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SCLVENT | N HYDROPROCESSI NG HEAVY HYDROCARBONS FI ELD OF THE | NVENTI ON
100011Thiwoi2nB3sioon is directed to a process for produ®CmgiSa12/052994

hydr opr ocessed product from residua or -heavy hydrocarbon feeds. Mre
specifically, this invention is directed to a process for producing a
hydr opr ocessed product from a heavy hydrocarbon oil, using a relatively | ow

boi ling poi nt sokxenpyy NAWCAMRIRE oM ReNg, ?ﬁggﬁg{? (promatic
d. BACKG?@? G002 1 !EW ! d
Sg?ipg?; of conpon .. P gigﬂég%i!j %E#“%&;TQI? § §§I g}% (rjlaltorgr gcﬁsgd

as feedstocks for further processing or upgrading. In what is known as

at nospheric distillation, a heavy residuumis produced typically that has
an initialFig gy pagniNvENpruN 650F (343C). This residuumis typically
referred to as atnospheric residuum or as an atnospheric residuum fraction.
100031At nospheric residuumfractions tend to collect a relatively high
quantity of various netals; sulfur conponents and nitrogen conponents
relative tipghe | mahtebei@t id digddhQid 4 BEIL ORI 38 odudiBS Ul d@bpbh&sed
distillation process. Because these netal, sulfur and hitrogen conponents
are rel at iy¢eliyctdndastsidbh er hoawahydrosabueliseddt Ndyrasmctiypiibakitiy renoved by
vari ous catalytic_h%groprocessing t echni ques. 1000411 n sone instances, the
at npspher i iBVeREEITHGERGCED Gra PREceH SF ro@gihadydvaeocapsed srodugt figtpiessur e
bel ow at mgspheric pressure, to recover, additional distillation fractions.
AL vacuum Band LG Dt PR T Righe o 1BEE angh Saly 5L apgpntait

2013/ 033301 RGH L2 9111%4@ﬁ%§ Womatid compound.

BACKGROUND

160021 Crude ol is typically distilled to produce a variety of components 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.

16083]  Atmospheric residuum fractions tend to collect a relatively high
quantity of varicus metals, sulfur components and nitrogen 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

technigues.

1680647 1o some wstances, the atmospheric residuum is further distilled under
vacuum, i.e., at a pressure below atmospheric pressure, io recover additional

distillation fractions. At vacuum conditions, additional lighter fractions can be



recovered wi thout adding to various problens encountered in atnospheric
distillation such as coking of the heavy fraction conponents. The heavy
resi duumwecosasewli n vacuum di stillation of the at nDspRETIUS2012HFIOUM | S
typically referred to as vacuum resi duvdor a vacuum residuum fraction, and
typically has an initial boiling point of about 1050F (566C). This vacuum
residuumis generally higher in netals, sulfur conponents and nitrogen

conponent %E&%E‘e@k@?&tﬁgg&ﬁi%e-rtS%ﬂHH?Eﬂ%?ng%m‘ggﬁt%ﬁ iff %ﬁag‘%ﬁe?icat mospher i ¢

resi duum renova Se conponen Is typi y carriedout by catalytic
hydr opr oc efi st igionlRR0% Cakalgyéf themedt-PpRoaes sbgpoatn@! Mesnheri,c and vacuum
residua is carried out in the presence of hydrogen, using a hydroprocessing
cat al yst . residsomereproued sesacthydrdopribtessifige ofmegdieduaciidugansi ed out by
addi ng a di |l uept ofr sql vent . 100061#. S. Patent No. 3,617,525 disc]oses a
process fd¥Pr@hui ﬁ&egdﬁﬁiﬁﬁ’aﬁ‘ﬁ%rﬁ“ Vgt af BEi U getdumn I’%‘Wﬁ@: Hdoi | i ng
poi nt. above, AbAY, O30T BB ol GRS N0 18461t NEPEQCYSE, (g hydr ocar bon
fraction is*separate nto-a g§' oi 1 fracti on having boﬁlng poi nt
bet ween aluiiBR0E LA43G) 1BPE:ARAHE:LOBOR{ 266 dnerdNth@nfiRA¥Y esi duum
fraction boiling above about 1050F (566C). The gas oil fraction is
cat al yti calduypdnedtsoties atthospized antiulint bad gasvasithe tasmcvitbntroontlarns | ess
than | percent sulfur. The hydrodesul furized gas oil is then used to dilute
t he heavy 'EEgPEH s TP EIIIGheSeaunpaiends SuvRgalE 495 adesitdysaiglvEet i on i s
catal ytically hydrodesul furized, producing fuels or fuel blending
conponent lyr‘% et H-sul fur content. The process is considered to provide
an increased catalyst life and to use a smaller reactor volune conpared to
typi cal processes. 100071U.S, Patent No. 4, 302,323 discloses a process for
upgr adi ng 1§68k abatalpet Pyl s HBgid AUPASRIKT eidneckEs) weriuafit action i s
mxed with a.light. cycle ail apd hydrogen and the m xture sent through a
catalyti o AFb T RgTahe S0b YR bl P Tt eS8t
cont ai ni NG, dWALeLdLe atyREp AL RIS bt ARt LNE Ra i INAS! ALKhDY ERBS: or
cont ai ni ng a hydrocracKi ng catal yst. Upgraded products are then separated
fromthe efldament of the hydrocracking zone. The light cycle oil boils in
t he range of from 400F (204C) to 700F (371C), has a high aromatic content,
and is high in nitrogen. It is considered that the Iight cycle oil acts
nore as a [gphyent U othar4am 837 Z0R¥EE98R1 «daBeEssaBd rdh@inkhaiaddi tion of
the light cycle oil resulted in a substantial increase in the yield of
prem um priosuct syduchrbas fdicsiohlHaatre 4 belisig dR0&HeSboRab Bt Na3°4).421, 633
di scl oses a combi nati on hydrodesul furizati on and, hydrocracki ng process. The
f eedst ock |8 mowosp mEpewssasibydinraron/ Hatiivn SeSPaRlEd INMRERS 08 mi xed
with a solyvent that is,a.recycled distillate. boiling-at about E-7001'
(204 & 37165 bopgfiGined oG e RN Eh ahe B § 0 e S B BDT e
process us@gsa M xhurg.0f » Neislof=1p 8Bk oJ g1 NN ¥) such as | arge
and snal | sﬁg?ggﬁm%&gtﬁfé%i’%‘%%lg%‘g‘t@%% %gaé%‘gigé@lgg%gritsg%fhgghi gher
boi | i ng poitd gdsesi duatisoid eueribgid hogropesnturhydrocdnbopss &y ffaotiohng
di stillate and naphtha while fermoving heteroatons" metals and carbon
resi dual s dongnig lés Higghepetsent sifupdilst hirdesdehdurizo0 @eg Thes ehdnsisgdieed to
further devel op processes for.hydroprocessing heavy hydrocarbon oils to
produce f URIUGREIEASY GRUBIEN frctas, g STpdidRE BRAFY - HLSITR ABLHORG® pr ovi de
hydr opr ocessjing... , SN, LectiViiy.1.0; ' Jproducts.
For oxampiar iR GRERaE Il RSt e B ML b DR AR BT
crack nol egglies! Roktfungodienor TR Q¥R c1OBUONRRELD to( oSl &f BicF@dego as a
"1 050F+ (566C+) fraction"” herein) into nolecules boiling below 1050F (566C)
(al so ref entagsttide asdao 65 0Br{E6 Ghcteractiivor "congraeed g tywhidl @redassas zi ng t he
formati on of "C4 hydrocarbon conpounds (i.e., hydrocarbon conpounds havi ng
four carbons or less), and coke byproducts.

168677 U.S. Patent No. 4,302,323 discloses a process for upgrading a residual

petrolewnm fraction 1 which the residual fraction is mixed with a light cycle oil

and hydrogen and the mixture sent through a catalytic hydrotreating zone



WO 2013/ 033301PCT/ US2012/ 052994 -- 4 - SUMVARY OF THE PREFERRED

EVMBODI MENTS OF THE | NVENTI ON 100101Thi s invention provides a process for

pr oduci ngvbydrgpssimeessed product. The hydroprocessed pr ®dnaiSa01a/082994

hydr opr ocessed -hydrocarbon oils. These3doils can be used to produce fuel
grade products. The process provi des an advantage of having a | ong catal yst
run length. The process is al so capable of saturating or partially

e | PR AT P OSBRSS o Rt oy R

sel ectivity to I"nvention provides

hydr opr oc&ssi: g apFiag a8t C aAnabhe dfrodhagkrovlecithats o fibinthealffigenabove
10501F (566C) into nol ecul es boiling bel ow 1050F (.566C) (i.e., the "1050F
(566C) fradtthohyitcowhikieg powd. ni 2 Hght ¢yl ol fatilis om tiof rahgd of froypd 668k bon
conpounds (i.e., hydrocarbon conpounds having four carbons .or less), and
coke bypr&éﬁét@. t@ﬁéﬁ%ﬂ?@i&?b?ﬂﬁ@aﬁ%gﬁbﬁ@%ﬁ‘e%qm@fhﬁ 15 et PEF0S%her e i s
provi ded 3t R OGRER: O PIRMEINGLA DAt QRp oreRsed EATNEL: uTie B ocess

i ncl udes a steép of Sendi ng a’hydroprocessi Ng zone (such zoné preferably

located i mairb@aCAQI\HRBSBE) 112 18aFRINGALE eRu: cOB LSRG eld & heavy
hydr ocarbon oiT conponent and a sol vent coffponent. The heavy hydrocar bon

oi | conpomehttahas! @nrcASTM D@62 % fdirstiilulhgtrbdnctpeudit anfiisatialecasts. 650F
(343C), The sol vent conponent contains at |east one single-ring aromatic
conpound. Preferably, the solvent conponent has an ASTM D86 10%

di stillatijgpegoi nU 9f patnd €as 422083 (R486:sand;@i880b«i stillation point of
not greater than 300C (572F). 100121The process further includes a step of

cont act i ndwhedoahbiinedod ewd hwitderdokdroproeess sihgfeds@cyshnibe t he presence
of hydrogen. This contacting is carried out_ at predetermnm ned pressure and
t enper at urdBTESHTG WAKIUUE! T BRI FRPHFBER ok B DHKed Hath a sgipent that 1s

2013/ 033301PCT/,Us2012( 052994 100131] p.an. alternat iy di nent, the heavy
nydr ocar boh “61 T EGaR AR boRae Ratp TR A EPae T g el b 650r
(3430) or greafielienioef RO ablgh c;fbﬁf dleayye g%&%ﬁﬁ&%nﬁ}hhré@ﬁa@éb ASEM D86
10% di stillation point of at |east 650F (343C).

and small pore catalysts such as large and small pore sulfided Ni-W catalysts.

The process converts the higher boiling pownt residua to lower bouling point

hydrocarbons by forming distillate and naphtha while removing heteroatoms,

metals and carbon residuals from the higher boiling point residua.

130091  There is a need to further develop processes for hydroprocessing
heavy hydrocarbon oils to produce fuel grade producis. It is also particularly
desirable to provide hydroprocessing processes with improved selectivity to
desired products. For example, it 1s desirable to provide hydroprocessing
processes that crack molecules boiling at or above 1050°F (566°C) (also referred
to as a “1050°F+ (566°C+) fraction” hereiny into molecules boiling below
1050°F (566°C) (also referred to as a “1050°F (566°C ) fraction” herein), while
minimizing the formation of “Cy hydrocarbon compounds (i.¢., hydrocarbon

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



100141The heavy hydrocarbon oil can be high in netals, nitrogen, sulfur and
asphal tene content. In one enbodi nent, the heavy hydrocarbon oil contains
at | east WOQOGsI03g30ans of Ni/V/Fe, on a total elenental Ppagits2ab/osisekel ,
vanadi um and iron. In another, the heavy-hydrocarbon oil contains at |east
50 wppm el enental nitrogen, based on total weight of the heavy hydrocarbon
oil. I'nyet another, the heavy hydrocarbon oil contains at |east 500 wppm
el ement al §ik 066 HOPREH ,;g-; of the heavy hydrocarbon oil. In
still anotfrer— -t vy—hydrocarbon oil contains at |east 5 w
% n- pent arieﬁﬁmMMEhéﬁ G}aiﬁh @M}tmaﬁmu ght of the heavy hydrocarbon
oil. 100151In a preferred enbodi nent, the conbined feed is conprised of
from30 wt%to 95 wm % of the heavy hydrocar bon oil conponent and from5 wt %
to 70 w %jehishe mavﬁ%nmﬂﬂ%s’a pRsed Q:E’p‘if&hﬁ:'msy\’ﬁk@t%xéﬁcslﬁﬁ conbi ned

f eed. Alternatlvely, t he solvent is conprised of at | east 50 wt % of one or
nore si ngledicig Tdrediairoprocompdyndsucid 881Gkl npanet kerh einbadboentls. t he

sol vent conponent conprises nore than one single-ring aromatic conpound and
none of thfehas»f«@@iﬁéﬁmbﬁ@baé&?rﬁw%w@éw{ﬁrp\@tspﬁ gwa@ bblid PGPy IEE agr eat er

t han 550F 88C) ter nat S _ : ent. _can be .conpri sed of
bt least SRR of PoRatot g B grE ThIEE JPGTRRTES o RBBSART e Fhe. sol vent
conponent d, & 1t 0} AL S

rel ativel y H%%%lb Fp%ﬁ%l %gwg?%ﬁ %&??t%gglg?%ngtl?g%gﬁﬁ%g%ﬁ %Ir%gr%sexarrpl e,

t he sol ventnpeompbagadidanoctnRped peodmne Ihgmrtionar shodghentiongpraveiat i
compound, with none of the single-ring aromatic corrpounds havi ng a boiling
poi nt of dneaemiocessare BROEE288E)hle o efaskabpigculg@boiling at or above

o R b a0 £

aromatic ¢ d A ] egar-bon

substi tuen??ﬁgggr %@anﬁfﬁd&pﬂ{h \%{r?%%%gﬁ%nﬂ%@s{ti?%gn@yggaﬁ “be sel ected
from the grouP-EBGSLSEHRONGS (1€L %Q%@Mﬂysbn apshpeahiening Aopaddrbetd & exanpl e
of the si ngl e-ring aromatic corrpound is trimethyl benzene. For exanple, the

sol vent cdaponant cadarbyeodorpri sed of at | east 50 wt % trinet hyl benzene,

based on total weight of the solvent conponent. 100181The heavy hydrocarbon

oi | conponent and the sol vent conponent can be conbined prior to entering

the vesseljgotipt Bheonissel ond hpocnueiie ianetam, ahao ibproaddd edraubs in a

reaction vessel in which the vessel contains the cata yst in a fixed bed,
for producing a hydroprocessed product. The process includes a step of sending

to a hydroprocessing zoue (such zoue preferably located in a reactor vessel} a
combined feed comprised of a heavy hydrocarbon oil component and a solvent
component. The heavy hydrocarbon o1l component has an ASTM D86 10%
distillation point of at least 650°F (343°C). The solvent component contains at
least one single-ring aromatic compound. Preferably, the solvent component has
an ASTM DR& 10% distillation point of at least 120°C (248°F) and a 90%

distillation point of not greater than 300°C (572°F).

{6012}  The process further includes a step of contacting the combined feed
with hydroprocessing catalyst i the presence of hydrogen. This contacting is
carried out at predetermined pressure and temperature conditions to yield a

hvdroprocessed product.



BRI EF DESCRI PTI ON OF THE DRAW NGS 100191The attached Fi gures represent

alternative enbodi nents of the overall invention, as well as conparative
exanpl es.wOhle13i3gimes pertaining to the invention are i RCEASeA200629%¢ vi ewed
as exenplary enbodi ments within the scope of the overall invention as

cl ai med. 100201FI GURE 1 shows a conparative exanple of h.ydroprocessing of
100% Basr ah resi d. 100211FI GURE 2 shows a specific exanpl e of the inventi on

203/ 03330 1L U015 7E3a8he PR B hee e aRp TR ey &ithonst”

100231Thi shds HMQBM@ A Priovinde sod iy Easst 0 pradoch pgeaahydriopiegassed
product. The process is capable of treating residua of heavy hydrocarbon

oi | s to pribdliicavabhyacapoocessedioASTH ddiie i Otchast atsor polut etlaslehsti rr,

ni t rogen, S "1050T+ (566C+) conponents” (i.e., conponents that
boil at 165%%2%65%%%& and above) relative to the heavy oil. 100241The

invention is particularly advantageous in that substantially |onger run

| engt h can be achieved relative to conventi onal hydroproce55|n nethods
Thi's benef ﬁ?i}%}an Eéeéﬁﬁhwbwmwmembwm@e atghr il matiale nyir¢gagh stiéwpardt ur e
and rel ati veg dro? arti gﬁ‘ pressu;; gé) ati n at desi. red

t enper at ur€P nﬁr‘@é e 1} 908 PHI08HEHE TR WQV ‘5%??11 o g OBYBRE as a
co-feed componenly &QPR%MW'E@% ’ IJ‘& \A%OJ y}%nﬁ aFB 98?{1&%93&%&&%@ | east

one singl e-f1ng arona oufi ven uséd as a co-feed
al so has am@eﬁ@{ i Mﬁéﬁbﬁa&Wﬁ%émﬂgm@mmb@@ag%@wﬁﬁ@ﬁﬁ@agt@a@gp@ﬁwy

hydr ocarbon oil co-feed.
elemental nitrogen, based on total weight of the heavy hydrocarbon oil. In yet
another, the heavy hydrocarbon oil contams at least 500 wppm elemental
nitrogen, based ou total weight of the heavy bydrocarbon oil. In still another
embodiment, the heavy hydrocarbon oil contains at least 8 wt % n-pentane

asphaltenes, based on total weight of the heavy hydrocarbon oil.

(8015}  In a preferred embodiment, the combined feed is comprised of from
30 wi% to 95 wit% of the heavy hydrocarbon ot compounent and from 5 wit% to
70 wth of the solvent component, based on total weight of the combined feed.
Alternatively, the solvent is comprised of at least 50 wt% of one or more single-

ring aromatic compounds.

16816} 1o another embodiment, the solvent component comprises more than
one single-ring aromatic compound and none of the single-ring aromatic
compounds has a boiling point of greater than 550°F (288°C). Alternatively, the
solvent component can be comprised of at least 50 wi % of one or more single
ring aromatic compounds. The scolvent component is a relatively low boiling
pouit solvent that includes relatively low bouing point siugle ring aromatic
compounds. For example, the solvent compeonent can comprise more than one
single-ring aromatic compound, with none of the single-ring aromatic

compounds having a boiling point of greater than 350°F (288°C), preferably



Heavy Hydrocarbon G| 100251The hydroprocessed product is produced froma
heavy hydrocarbon oil conponent. Exanpl es of heavy hydrocarbon oils

i ncl ude, Worowvms3iwet |imted to, heavy crude oils, distPCTAtS2@n/0894 dues,
heavy oils comng fromcatalytic treatmént (such as heavy cycle oils from
fluid catalytic cracking), thermal tars (such as oils from visbreaking or
simlar thermal processes), oils (such as bitunmen) fromoil sands and heavy
OLrs dor s vadyLr ACARkE (0001 HeaKn Min 09anRom B LS, GANCRR M-

sem -sol i d; and or sol i erlc condi't 'ons. Al Ironal exanpl es of
particul ar(2heavy oils that can be hydroprocessed, treated or upgraded
according to this invention include Athabasca bitunen, vacuumresid from
Brazilian Santos and Canpos basi ns, Egyptian @Qulf of Suez, Chad, Venezuel an

Zulia, Malgg %ﬂ; 69?&% o1 %E)? fug%h?lﬁ Isgl?llifﬁm%d@&%yéﬁ'

hydr ocar bon 0| |nc € residuum rom ery at1on processes,

i ncl udi ng 1ﬁl)fﬁi$§ﬂhﬁé<lr60ﬁﬂdbs&ﬁﬁmm Tbstidhald an: Pprarcesses subtaheheauy

hydr ocarbon oils can have an initial AST D86 boi | i ng oi nt of 650F (343C
or great erhe Piafet ﬁbnythetgtfeup@awsihwﬁﬁ@af%m?k@ e HC halkengh ASTM D86 10%
distillation fxﬁ' nt of at gast 50F (343C).. alternativel %/ ’a&‘@l, east 660F
(3490) or MEEUfWasexspie qfd00eyeiGrngpryiagit canPaRIY sugtyCthy 537 dHeayy

hydr ocar bag, ol )}ﬁa‘?n(hpg & 39&}17\68%% r{hgﬁb wh l@d%?'ag JUReL & TAN) . For

exanpl e, heavy drocarbon of ro rocessed accordlng to
this 'nVerthh@s@h‘lﬂ@k‘ﬁ?@erﬁt’l\ée@fmﬁ&)tdi&@égh@@ﬂme%bhle%@%m@oﬁ@ntor at least 1.
100281Density, or wei ght per volune, of the heavy hydrocarbon can be
determ ned according to ASTM D287-92 (2006) Standard Test Method for API
Gavity of r had), and
s pr ovi add 8P e e nEr PR AR AR A Pt CR A ARk SV B B SR
gravity, tﬂlﬂdlﬁl&@iﬁg@ﬁ%@té Betefink thARkss@l avit the vesal. rm@tm%udnmm@m
enbodi nent, at nost 15 in anot her enbodi ment, and at nobst 10' in another
enbodi mentte &0029 phieavy rdaytpocasiedm wibich tarvdoe! miogtritntheeted gst iFar

exanpl e, tge geavy hydr ocarbon oil can be high in total nickel, vanadium
and iron I n one enbodi nent, the heavy hydrocarbon oil wll
contain at |east 0.00005 grams of Ni/V/Fe (50 ppm) or at |east 0,0002 grans
of Ni/V/Fe (200 ppnm) per gram of heavy hydrocarbon oil, on a total

el enent al ba5| S of nickel, vanadiumand iron. WO
2013/ 0333GIREIFUsP LR 1'-%4 OF THE DRAWINGS

{30191  The attached Figures represent alternative emboduments of the overall
invention, as well as comparative examples. The Figures pertaining to the
invention are intended to be viewed as exemplary embodiments within the scope

of the overall invention as claimed.

180287 FIGURE 1 shows a comparative example of hydroprocessing of 100%

Basrah resid.

(6021}  FIGURE 2 shows a specific example of the invention regarding

hyvdroprocessing of 60/40 resid/trimethylbenzene feed.

160227  FIGURE 3 shows a comparative example of hydroprocessing of 60/40

resid/methylnaphthalene feed.



-- 9 - fromabout 50 womto about 5000 wppm el enental nitrogen, or about 75
wppm t o about 800 wppm el enental nitrogen, or about 100 wppm to about 700
wppm baswo 201s/a3830al wei ght of the heavy hydrocarbon colRpoASA12/071984

ni trogen contai ni ng conpounds can be présent as basic or non-basic nitrogen
speci es. Exanples of basic nitrogen species include quinolines and
substituted. quinolines. Exanples of non-basic nitrogen species include

car bazol esyprd [gubstivk Ued pe@ichazol es. 100311The invention is particularly
SUi ted to -u-.vv .. bon Oi | s cont ai ni ng at | east 500 prm

el emental sulfur, based on total weight of the heavy hydrocarbon oil.
Ceneral ly,, the sul fur content of such heavy hydrocarbon oils can range from
about 5001%§§§¥@§§5b0ut 100, 000 wppm el enental sul fur, or from about 1000
wppm t o about 50, 000 wppm or from about 1000 wppmto about 30, 000 wppm
based on total mej?ht.of t he heavy hydrocarbon conponent. Sul fur w ||

usual | y bd®BEdkent isingpifan puIvigCspbRisgesuior trodusiagpysrarostictd sul f ur

conmpounds j ncl ude..t he cl ass of .heterocyclic.sul fur conpounds, such as

b bohenedTonsls aharat s et DpERTt A Sl TBREREREER: BRonol ogs
and anal ogsoQLaey o8B ALY ROUAM. T M Whs FQNROUAAR L G gken,%étgﬂat ic,
napht heni ¢, and aromati c nercaptans, sulfides, di- and polysuifides.

100321 Heawndnydsotiar bden alhiscotaroreatdii(gb., compopemt ang aspital(tSeAEs. in one
enbodi ment, the heavy hydrocarbon oil will contain at 5 w%or at |east 15
W % n- pent{@he”asphhitanesclaBot Were 100331The sol vent conponent that is used
according to this invention contains at | east one single-ring aromatic ring
conpound, and nore preferably nore than one single-ring aromatic ring
conpound. [Bi24jol Taatniaitahse partiavarbobdyagagolv énthat eliddthwéalioloner heavy
hydrocarbon o0il. By the term"single-ring W 2013/033301PCT/ US2012/ 052994
-7 10 ar ontidcRGhpsuhgachisvad selafize & ponvantiosadeydrapecassiag myihedar bon

L S T Ty e T
51111 20881yl b sy BIRRI SO0 SETsofl seamid yeloppiengel v

t han 200C (3927 )s calQO30U nsinge pimbadibnententthe sofoeniorhggcan ASTM D86 10%
distillation point of at |east 120C '248F). Alternatively, the solvent has
an ASTM Dgeutiookditise Féivant annpoiont coftagts dideast ord00g(284E)aremane | east 150C
(.302"F). 100361The si.ngl e-ri ng aro tic c?nﬁo?nd, or conpounds in

parti cul arcopRrraind 1n whichh the solvent used as a co-feed also has a relatively fow

bouing point range compared to the heavy hydrocarbon oil co-feed.

Heavv Hydrocarbon Oil

13028]  The hydroprocessed product is produced from a heavy hydrocarbon
o1l component. Examples of heavy hydrocarbon oils include, but are not himited
to, heavy crude oils, distillation residues, heavy oils coming from catalytic
treatment {(such as heavy cycle oils from fluid catalvtic cracking), thermal tars
{such as oils from visbreaking or similar thermal processes), oils (such as

bitumen) from o1l sands and heavy oils derived from coal.

16826} Heavy hvdrocarbon oils can be higuid, semi-solid, and/or solid at
atmospheric conditions. Additional examples of particular heavy otls that can be

hydroprocessed, treated or upgraded according to this mvention include



relatively | ow boiling points conpared to the heavy hydrocarbon oil.
Preferably, none of the single-ring aromati c conpounds of the solvent has a
boi | i ng peOnp13aB33yneat er t han 550F (288C), or greater tRan/USRAR/0§260C), or
greater than 450F (232C), or greater than 400F (204C). 100371The
single-ring aromatic can include one or nore hydrocarbon substituents, such
as froml to 3 or 1 to 2 hydrocarbon substituents. Such substituents can be

any hydr O.C@{ha%scgrbqt@;édﬂ%&%&gg;ﬁ%@ ’E_@Or]g% 10 @aﬁg%s;’%égf ékﬂxgﬁ%é{&ﬂ&, .

distillati'on characteristics such arbof "groups’ i ncl ude,
but are natgdint@aod Subhosead el ectedah amat MaigiRMmnedngbséding of Cl-C6
al kyl and -C6 al kenyl, wherein the hydrocarbon groups can be branched or
| i near andSurhatrhyitivoarboplgr oupsivedydbecarben sdneclode disidieredtamA
particul ar exanple of such a single-ring aromtic that includes one or nore
hydr ocar bc¥ﬁ§§%’s¢ﬁtﬁﬁ@%ﬁ%m@§€wﬁn@fvmfb%ﬁ%wheww V@@@@%ﬂrﬁg?%mvem
preferably contains, suffici =i ng.ar JRent

pﬁ&é]stsgbg Such iflgndwﬁef%g%r%&dg%ll gngi:, ﬁ%‘g h%%@ QRE&%&PR@%@%& %(%T%l%lg t he

ef fectivel?y I'ficréase ru ropr ocessi ng.

sol vent CafhiRe,GoPri3ed-©f o%rehﬁ@ﬁ‘i’r&@nﬁﬂ}%tﬁ& hthey §jv'<ﬁk9>lc§ﬂardnﬂﬁi WP

2013/ 033301PCT/ US2012/ 052994 - 11 - aromatic conpcdnent, or at |east 60 wt
% or at dast anQAWMAIRbadEd doniliaotbal poieti gt lafst HhE°ISAIAAEaY , component .
100391The density of the sol vent conponent shoul dcan al so be determ ned
accor di ng & ETD2BPag XOP0D 6y 4 Btlarat dearé IP O Nt HEU (i opt AppaselBvbty of
Crude Pet r,ols ugaand Pet rol eum Products (Hydronmeter Method) in terns of AP
gravity. Aéﬁ tjtr vity of the solvent conponent is at nost 35 in one
enbodi nent, at nost 30" in another enbodi nent, and at nost 25 in another
enbodi nent. 100401The sol vent conponent shoul d be conbined with the heavy
hydr ocar bdf¥871 cHpBRantiracariams @t §arebs ol pHerdn S wntord ngtdhmdnbing

hydr opr oc ig. pFor. ex | e, .t he, sol vent ..and hea hydr ocar bon conponent
are conbi ndd 96 Ge LB HSauayY 4 CEREI Rok Of SR CORR NN SO | sed of
from 30 W 450199 MR afvelNSn hgavy Twlrgacanbenoai b cosmenest s@pskifirom 5 we %

to 70 wt % of the sol vent conponent, based on total weight of the conbi ned
feed. Alternatively, the solvent and heavy hydrocarbon conponent are

conbi ned t oar.oduc ¥ i.ned feedstock that .is. rised of from 40
wooto 80 M0Abr PRESRET, e BB or T s SRENFEHTED Moot o 60
W % of theisahMeRt aSQITRRRERIASPRE BE S0 Olpak) weliitd FhstMisneanil ngd feed.
100411The sol vent can be conbi ned with the heavy -hydrocarbon oil within

t he hydr oprowaysifigude $eebicam hydPeppbaes 8o iczofiéydrahteesmidcthvel)yand he

sol vent and heavy hydrocarbon oil_ can be squI i ed as ,segar ate streans and
conbi ned ihPEGAR Feeams i Hth Ry Y. Lbgerrer itwylioher HifarBpebeaystify vessel
or hydr ORGSR 0 O APt gravity is at most 20° 1 one embodiment, at most 15° m

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

16829}  Heavy hydrocarbon oils can be high in metals. For example, the
heavy hydrocarbon o1l can be high in total nickel, vanadium and iron contents,
In one embodiment, the heavy hydrocarbon oil will contain at least 0.000035
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.

130361  Contaminants such as nitrogen and sulfur are found in heavy

hydrocarbon oils, often in organically-bound form. Nitrogen content can range



Hydroprocessing Catalysts WD 2013/033301PCT/US2012/052994 - 12 conpri se
at |least one Goup VIIl non-noble netal, preferably Fe, Co, and/or N, such
as Co andworoigo33mmd at | east one Goup VI netal, preferabloszneioszoand/ or W
Such hydroprocessing catal ysts optionalPy include transition netal sulfides
that are in or dispersed on a refractory support or carrier such as alum na
and/or silica. The support or carrier itself typically has no

o901 AR S AL SR o SRS L Bl

ysts,t comonly refe 0 as al'yst's,

have hi gheg avelUs®l hippnaskiidntdiestbhan drhebht SMPRObLED FQNTE0RASLS.
100431The catal ysts used in the present invention can either be in bul k
forrn or itmssdippostredetdrimi thnheaddi tydnctrboalconmipracandlior ndidgeoa, ot her
suitabl e suppart/carrier materials can [nclude, hut. are not limted to,
zeol i tes, WOFHRINE, CHPPGEESECRE ARiDISSCRAE® PRYBST AOBIIRITTHITORER BREGHT hi n t he
scope of the present. i i.on that .o ] one, ) dr opr ocessi ng
cat al yst clgm igﬂggéatiig\{%%geglﬁpﬁg%f ing‘lf)%ger‘ égg}%}%%g\‘}%%g@fsgm%é044lThe at

| east one (FHesPrM IHxR08e08bhEn MBERlnitrh RorPXldR:sTiAE e Cam bRk Gall y be
present in an anmount ranging fromabout™2 wt%to about 30 wt % preferably

f r om aboutsufbstt:%d carblanies. 15 wt % The at | east one Group VI netal, in oxide
form can typically be present in an anmount ranging fromabout 2 w%to
about 60 wt % preferably fromabout 6 w%to about 40 wt % or from about 10

W% to abggpiB0 Wrie iTheseuebaRiciRele aftal RIteehiasatdaon lkodobad oMei ght  of
the catal yst. 100451A vessel or hydroprocessing zone in which catalytic
activity cootoisingat leax¢ bO0devigne comardnlesihidr bpredocesstagvaghtabiythes. Such
catal ysts can be m xed or_stacked, with the catal yst preferably being in a
fixed bed Weavy hedisssir: o hiFdrtphotisiliy cosiat of wgh heavy hydrocarbon
2013/ 033300%@%%%%% 'r/Q?nS %‘f?@%ﬁ 500 wppm to about 100,000 wppm elemental sulfur,

or from about 1000 wppm to about 50,000 wppm, or from about 1000 wppm to

about 30,000 wppm, based on total weight of the heavy hydrocarbon component.

sulfur will usually be present as organically bound sulfur. Examples of such

sulfur compounds include the class of heterocyclic sulfur compounds such as

thiophenes, tetrahydrothiophenes, benzothiophenes and their higher homologs

and avalogs Other organically bound sulfur compounds include aliphatic,

naphthenic, and aromatic mercaptans, sulfides, di- and polysulfides.

16632]  Heavy hydrocarbon oils can be high in n-pentane asphaltenes. In one
embodiment, the heavy hydrocarbon o1l will contain at 5 wi%% or at least 15 wt%

n-pentane asphaltenes,
Solvent

160331 The solvent component that is used according to this invention
coutains at least one single-ring aromatic ring compound, and more preferably
more than one single-ring aromatic ring compound. The solvent is also a low

boiling solvent relative to the heavy hydrocarbon oil. By the term “single-ring



- 13 100461The support can be inpregnated with the desired netals to form
t he hydroprocessino catalyst. In particular inpregnation enbodi nents, the
support iwWORemto3s3oeat ed at tenperatures in a range of fPORUSRAC052994200C
(752F to 2192'F), or from450C to 11000®@+842F to 11832F), or from 600C to
900C (11 12Fto 1652F), prior to inpregnation with the netals. 100471l n an
alternative enbodi nent, the hydroprocessing catalyst is conprised of shaped

Totn to 17100k SERERERLT P LaTPRGES, PR rTET R NG Rt A3 Pol o5 can be
cyl i ndri calonedinsRaned onbleyclid Bih%i'vﬁ}%r@?ﬁmb@@h@ﬁn%)ﬁ hidatie Bhanes. i ncl ude

tril obes and quagr al obes. "100481The procesS of this invention can be
effectively carried out using a hydroprocessi ng catal yst having any nedi an

pore di a”ﬁ%gﬁﬁgf%E%Mﬁzehgﬁré?éﬁ%ﬂpﬁ&% Sk The, @@%"é’isi@l}k&t*&%%&ﬁt- For

exanpl e, di an pore aneter can be in the range o rom to 1000 A
(Angst r ong}ss Bfn 30080 (SVOFA, Adkerffity 300 sAlvehonhes gi AvEtdrigs opyef er abl y
determ ned according to ASTM Met hod D4284-07 Mercury Porosinetry. 100491ln
a parti culdistiiérivodparene! leshamdhOoprd88%S) eigesathalh Y90 " hasdva Ipedi an pore
diameter in a range of from50 to 200 A. Alternatively, the hydroprocessing
catal yst has a nedian pore dianeter in a range of 'Dam90 to 180 A, or 100

to 140 A [6633110 [0od86mbodiROS0Hescdneat has agOTVINEA6,| Uhdidnyidtiopr ocessi ng
catal yst has a nedian Borg(di aneter ranging from50 A to 150 A
Al t er nat | vsligt oftHdedsy dLoPr 62Esdiind iunatiyady. hasolenbliam poridMdideter in a

range of fraom60. A to 135 r fr { d 120, A e g
201% / 03330‘11@@1%;5‘8%@@95 /%%@9341‘58@%& ¢ ?3@ &:? o1 af least lgépi/ {302°F).

[3036]  The single-ring aromatic compound or compounds in particular have
relatively low boiling points compared to the heavy hydrocarbon oil. Preferably,
none of the single-ring aromatic compounds of the solvent has a botling point of
greater than S30°F (288°C), or greater than 300°F (260°C), or greater than 450°F
(232°C}, or greater than 400°F (204°C).

16837} The single-ring aromatic can include one or more hydrocarbon
substituents, such as from 1 to 3 or | to 2 hydrocarbon substituents. Such
substituents can be any hydrocarbon group that is consistent with the overall
solvent distillation characteristics. Examples of such hydrocarbon groups
mclude, but are not imited to, those selected from the group counsisting of C-Cy
alkyl and C-Cs alkenyl, wherein the hydrocarbon groups can be branched or
linear and the hydrocarbon groups can be the same or different. A particular
example of such a single-ring aromatic that includes one or more hydrocarbon

substituents is trimethylbenzene (TMB).

13038]  The solvent preferably contains sufficient single-ring aromatic
component{s) to effectively increase run length during hydroprocessing. For

example, the solvent can be comprised of at least 50 wi% of the single-ring



effective using a hydroprocessing catal yst having a nedi an pore dianeter in
a range of from 180 to 500 A, or 200 to 300 A, or 230 to 250 A 100521It is
pr ef er r edwOhat3/3B#1hydr opr ocessi ng cat al yst have a por e PSTAS2@205299but i on
that is not so great as to negatively ihpact catal yst activity or
selectivity. For exanple, the hydroprocessing catal yst can have a pore size
distribution in which at | east 60% of the pores have a pore dianeter within

452 35 DupRlnRofyfheh Ik PoR o, hATRLEL 0L Aephal eagd rent .

t he cat al dianeter in ara o 180 A, or
from 60 toydipt 3¢ theislohveat gbg%@h@@()% of the por es haV| ng a pore dianeter

within 45 A 35 A or 25 A of the nedian pore dianeter. 100531Pore vol une
shoul d be SUffICI ently | arge to further contribute to catalyst activity or

sel ectivi tiggs east grﬁgjnfﬁty éf&J%‘i’J EEQﬁ&%ﬁ%ﬂz@s n%%ﬁ(@dﬁ%ﬁ&(?ﬁ?d&%ﬁﬁgi%gpor e

vol une of at crn Teast or at [ east

I n certai mcephosh REASTMI0IET-90{ 20i8) Qﬁﬂd@ﬁﬂgeﬁf‘riemeﬁ 3r 0.9 GenBl @, O. 4 0.8
3or 0.5-0.7 cnBig. 100541l n certain enbodi nents, the catal yst exists in
shaped f oringidefftrodunphé Pepelduen &roduyts fidedromaterdisthash in terarses Afthe

catal yst t |caII has af#% plate crush strenth%na range of from

50- 500 N/ 1450V £ ﬁ&ﬁﬂ‘ﬁéw%@@ilw‘{dﬁﬁf 105960- 300N cm or 220- 280
Ncm Hydré?%‘ irﬁa‘ g?%%&?%@%&%ﬂ&f $ % dﬁ%b&‘%‘z%@ , »{]e presence
of hydrogen. en streami's, there ore, T1njec into a vessel

or reacti QinEaNgaf. hydr oprocessing zone in which the hydr opr ocessi ng
cat aI yst is |l ocated. Hydrogen, which is contained in a hydrogen "treat
gas," is provided to the reaction zone, Treat gas, as referred to in this

i nvention, be~ei r..pu i ng gas, which
is a gas sitg g@m cgﬁltf t&?ﬁﬁﬁg &6\58%%{1{%?‘ gg@%l@ﬁ%{%ﬂ%ﬁ% 8%21%%3@ 15 hydrogen
in an amuntdrbéhabodh siiswhiddieantio $@Ecey imtenrdedn 1eash doffs) , optionally

i ncl udi ng one or nore other gases (e.g., nitrogen and |ight hydrocarbons
such as netkamercesng:. whdcdranmplke, hetsohawensébyavinbedibesdonidommreaf f ect
either the reactions or the products. Inpurities, such as H7S and NH3 are
undesi r abl % SR %?@Wmfaﬁvgﬁ HEORBIRSFGCAT O {1 1T PURPTisREOhEPBT e it is

ctage w1 GrEParaR R sy ek Py BB PP B O S B et ary
at |east ahopiy, ¥ MOkoRRYEABSRNt, based on total weight of the combined feed.
Alternatively, the solvent and heavy hydrocarbon component are combined so as
to produce a combined feedstock that is comprised of from 40 wi% to 80 wt% of
the heavy hydrocarbon oil compounent and from 10 wt% to 60 wt% of the solvent

compounent, based on total weight of the combined feed.

{6041}  The solvent can be combined with the heavy hydrocarbon oil within
the hydroprocessing vessel or hydroprocessing zone, Alternatively, the solvent
and heavy hydrocarbon oil can be supplied as separate streams and combined
into one feed stream prior to entering the hydroprocessing vessel or

hydroprocessing zone.

Hydroprocessing Catalvsts

60421  Suutable hydroprocessing catalysts for use in the present inveution can

include conventional hydroprocessing catalysts and particularly those that



100561Hydr ogen can be supplied at a rate of from 300 SCPB (standard cubic
feet of hydrogen per barrel of feed) (53 S nB/nB8) to 5000 SCF/B (891 S

Pr ef er ablwo 2013&3B30dr ogen is provided in a range of fromPCOAB28CHIBI{ 178 S
m8/ n8) to 3000 SCF/B (534 S nB/rn3 1005%1Hydrogen can be supplied
co-currently wth the heavy hydrocarbon oil and/or solvent or separately
via a separate gas conduit to the hydroprocessing zone. The contact of the

heavy hydr&%g&?s%rht%étst Eﬂg C?r%%%ﬁ?{ %ﬁﬁsﬁl@%p%@éﬁﬁ&%ﬁ%%“@icc%g%)’%{i, and the

hydr ogen produces a total produc Inc oprocessed oi

product, andh ab TeaEcERROdidRNES! 088 Sirolp 0CESsialGroRNghit INBSInd/or W.
100581Hydr oprocessing (alternatively hydroconversion) generally refers to
treating dwohpgradpmgetshies hatalyptshydrooedy botiudé traosiponeett! siHatectnt act s t he
hydr opr ocessi ng catal yst,. Hydroprocessing particularly refers to. any
process t HAE 'PBTEARITER GRS Dha TBrReRe & IIOThYdv R UG S B but  not

i ted_ondlidiReemyErsiat, BAreet cki gy b il udes sel ect ve

hydr ocr acki ng), 1r[iydrogen ot reat'ng, “hydrodesul furi zati on,

hydr odeni tg 09epattd meduridadentt aldati otbshudradearosmeic 2abbQ0iree
hvdr oi somerT zati on, and hydr odewaxi ng i ncl udi ng $el ective hydrocracki ng.

The hydr opmtdess, sugnmde2Q13H O3 RBEIRCE/caE2 012/ 5289% havkGriipkaction i s
carried out in a vessel or a hydroprocessing zone in which heavy
hydr ocar boilamatriorsienescihan detir sppHigr Gp&eBaEs-ng catal yst in the
presence of hydrogen. 100591Contacting conditions in the contacting or
hydr opr ocessi ng zone can include, but are not limted to, tenperature,
pressure, [BdRogeidhticotalyhydswmiciartboprdseatinfvicoiapn oan ethdyi ratri ik {oher eof .
Contacting conditions_in some enbodi nents are controlled to yield a product
wi th specifilB sppopyésd fagr Inaddition to atumina and/or silica, other suitable
support/carrier materials can include, but are not limited to, zeolites, titania,
silica-titania, and titania-alumina. It is within the scope of the present invention
that more than one type of hydroprocessing catalyst can be used 1 one or

multiple reaction vessels.

16844}  The at least one Group VIH noun-noble metal, in oxide form, can
typically be present in an amount ranging from about 2 wi% to about 30 wibs,
preferably from about 4 wi% to about 15 wit¥s. The at least one Group VI metal,
in oxide form, can typically be present in an amount ranging from about 2 wt%
to about 60 wis, preferably from about 6 wi% to about 40 wt% or from about

10 wi% to about 30 wt%. These weight percents are based on the total weight of

the catalyst.

[6045] A vessel or hydroprocessing zone in which catalytic activity occurs
can include one or more hydroprocessing catalysts. Such catalysts can be mixed
or stacked, with the catalyst preferably being in a fixed bed w1 the vessel or

hydroprocessing zone.



100601Tenperature in the contacting zone can range from 320F (160C) to 900F
(482C), or from 350F (177C) to 800F (427C), or from 500F (260C) to 700F
(371" C), wo201r3038I0F (288C) to 650F (343C). in sone enipodiusen2952994
tenperature in the contacting zone can-¥ange from 560F (293C) to 850F
(454C), or 660F (349C) to 790F (42 FC), or 680F (360C) to 750F (399C).
"fotal pressure in the contacting zone can range from 600 psig (4137 kPa-Q)

to 3000 psj 06 ye) f Vo f 6 {448 a-g) to
2000 psi 5 14960 1B BP o s e E A b R PRl D )y ' T
1500 psi g {yk@SddckBanddatalR06Mlddrquiidr haprdghaspaembeaiashkyiheldiSvdiof the
conbi ned heavy hydrocarbon oil and sol vent conponents will generally range
fﬁrgmdp. 1 tiohd® tlm;/&{tf;d @t‘rteﬁ*imrdztur? iﬁﬁZ‘ﬁnge oflﬁ@%wﬁi‘;ﬁﬁ%%if{f i%?sﬁnte oar 1 al
enbodi nent s, | is at ast 15 h or east.. Oor at ast_5 hPartia
pressure &iﬁﬁf&@éww@ﬁ%%ﬁg%?&@% oTﬁeEage’&nF}aé)ﬁé@m%é’% %9@,8 r 2-8,

or 46 MPay95ei3rch My, [, salre. enbodient sy ihGopartial pressure of

an a,= 0r not greate

hydr ogen i's not greater rtthan 6 MPa, or not
greater than 5 MPa, or not greater than 4 MPa, or not greater than 3 Mra,

t : . th 2.5 MPa, t t h 2 MPa550 [ 3792 kPa-
Co 3000 poPbT(bosBAek BhedH v pRBFBRABrY. 1o CORTSCHAG SIRRRE conbi ned feat
W th Y dr OREAGRRSININRLALYRIG, e, BEREROR Al XL ogen e 1688 oed out at

a hydrogen p essure o

2013/ 03330LRCTAWS2RI2 | BFP94 /1 0L TndkDar Glont 028000 1 psi'untd 3790 khadgks and
nore preferably from800 .psig (5516 kPa-g) to 1500 psig (10342-9),

Hydr opr ocessan Product! $0062¢ReMNai-imvitieg thenpieawy chirddae abboes iatlude
conponent M the feedstream the hydroprocessed product will be a material
or crude prbdFEEERRRAENAPE ts reductions in such properties as average

nol ecul ar wei ght, boiling point range, density and/or concentration of

sul fur, nitrogen, oxygen, and netals. 100631lin an enbodi nent, contacting

t he heavy [B@dEbcaribompraidss ahthis abwenonwiat hetditechivygropriod essiisiggeat al yst in
the presence of hydrogen to praduce a hydroprocessed product is carried out
in a si ngﬂéfdé%mpa%ﬁsmgfs%w g@%ﬂ&ﬁww«%@hﬁ% fﬁﬂéﬁ)@?ﬂc?éfﬁcéléﬁ ¥y is carried
out int r r.e..conkact| one T ~0f al . hydr gpr.ace: product can
be separ Q?He r?%{%% %‘g’rsn%%b%r%lé“c%“f)‘g "?‘e&glgl??l%@& %gf 3%{ ‘)‘J{e{égf‘ gg lﬁf%%‘?}g%& oducts and
one or nNorf.@gdkrREABEGH $he range of from 30 to 1000 A (Angstroms), or 30 to SO0 A,

or 60 to 300 A. Pore diameter is preferably determined according to ASTM

Method D4284-07 Mercury Porosumetry.

16049}  Iun a particular embodiment, the hydroprocessing catalyst has a median
pere diameter in a range of from 50 to 200 A. Alternatively, the
hydroprocessing catalyst has a median pore diameter in a range of from 90 to

180 A, or 100 t0 140 A, or 11010 130 A,

166501  In another embodiment, the hydroprocessing catalyst has a median
pere diameter ranging from 50 A to 150 A. Alternatively, the hydroprocessing
catalyst has a median pore diameter in a range of from 60 A to 135 A, or from

70 Ato 120 A,

16051}  The process of this invention 1s also effective with hydroprocessing

catalysts having a larger median pore diameter. For example, the process can be



1006411 n sone enbodi nents, the liquid product is blended with a hydrocarbon
feedstock that is the sanme as or different fromthe heavy hydrocarbon oi
conponentwORor3/s33mpl e, the |iquid h.ydroprocessed prodRCT/usan2lo829onbi ned
with a hydrocarbon oil having a differeht- viscosity, resulting in a bl ended
product having a viscosity that is between the viscosity of the liquid
hydr opr ocessed product and the viscosity of the heavy hydrocarbon oi

conponent . S [ . 1@ hydr , ) nd/ or the
bl ended pregﬁg? gzjalﬁlrs @%%@%@Bﬁg‘éﬂ?gkgaﬁ@??ﬁg%}% %%8%1?}?%?? Idg“{cﬁg%?%% %duce one
or nore difghpd batenf raetd sos A, Bheodiistbblate fiaetiana. can be catal ytically
processed to produce comrerci al products such as transportation fuel,

| ubricants, or chemicals. W) 2013/033301PCT/ US2012/ 052994 - 18 100661l n
sone enbodipaent s, i:he . hvdropr.o Product. stotal, N.LV{Ee content of
et SON Bl Re GO AR PR e AR AR ey MY Mot 106 of
the total (k#¥hbencontienbt of gicheadeavitdiydroeasdeonal st eonponent. |In
certain enbodi nents, the fraction of the hydroprocessed product that has a
boi | i ng poiehictizity650F ck3438), tanbydhioghec6S0E ca(a8uaCa) hprodyetre $izact i on) has,

per gram of. 650F+ (343CH roduct fraction, .a total Ni/V/Fe content, in a
range of f‘{%ﬁ%%i@%@i‘igﬂ ?ﬁﬁ?‘éﬁ&ﬁ% (’2‘3%‘2:9@? «59%%13(@@13%%@@6%@%&% >8x10 7
rans to Ix k0 _4~gra . , v Ol X 10 € i granms (1
26100 porS Arar 2 IR el B BPMqre Unistrt PuSuBoRokS A bl oT® LS

not great g{astshabdidx Hord 405atBr 9f a Nk dferdrdGorpmRo A006FAMGERT 190 A
enbodi nents, the hydroprocessed product has an APl gravity that is

100- 160% ‘eith 31 BaldE¥maf thhatresfhavire: heaxcydibydtooaitbant okl 35daperdénd. | n
certain enbodi nents. APl gravity of the hydroprocessed product is from
10- 40", oroithe gpdianpporpigyeter1006811 n certain enbodi ments, the
hydr opr ocessed product has a viscosity of at nost 90% or at nost 80% or
at nost 70% of that of the heavy hydrocarbon oil conponent. In sone
enbodi nent{§#S3he Voscosiinyge dbutde hyldicoprtbclessed fpridducentibust tonost 90% of
the viscosity of the heavy hydr ogar bon oj | corr\%cgnent, while the APl gravity
of the hydPEBYECEs¥EY Prelaet ity s eoesaBem, i EsPIssey e FA L 16! 450% of t hat
of the heavy .hydroc n .ol enent, 100 lL.n. an_al t ernative,. eshodi nent
t he 650F+6}t‘%§1%’(§%§“§?g u‘éf)?fm!r %g?t:ﬂéﬁ Rl g, 490094k evrg{}gg (In An0aL ().?9(,1%%,

In certain embodiments, pore volume can range from 0.3-0.99 cm’/g, 0.4-0.8

cm’/g, or 0.5-0.7 cm’/g.

16054} 1o certain embodiments, the catalyst exists in shaped forms, for
example, pellets, cvlinders, and/or extrudates. The catalyst typically has a flat
plate crush strength in a range of from 50-500 N/cm, or 60-400 N/em, or 100-

350 N/cm, or 200-300 N/em, or 220-280 N/cn.

Hvdrogen Stream

160851  Hydroprocessing is carried out in the presence of hydrogen. A
hydrogen stream is, therefore, fed or injected o a vessel or reaction zone or
hvdroprocessing zone in which the hydroprocessing catalyst is located.
Hydrogen, which 1s contained i a hydrogen “treat gas,” is provided to the
reaction zone. Treat gas, as referred to in this tuvention, can be either pure

hydrogen or a hydrogen-containing gas, which is a gas stream contaming

DD



can have a viscosity at 100C of 10 to 150 est, or 15 to 120 cst, or 20-100
cst. Most atnospheric resids of crude oils range from40 to 200 est. In
certain enbadiyssios, 650F+ (343C+) product fraction hasPaTWiSsee®51994 of at
nost 90% or at nost 50% or at nobst 5%3>f that of the heavy hydrocarbon
oi | conmponent. WD 2013/033301PCT/US2012/ 052994 - 19 [0070] I n some

enbodi nents, the h.ydroprocessed product has a total heteroatom (i.

S/ N 0) COQR%”&)@‘I itnaénfﬁﬁﬁﬁﬁé%% isQL AL NPRY tﬂ@l@t?i%&d%a@&% (sP %@I}ﬁ bye total

het er oat om°Cont e hydrocarbon ol onen I'n sone
enbodi mentigeluking: S éﬂﬁl@@@ﬂﬁﬁﬁgaﬁs (the rﬂwﬂg@@ﬁ@@ﬁﬁﬁﬁ;@} APOegHehs kgciags nost
50% or at nost 10% or at nost 5% of the Sul fur content of the heavy
hydr ocar banetheesds tod kv Title wii D ek adv atrssdgenmf@m enth @faftdvé ehijer ipr ocessed

product is at. nost 50% or at_nost. 10% % of that Of t he heavy
hydr ocar bdfa¢t é‘éﬁs‘t‘dgwf%ﬁ’ﬁtﬁt H@‘W&i%p?‘é‘é‘@s dbﬁiﬁgéﬂgt et ‘*F”é‘?élm xygen

content t h\%uidsw gi(yaﬂ? %% rz 5%{?5’ Iﬁo% PRE o (;%que?&e% itsné%ﬁﬁuéigﬁi at nost

10% or nost™ gen'c cFrocar bon oi l
corrponent m!ﬁé‘t@fmtﬁé tx%%@@' frehm {1%21%]:&1 iﬂtﬁ%%gﬁ%n ge Wﬂ@gﬁéf@ﬁﬁﬁ@r was
constructed from 3/8th Tnch stainless steel tubing. cm brass hal f
cyl i nder s opst@n holdasdatantt 6 Otvee. 73488 mdmeghefoudidy aThasvalanrd Sofol’he hot zone
inside the brass cylinder was 16.0 cc's. The reactor was | oaded with 3 g
(5.2 cc) divdgogdipported Ni Mo hydroprocessing catalyst on top of 9 g (8.1
cc) of an unsupported N MoW hydroprocessing catal yst. The supported N M
catal yst was used primarily for renoving netals from heavy oil feedstocks.
The cat al \{§6:58ly st éiwiwns&w&nf‘fbcdﬁ@misdmg aaatkeﬁ‘d‘smn(ﬂ@(}cﬁﬁrh@ smh(baﬁd Sﬁbmt %
130-neutral lube o0il/20 wt% ethyl -dis ([§ éThe feedst ock

processed &gt Fouairagy Efi(@%"&‘ﬁé)éli%@dﬁi é” Weé"ﬁ 6% SRYRPEJER (B8T Sk r“él of f eed

, 340 0.2 1 LII i;d_haur | d 1000
5865 kPayrpor s HoiRehosictab & \RRLY nERBEE VBB i st o > ™'
At habasca bt LErens 46 q{%gr(gg@t)hw henzene (TMB). Reaction conditions were

changed to 800 psig (551 6 kPa-g), 5 cc/hr liquid feed, WO
2013/ 033301PCT/ US2012/ 052994

18657} Hydrogen can be supplied co-currently with the heavy hydrocarbon oil
and/or solvent or separately via a separate gas conduit to the hydroprocessing
zoune. The contact of the heavy hydrocarbon oil and solvent with the
hydroprocessing catalyst and the hydrogen produces a total product that meludes

a hydroprocessed oil product, and, 1 some embodiments, gas.

Processing Conditions

130581  Hydroprocessing (alternatively hydroconversion) generally refers to
treating or upgrading the heavy hydrocarbon oil component that contacts the
hvdroprocessing catalyst. Hydroprocessing particularly refers to any process
that 1s carried out 1 the presence of hydrogen, including, but not lumited to,
hydroconversion, hydrocracking (which includes selective hydrocracking),
hyvdrogenation, hydrotreating, hydrodesulfurization, hydrodenitrogenation,
hydrodemetallation, hydrodearomatization, hydroisomerization, and

hydrodewaxing including selective hydrocracking. The hydroprocessing



- 20 and 1100 SCF/ B hydrogen (197 S nB8/nB). The reactor tenperature was
vari ed between 689F (365C) and 780F (416C). 100741The At habasca bitunen had
the fol | oworeg1338g@erties: 4.8 w% S, 5000 ppm N, 55% 45@CTaS2@B03594 232C to
566"C), 45 wt % 1050F+ (566C+) fraction;1¢t0. 9950 specific gravity at 60F
(15.60), 67 wopm N, :166 wppm V. and 13 wppm Fe. 100751During the run, the
hydr odesul furi zati on and hydrodrnetal lization |levels were typically held

Between Ggg?é(}%u7@%%9?45@%‘3(9@3%%%&%% ﬁx%gp&%%gs‘%ﬂé g?ﬁgﬁgﬁ%ﬂéé&” e

inthe re -was tra exanp e tinme’that the
catal yst hadiraaebsuhad edhvaneSenatit siydidpRotapmiztdaengsiene BRAAS @ (5516
kPa-g) and 725F (385C). Less than 1 wt% of the TMB was hydrogenated and/ or
hydr ocr ackedlrog0761The catal yst was run for 150 days. The IIDS activity of
the catal yst dropped by less than 1% over a 3 week period at a tenperature
as high as 780F (416C). The run was voluntarily term nated to enable

exam nat i qogs$] t h€ oaeicahs cdh8itinhut tancenatihes @@&ﬁimﬁtodgesﬁﬁﬁ gonetal | oadi ng
filled any nore of the catalyst void volume. 100771The total netal | oading
on the catiatlpde, haisird aoiiosteddonteandiratya, eessure, yhwasatiwst s wer e

anal yzed for, vanadiumprofile in the extrudates. The vanadi.um deposit
Rcross. whdREreG boja ek GOt URBTRGOBe vt Y- UEPOsIS S ©the
extrudat e ( ) |l vst.sy.whi chy i hdi | ve, .of i.nsignificant
presence o%%(%réﬁﬁgﬁr% %ﬁ%ég%‘\g@ g‘%}la ?fé‘%"ggégﬁmf‘éﬁs‘*g%n é%?tg%s’ysts showed
that the netal s uptake of both catalysts were simlar; close to 0,14 ¢

(5516 kpa dp68En tenRerlEtad hioroAd: Gt ahdcabarEsa o 2OrE (i Rode' T eact or
P! uggi Ng. RIRPLSTEMPLFRRS 561°TF77-8)hé bbb BEHRL Ryf A GHPs P de catal st
(260°C) to 700°F (371°C), or from 530°F (288°C) to 650°F (343°C). In some
embodiments, temperature m the contacting zone can range from 560°F (293°C)
to 850°F (454°C), or 660°F (349°C} to 790°F (421°C), or 680°F (360°C) to
730°F (399°C). Total pressure in 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).

166611  Liquid hourly space velocity (LHSV) of the combined heavy
hydrocarbon oil and solvent components will generally range from 0.1 t0 301
or 0.4 102025 17 or 0.5 10 1020 b, In some embodiments, LHSV is at
least 1Sh ', oratleast 10 ', or at least 5 h ', Partial pressure of hydrogen in
the contacting zone can range from 0.5-9, or 2-K, or 4-6 MPa, or 3-6 MPa. In
some embodiments, the partial pressure of hydrogen 1s not greater than 7 MPa,
or not greater than 6 MPa, or not greater than 5 MPa, or not greater than 4 MPa,
or not greater than 3 MPa, or not greater than 2.5 MPa, or not greater than

2 MPaS50 psig (3792 kPa-g) to 3000 psig (20684 kPa-g). Preferably, the
contacting of the combined feed with hydroprocessing catalyst in the presence of

hydrogen is carried out at a hydrogen partial pressure of from 650 psig (4482



100791The feedstock and catal yst used in Exanples 2-4 were a Basrah

at nospheric resid and a supported Co-M catalyst. The foll ow ng sol vents
wer e usedwotniyasgiomyl benzene (TMB) and rnet hyl napht hal eR€T(UsR)12/0829BaSe- case
hydr oconver si on experi nent was done in-t’he absence of an added sol vent.
100801Specifically, the follow ng four feedstocks were used in the

exanpl es: Ex. 2: 100% Basrah res d Ex. 3: 60% Basrah resid and 40% " B Ex.

£SO S om0l RN Tl e B gpersde o (e
Resi d CS5- 400F) #OD5(BROFS ( 65M10B0F55 1050F42

Hvdronrocessed Product

166621  Relative to the heavy hydrocarbon oil component i the feedstream,
the hydroprocessed product will be a matenial or crude product that exhibits
reductions in such properties as average molecular weight, boiling point range,

density and/or concentration of sulfur, nitrogen, oxygen, and metals.

166631  In an embodiment, contacting the heavy hydrocarbon oil and solvent
with the hydroprocessing catalyst in the presence of hydrogen to produce a
hydroprocessed product 1s carried out in a single contacting zone. In another
embodiment, contacting 1s carried out in two or more contacting zones., The
total hydroprocessed product can be separated to form ong or more particularly

desired liquid products and one or more gas products,

160647 1o some embodiments, the liguid product is blended with a
hvdrocarbon feedstock that is the same as or different from the heavy
hydrocarbon oil 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 hgquid
hydroprocessed product and the viscosity of the beavy hydrocarbon oil

component.

16863]  In some embodiments, 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
produce commercial products such as transportation fuel, lubricants, or

chemicals.



APl Gavityl2,3 S, wt%.6 N, wt%.26 N, wpnR2 va, wpnv9 WO

2013/ 033301PCT/ US2012/ 052994 [ 0082] The experinents of Exanples 2-4 were
carried owO20rs/@s30upfl ow fi xed-bed reactor. The cat al ysPCEXISeUdAEH4 wer e
crushed and screened to 40/ 60 nesh granides. Liquid sulfiding was carried
out with ethyl disulfide dissolved in a lubricating oil at 340C. Each
experinmental run was started with the standard conditions of 385C (725'F),

750 psig (éé§é kF’?a mﬂ}%ml%é}ﬁlgﬁiﬁl ﬁ‘j{@"f’%\éﬁ@?\%&%@?% ?ﬂ;t%dwgﬁw\]@ Wkf eed

(534 S nB/ ctrvity was counter ed

by rai si ngwh@saﬁt@@m LRSIPSOBL WF 81 nioxanp) eogaz(ﬁ@@m%abt me;hohO%Sbﬁmbase case
run was conducted with neat Basrah resid (i.e., 100% resid, no sol vent)

descri bed mbgvidsfodrthe hits! E(EnpE eontEngol e lxcshy)%mhtmeﬂnmrmbr:qmpoecmf t he

catal yst. The cat al was o treamfor 18 days with decreasing activities
for 1050F+ 11(@6‘6"@1}%??5%%%6 HGEPS PORIE }PWPPF@S“@&&HQ&W %ma@ra 18 days,

L\ f G e A R e

t“ met hyl benzpne hhENR) <@®1Qﬁ3ﬁ6pp@@2@wwes frofudtistoraamb @l NT"'WFEeaCt or
conditions for the fir§t 40 days were the sane as those used in Exanple 5.

The 1050" Rbnt&66l E+)nda atfrbon] chversiom andl FDkimedehad 280reinal ovel y
stable level after 18 dglly Wil e HDM and HDS both declined gradually,
their | evel’s Ohegarmaiokbdll  Bragher0.¢ hadOf mose. showhd i grexanplie18. [ 0085] The

reactor t en‘g}%rga(lg Y6 ?()wa%mf)a' nep%x &% ér% gdigm%%f )ﬂm E}%SJF Ly %g@y =) product

fraction has not greater than 4x 10 grams of Ni/V/Fe (40 ppm).

16867} 1o certain embodiments, the hydroprocessed product has an AP
gravity that is 100-160%, or 110-140% of that of the heavy hydrocarbon o1l
component. In certain embodiments, APT gravity of the hydroprocessed product

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

16068}  Iun 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 embodunents, the viscosity of the hydroprocessed
product is at most 90% of the viscosity of the heavy hydrocarbon oil component,
while the AP gravity of the hydroprocessed product 1s 100-160%, or 103-155%,

or 110-150% of that of the heavy hydrocarbon o1l component.

186691 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 certam
embodiments, 650°F+ (343°C+) product fraction has a viscosity of at most 80%,

or at most 50%, or at most 5% of that of the heavy hydrocarbon oil component.



and then to 425C (797F) after 62 days. The consequent increases in
1050"F-1- (566C+) fraction conversion, HDM HDS' and HDM can be seen in
After 80 ways1333yiream the reactor tenperature was fuPChas2énes®ased to
450C WD 2013/ 033301PCT/ US2012/ 052994 -1923 (842'F). After 3 days at this
tenperature, the run was term nated due to reactor plugging. 100861Fi gure 2
al so shows the catal yst performance with the 60/40 resid/ TMB feed. This run

was on st rganpd or o . el as shown in
Exanpl e Z.ﬁ?mnﬁlﬁ%m?%i)érﬁgm%? n#shﬁ%?éﬁiﬁgﬂgc%%r?? géﬁ%cﬁgl\%% a'tt#%lﬁea}qual ity of
the |iqui chepsogidet (i.s, IO Rehtean of hamdshsd bt ai med frwmt hemagatyir esid
run of Exanple 2. More inportantly, here a far nore sustai nabl e operation
can be achifghetbtat hatetiatgm 70%6c10 50 RHh(5§6GHrodarket pomoogrvensi on and a
relatively | ow hydrogen pressure of 750 psig (5171 kPa). 1008811t shoul d be
noted that the hydrogenation of 'FMB -under the reaction conditions is
negli gi bl 5019089 soisuaimbhe, HVBudus caelevient t@&@@ﬁ‘%{ﬁb@bssﬁﬁr mts
scanning a. tenperature range of 725F (385C) to 842F (450C), whereas the
no- sol ventprpgnct(iErampise> P, wast mest Hi'%t edatipoyidslk qf3BS Q) fduentiontager abi l ity

Dol o TR R AL RO RSB C3r i od out
hydroprocessed product 1s at most 50%, or at most 10%, or at most 5% of that of
the heavy hydrocarbon feedstock, and the bydroprocessed product has a total
oxygen content that 1s at most 75%, or at most 50%, or at most 30%, or at most
10%, or at most 3% of the total oxygen content of the heavy hydrocarbon ol

component.
Examples

Example 1

168727 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"
tnch tube. The volume of the hot zone inside the brass cylinder was 16.0 ¢¢’s.
The reactor was loaded with 3 g (5.2 cc) of a supported NiMo hydroprocessing
catalyst on top of 9 g (8.1 ¢¢) 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 wi% 130-neutral hube 01/20 wt% ethyi-disulfide.

16673} The feedstock was processed at 3000 SCF/B (standard cubic feet of
hydrogen per barrel of feed ), at 340°C {644°F), 0.2 LHSV (hiquid hourly space
velocity), and 1000 psig (6893 kPa) for 48 hours. The feedstock was then
switched to 60 wt% Athabasca bitumen/40 witb trimethylbenzene (TMB).

Reaction conditions were changed to 800 psig (3516 kPa-g), 5 co/hr liguid feed,



met hyl napht hal ene (MN) at the sanme conditions as used in Exanple 3 for the
first 42 days. Figure 3 shows the performance data of this Exanple. As seen
from Fi guwe 2813/a3B@1r eact i on tenperature was increased f PORUR2BE/I0§385C) t o
752F (400C) after 42 days on stream andto 797F (425C) after 66 days.
100911The catal yst performances in terns of 1050"F+ (566C+) fraction
conversion, HDM HDS, and HDN were inferior to those observed with the 40%

2013 03sad RCH UES0E3) BRubBEh (Y, SIutBtt o Be R RSy PR T e e ™
differ enca;el@%gyegggﬂme&n@uhﬁrmm}e(m Qf) pr oduct qual ity is conpared at a

constant resid throughput (space tine yield) of 103 (4 resid processed per
g of catalyst. As can seen from Table 2, the 40% TMB run gives a superior

pr oduct q ahbly "?‘h%%[tﬂﬁb%fc %9 ch Kﬁ%ﬁg&;&% ﬁ‘n‘?s L&%’%V%ﬁ:\rygﬂ sHDMI DS,

and HDN. so so that the as- sol vent

exper| mentSgeerpnh 4, S‘ib&ﬂﬂﬁ()gwB()‘Iﬂéﬁ?‘ne,Baf€Uﬁ@366YLQﬁ46fwt?‘/255%@‘48(1%“(385450@ :
whereas the no-sol vent run nple 2 2 was restricted to 725F (385C) due
to oper abufu:mtgﬂnp@é)&ﬁ@mpeméﬂglgﬂfa‘\zﬁ?@%@%Enﬁaé@c(e {Oofrpavrimoniiai bavwQpmsdant R esid
Thr oughput!md %dwp\év}lf/ 100(N) Resid 60/40 Resid/ TM 3

18675} During the run, the hydrodesulfurization and hydrodmetallization
levels were typically held between 60 and 70% through temperature adjustment.
The deposition of metals in the reactor was tracked with time. For example, at
the time that the catalyst had accumulated 5 wt% metals, the conditions were
800 psig (5516 kPa-g) and 725°F (3R5°C). Less than 1 wit% of the TMB was

hydrogenated and/or hydrocracked.

16876}  The catalyst was run for 150 days. The HDS activity of the catalyst
dropped by less than 1% over a 3 week period at a temperature as high as 780°F
{416°C). The run was voluntarily terminated to enable examination of the
metals distribution on the catalyst betfore metal loading filled any more of the

catalyst void volume.

166771 The total metal loading on the catalyst was 14 wt%. 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 exirudate on both catalysts, which was imdicative of an
tusignificant presence of pore mouth plugging. Aualysis of the spent catalysts
showed that the metals uptake of both catalysts were similar; close to 0.14 g

metal/cc of catalyst.

166781  This example demoustrates that upgrading of Athabasca bitumen in

the presence of TMB, a single-ring aromatic compound, at a moderate pressure



60/ 40 Resid/MN Resid processed/eat, g/g (Streamtinme) 1050F Conversion, %
1-1DM % FIDS,' Yo FIDN, % Product Distribution, wt%112S 103 (18 days) 42
75 57? WO 2013/033301 PCT/US2012/052994

¥
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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 inside catalyst

POTCS.

Examples 2-4

{30791  The feedstock and catalyst used m Examples 2-4 were a Basrah
atmospheric resid and a supported Co~-Mo catalyst. The following solvents were
used: tnimethylbenzene (TMB) and methylnaphthalene (MN). A base-case

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

108G} Specifically, the following four feedstocks were used 1 the

examples:

Fx.2:  100% Basrah resid

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

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

16081} Table 1 shows the properties of the Basrah atmospheric resid.

Table t

Feed Description

Feed Basrah Atmospheric Resid
Cs-400°F ¢

400-650°F 3

650-1050°F 55

1050°F7 42

API Gravity 123

S, Wit 4.6

N, wt% (.26

Ni, wppm 22

Va, wppm 79




2.1 102 (32 days) 52 93 75 28 103 (32 days) 48 79 57 18 2.3 C4- gas

WO 2013/033301 PCT/US2012/052994

N2
-]

{6082}  The experunents of Examples 2-4 were carried out in an upflow
fixed-bed reactor. The catalyst extrudates were crushed and screened to 40/60
mesh granules. Liguid sulfiding was carried out with ethyl disuifide dissolved
a lubricating oil at 340°C. Each experimental run was started with the standard
conditions of 385°C (725°F), 750 psig (5171 kPa) H,, 0.17 total LHSV, and
3000 SCF hydrogen/B of feed (534 § n’/m’). During the run, the loss of

catalyst activity was countered by raising reactor temperature.

Example 2 (Comparative)

{63831 A base case run was conducted with neat Basrah resid (l.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.

Example 3

13384] A run was conducted with 60% Basrah resid and 40%
trimethylbenzene (TMB) as described above for this Example, The reactor
conditions for the first 40 days were the same as those used 1w Example 5. The
1050°F+ (566°C+) fraction conversion and HDN reached a relatively stable
level after 18 days. While HDM and HDS both declined gradually, their levels

were markedly higher than those shown 1n Example 3.

16085} The reactor temperature was raised to 400°C (752°F) after 40 days
and then to 425°C (797°F) after 62 days. The consequent wcreases in 1050°F+
{366°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 450°C



1.9 2.8 5.5 C5-400F (naphtha) 3.3 6.1 11.5 400-650F (distillate) 11.4 15.4
8.8 650- 1050F (gas oil) 55.8 54.0 53.6
WO 2013/033301 PCT/US2012/052994

{842°F). After 3 days at this temperature, the run was termnated due to reactor

plugging.

16086} 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.

{6087}  The third plot in Figure 2 further shows the quality of the liquid
product 1s much better than that obtained {from the neat resid run of Example 2.
More importantly, here a far more sustainable operation can be achieved at a
high 70% 1050°F+ (566°C+) fraction conversion and a relatively low hydrogen

pressure of 750 psig (5171 kPa).

[6088] It should be noted that the hydrogenation of TMB under the reaction

conditions 1s negligible.

(30891  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 7253°F (3R5°C) due to operability problems.

Example 4 (Comparative)

[60%6]  This experiment was carried out using 60% Basrah resid and 40%
methylnaphthalene (MN} at the same conditions as 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 tncreased from 725°F (385°C) to

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

13091}  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 MN solvent is less effective than TME.



1050F 25.5 18.5 18.4 Sum 100 100 100 100931The foregoing results show
that the presence of a |ow boiling aromatic solvent |eads to increased

cat al yst wotow/a3g3oin ternms of product quality and react ®CTASeI121053904 y.
Conpared to hydroprocessing without a stlvent (Exanple 2) or a higher

boi ling sol vent (Exanple 4), substantial inprovenent was observed wth the
| ower boiling solvent illustrated in Exanple 3. Due to the presence of a

the v 20097 Daaa0 B USb0s PhaTEBET e BRI d A IR SN T Cver
than t hosecenpbdyeidaccomanti on@bafe@isit duainsOft ReAY hrohthhuds@peatessi ng
Processes ’yieid) of 103 g resid processed per g of catalyst. As can seen from Table 2, the
40% TMB run gives a superior product quality 1o terms of 1030°F+ (566°C+)
fraction conversion, HDM, HDS, and HDN. Also, the (4~ vield is lower. Note
also that the TMB-as-solvent experiment permits scanning a temperature range

of 725°F to 842°F (385-450°C) , whereas the no-solvent run (Example 2) was

restricted to 725°F (385°C) due to operability problem.

Table 2

Performance Comparison at a Constant Resid Throughput

Focd. wi% 1060% 60/40 60/40 7
T Resid Resid/TMB ! Resid/MN
Resid processed/cat, g/g 183 102 183
{Stream time) (18 days) | (32 days) {32 days)
1050°F Conversion, % 42 52 48
HDM, % 75 93 79
HDS, % 52 75 57
HDN, % 7 28 18
Product Distribution, wt%
HLS 2.1 3.2 2.3
Cs4 gas 1.9 2.8 5.5
(C5-400°F (naphtha) 33 6.1 11.5
400-650°F {distillate) 114 154 8.8
650-1050°F (gas oil) 55.8 54.0 53.6
1050°F" 255 183 184
Sum 100 100 100

[6093]  The foregoing results show that the presence of a low botling aromatic
solvent leads to increased catalyst activity in terms of product quality and reactor
operability. Compared to hydroprocessing without a solvent (Example 2)ora
higher boiling solvent (Example 4}, substantial improvement was observed with
the lower boiling solvent illustrated in Example 3. Due to the presence of a low

boiling aromatic solvent, the most preferred hydrogen pressure used 1n the



100941The boiling points of the described | ower boiling aromatics useful
according to this invention are nuch | ower than those of heavy oils and
resids. TWe 2pr3sesnce of such | ow boiling aromatic sol velrC3/USeqo092984 t he
product quality (Exanple 4) and reactoriiboperability (Exanple 1) of the
hydr opr ocessi ng process. 100951Conventi onal resid and heavy oi

hydr opr ocessi ng processes cannot be effectively operated at the hydrogen
bressure [R0A8S iARACLIIE dIch 1b0%: BIESANL: LAKRIILAN ALclif LLAEE AR 190) 1O
probl ens and excessive coke formation. € presence o e appropriate |ow
boi | i ng aripaeyicg! Isel:yericeiditg gajcessep] uggi ng of the catal yst bed and hence
i ncreases overall catal yst productivity. 100961l nstead of feeding the
appropriate light aromatic solvent fromthe reactor inlet, part of the

sol vent f edy,t 1 Of Vi dater . 8  nehd s woul d
aIIom1thgﬁ§%?€%nth%%ﬁgp%§j%%%?%ﬁthggf?gﬁiggg%%gggggﬁﬁﬁﬂ?géf%'%%ic

t enper at urchid@ey) t@nds (HRHAYE atdh kb ey fHaawhdicss T hdtiOR 4ol thigsr eact or
bed. The use of the appropriate |ight aromatic solvent has the additional
benefit bebaugesafcerd]sach e posiimmiprodior way ehts eparacs oe prudlusoivany

recycle. 100971Th rinci pl es and..nodes of eration, of this invention have
been descr@ﬁéalpl%gbgﬂ 'qaﬁg}feqpér'«’@%@ @b\’a@gﬁﬁgﬁgi g}@d&ﬁifﬁﬁp@é%ﬂ%?@?@%w

enbodi ments. As understood by those of skill in the art, the overall
invention, as defined by the clains, enconpasses other preferred
enmbodi mentl§0Adt spestenterldl yesehaned hat edoh dydraprocqaping processes cannot be

2013/ 033301PCT/ US2012/ 092994 - 26 CLAIMS: A process. for. producing a
hydroprocéélgé?ﬂ‘“ugoﬂ?}é‘@tﬁ @Baﬁ‘ri?}s‘%ﬁé?“ ?“*S”“msré’ﬁ%‘?f’rfé’& g“gi ‘Hﬁg? Bﬁff“’&?gssi ng zone
a conbi ned..f, . I.Se0 Jdea ‘ r.bon .qil. € ) rein the
neavy hyar Bearban 10 B8 Rkt B R BB RO s e BRTPRAR TG SBFLT O ot
| east 650Rt343¢ OF thaishrapHQl-ieM b& 0P aRANL!E OFtlah NhRgeAds }Bl@%singqﬂe single
ring aromati c conpound in which the solvent has an ASTM D86 0%

di still at itbacpieiyst bof and hepasnct206 (248H)catnigtpro@idiigti | | ati on poi nt of
not greater than 300C (572"F); and

[3096]  Instead of feeding the appropriate light aromatic solvent from the
reactor tnlet, part of the solvent may be fed to the reactor via interbed quench
zones. This would allow the solvent io help control reaction exothermicity
{adiabatic temperature rise) and improve the liquid flow distribution in the
reactor bed. The use of the appropriate light aromatic solvent has the additional

benetit because of relatively straightforward separation and solvent recycle.

160971 The principles and modes of operation of this invention have been
described above with reference to various exemplary and preferred
embodiments. As understood by those of skill in the art, the overall mvention,
as defined by the claims, encompasses other preferred embodiments not

specifically enumerated herem.



contacting the conbined feed with a hydroprocessing catalyst in the
presence of hydrogen in the hydroprocessing zone to forma hydroprocessed
product. WO 2013/@330The process of claim 1, wherein the hea¥ywskeidoszoas bon oi l
conponent has an initial ASTM D86 boiliig point of at |east 650F (343"C).
3. The process of claim1, wherein the heavy hydrocarbon oil conponent has
an . ASTM D86 10% distillation point of at |east 750F (399C). 4. The
process of~chai49.1, wherein the heavy hydrocarbon oil conponent contains at
| east O. O%I grans of Ni/V/Fe, on a total elenental basis of nickel,

vanadi um and |ron 5. The process of claim1, wherein the heavy

hydr ocar bon 0|I nent cantains at |l.east 50 el.enent al nltrogen
based on total e oht POr-sohe g )C Ryd SELPRRHeBRR Reggangtprioint! *96 " The
process of clai m5 wherein the heavy hydrocarbon oil conponent contains at

| east 500 wppm | $
hydrocar bon oi Iﬁlgﬁggﬁginh}%%b%\%k Sb%gg“},%iéﬁcﬁf?‘ﬁ UES(%\%I%%}% %5 919838%%%\&%

The process/dobcebai mil:,onwphﬁreatm lidreinhdahyahy drécanbon @i toopopandnt a
contains at least 5 wt . - pent ane asphal t enes Mbased on total weight of
t he heavy w%wﬁwo@m m‘immtoi at least 638°F GH éﬁo@é%@b@mm ai m 1

wherein the conbllpedfeedls of from30 wt%to 95 f
heavy hydroearBER b?l?ta%*ﬁapaﬁéﬁ%t”gﬁw 53 HORATE SRR WHeh ot vort

conponent , %ﬁﬂﬁ@%@ﬂi }W@% ?fsiﬁl ﬁ@ﬁ 3911”}?%1 {@edi20oc (2489 %%an one

pr 0ocess Of clalm ereint ven onent conprises nore

single-ri @“@ﬁ@mml@nmﬂdﬁ@@@m&mﬁanOiff)()t@QWZE“T[QF énding aromatic
compounds has a boiling point of greater than 550"F (288C) 10. The

process of claim9, wherein none of the si ngl e-ring aromati c conpounds has
a boi ling poi ntcostacgngatecorhar o w1204 Oy M)pi@msmglmtzum@ ipibeess of
claim1l, wherein % e soI vent Cﬁ onent i.S corrprl? [ tl % | east 50 wt % of
one or norl‘é%fiﬂhblﬁ FRECHABT8E % CERPFGANGS #0ne 10 10T § DYPHPTEFGCESs of clai m
11, wher elcﬁ} olihg sol vent conponent conprises nore than one single-ring
aromatic rrpound and none of the single-ring aromatic conpounds has a
boiling point of greater than 550F (288"C).

2. The process of claum 1, wherein the beavy hydrocarbon o1l

component has an imitial ASTM D86 boiling point of at least 650°F (343°C).

3. The process of claim 1, wherein the heavy hydrocarbon oil

component has au ASTM [IR6 10% distillation point of at least 750°F (399°C).

4. The process of claim 1, wherein the heavy hydrocarbon oi]
component contains at least 0.0001 grams of Ni/V/Fe, on a total elemental basis

of nickel, vanadium and iron.

5. The process of claim 1, wherein the heavy hydrocarbon oil
component contains at least 50 wppm elemental nitrogen, based on total weight

of the heavy hydrocarbon oil component.

6. The process of claim 5, wherein the heavy hydrocarbon o1l
component contams at least 500 wppm elemental sulfur, based on total weight of

the heavy hydrocarbon oil component.



13. The process of claim 12, wherein the solvent conponent conprises

tri met hyl benzene and net hyl napht hal ene.
wher ei n tWe 2at3/d38st one single-ring aromati ¢ conpound PATIUSAE/062984 Or
15. Th& process of claim 14, wherein the
hydr ocar bon subs sel ected fromthe group consisting of C -C6 al kyl

hydr ocar bon substituents.

and

14. The process of claim1,

nore

Cl-C6 al kenyl. WD 2013/033301PCT/ US2012/ 052994 - 28 16. The process

of claim 15, uher el nysi Ryl @asksone, aLAgh 8 L0, AR Soegpound |

tri met hyl benzeneé.

rocess

erein the sol vent

conponent desnERt bo@divefat &ast eaﬁt“/ﬁﬂp?@‘\ﬁi@(@ié higRiBYEDenZaNes tdasReicdn tot al

wei ght of the sol vent conponent.

The process of claim1, wherein

t he heavy diydzlrbcaﬂrwbﬁironmlmuﬁpbnsﬂpﬂmﬁi the sol vent conponent are conbi ned

prior to entering the hydroprocessing zone.
wherein the hydro-processing zone contains the hydroprocessing catalyst

The2frocdfieoNoiees swatrcth didedivinshgtal i ddngoréadift i ons
in the hydroprocessing zone include a tenperature of from 350

1

in a fixed bed.g.

19. The process of claim

"1770) to

800F (427cf)9ma>ft‘@t“ézlt0;9r‘>e§%r{é tlod hﬁ‘@’rﬁi@@b?ﬁbﬂg ofi5anBpdkiRat ghd £@n1500 psig
(10342 kPa- and a uid hourl ace vel oci t LI | of the caqnbined
hoavy. hyarsehiBa urE LA SUr ORIt B [ bHFE of Sk mbined

feed.

9. The process of claim 1, wherein the solvent component comprises
more than one single-ring aromatic compound and none of the single-ring

aromatic compounds has a boiling point of greater than S530°F (288°C).

10, The process of claim 9, wherein nong of the single-ring aromatic

compounds has a botling pont of greater than 400°F (204°C).

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

comprised of at least 50 wi% of one or more single ring aromatic compounds.

12, The process of claim 11, wherein the solvent component comprises
more than one single-ring aromatic compound, and none of the single-ring

aromatic compounds has a boiling point of greater than 530°F (288°C).

13, The process of claim 12, wherein the solvent component comprises

trimethylbenzene and methylnaphthalene.

14, The process of claim 1, wherein the at least one single-ring

aromatic compound ncludes one or more hydrocarbon substituents.

15, The process of claim 14, wherem the bydrocarbon substituents are

selected from the group consisting of €;-Cy alkyl and C-Cy alkenyl,
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16, The process of claim 15, wherem the at least oune single-ring

aromatic compound is trimethylbenzene.

V7. The process of claim 1, wherein the solvent component is
comprised of at least SO wi% trimethylbenzene, based on total weight of the

solvent component.

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

hydroprocessing zone.

19, The process of claim 1, wherein the hydroprocessing zone contains

the hydroprocessing catalyst in a fixed bed.

20, The process of claim 19, wherein the conditions in the
hydroprocessing zone include a temperature of from 350°F (177°C) to 800°F
(427°C), a total pressure of from 800 psig (5516 kPa-g) to 1500 psig (10342
kPa-g}, and a liquid hourly space velocity (LHSV) of the combined heavy

hydrocarbon oil and solvent components of from 0.1 to 30 h



