhised otaceding to ASTM D287-92(2006) Standard Test Method for API

Gravity of Crude Petroleum and Petroleum Products (Hydrometer Method), and

1s provided 1n terms of APl gravity. In general, the higher the AP gravity, the

less dense the oil. AP gravity is at most 20° in one embodiment, at most 157 in

another embodiment, and at most 10° in another embodiment.

168377  Heavy hydrocarbon oils can be high in metals. For example, the
heavy hydrocarbon o1l can be high i total nickel, vanadium and iron contents.
In one embodiment, the heavy hydrocarbon oil will contain at least 0.00003
grams of Nv/V/Fe (50 ppm) or at least 0.0002 grams of Ni/V/Fe (200 ppm) per
gram of heavy hydrocarbon o1l, on a total elemental basis of nickel, vanadiom

and iron.

(30381  Contaminants such as nitrogen and sulfur are found in heavy
hydrocarbon oils, often i organically-bound form. Nitrogen content can range
from about 50 wppm to about 5000 wppm elemental nitrogen, or about 75 wppm
to about 800 wppm elemental nitrogen, or about 100 wppm to about 700 wppim,

based on total weight of the heavy hydrocarbon component. The nitrogen



conposition have boiling points of not greater than 750F (399C). In a.
preferred enbodi nent, none of the supercritical solvent conpounds contai ned
in the sovoent3/ssyposi tion has a boiling point of great®@cTiusam2600p1 (316" 0,
or greater than 550F (288'0, or greateriithan 500F (260C), or greater than
450F (232C), or greater than 400F (204C). 100461At the hydroprocessing
tenperature, i.e., the tenperature in the contacting zone in which the

et %%Ya}{nﬁ%qfogﬁgésx{%f&@tcﬁlé 'bsegggsetn?%% 8843“%%?&%%&%@:&%% g;géc\}\ﬁ‘le be in a

hydr opr ocessi ng €at ercritical solvent conp

supercri tigalmgies BEBAsiS uReF Gl ddecrk is¢ialie quldadiees hydrapioeeasi ng

condi tions, the solvent conponents should be nmuch | ess reactive than

resi dual aidisoliRseflomaitlys of hen-dupencrogdcglecasnpouddsaindelegando gr eat er
than 30 percent decopposition, particularly no greater than 20 percent
deconposi tS ﬁ?"tuéﬁﬁ?%gg@%ﬁ-opr ocessi ng. 100471Suitabl e supercritical
conpounds that can be used as the solvent of this invention include

aromati c hydrocarbons having one, two or three rings, hydroaromatic
conpounds, [¢8B%ky c Birbut oppouneishavd haidrptrabee cdogpounls rargasilxanrésut her eof .
For exanple,. the sol yvent nent can be conprised of .a. mxture of
aromat i ¢ roleeiPBLOAoHhIBOD PR BIHRE B U Rnb 2 o0m m@ﬁ‘@p@ WG (399" 0,
or from 24QF; (1. . F. (& . 349' C).
00481 Anot AP Bicarur 8 Pyl by b RBRP Rt SR o Dy AP, vhet”

hydr ocar bafstdhavi£1gheosihBHegvPaRaanraridn@aichait ekarmabhbyiirelaimpre than 4
carbon atons in substituent groups. Exanples of such conpounds include, but
are not | ipreseed ab orgdmend prisgurntdolulenme Fxaplpdeest etchydul venzepepniiso- pr opyl
benzene, trirnethyl benzene” and tetramethyl benzene. Thus, a sol vent

f eedst r earMEGHE dihrlags at hetersyclc malifier saVPSHDBrieches ApPBNSIES hese conpounds

can be used. in WD.2013/ 033298RCT/.US2012/,0529 1.-.14 t e,)_h dsy oprocessi ng at
the prederar A iGaiEdse aragb P R ara T e sy el "Gl BRICERT ow
100491Ar orptce &g@&&&ﬁ@rm fanic 0gniind! QAL NGS. saiakse, fg used as
supercritical solvent "conpounds. Since these con‘plounds tend to have hi gher
critical teopetiaturesytahydnbpdacassndgpotamnifigecarri ed out at hi gher
tenperatures such as at the predeterm ned tenperatures further described
bel ow. Exanpl es of these conpounds include, but are not limted to

napht hal engg40et hHeadaRRERRLENE, ol PRERYhiANd RhBREAY hsgRUBARE 11 one
100501Accordi ng to anot her enbodi nent of the invention, the solvent
embodiment, the heavy hydrocarbon o will contain at 5 wit% or at least 15 wt%%

n-pentane asphaltenes.
Solvent

16841}  The solvent component that is used according to this mvention is
comprised of at least one supercritical solvent compound, in which a
supercritical solvent compound is defined as a compound, i.e., hydrocarbon
compound, having a critical point, such as a critical temperature and critical
pressure. A hydrocarbon compound is defined as a compound having at least
one hydrogen atom and at least one carbon atom. A critical point is the
temperature and pressure at which a phase boundary of the hydrocarbon ceases
to exist. A preferred supercritical solvent compound of this invention is a

hydrocarbon oil solvent that has a vapor-liquid critical point below the operating



conponent can be conprised of a m xture of aromatic and hydroaromatic

nol ecul es. For exanple, the solvent conponent can be conprised of a m xture
of ar omatwo 2arsd3Bepdr oar omati ¢ nol ecul es havi ng boil i ng peiraisgo1efs9pom 200F
(930 to 750F (399C), or from 250F (12HC) to 660F (349"C), or from 300F
(149C) to 600F (316'0. 100511Hydroaromati c conmpounds having at |east two
rings, including those having hydrocarbon substituents, are representative
of preferr, . eferred
hydroarorn§?¥%y€§&ﬁﬁkﬁgggﬁwgq{§§R$V%gqﬁggrocg$ Ryﬂ%@%é%ﬁ% eu1 hﬁﬂpéh one
ring is satyrated and one i s unsaturated. Exanples of these conpounds
include, but are not limted to, tetralin and nethyl tetralin.
100521Al i cyclic hydrocarbons, particularly unsaturated alicyclic

hydr ocar b an e i1 -Sol.vent. . ounds.
Exanpl es gpés%ch é%%%%%ﬁdg$?§%ﬁxgﬂuagJ%Hg?%%%%%b#?bu&R&dEth%??EycI|c

hydr ocar bangchaiicabs@beh@astpdindg agardiDm: B @0BadUEH tas acy sbopeniaaal

cycl ohexane, cis- and transdecalin and al Kyl ated derivatives thereof. In
one enbodnw@nufﬁmhbM§k@mﬁnﬂmmﬁﬂhybr6@@&bﬂﬁ$ﬂhﬁweﬁﬁ®(noﬁet&ﬁ&nﬂiztearbon

at ons. 20 3/033ﬁ %PCT/U%ég;Z/D 299% 15 Addi ti.onal exaggtes i ncl ude
napht heni c*¢o PRIAPAEP Y FRCHFEAY YR ePOSBhEOBIRKH4S FHEEESFS 4EPTORS havi ng
an initial.and, %ﬁ{lﬁ né@.?%&'n duh {?' n}Xﬁchﬁn}(hgf 'ﬁfé“&ﬁm td,%g% %%?S%X%B%HQOF

(3990 and 8 ‘i enic co cen ration % or | ' east 15

wt % basedeg sBhetok @F 80 Wek hR0ahtot e 98al e asbeedsbieanyeA0RB3LA dphat i ¢
hydr ocar bons having at |east five carbon atons, but not nore t han 16 carbon

at ons can sapserbeakbophpyedis. Exanpl es of such hydrocar bons include, but are
not limted to, pentanes, hexanes, octanes, dodecanes and hexadecanes.
1005411 n one enbodi nent, the solvent conponent has an ASTM 11)86 10%

di stillatijgo4ppi nThekuaérchaast soall cod#dGhds Abt@annratih e Yelvbhe sol vent
conponent has an ASTM D86 10% di stillation point of at |east 275F (135C) or

at | east 30GHSIAOCPeidQDEThe: solisa it mporponentat preef 20013 {4 4854S).an ASTM

11)86 QO%ﬂ!;esg(;r%&%fg can be hydrocarbons or organic derivatives of hydrocarbons and
other organic compounds that have a critical temperature of at least 300°F
{149°C). Preferably, these compounds have a critical temperature of not greater
than 840°F (449°C). In a particular embodiment, the supercritical compounds
have a critical temperature of at least 350°F (177°C), or at least 480°F (249°C),
or at least 600°F (316°C), and not greater than 730°F (399°C).

30441  The supercritical solvent compounds contained in the solvent
compounent preferably have a critical pressure of not greater than 500 psig (3447
kPa-g). More preferably, the supercritical solvent compounds contained in the
solvent component have a critical pressure of not greater than 400 psig (2750
kPa-g}, alternatively 350 psig (2413 kPa-g), alternatively not greater than 300
psig (2068 kPa-g), or alternatively not greater than 250 psig (1724 kPa-g).
Preferably, the supercritical solvent compounds contained 11 the solvent
component have a critical pressure of at least 50 psig (345 kPa-g), or at least 100

pst (389 kPa-g), or at least 150 psig (1034 kPa-g).



poi nt of not greater than 575F (302C). Alternatively, the solvent conponent
has an ASTM D86 90% di stillation point of not greater than 550F (288C) or
not greatwo 20182033980F (260C), or not greater than 450F @E23ASR(12062900Dt
greater than 400F (20400. 100561The denkity of the sol vent conmponent can

al so be determ ned according to . A STM D287-92(2006) Standard Test Met hod
for API Gavity of Crude Petrol eum and Petrol eum Products (Hydroneter

Met hod) i {Eﬁ&%ﬁgﬁe%g?? mgfi;@\é;‘éit%%eﬁ‘ﬁlagg{p%;{ah&/c&fﬁﬁfﬂéﬁ By Qﬁ%ﬁﬁp mponent is at

nost 35" ( n anot her "enbodi and at nost
250 i n anQichesosemOBh NERSilind 00543 theos plevantthaomperernostipuld; be conbi ned
wi th the heavy hydrocarbon oil conponent to produce a conbined feedstock
for the canthctédngnzahecot, rwrkydrbpraessiiog sobact ovmpbondexartpiied isuch a
feedstock |s conprised. . WO 2013/ 033298PCT/ US2012/ 052991 - 16 _of from 30
W% to 95 HESGET HEVRRHUYT BYRP COHPHOPO B PT %@@Eﬁéﬁ{%ﬁiﬁ Wd 8t Wt % to 70

wt % of the solvent FRORER, ) L at ad - wel ght ¢ e coffi-ned
Feed. A torRael ory SRIESID: RERFPd o R 30b X Cloghl Mear®uet PRk fTb e on 1
80 wt % of (bhecheayy. el @eaubonr epdicegmponent and from 10 w%to 60 wt % of

t he sol vent conponént, based on total "weight of the conbined feed.
100581The sol vent can be conbined with the heavy hydrocarbon oil wthin the

hydr opr 0cqRRR0_VATSRL H Ol BAISRROSERRLAG.EONE. ul LELABRL NG he Sol vent

and heavy on" of _ as ‘Separa treams and comnbi ned
into one feeehsihedm:Rf vafich heettrBFinBd hehey RYEIRPAREESS ity eI ntOr

hydr opr ocessi ng Zone.
co-feed contact the hydroprocessing catalyst, the supercritical solvent
compounds will be in a supercritical or near-supercritical state. Under
hydroprocessing conditions, the solvent components should be much less
reactive than residual otls. Preferably, the supercritical compounds undergo no
greater than 30 percent decomposition, particularly no greater than 20 percent

decomposition, during hydroprocessing.

168477  Suitable supercritical compounds that can be used as the solvent of
this mvention include aromatic hydrocarbons having ong, two or three rings,
hydreoaromatic compounds, alicyclic compounds and aliphatic compounds or
mixtures thereof, For example, the solvent component can be comprised of a
rmixture of aromatic molecules having boiling pomts of from 200°F (93°C) to
730°F (399°C), or from 240°F (116°C) to 7T10°F (377°C), or from 260°F
(127°C) to 660°F (349°C).

[6048]  Another example of aromatic hydrocarbon includes aromatic
hydrocarbons having a single benzene ring and preferably not more than 4
carbon atoms 1 substituent groups. Examples of such compounds oclude, but
are not limited to, benzene, toluene, xylene, ethyl benzene, iso-propyl benzene,
trimethylbenzene, and tetramethylbenzene. Thus, a solvent feedstream

containing at least a majority of one or more of these compounds can be used in



Hydr opr ocessi ng Catal ysts 100591Suit abl e hydro-processing catal ysts for use
in the present invention can include conventional hydroprocessing catalysts
and partiwol2ardog3r9Bose t hat conprise at | east one G oupPUIIUS2010/05299b]| e
metal, preferably Fe, Co, and/or N, suth as Co and/or Ni; and at |east one
Goup VI netal, preferably Mo and/or W Such hydroprocessing catal ysts
optionally include transition netal sulfides that are inpregnated or

di sper sed AY um silica.
The: suppor' = oy S AEH R IR RO L FopINER AR 1A R ERT, 2

catal yti c @gtiivéd YeloQubstantially carrier- or suppor -free catal ysts,
comonly referred to as bul k catal ysts, generally have hi gher volunetric
activities than their supported counterparts 100601The catal ysts used in
Lhe presenol oy ent:gmaaaty BHdAMo R MPHIE Al B MOl aRORERded gEm I N
addition t m ha an ¢ silica, oth sul't 1e support carrler material s
can incl uct@;pgﬁutmar% Dot donpdieds! GinZedbid @snp@amt@rtbﬁd tshhi€highet ania, and
titania-alumna. It is within the scope of the present invention WO

2013/ 033298RCT wszmzw@asz dgdropradess ingtcaporeecarfiagh oohat higper tefuperatures

hydr oprocessj ng e used in ne or

D065 1 The Sichpgat fie sgf%e%ﬁﬁl e Rerias e har et bSiote Frmplchan o
typically tﬂ?sepéo%g;g& tnd: Qné’iﬁ ar@ﬂ i,{l?{]g‘%él%\%gé}’)%% %Ltnlge wto about 30 wt %

pr ef er abl rom ‘one G oup VI

metal, in i%@lggﬂéi@r MipHean] ﬁgy@b%lghy{ Berpresent in an anount ranging from
about 2 wt%to about 60 W % preferably from about 6 w%to about 40 wt % or

from about 10 wt%to about 30 wt % These wei ght percents are based on the
tot al g @1‘; t %g&?cti% Y hnothOOEABANESR Ol 10f 1 NXALIRTAEGERINP zone in
whi ch catal yti rvity-occurs

component can be comprised of a mixture of aromatic and hydroaromatic

molecules. For example, the solvent component can be comprised of a mixture
of aromatic and hydroaromatic molecules having bouing points of from 200°F
(93°C) to 750°F (399°C), or from 250°F (121°C) to 660°F (349°C), or from
300°F (149°C) to 600°F (316°C).

13051}  Hydroaromatic compounds having at least two rings, including those
having hydrocarbon substituents, are representative of preferred supercritical
solvent compounds. In particular, the preferred hydroaromatic compounds are
two ring hydrocarbon compounds in which one ring is saturated and one is
unsaturated. Examples of these compounds wmclude, but are not limited to,

tetralin and methyl tetralin.

166521  Alicyclic hydrocarbons, particularly unsaturated alicyclic
hydrocarbons, can also be employed as supercritical solvent compounds.
Examples of such compounds include, but are not limited to, alicyelic
hyvdrocarbons having at least five carbon atoms such as cyclopentane,
cyclohexane, cis~- and transdecalin and alkvlated derivatives thereof. In one

embodiment, the alicyclic hydrocarbons have no more than 12 carbon atoms.



can include one or nore hydroprocessing catal ysts. Such catal ysts can be
m xed or stacked, with the catal yst preferably being in a fixed bed in the
vessel orwbydrigssmeessi ng zone. 100631The support can beCirgse@gmsted w th
the desired nmetals to formthe hydroproktessing catalyst. In particular

i npregnati on enbodi nents, the support is heat treated at tenperatures in a
range of from 400C to 1200C, or from 450C to 1000C, or from 600C to 900C,

prior to iupEeanatlion, a% 5!18(‘.?1&?&81 ’ %&ic-%gggﬁﬁgg g%gg%& SF ALy ﬁiﬁ?}g&i ment,

t he hydroprocessing ¢ (frfprl se extrudat es.

extrudat e @hamehei@sriange: i amidl d2ndniitbalis holmeh thkronyd 6200dPt 0 1/ 10t h
inch, or from120th to 1/1 6th inch. The extrudates can be cylindrical or

shaped. Nd&3tChiat T HY FeXaaPL esndf neghthadat@rshatpess achtudesttiiti wobesr &nd
quadr al obes. 1Q0651The process of this invention can be effectively carried
out using iéaﬁﬁygr%%‘?&@§ i ﬁea@taf‘9@%&%}%g@?iﬂ&rgwéwﬂr‘r‘é%@%aﬁbre di amet er
effective for hydroprocessing the heavy oil conponent. For exanple, the
medi an pore WO 2013/ 033298PCT/ US2012/ 052991 - 18 di anmeter can be in a
range of fiB8R3B0O t'dipheDO hadiwagsmsdws)ng ories0 {tve GORoatoors, B0t pet 300 A
Pore dianmeter is preferably deternm ned according to ASTA t hod D4284- 07
Mercury PAFo ’?59,9&%@36 P G@lpart Peul® 03@%3@?%&#? GEIIISI‘(IEJ/C“ai}1ydroprocessi ng

| Aedi an, ' { (o) TN n 5010 200 A
catal yot A% JRdl e Rer 6 CIATE Syl & LANIE.OhLLAM 50410,

Al ternati rofj“r ocessin as [ pore’di aneter in a
range of fdQEr2Qt@didQslec@bs. 100 to 140 A, or 110 to 30A.

16854} 1o one embodiment, the solvent component has an ASTM D86 10%
distillation point of at least 250°F (120°C). Alternatively, the solvent component
has an ASTM D86 10% distillation point of at least 275°F (1335°C) or at least
300°F (149°C).

[6085]  The solvent component preferably has an ASTM D&6 90% distillation
has an ASTM D86 90% distillation point of not greater than 350°F (2R8°C) or
not greater than 500°F (260°C), or not greater than 450°F (232°C), or not greater
than 400°F (204°C).

16056}  The density of the solvent component can also be determined
according to ASTM D287-92(2006) Standard Test Method for API Gravity of
Crude Petroleum and Petroleum Products (Hydrometer Method) in terms of APL
gravity. API gravity of the solvent component is at most 35° in one
embodiment, at most 30" in another embodiment, and at most 25° in another

embodiment.

160587} The solvent component should be combined with the heavy
hvdrocarbon oil component to produce a combined feedstock for the contacting

zone of a hydroprocessing reactor. For example, such a feedstock is comprised



1006711 n anot her enbodi nent, the hydroprocessing catal yst has a nedi an pore
di aneter ranging from50 Ato 150 A Alternatively, the hydroprocessing

cat al yst waos/3d8an pore dianeter in a range of from @OTASR@2D3B9A, or
from70 Ato 120 A 100681The process ofethis invention is also effective
wi th hydroprocessing catalysts having a | arger nedian pore dianeter. For
exanpl e, the process can be effective using a hydroprocessi ng catal yst

having a Lan -ROLe, d B ek y o) I N o} ( : r..200 to
havi N9 2 LA RALB b AELEL kNS ARIR AL LERMAR A BH0LAY 188y 200
catal yst hawe aopar ®1%i@ehdistehbithethdhabasks oRQhe $GaDweaht 3 t#D
negatively inpact catalyst activity or selectivity. For exanple, the

hydr opr ocessitnged &tcal yShemanvilay eagporieed fgmlsticktis chupirend ioh fwhi 6 at

| east 60% of ' the pores have a pore dianeter within 45 A 35A, or 25 A of
the medi aﬁ»‘«'%ﬁ%?ﬁai%%gpé?ﬁ hepvyepiCaPerRb I iCr%Fﬁﬂé‘,e“E%d@Q%f@?Etgﬁ&t@% medi an
pore di ametgr i Jange M00.1 Q. 18( . 9r 110 G A with at
P e D b TS B e L L T
t he nedi an pore dianeter. 100701Pore vol une should be sufficiently large to

lfh%ﬁ opr 0cd0LERG “Ei@é%@%%@'g%? %%5&%%%?%@3 St EY%%%@@E%% AL
0.7 ' Of & RRCRETo1 0TS ) 0 1 US2012/ 052991 -
16°Tn cer (ar pvanmioahe R A e Reulfie e, “PEii v o iralr

0,4-0.8 cn@y 1%&&1‘0'}13/@1‘&:3%571} 611846 he LORFN By SoRtaE Rrembodh IR Dindde
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catal yst exists in"shaped forns, for exanple, pellets, cylinders, and/or
ext r udat esntdltwe: tatakygst: prygi toatntyritagied vidragropéate eesgshostrength in a
range of from 50-500 Ncm or 60-400 NNcm or 100- 350 NVMcm or 200-300
N cm or JRETOBOCRysEls zone.

Hvdronrocessing Catalvsts

130591 Suitable bydroprocessing catalysts for use in the present mvention can
include conventional hydroprocessing catalysts and particularly those that
comprise at least one Group VHI non-noble metal, preferably Fe, Co, and/or Ni,
such as Co and/or Ni; and at least one Group VI metal, preferably Mo and/or W,
Such hydroprocessing catalysts optionally inchude transition metal sulfides that
are impregnated or dispersed on a refractory support or carrier such as alumina
and/or silica. The support or carrier itself typically has no
significant/measurable catalytic activity. Substantially carrier- or suppori-free
catalysts, commonly referred to as bulk catalysts, generally have higher

volumetric activities than their supported counterparts.

18068}  The catalysts used in the present invention can etther be w bulk form
or in supported form. In addition to alumina and/or silica, other suitable
support/carrier materials can include, but are not himited to, zeolites, titania,

silica-titania, and titania-alunyna. It is within the scope of the present wvention



Hydr ogen Stream 100721Hydroprocessing is carried out in the presence of
hydr ogen. A hydrogen streamis, therefore, fed or injected into a vessel or
reacti on wore13s298hydr opr ocessi ng zone") in which the RrgaUuspIROe8i ng
catal yst is located. Hydrogen, which isi’contained in a hydrogen "treat
gas," is provided to the reaction zone. Treat gas, as referred to in this

i nvention, can be either pure hydrogen or a hydrogen-containing gas, which
is a gas . I.ni . 1.0 . LS:.sufficient for the
| nt ondod 1AV 20 B 0 B  B¢BRcRiR AT coh Bk 8 iFUR bE 20 0%

ni t rogen aﬁghgﬂgh&mﬂygm@g@mpons such as nethane), and which will not
adversely interfere with or affect either the reactions or the products.

I mpurities, such as H2S and NH3 are undesirable and would typically be

removed f;;]%m e tﬂx%%& 163880:Re608 Rfﬁliirﬁn&&MH&?cﬁQE, tir?g!d&% ff}ﬁﬁ,céaﬁf- The treat
g p

gas streamintroduced into a reaction stage w referabl’y tontain at

| east aboulpkQllyok preschdin andnmanerdngierabl ybal A wasticabout 375wl . (.!1/0
hydrogen. 100731Hydrogen-contai ning treat gas can be supplied at a rate of
from 300 ScEisBlfistiemdabducdiit®s fediousf Shydbodda apégasbane Blrowf Vieedpl, (53 5

nB/ to 5000, /B (891 S nB/ . Pref bly, the t t i rovi ded i
r ange  of MR EB0D CSORIBCR L7 B BISIER el DEUS000 St B TIBRUS 820 VO |
2013/ 033298RC1( U520/ 0520015 (20, 10QTALLNEr agey: paplal nbna i gd gas can
be supplied co-currently W e heavy ydr ocarbon ol 1° andlor “sot'vent or

separ at el yj0rav@oaos8pal & ¢19asSTESRAMELLE fekbbers RydbORIQGLESI 1G] BZRAG ofhe
contact of the heavy hydrocarbon oil "and solvent with the hydropfocessing

cat al yst ahdctlagyshydr ogen treat gas produces a total product that includes
a hydroprocessed oil product, and, in some enbodi nents, gas. Processing
Condi tions 100751Hydroprocessing alternatively hydroconversion) generally
refers to [poeat i Na fsstinaBadidgrobbaineayye hydrRearnboniohtticonpengat that
contacts the hydroprocessing catal yst. Hydroprocessing particularly refers
to any prasesscitbaone ot careibedraubcenintghaipyeseteshahitdiyds ogehs niimed udi ng,
but not limted to, .gygr oconversi on'  hydrocracki ng, ,,ydgog‘enaﬁi on,

hydr ot r eatQ'igick R drEtEst PG stiﬁfq?%}”rﬁi}ﬁ%gﬁ%d%ﬁifﬁ it vessel or
hydrOdemt}Qgﬁr%riﬁg?%i y%ﬁ)dearomati zation, hydroisonerization, and

hydr odewaxing hg Sel ective hydr ocracki ng. The hydroprocessi ng

reaction is carried out in a vessel or a hydroprocessing zone in which

heavy hydr on._and sol vent, contact the hydropraocessing catalyst in the
pr esZ\n CZ\ &ﬁ%%%gr oégﬁ support can be impregnated wuﬁ E,ftu, ﬁesn‘cd metals to i@rmy t?m

hydroprocessing catalyst. In particular impregnation embodiments, the support
is heat treated at temperatures w a range of from 400°C to 1200°C, or from
450°C to 1000°C, or from 600°C to 900°C, prior to impregnation with the

metals.

[3064]  In an alternative embodiment, the hydroprocessing catalyst is
comprised of shaped extrudates. The extrudate diameters range from 1/32nd to
1/8% inch, from 1/20" to 1/10™ inch, or from 120" to 1/16™ inch. The extrudates
can be cylindrical or shaped. Non-luniting examples of extrudate shapes include

trilobes and quadralobes.

100637  The process of this invention can be effectively carried out using a
hydroprocessing catalyst having any median pore diameter effective for

hydroprocessing the heavy oil component. For example, the median pore



100761Cont acting conditions in the hydroprocessing zone can include, but
are not limted to, tenperature, pressure, hydrogen flow, hydrocarbon feed
flow, or worhixesis®ns thereof Contacting conditions in 2CFASenbosieents are
controlled to yield a product with speci&ic properties. 100771Tenperat ure
in the contacting zone is higher than the critical tenperature of the
supercritical solvent conpound in the solvent conponent that has the

hi ghest crj:t| . At .yl 18 iatd £al ent ds,.present
' the. sol SEMERESHEoRanA i 8L B S UPENGS KL AR S E R 2et ng
zone i s ated @asio AQQorodiAbetbeasireROGblyalet@imihe@atcR@faghbohern han the WO
2013/ 033298PCT/ US2012/ 052991 - 21 critical tenperature of the supercritical
sol vent cdviptudd}#i4-hé MolowenPooompoment t hat has the highest critical
tenperature of all supercritical solvent conpounds present in the sol vent
conponent. As a further exanple, the tenperature in the contacting zone can
range fronu@geF (L6QGh Um0 EAERE), thohyiirpaEImo(hTAG! e 28068(4270),
or from 500F (260C) to 700F (371C), or from 550F (288C) to 650F (343C). In
some enbodiarertanetteirperangsrd fremtHetochitt Actd gnaordycéw range from 560F
(293C) to 850F (454C), or, 66017(3490C) to 790F (421Q), o:ngﬁOF( 360C) to

" 750F (399BFIONGEYBITOEHP BT RESUIE I RHE CYHERE(H RGPS TS HGifer t han
the critic (Qiggrﬁls%q ﬁ) 9}]@ E%hb%r%'i'@%%btr. 'cal sol vent conpound in the sol vent
conponent at’ has e highest "critical” pressure of all supercritical

sol vent conpounds present in the solvent conponent. For exanple, the total

pressure i e contacting zone i t |least 10 psig (69 kPa-g),.or at |east
D0 pet g (188625a. B SiGhe L baRGe S o TdnEmeruehie Sy b ghin: TRAKT he
critical pr e ..0f . iati.c ol {eYq7010) 14 solyent
conponent qﬁ%gtﬁ %%13%18{ ﬁélgﬁf%ﬁgg{ §{(ﬁ:rAT h géaq Ig"b r‘%@%ﬁlﬁ %9%9’ g{%ﬂbéd&%gb ???b? j:l%al

sol vent campayndsispresgnh pote thenael Mentangemanento Aso a3 W tdharaexanpl e,
the total pressure in the contacting zone can range from 600 psig (4137
kPa-g) to 3080cpSiigh(20684 kPa-g), nore preferably from 650 psig (4482
kPa-g) to 2000 psig (13790 kPa-g), and nost preferably from 800 psig (5516
kPa-g) to 1500 psig (10342 kPa-g). 100791Liquid hourly space velocity
(LHSV) of [ghesconheedohsavy thiy diasaiohan aBoleffndys oliventdroprmengnts wil |
generally range from0.1 to 30 h 1, or 0.4 hto 25 h I, or 0.5 to 20 hin
sone enbodiat@pitts havEg\a iasgatmédas polsdipmeder. dtorlexastpla.ohd pigeess cat bt east 5
h gffective using a hydroprocessing catalyst having a median pore diameter in a

range of from 180 to 500 A, or 200 to 300 A, or 230 t0 250 A,

[306%] It 1s preferred that the hydroprocessing catalyst have a pore size
distribution that is not so great as to negatively impact catalyst activity or
selectivity. For example, the hydroprocessing catalyst can have a pore size
distribution in which at least 60% of the pores have a pore diameter within 45 A,
35A, or 25 A of the median pore diameter. In ceriain embodiments, the catalyst
has a median pore diameter in a range of from 50 to 180 A, or from 60 to 150 A,
with at least 60% of the pores having a pore diameter within 45 A, 35 A, or 25 A

of the median pore diameter.

16078  Pore volume should be sufficiently large to further contribute to
catalyst activity or selectivity. For example, the hydroprocessing catalyst can

- 3 v 3, : 3
have a pore volume of at least 0.3 cm’/g, at least 0.7 cmi’/g, or at least 0.9 cm'/g.



WO 2013/ 033298PCT/ US2012/ 052991 t he conbi ned feed wi th hydroprocessing

cat al yst he presence of hydrogen is carried out at a hydrogen parti al
pressur e WO 2130038080 psig (4482 kPa-g) to 2000 psig (13Ped/usPa2@3299und nore
preferably from 800 psig (5516 kPa-g) t&-1500 psig (1_0342-9).

l'i vdroprocessed Product 1008l11Rel ative to the heavy hydrocarbon oi
conponent in the feedstream the hydroprocessed product will be a materi al
or crude Rrodual; LBhASKHDIIS. LEALEL LANRLR BUER PRARFLLE6Spas, ver age

mol ecul ar ‘wei'ght, "borling g 1At range, denéﬁty and/ or conc€&ntration of

sul fur, nigmogen.n.exypem’/@nd nmetal s. 100821l n an enbodi ment, contacting

t he heavy hydrocarbon oil and solvent with the hydroprocessing catalyst in
t he presence of hydrogen to produce a hydroprocessed product is carried out
in a singl t agt .0g,;Zon -0 .anot:her, .agbadi: neat .00t L is carried
out in tm&%2?9ﬂnrg&%%%?ggggﬁéﬁg%ﬁgéEg$ﬁgﬁ?%3%Fﬁ§9%ggg%%é?%%%ggéroduct can
be separ at@dnite Nt oeloderyDary Panithalakar | Phesilvediybloatiythaprotiict s and
one or nore gas products. 100831l n sone enbodi ments, the liquid product is
bl ended wintlhtearayidstovwiibona tawisticeknt Hab 09 &/eie os At (8N @, dirf e ent  from

the heavy hydrocarbopn ojl . ¢caonpone, For exanple, the liquid hydroprocessed
pr oduct caﬁrwgggg"%#ﬁizp})@d3® &ﬁ@ »ﬂ&/gé%gég%ﬁﬁbil having a different

viscosity, resulting in a blended product having a viscosity that is
between the viscosity of the liquid hydroprocessed product and the
vi scosi ty ldfdiolgen ke hydr ocarbon oil component 1008411 n some enbodi nents,
t he hydroprocessed product and/or the bl ended product are transported to a
refinery and distilled to produce one or nore distillate fractions. The
distill at 3672kt i bhsrgabcheigaisakytisCali iy the peassedof byddfen. A
2013/ 033298PCT/ US2012/ 052991 o ( ‘

hydrogen stream 1s, therefore, fed or injected into a vessel or reaction zone {or

“hydroprocessing zone”) in which the hydroprocessing catalyst is located.
Hydrogen, which is contained in a hydrogen “treat gas,” 1s provided to the
reaction zone. Treat gas, as referred to iu this invention, can be either pure
hydrogen or a hydrogen-countaining gas, which is a gas stream containing
hydrogen in an amount that 1s sufficient for the mtended reaction(s), optionally
tncluding one or more other gases {(e.g., nitrogen and light hydrocarbons such as
methane}, and which will not adversely interfere with or affect either the
reactions or the products. Impurities, such as H, S and NH; are undesirable and
would typically be removed from the treat gas before it is conducted to the
reactor. The treat gas stream introduced into a reaction stage will preferably
contain at least about 50 vol. % and more preferably at least about 75 vol. %

hydrogen.

130731  Hydrogen-containing treat gas can be supplied at a rate of from 300
SCE/B (standard cubic feet of hydrogen per barrel of feed) (53 § m'/m’) to 5000
SCF/B (891 S ni’/mv’). Preferably, the treat gas is provided in a range of from

1000 SCF/B (178 8 m’/m’) to 3000 SCF/B (534 § m’/m”).



- 23 produce comercial products such as transportation fuels, |ubricants,
or chem cals. 100851lin sone enbodi nents, the hydroprocessed product has a
total Ni /WORe13ssr98nt of at nost 50% or at nost 10% OPCAUSAWIN059% or at
most 3% or at nost 1,/0 of the total NY-V/ Fe content of the heavy

hydr ocarbon oil conponent. In certain enbodi nents, the fraction of the
hydroprocessed product that has a boiling point of 650F (343C) and hi gher

(1o o CON Py PALEL B L oMo Aty PECLBIRTOLORORE UHIGO)

pr oduct frac COnte I n a range of from’1xX

2 x 10 gr %[E%&f%@ti@ré@tt&ﬁﬂoﬂgﬁ?}um @,Mtiéﬁi?(é@bep&z%@nﬁatl%eib%rh@c é‘lsgd‘tﬂ’fﬁm(t@ 3 to
100 ppm, or O 6 grans to I x10 4 grans (1 to 100 ppn). In certain

enbodi nenttse e 6SGTFsinR34A3€- th)c quieduof the botivornydrasarhot ogroesitsetvattan 4/ 10
5 grans of l\%/ V/IFe (40 p 1m 0861l n certain enbodi nents, the

hydr opr oce¥s éhfpmémétma%n&ﬁm Stataét.th RgE .t@atm@ APBBYES HI01Al10- 140% of

or avi by of PHE Y b BeeedSh- Broaere oL b 1ot SR FRRIERL, 5o

1008711 n cgitain errbodl ments, the hydroprocessed product has a viscosity of
at nost 90% or at nost 80% or at nost 70% of that of the heavy

hydr ocarbon oil conponent. In sone enbodi nents, the viscosity of the
hydroprocq—,sﬁc5 aﬂ{é)@gﬁéttm .at nost 90% of the viscosity of the heavy

hydr ocar bom6rt= fien ,' while the APl gravity of the hydroprocessed
product is 100- 160% or 105- 155% or 110- 150% of that of the heavy
hydrocarb c onentmtloo rnative e t he 650F+
(34505 prdafer £ PERRIBRC s AV P O R Biby e OO e 40 oI5 eot o

fromao t o‘f"i%%gcst e PRS0 BH TP RS Hsdee LER U FERYEE 2L 547 "0°

enbodi mentisdr&5GLesstBdS L)y sRr Betedprbdachicqiriasady vERe0s 4y Slocads most 90%
or at nost '50% or at nost 5% of that of the heavy hydrocarbon oil

conponent ttt&t&@&@ﬂttaﬁ sdgne teabodeneneShydrhgethydeiogrgs bssedt pnoddée, has a
total hydroconversion, hydrocracking, hydrogenation, hydrotreating,
hydrodesulfurization, hydrodenitrogenation, hydrodemetallation,
hydrodearomatization, hydroisomerization, and hydrodewaxing mcluding
selective hydrocracking. The hydroprocessing reaction is carried out in a vessel
or a hydroprocessing zone 1n which heavy hydrocarbon and solvent contact the

hydroprocessing catalyst i the preseunce of hydrogen.

130761  Contacting conditions in the hydroprocessing zone can include, but
are not limited to, temperature, pressure, hydrogen flow, hyvdrocarbon feed flow,
or combinations thereof. Contacting conditions in some embodiments are

controlled to yield a product with specific properties.

130771 Temperature in the contacting zone is higher than the critical
temperature of the supercritical solvent compound in the solvent component that
has the highest critical temperature of all supercritical solvent compounds
present in the solvent component. For example, the temperature i the

contacting zone is at least 10°C, or at least 30°C, or at least 50°C higher than the



heteroatom (i.e., SIN0O) content of at nost 50% or at nost 10% or at nost
5% of the total heteroatom content of the heavy hydrocarbon oil conponent.
1009011 n worre13a3t29di nents, the sul fur content of the hy@#Coarsoaeds®dl pr oduct
is at nost 50% or at nobst 10% or at ndst 5% of the sulfur content of the
heavy hydrocarbon feedstock The total nitrogen content of the
hydr opr ocessed product is at nost 50% or at nost 10% or at nost 5% of

that of thei Repi Wl ooar RN kRerRkocky ANdu S Ry rapLaRgRped product

has a total oxyge ten I's at nost or at nost

30% or atcommsdnehO%at Qs e KMBEst2Y0Rh] fehehehatiad opmm%fer@ﬂﬂ&mbw‘mthe heavy
hydrocarbon oil conponent. Exanples Exanple | 100911A fi xed bed, downfl ow

react or wa®ngonsils petsed! fir Gmsdl8ul Loimpohestt ahnh éssxshss*tsecam}ﬂutihﬂg Two 50 cm

brass -half cylinders were bolted onto the 318th jnch t vol une of
the hot zdRBPFHEIEE"TheCHIASENE FPIhERT Fanas | %Liénﬁéc‘%‘émrﬁg ?P&&@? r was

| oaded wi t, 5o@ f 0 -Ni yid I top of 8
cc of an %sup(por?f%%ﬁsgﬁg&/ ﬁ?@% éggggsisgﬁgf ﬁ@%l me %%%po ed NM
catal yst wagopged; @y GREidhY SEQTF m@vawam@ﬁamﬂf@m@e@w oi | feedstocks.
The catal yst systemwas sul fided using a feedstock conprised of 80 w %
130- neutradmibmbmemslﬁéﬁpm%retmyfdetmrsadtfngdmnemgz FJhéchedddtollesas fed at

3000 SCF/ B (standard cubic feet barrel of teed 644F
(3900) . 0112 SQHEV A 10006651 GAOEE05 TR G F6h- s L3606 Fheior sedst ock
was then gzgg tga 60 wt % At habasca bitunmen/40 w % tri met hyl benzene

(FMB) . Reac’t Ftions were changed to 800 psig (5516 kPa-g), 5 cc/hr
liquid feed, and 1100 SCF/ B hydrogen (197 S nB/nB). The reactor tenperature
was varied bet ween 689F (365C) . and 780F (416C).. 100931The At habasca bi t unmen
had the fdPFéfi ng Iprdpesssiesia the §oesing 28000 iﬁsh?lr\rwesh@ 2868l 2320) to

égS\?\géﬁ]GggrEaSélée % ,1%%8126%16??%31\ %\%ia%ﬁ;z_.@&mdo in t?le SoRARSS c':gflri}%mgeﬁ\ﬂmi)@m%t 60F,

the highest critical pressure of all supercritical solvent compounds present in the
solvent component. For example, the total pressure i the contacting zone 1s at
least 10 psig (69 kPa-g), or at least 20 psig (138 kPa-g), or at least 30 psig (207
kPa-g) higher than the critical pressure of the supercritical solvent compound m
the solvent component that has the highest critical pressure of all supereritical
solvent compounds present 11 the solvent component. As a further example, the
total pressure 1 the contacting zone can range from 600 psig (4137 kPa-g) to
3000 psig (20684 kPa-g), more preferably from 650 psig (4482 kPa-g) to 2000
psig (13790 kPa-g), and most preferably from 800 psig (5516 kPa-g) to 1500
psig (10342 kPa-g).

166791  Liquid hourly space velocity (LHSV) of the combined heavy
hydrocarbon oif and solvent components will generally range from 0.1 to 3017,
or0.4h ' 1025h 7 or 0.5 t0 20 b7, In some embodiments, LHSV is at least 15

b oratleast 100 oratleast Sh L

160801  Partial pressure of hydrogen m the contacting zoune can range from

550 psig {3792 kPa-g) to 3000 psig (20684 kPa-g). Preferably, the contacting of



100941During the run, the hydrodesul furization and hydrodernetallization

| evel s were typically held between 60 and 70% t hr ough tenperature

adj ust merwo 20tsen3a®posi ti on of netals in the reactor wasPCTASR@Ed/ 03w tine.
For exanple, at the tinme that the catalist had accunul ated 5 wt % netal s,
the conditions were 800 psig (5516 kPa-g) and 725F (385C). Less than 1 wt %
of the TMB was hydrogenated and/ or hydrocracked. 100951The catal yst was run
for 150 d ' I el ML ALY, . £ 19%.0ver., - Week

por i od at e rased Rl HdotiRRRal AR BRI BRRIER, |

t er m nat edcakQeenadliey gxanknabhonl pfesthe dTet@hs 5o siF (DR I@m?? td bgneat al yst
before netal loading filleéed any nore of the catalyst void volune. 100961The
t ot al net alpsiadiTeg idh-ghend avakyst fonds v Tromti9 popDs Eadifiget el ¥, t he
catal ysts vverg qngl yzed for vanadium profile in the extrudates. The

vanadi um d&pbsiH4dc®loss whol e extrudates was found to be evenly deposited

t hroughout the extrudate on both catal ysts, indicative of insignificant
pore nmouth plugging. Analysis of the spent catal ysts showed that the netals
upt ake of Hediepracatefstwduetre simlar-- close to 0. 114 g netal / cc of

catal yst. This exanpl e denonstrates that upgradi ng of Athabasca bitunen in
the presence of TMB at a WD 2013/ 033298PCT/ US2012/ 052991 - 26 noderate
pressure dBg800 pRiethi(ve5d6hkRamg) hebdcheoachi eueghiion iatheekténdead peri od of
time without reactor plugging problens. Mreover, there is little netal

bui | dup i b deduwraterstd pordest wilbbe ruuAGER! eherudomdpdicdnkatgssthitsTMB is a
supercri tiggl f1ui.d. Ag such,. it hel &E re&i)u\cs} 0i l. V{' $C sity .and hence

accel er at é* 0P $HUSI BIHFAPERALT RS LA 4 L0 SR W ighL DRI §&é‘?1€f'ﬁﬁg8al

sol vent al 80.Gha Ppha rehayli. ar: tal.yst particles by
reduci ng t‘%%bﬁgﬁgg’ﬁ‘gyc‘%?ﬂ?%ﬁﬁg%? \;\ﬁn\g&’i%%g%%%gf%%§§1 %:f%t}?lgy%?iases during the
reaction, thus mtigating the deposition and accunul ati on of carbonaceous

?ﬁeggipfggbgfhcm !@X %ﬂﬁg?ﬁggﬁl %&n%ééné 81%9&%11:9%};@?&%%&5: léﬂaaﬁ' s%gtﬁ%li, yst used

with the hydroprocessing catalyst i the presence of hydrogen to produce a

hydroprocessed product 1s carried out in a single contacting zone. In another
embodiment, contacting is carried out in two or more contacting zones. The
total hydroprocessed product can be separated to form one or more particularly

destred liquid products and one or niore gas products.

30831  In some embodunents, the liquid product is blended with a
hydrocarbon feedstock that is the same as or different from the heavy
hydrocarbon o1l component. For example, the liquid hydroprocessed product can
be combined with a hydrocarbon oil having a different viscosity, resulting in a
blended product having a viscosity that is between the viscosity of the liquid
hyvdroprocessed product and the viscosity of the heavy hydrocarbon o1l

component.

30841  In some emboduneunts, the hydroprocessed product and/or the blended
product are transported to a refinery and distilled to produce one or more

distillate fractions. The distillate fractions can be catalytically processed to



at nospheric resid and a supported Co-M catal yst. The foll ow ng sol vents
were used: trinethyl benzene (TVMB) and net hyl napht hal ene (MN). A base-case
hydr oconweo0m3829per i nent was done in the absence of amCadsed208199ent .
100991Specifically, the followi ng four-F%edstocks were used in the

exanpl es: Ex. 2: 100% Basrah resid Ex. 3: 60% Basrah resid and 40% TMB Ex.
4. 60% Basrah resid and 40% MN 1001001 Table 1 shows the properties of the

o, oL SR Gl A T Bty

chemicals,

16088  In some embodiments, the hydroprocessed product has a total NvV/Fe
content of at most 30%, or at most 10%, or at most 5%, or at most 3%, or at
most 1% of the total Ni/V/Fe content of the heavy hydrocarbon otl component.
In certain embodiments, the fraction of the hydroprocessed product that has a
boiling pomt of 630°F (343°C) and higher (i.e., 650°F+ (343°C+) product
fraction) has, per gram of 650°F+ (343°C+) product fraction, a total NV/V/Fe
content in a range of from 1x107 grams to 271 o grams (0.1 to 200 ppm), or
321077 grams to 1x107* grams (0.3 to 100 ppm), or 1210 grams to 1x107*
grams (1 to 100 ppm). In certain embodiments, the 650°F+ (343°C+) product

fraction has not greater than 410 grams of Ni/V/Fe (40 ppm).

160861  In certain embodiments, the hydroprocessed product has an AP
gravity that 1s 100-160%, or 110-140% of that of the heavy hydrocarbon oil
compounent. In certain embodiments, API gravity of the hydroprocessed product

is from 10°-40°, or 12°-35", or 14°-30".

160871 In certain embodiments, the hydroprocessed product has a viscosity of
at most 90%, or at most 80%, or at most 70% of that of the heavy hydrocarbon
oil component. In some embodiments, the viscosity of the hydroprocessed
product 1s at most 90% of the viscosity of the heavy hydrocarbon oil component,
while the API gravity of the hydroprocessed product is 100-160%, or 105-155%,

or 110-150% of that of the heavy hyvdrocarbon oil component.

[6088]  In an alternative embodiment, the 650°F+ (343°C+) product fraction
can have a viscosity at 100°C of 10 to 150 ¢st, or 15 to 120 cst, or 20-100 cst.

Most atmospheric resids of crude oils range from 40 to 200 cst. In certain



650- 1050F55 i 050F47 APl Gravityl2.3 S. w%l.6 N, w,40.26 N, wppnm22 wppnv9
100101 The experinents of Exanples 2-4 were carried out in an upflow

fi xed- bedwOeat38298 The cat al yst extrudates were crushedPamdsgezesved t o

40/ 60 mesh granules. Liquid sulfiding wis carried out with ethyl disulfide
di ssolved in a lubricating oil at 340C. Each experinmental run was started
with the standard conditions of 725F (385C), 750 psig (5171 kPa) H2, 0.17

total LHSV @}ﬂi}%@%oé PYQI“Q 2 Qﬂjctffﬁ%g g%siéa%%m%t of aPH{dsPQO‘t/he run,

the | oss ofT st ‘activi ty FCount i sing errpér ature.

Exampl e 2 dl@@@m@sﬁ auwea); 21QQL02%, & @@@@fQ@ﬁi@sa&ymv‘&@@a@wgﬁk@ﬁnmkbt neat
Basrah resid (i.e., 100% resid, no sol vent) as descri bed above fi'tor this

Exanpl e. Figure 1 shows the perfornance of the catalyst. The catal yst was

on stream E}@%ﬁ'{f ﬂ%%n’é“ehgnGg%%éﬁ%?&fégny?g&g\étééa@é fr&&uc%@l§9§t§ég60+) fraction

conver Si o ter ays e run was rced to shut

down due tiet@xeRSS(VE, §aCHWonpiessur 1odf 8§%, o¥& most 10%, or at most 5%
2013/ 033298PCT/ US2012/ 052991 - 28 Example .3 _
of the total heteroatom content of the heavy hydrocarbon oil componeunt.

160961 1o some embodiments, the sulfur content of the hydroprocessed
product 1s at most 30%, or at most 10%, or at most 5% of the sultur content of
the heavy hydrocarbon feedstock The total nitrogen content of the
hydroprocessed product 1s at most 50%, or at most 10%., or at most 5% of that of
the heavy hydrocarbon feedstock, and the hydroprocessed product has a total
oxygen content that 1s at most 75%, or at most 30%, or at most 30%, or at most
10%, or at most 5% of the total oxygen content of the heavy hydrocarbou oil

component.

Examples

160911 A fixed bed, downflow reactor was constructed from 3/8% inch
stainless steel tubing. Two 50 cm brass half cylinders were bolted onto the 3/8"
inch tube. The volume of the hot zone inside the brass cylinder was 16.0 ¢¢’s.
The reactor was Ipaded with 5 cc of a supported NiMo hydroprocessing catalyst
on top of 8 cc of an unsupported NiMoW hydroprocessing catalyst. The
supported NiMo catalyst was used primarily for removing metals from heavy oil
feedstocks. The catalyst system was sulfided using a feedstock comprised of

80 wt% 130-neutral lube 01l/20 wt% ethyl-disulfide.

180921  The feedstock was fed at 3000 SCF/B (standard cubic feet of
hydrogen per barrel of feed), 644°F (340°C), 0.2 LHSYV, and 1000 psig (6893



1001031 A run was conducted with 60% Basrah resid and 40%

trirnethyl betizene (1nB) as descri bed above for this Exanple. The 1050F
(566C+) fwaabidmidzwénver si on and HDN reached a rel ati vel pC3ttsoe/ob®oel after
18 days, Wiile HDM and HDS both declinetf gradually, their levels were

mar kedl y hi gher than those shown in Exanple 2. 1001041 The reactor
tenperature was raised to 752F (400C) after 40 days and then to 797F (4250

after 62 S : q i £aSes; i Tl He)

conver si O@ﬁ%@%@@@%ﬂﬁ%éﬁﬁé@g@@ﬁﬂisgvﬁgl!ﬁég (tggéi}tt’é‘rf\%%ddggs on
stream thgueactiokviterpasal e was( fRhaledcnch easgitiohe vi42bhidaGy. After
3 days at this tenperature, the run was term nated due to reactor plugging.
1001051 Fi&rssi2 (&l SokidhansS tdibr batial fysd. guelr Fidin®nEds wydtogehd 180540

resid/ TMB feed, This run was on stream faor. 82 days, much_longer n the
base case muﬁgésT GRAF fETERERpIE s ‘T@@Q@E’i""@ﬁbxg%ﬁ%ﬁél bt aff 7&58@ 2
further s Q_\i\go&ﬂe quality of the liquid product is nuch better than that
obt ai ned from<t“°e neat resid run of Exanple 2. Mre inportantly, here a far
nore sustai nabl e operation can be achieved at a high 70% 1050T+ (566C+)

fraction conyersign and a relatively | ow hydrogen pressure of 75 ig
(5171 k_1é§?¥§ﬁoo§3??\t FbaskeHrISe Hisk '8f?ﬁ‘é‘t‘“ﬂ%ﬁé’fﬁm’&%‘%géﬁ‘a‘ﬁ(@ﬁ"vQ‘I‘)Bgi VB
under the 2l a0, GORsk 14-0s, i it gl de, LO8 L K& St Y., the

TNE: as- sol VANt angbrr nant par i A0S Rk SPanbar b s RS 31 ' 725
(385C) to Wﬁngém@b : g@(ﬁﬁﬁc%ﬁ@vﬁt‘ﬁ 8t HOFS G7USREmM | 6EXARH 8/ Zhndvess
restricted to 725F (385C) due to operability problem WO

2013/ 033298RER/HIS2012/ 052991 - 29 The results disclosed in Exanplesll|-3
show t hat the presence of a supercritical solvent significantly increases a
catal yst's productivity by prolonging its run length. Exanple 4

( Conpar at i ¢4 {100 L9k ThE SueXRe hivaBte s WaiSH £aloh £ Biirodshba ERYoBasr ah
resid and 40% net hyl napht hal ene (MN) at the sane conditions as those used

i n Exanpl degelf orert hepifdltsheldbettays 6Fhgd /6% 3tiwhogs tauhigerpené odmatoentdat a of
this Exanpl.e. .As seen fromFj gure 3, the reactjon_ tenperature S i ncreased
from 725F i@s%f@)@f;ﬁbﬁv%é@etaﬁmé CAFAPT Wos &‘a&é@ Wb BRnT hE<HBD PO 7 (4250)

after 66 days..10Q1101 The_ cat st perfarmnces. i.naterns.of 1050F+ (566C+)
fraction g%%\?]g%“sglgﬁgi}m?ﬁ%%ﬂ%%g}%%“%r\gﬁ %%ﬁ%ﬁ%bbgmﬁé}@ﬁ%&% ?%rg'er ved with
the 40% T'\@)(ﬁ%%@(ﬁﬁm §Pé~§§’hﬁ@t7§§“¥t fatsoM sekyenh 1 stdesshefihgrtdye than
TMB. Under the tonditionS used, MNis in a subcritical state because the
reacti on tlempegaitadaidot bvdnctdedadt he critical tenperature. 100111]
Specifically, the performance difference between TMB and MN in terns of
product quality is conpared at a constant resid throughput (space tine

yi el d) of (4089 r eghd cRI:PEeRRGURTHr 95OHaeAl A VSIS aASvieARoppen biriesn Tabl e 2,
the 40 %I-MB run gi ves higher 1050F+ (566C) fraction conversion, HDM HDS,
and || DN. tBlsdYs the C3-wdekarpounds: teapicngufooas highrb 86 °0K416@€8) Hlicel d i s

| ower. Note also that the TMB-as-sol vent experjnent permts_scanning a

t enper at ur8"EHGE BRIATIS ETEEEEY t¢ suEU EraHEERLtthe el sivBRENUN

Fesul b s shon ERalTPRE-RuRart ) (R drChn Mous R PRk R LYRLREHET cnan

the subcritical solvent M\
[6096]  The total metal loading on the catalyst was 14 wi%. Upon ending the
run, the catalysts were analyzed for vanadium profile in the extrudates. The
vanadium deposit across whole extrudates was found to be evenly deposited
throughout the extrudate on both catalysts, indicative of insignificant pore mouth
plugging. Analysis of the spent catalysts showed that the metals uptake of both
catalysts were similar— close to 0.14 g metal/cc of catalyst. This example

demonstrates that upgrading of Athabasca bitumen n the presence of TMB at a



WO 2013/ 033298PCT/ US2012/ 052991 - 30 Table 2 Performance Conparison at
Constant Resid Throughput Feed, wt % 100% Resi d 60/40 Resi d/ TMB 60/ 40
Resi d/ M\ Weshtb/g3s8essed/ eat, g/ g 103 102 103 PCT/US2012/052991

- 26 -

moderate pressure of 800 psig (5516 kPa-g) can be achieved for an extended
period of time without reactor plugging problems. Moreover, there is little metal

buildup mside catalyst pores.

180977  Under the conditions used, TMB 15 a supercritical fhuid, As such, 1t
helps reduce oil viscosity and hence accelerate diffusion rate inside catalyst
particles. A supercritical solvent also changes the phase behavior around the
catalyst particles by reducing the tendency of forming two mcompatible higuid
phases during the reaction, thus mutigating the deposition and accumulation of

carbonaceous species on the catalyst.

Examples 2-4

16098}  The feedstock and catalyst used in Examples 2-4 were a Basrah
atmospheric resid and a supported Co-Mo catalyst. The following solvents were
used: trimethylbenzene (TMB) and methylnaphthalene (MN)}. A base-case

hydroconversion experiment was done in the absence of an added solvent.

160991 Specifically, the following four feedstocks were used in the examples:

Ex. 2: 100% Basrah resid

Ex. 3: 60% Basrah resid and 40% TMB

Ex. 4: 60% Basrah resid and 40% MN

[601068] Table | shows the properties of the Basrah atmospheric resid.



(Streamtine) (18 days) (32 days) (32 days) 1050F Conversion, '.% 42 52
48 FMK % 75 93 79 HDS, % 52
WO 2013/033298 PCT/US2012/052991

Table 1

feed Description

Feed Basrah Atmospheric Resid
Cs-400°F 0
400-650°F 3
650-1050°F 55
1050°F 42
API Gravity 123
S, wi% 4.6
N, wit% 0.26
Ni, wppm 22
Va, wppm 79

(30101} The experiments of Examples 2-4 were carried out in an upflow
fixed-bed reactor. The catalyst exirudates were crushed and screened to 40/60
mesh granules. Liquid sulfiding was carried out with ethyl disulfide dissolved in
a lubricating oil at 340°C. Each experimental run was started with the standard
counditions of 725°F (385°C), 750 psig (5171 kPa) H,, 0.17 total LHSV, and
3000 SCF hydrogen/B of feed (534 § m™/im). During the run, the loss of

catalyst activity was countered by raising reactor temperature.

Example 2 {Conparative)

[B0102] A base case run was conducted with neat Basrah resid (i.e., 100%
resid, no solvent) as described above for this Example. Figure 1 shows the
performance of the catalyst. The catalyst was on stream for 18 days with
decreasing activities for 1050°F+ (566°C+) fraction conversion, HDM, HDS,
and HDN. After 18 days, the run was forced to shut down due to excessive

reactor pressure drop.



75 57 HDN, %, 28 18 Product Distribution, wt% H2S 2.1 3.2 2.3 C4- gas 1.9
2,8
WO 2013/033298 PCT/US2012/052991

Example 3

1681031 A run was conducted with 60% Basrah resid and 40%
trimethylbenzene (TMB) as described above for this Example. The 1050°F+
{566°C+) fraction conversion and HDN reached a relatively stable level after 18
days. While HDBM and HDS both declined gradually, their levels were markedly

higher than those shown in Example 2.

166164] The reactor temperature was raised to 752°F (400°C) after 40 days
and then to 797°F (425°C) after 62 days. The conseguent mcreases in 1050°F+
(566°C+) fraction conversion, HDM, HDS, and HDM can be seen in Fig. 2.
After 80 days on stream, the reactor temperature was further increased to 842°F
{450°C). After 3 days at this temperature, the run was terminated due to reactor

plugging.

(60105} Figure 2 also shows the catalyst performance with the 60/40
resid/TMB feed. This run was on stream for 82 days, much longer than the base

case run as shown in Example 2.

[30106] The third plot in Fig. 2 further shows the quality of the liquid product
is much better than that obtained from the neat resid run of Example 2. More
importantly, here a far more sustamable operation can be achieved at a high 70%
1O50°F+ (566°C+) fraction conversion and a relatively low hydrogen pressure of

750 psig (5171 kPa).

160167} It should be noted that the hydrogenation of TMB under the reaction

counditions is negligible.

[60108]  In summary, the TMB-as-solvent experiment permits scanning a
temperature range of 725°F (385°C) to 842°F (450°C), whereas the no-solvent

run (Example 2) was restricted to 725°F (383°C) due to operability problem.



5.5 C5-400F (naphtha) 3.3 6,1 11,5 400-650F (distillate) 11.4 15.4 8.8
650- 4050F (gas oil) 55.8 54,0 53.6 1050F
WO 2013/033298 PCT/US2012/052991
LG

The results disclosed i Examples -3 show that the presence of a supercritical
solvent significantly increases a catalyst's productivity by prolonging its run

length.

Example 4 (Comparative)

[B0169] This experunent was carried out using 60% Basrah resid and 40%
methylnaphthalene (MN) at the same conditions as those used in Example 3 for
the first 42 days. Figure 3 shows the performance data of this Example. As seen
from Figure 3, the reaction temperature was increased from 725°F (385°C) to

752°F {400°C) after 42 days on stream and to 797°F (425°C) after 66 days.

[60118] The catalyst performances in terms of 1050°F+ (566°(C+) fraction
conversion, HDM, HDS, and HDN were inferior to those observed with the 40%
TMB case. This indicates that MIN solvent is less effective than TMB. Under
the conditions used, MN is in a subcritical state because the reaction temperature

is lower than the critical temperature.

166111} Specifically, the performance difference between TMB and MN
terms of product quality 1s compared at a constant resid throughput (space time
vieldy of 103¢ resid processed per g of catalyst. As can seen from Table 2, the
40 Y% TMB run gives higher 1030°F+ (566°(+) fraction conversion, HDM, HDS,
and HDN. Also, the €, (compounds having four carbons or less) vield 1s lower.
Note also that the TMB-as-solvent experiment permits scanning a temperature
range of 725°F (385°C) to 842°F, whereas the no-solvent run (Example 2) was
restricted to 725°F (385°C) due to operability problem. These results show that
the supercritical solvent TMB gives better results than the suberitical solvent

MN.



25.5 18 18.4 Sum 100 100 100 1001121 instead of feeding the appropriate

| ight aromatic solvent fromthe reactor inlet, part of the solvent may be
fed to thworema3saIsvi a i nterbed quench zones. Thi s woul gCaluses2iob®9s0l vent
to help control reaction exothermcity-{ladiabatic tenperature rise) and
inprove the liquid flow distribution in the reactor bed. The use of the
appropriate light aromati c sol vent has the additional benefit because of
relatively straightforward separatiO@nﬁﬁpzsolvent recycle. 1001131 The
principles and nodes of operation of this invention have been descri bed

above with referenpefbanyaki OuspeXeRPial ¥oastdnPRefigrmed gnhedi rrentsa fAs 4
as erlne

under st ood by _those of skill_ in_ the art, the overall_ inventiaon s
by the clains, enco Ses .ot her| pr - KLed .emjogy, £S.s; specifial |
e%urrer ated herein. npvﬁéﬁioié%o3329gpgi§@g§g‘i‘;2/ cg@é‘g@‘%ﬁ@% R/Besid/MN Y
Resid processed/cat, g/g 103 102 103
{Stream time} {18 days} (32 days) {32 days)
FOS0°F " Conversion, % 42 52 48
HDM, % 75 a3 79
HDS, % 32 75 57
HDN, % 7 28 18
Product Distribution, witde
H,5 2.1 3.2 2.3
4 gas 1.9 2.8 5.5
Cs-400°F (naphtha) 33 6.1 11.5
400-650°F {distillate) 114 i54 8.5
650-1050°F {gas oil) 55.8 54.0 53.6
1050°F 253 183 184
Sum 100 100 1006

[60112] Instead of feeding the appropriate light aromatic solvent from the
reactor ilet, part of the solvent may be fed to the reactor via interbed quench
zones. This would allow the solvent to help conirol reaction exothermicity
{adiabatic temperature rise} and 1mprove the hguid flow distribution in the
reactor bed. The use of the appropriate light aromatic solvent has the additional

benefit because of relatively straightforward separation and solvent recycle.

[06113]

described above with reference to various exemplary and preferred

The principles and modes of operation of this invention have been

embodiments. As understood by those of skill in the art, the overall tnvention,
as defined by the claims, encompasses other preferred embodiments not

specifically enumerated herem.



A process for producing a hydroprocessed product, conprising: sendi ng
to a hydroprocessing zone a conbi ned feed conprised of a heavy hydrocarbon
oi | conpoweri3/oas®sei n t he heavy hydrocarbon oil conpon@ai/uUsasi2asASTM D86
10% distillation point of at |east 6508-343C), and a sol vent conponent in
which a majority of the solvent is conprised of at |east one supercritical
hydr ocar bon conpound having a critical tenperature and pressure; and
contacting;ﬁg@wﬁgnbined feed with a hydroprocessing catalyst in the
presence of "hydrogen at a tenperature and pressure above the critical
tenperature and pressure of the at |east one supercritical hydrocarbon

conpound to formthe, hydr opr.ocessed. " duct . The rocess of
claim 1, wherein the REIR AYGRLrEE SIIoRBIFESHAROTuL. SoImPHIEal  ASTM
D86 boiling point of 650F (343C) or greater. 3. The process of claim

1, wherein th -0 - i t1,0,,0001
erern the s'%ﬁé%% tg%?g}%%gl@ﬁb%ebs‘?h% gﬁ%%ﬁ%ﬁn&%&é'c?ﬁn&keh?@% ey PO

grans of Ni/V/Fe, el emen sis of nickel, “'vanadi um and iron.
4. The prdsesscaboebiicmninonshenegiareinhge benby hedrdieddni ¢l conpohaadiagfa from
30 w%to 90 wt % of the heavy hydrocarbon oil conponent and from 10 wt%to
70 wt % of AhEMEBISGEt” s soviplnentpoibaried least 80 E (3ei"ght arst a sdleerionbi ned

coni ned_ SSEPYT NG yAP oY S aaP A 50 BAT LRI RelnG ToCSDRES of hydr ogen

is carried,, . : ( partialpressurefr SJ 0, kKPa-g) to
3000 psi o L 0EAT AP CRUGD BB By BE R B S RENAY A RRmE D) 1 2
process ofggl aim 1, wherein the sol vent conponent is conprised of nore than
one supercritical hydrocarbon conpound and contacting of the conbined feed
wth the hydroprocessing catalyst in the presence of hydrogen is carried
out at a total (enéssingdhit hambigedicgherith hapdidpeoorstigoalalpstessiw e of the

hi ghest -boi | i ng sypercritical hydrocarbon conpound in the. sol vent

component .Presente o Ay gges o ddeBPBr AT CNROR Y Y ERE L vent conponent

fr om 200F [ B0y s HAlHe B of Y RIb: R SEHER ARG BRb O T RRUBLD O]
t he sol venh f@ﬁﬁ@@@ﬁp&r@ﬁg&@m}ﬁi@ggc@f nore than one supercritical

hydr ocar bon conpound and contacting of the conbined feed with the
hydr opr ocessi ng catal yst in the presence of hydrogen is carried out at a

tenperature thaf is i _%E;egsh&hrki}%&’?l%jibx%}e%‘?‘lthé I?&Rg@%ﬁ&'%%ﬂ&; %ﬂe

hi ghest - boi | i ng 'supercritical rocarbon conpound I'n e solvent

conponent .componenDhasTheprocRSIM DS Wiimd povhereisn r e Tant@achbangr.i s
carried out at a. total pressure and at a tenperature at which the conbi ned
feed and the hydroprocessed products are conprised of no nore than one

vapor and one I§ qui driphase.duid Nginf 9NEACLein the heavy hydrocarbon oil
component contains at least 0.0001 grams of Ni/V/Fe, on a total elemental basis

of nickel, vanadium and iron.

4. The process of claim 1, wherein the combined feed 1s comprised of
from 30 wt% to 90 wt% of the heavy hydrocarbon oul component and from 10
witYe to 70 witt of the solvent component, based on total weight of the combined

feed.

5. The process of claim 1, wherein the contacting of the combined
feed with the hydroprocessing catalyst in the presence of hydrogen is carried out
at a hydrogen partial pressure from 350 psig (3792 kPa-g) to 3000 psig (20684
kPa-g}.



10. The process of claim1, wherein the solvent conponent is conprised of
at | east one supercritical solvent conpound sel ected fromthe group

consi sti nyoab1sswene, tol uene, xylene, ethyl benzene, PSTASR@PYF29ENZENE,
trimet hvl benzene, and tetranethyl benzen&.- 11. The process of claim1,
wherein the solvent conponent is conprised of a m xture of aromatic and
hydr oar omati ¢ nol ecul es havi ng boiling points of from 200F (93C) to 750F

(399'C). WD 20413/ 03329 OggésL%&n%i% 95%’%%]6313 ﬂ%sféwtlsggﬁ%ﬁ/ggﬁspr ocess of

claiml, wherein the solveé oneht has an tillation

poi nt of aforhast B30fe (L3206 -SU]Iyercriticaiﬁ%zdra'&&b@ﬂi o6eSudll agl @bMatiinherei n
the solvent conponent is a petroleumfraction with an APl gravity of |ess

t han or eqiahe tonrd®med feed withthe Mesoproocesse oftaplshimiht prodesceioh t he
contacting is carried out at a tenperature of from 320F (160C) to 900F
(4820) ang—%h'%%ysww%# O & 161 PpSIsyre West m—%@rﬁm NBOBOP NS P0684
kPa-g) . P 15...The pro Lof  clakm 1, rein : nt, component is
conpri sed Ooffth(i3 P @gf hg?%@lﬁzselﬁg&&Ca%%%‘gglb?\#{e%%grﬁ%}g%%gﬁéﬁg%:%gﬁﬁ 7, wherein
the sol venlyreaupenent is conprised of trimethyl benzene. 17. The

process of claim 15, wherein the solvent conponent is conprised of at |east
50 wt % trinethyl benzene, based on total weight of the solvent conponent.

18. The process; of chal 10y BLel ) ahlaf ey spearidiaals hydrocar bon

conpounds each hHave enperature o eas (149C) and a

critical piRssWeg Iy heasrd M odatiedhalectRs PA0iIRIAILS 44k Baneh
). The process of claim1, wherein the heavy hydrocarbon oil conponent and

t he sol verli3{iCbripdriente Elerd8aBIthed prior to entering the hydroprocessing
zone. 20.The process of claim11l, wherein the hydroprocessi ng zone contai ns

s. The process of claim 4, wherein the solvent component is
comprised of more than one supercritical hydrocarbon compound and contacting
of the combined feed with the hydroprocessing catalyst in the presence of
hydrogen is carried out at a temperature that 1s higher than the critical
temperature of the highest-boiling supercritical hydrocarbon compound in the

solvent component.

8. The process of claim 1, wherein the contacting is carried out at a
total pressure and at a temperature at which the combined feed and the
hydroprocessed products are comprised of no more than one vapor and one

liguid phase during contact.

10, The process of ¢laim 1, wherein the solvent component is
comprised of at least one supercritical solvent compound selected from the
group consisting of benzene, toluene, xvlene, ethyl benzene, 1so-propyl benzene,

trimethylbenzene, and tetramethylbenzene.

11, The process of claim 1, wherein the solvent component is
comprised of a mixture of aromatic and hydroaromatic molecules having boiling

pounts of from 200°F (93°C) to 750°F (399°C).



the catalyst in a fixed bed, and the conditions in the hydroprocessing zone
I ncl ude a tenperature of from 350F (177C) to 800F (427C), a total pressure
WO 2013/ 08829B8RGIIIRS2012/ 052991 - 34 of from 800 psig (BETASRA2a/0§99t 0 1500
psig (10342 kPa-g), and a liquid hourly3space velocity (LHSV) of the

conbi ned heavy hydrocarbon oil and sol vent conponents of from0.1 to 30 h

12, The process of claim 1, wherein the solvent component has an

ASTM D86 10% distillation point of at least 250°F (120°C).

13, The process of claim 1, wherein the solvent componentis a

petroleum fraction with an AP gravity of less than or equal to 35°.

14, The process of claim 1, wherein the contacting s carried out at a
temperature of from 320°F (160°C) to B00°F (482°C) and a pressure of from 600
psig (4137 kPa-g) to 3000 psig (20684 kPa-g).

15, The process of claim 1, wherein the solvent component is

comprised of trimethylbenzene.

16.  The process of claim 7, wherein the solvent componeunt 1s

comprised of trimethylbenzene.

17.  The process of claim 15, wherein the solvent component is
comprised of at least 30 wt% trimethylbenzene, based on total weight of the

solvent component.

18.  The process of claim 16, wherein all of the supercritical
hydrocarbon compounds each have a critical temperature of at least 300°F

(149°C) and a critical pressure of less than or equal to 300 psig (3447 kPa-g).

19, The process of claim 1, wherein the heavy hydrocarbon o]
component and the solvent component are combined prior to entering the

hydroprocessing zone.

20, The process of claim 1, wherein the hydroprocessing zone contains
the catalyst 1 a fixed bed, and the conditions in the hydroprocessing zone

include a temperature of from 350°F (177°C) to 8G0°F (427°C), a total pressure
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of from 800 psig (5516 kPa-g) to 1500 psig (10342 kPa-g}, and a ligmd hourly
space velocity (LHSV) of the combined heavy hydrocarbon oil and solvent

components of from 0.1 to 30 h .



