01/ 27225 PCT/USOCQ 27718 1 i COMBI NATI ON SLURRY HYDROCONVERSI ON PLUS
*ggl ENT DEASPHALTI NG PROCESS. FI ELD OF THE | NVENTI ON An enbodi ment of the
K@ invention is directed to an integrated conbination of a slurry
; Opr oc¥BRI225SHP) process in conbination with a sol vERT/SEYEFHal ti ng
'&5ocess BACKGROUND OF THE | NVENTION There is a need in the industry for
I ncreased capacity for proéessing heavyler udes ‘and resi dua. Mreover,
| ower cost upgrading technology is needed to enhance t he narketablllty and

val ue of enornous
deasphal ti ng proceg‘%%@ii %@E ggféﬁrﬁﬂbg urry
hydr opr ocessi ng. ( ~providing a |low cost

means for upgradi ng heavy crudes. U S. patent 5,6807, 478 describes a

met hod . for lowering the viscosity and specific gravi ty of a heavy
hydrocarbon to render it pipelineable conprising adding a vanadi um and

ni ckel containing coke fly ash to the heavy hydrocarbon and reacting with
a nol ecul ar O TAR s under hydroconversion conditions for a
tinme suffici%%vv@m%%osmy of the heavy hydrocarbon. O her
patents exist in the literature which deal with hydrotreati ng followed by

sol vent deasphalting. For e rrpl e, at ent 591,426 to Krasuk et al
describes a process fdn ¢phe g&i@ﬁ RW@BF?&F%&W%FO%WM about

WO 01/ 27225 c%gﬂlﬁjiﬁ?oq'( éfd ;ﬁrry}gldroprocessmg (SHP) process in combination with a
solvent deasphalting process.

BACKGROUND OF THE INVENTION

There is a need in the industry for increased capacity for
processing heavy crudes and residua. Moreover, lower cost upgrading
technology is needed to ehh_a.nce the marketability and value of enormous
supplies of heavy crudes. Thus enhancements to deasphalting processes would
be beneficial to the industry.

Slurry hydroprocessing.(SHP) is a technology capable of providing
a low cost means for upgrading heavy crudes. U.S. patent 5,807, 478 describes a
method for lowering the viscosity and specific gravity of a heavy hydrocarbon to
render it pipelineable comprising adding a vanadium and nickel containing coke
fly ash to the heavy hydrocarbon and reacting with a molecular hydrogen
containing gas under hydroconversion conditions for a time sufficient to lower
the viscosity of the heavy hydrocarbon. |

Other patents exist in the literature which deal with hydrotreating
followed by solvent deasphalting. For example, U.S. patent 4,591,426 to Krasuk
et al describes a process for upgrading feedstocks containing not less than about



O 200 ppmnetals, an APl gravity of |ess than about 20 , and a Conradson
Carbon of nore t’han about 8% by hydroconversion with hydrogen in the
presence of naturally occurring inorganic material as catal yst. The

i nventi on womntf®mes provides for subsequent fractionation B€TS00/27718
hydroconverted product and sol vent deasphalting the distillation bottons
and optionally hydrodesul furizing the atwspheric distillates and the mix
of vacuum gas oils and deasphalted oils separately. U S. patent 4, 35%, 365

hydr ocar bona 208 GBS SPIATT VLR PE kst Hattbgrt 90 » 834 A AR AR e an
re reoyol edof BorR Hisrablt B By RARERAVEn T wilh Ry USRS ke iR | "
conversi on Oﬁalggé]f}%é&t?ﬁngﬁﬂ?éﬁﬁ@hﬂﬂerﬁl%‘éﬁta%@. The tvehtidf Rdrthdd ons. The

t echni que can I'ntegrated 1hto a catalytic slurry process. U S. patent
3,622, 498 deproviidessfon ssbsequentfravtionatidmof the hykdraronvertedpradatiand ddl¥entpat ent

| ?eafé‘l%a? : %:ﬁé%%ﬁﬁﬁi@iﬂﬁé dish I%ﬁqu‘?fa@‘r’érﬁg aid gftignalfiradesifi Qgé‘m'eﬁévn})r sing
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Pat ent Appl i gepfakately2175437 is directed to a process for converting heavy
crudes by hydrotreating the crude, distilling the products, deasphalting
the high boiling fraction obtained in the distillation and recycling WO

01727225 PCTIUSOQY 277 18.8.'p§tent 4,358,365 describes_ a process for the conversion of an
asphaltene-containing hydrocarbonaceous black oil in a catalytic slurry reaction

zone where an admixture of converted hydrocarbonaceous oil and unconverted

asphaltenes are recycled to the reaction zone.

U.S. patent 4,124,486 describes conversion of asphaltene-
containing stocks and product separations. The technique can be integrated into
a catalytic slurry process.

U.S. patent 3,622,498 describes a slurry process for black oil

conversion.

U.S. patent 4,461,699 describes a process for producing a heavy
" oil with a low Ramsbottom carbon test from a long resid by a two-stage process
comprising catalytic hydrotreatment followed by solvent deasphalting and
recycle of the asphalt to the first stage of the catalytic hydrotreatment.

Canadian Patent Application 2175437 is directed to a process for
converting heavy crudes by hydrotreating the crude, distilling the products,
deasphalting the high boiling fraction obtained in the distillation and recycling



the fraction of the deasphal ted stream containing asphal tenes, catalyst in
slurry phase and possibly coke to the hydrotreating zone. Numerous ot her |
patent and literature references exist which. conbine slurr

hydr opr o¥¥a8¥27g5wi t h sol vent deasphalting. . Wat is negﬁgﬁjsi(%"?lﬁe art is
.an i nproved process which upgrades heavy feeds econom cally and
effectively. SAY OF THE | NVENTI ON An edtodi ment of the instant invention is
directed to a process conprising the steps of (a) slurry hydroprocessing

SHP) of oo
f:ondl)tloongtl{ehe pr ocdiﬂ(ﬂt‘éhgbspal neﬂ@gﬁmﬁgug%gmgn%%@ecggg SIO al ting

sol vent dephafeaindqsbssibly coke to dhe/kydrotreatingomet ed rock; (c) cal ci n| ng sai d
sol vent deasphalted rock at- a tenperature of < about 1200F to produce an

ash catal yst precursor; (d) recycling said ash catalyst precursor to said

step (a). WD 01/272 %'ﬁﬂ% mg’ ;'{lclﬂ, THE FI GURES
The figure depicts Oﬁgﬁ%&i} zén?a??le I nventT on eed an hydr ogen
enter the ghigbiid slurry hgdiopRsbessing withnselvenPdeasphaltingpassed to a sol vent
deasphal ting unit where paraffinic solvent is added. A deasphalted oil

(DAO is recovered fromthe top of the unit and deasphalted rock fromthe

used 11 dosirea o Habis oefcd BB BRGS ah i Briie whith ffpmual 0 VT, O°

recycled t Qo5 fetds &condiiédlly and effectively.

SUMMARY OF THE INVENTION

An embodiment of the instant invention is directed to a process

comprising the steps of:

(a) slurry hydroprocessing (SHP) of a feed under SHP

conditions;

(b) deasphalting, under deasphalting conditions the product
obtained from said step (a) and recovering a solvent deasphalted oil and solvent
deasphalted rock;

(c) calcining said solvent deasphélted rock at a temperature of
< about 1200°F to produce an ash catalyst precursor;

(d) recycling said ash catalyst precursor to said step (a).



for liquid asphalt rock as it is converted to coke. In the second cal ciner,
coke is subjected to a controlled burn to produce ash for recycle as
catalyst. The calcined ash is then recycled to the S13P unit for use as

t he SHP caW@8i®7225A purge |ine which prevents buil dup of BHVE2¥H8t he SHP
unit is also shown. DETAILED DESCRI PTION OF THE INVENTION In a preferred
embodi nent of the present invention, sola&nat deasphalted rock (SDR) is fed
to a calciner along with hot recycl ed coke, in the substantial absence of

air, whereup %&i} ﬁﬂé phs and netal containing
conponent s OW%ﬁ @hﬁ@?t ﬁ& t0Re® As used herei n, substantial
absence neans that no added air is present. A portion of the resultant
coke is then fed to a second cal ciner where controlled burning is carried

out to provide a fineThedigureldepictsemalembodimentofithe invention. Feedbaydt in the
SHP reactor. In the fir | ci,ne which acts a coker, the tenperature
will range fh¥ @pterrg&Sﬁ usibo em&*%’g‘ﬁ’ﬁ S?'f%ﬂﬁlquée‘imm IveRtyui d
and gaseous r oh c nd
added to thed s %Hﬁ'ﬁ%r :J% &%%4' m&?‘ﬁ é?—lh?i%A %p%é e}?{a(;ﬁﬁ& %@21653 in

part to provrstsbvafdacﬁéﬁxthbwofﬂxe atedeoelefrohhthedsdiione! Thel burn
is carried out below at a tenperature at ich metal conpounds contai ned

in the coke deasphalted regk is passed to atcelcﬂraﬁrm'l‘ampalpmmnxbg used iffdasired st he
b d d J1200F 27718 -5,

et er anty. behEins In e 8 SHlcEe? el fined 5ok SRS IS dcthE m ol o
cal ci nation i lefdmcisqﬁlsfosﬁv&temwmmna{eos&oﬁ@eﬂcir&rmtls

iquld
1200F. Al though (iV\D cal ciners are described, a single calciner could be
used with asmbje@edz@a@onpe}ledbwgntprpradumhlfngmwdb ascatalysy) Thed second

zone in an é‘ il é ﬁ&n&en r cycrfeti) o %tl-hpu)li‘t £OF use a%%ge kflﬁ’t ca%e'iilygt?%e

provi si ons af¥¢
purge line which prevents buildup of solids in the SHP unit is also shown.

DETAILED DESCRIPTION OF THE INVENTION

In a preferred embodiment of the present invention, solvent
deasphalted rock (SDR) is fedto a calciner along with hot recycled coke, in the
substantial absence of air, whereupon nonvolatile organic fractions and metal
containing components of the SDR are converted to coke. As used herein,
substantial absence means that no added air is present. A portion of the resultant

* coke is then fed to a second calciner where controlled burning is carried out to
provide a finely divided, metal rich ash for use as catalyst in the SHP reactor. In
the first calciner, which acts as a coker, the temperature will range from about
800°F to 1200°F, preferably from 900°F to 1100°F. Liquid and gaseous
products obtained from the first calciner are recovered and added to the total
product pool from the SHP/SDA operation, or burned in part to provide process
heat. In the second calciner the controlled burn is carried out below at a
temperature at which metal compounds contained in the coke begin to melt, i.e.,

to form a vitreous mass. Preférably the burn is conducted at or below 1200°F,



wi t hdrawal of coking products and for recycle of coke. Suitable provisions
are well known to those skilled in the art as are coking conditions.
Alternatively, the SDR may be passed directly to cal cination without prior
coki ng. T™M@O¥2I22% ner is operated at tenperatures at or HGYSYBH® 1200F
-(649C) to prevent the netals contained in the SDR fromsintering. Likew se,
the cal ciner can be coupled via a heat-%xchanger to provide feed preheat
for the SHP, preheat for SDA solvent recovery, or to provide process

steam The (5”‘Fdad % ofiC 3 S

met al - oxi dem§§%preg%5@§'%fef&gtrlggursord}%.lb%k%gvm ngﬁfgbﬁg’."‘ﬁ% |do§ %ﬁaﬁy@m
provide Catmhwslcnmwmldfeﬁdiforﬂadatﬁrﬁbq@ﬂm&ﬁwbgussmw toaboski | I ed in the
art will recognize that it m necessary to activate t ash rior to

i nt r oduci ngl300°FntAdthoygh tpp ¢ meﬁsmeswb psingle caleiner eq |1P°\H§ d incl ude

sul fiding the catalyst r r

acconpl i sheﬂ%ﬁaﬁrﬁ{g t gagﬂegﬁﬁf‘gg%ua%e ast‘xokl? ysS ée%?‘é%%&?o%(a% may be
sul fided wighd@thg #8d6 pshProduttiof} provided that siitdble prvioss dreunadefopi €s
contained in the Teed. Ash catal yst. precursor nmay al so be sulfided

ex-situ, bywxﬂnkmmuefmlung\ptoﬂums@ndm resyiclgraficoke:, Smﬁabie pr@mlensmg t he SHP

har & nTgfef\?«éﬂ@p 30 3% et S it o SR g Rt AURRBRAGR ThES° | 15
Wi a viscgSilnephe fabd GREIS meﬁ%msuch as Arabi an

Li ght Vacuu m and Arabi an Heavy Vacuum Resi duum Beneficially, the
catal yst for conducting the SHP process is provided by the feed being

compr | Ses metals or | GRS IE OPEHEdAS GEperERes At S DELAW SOABIANO | Mher ent
to the feeot@g«;ﬂo e&m&ﬁ&ﬁédﬁm%nnﬁo?ﬁgﬁiaﬁ%] GiRERidese @

vari ety of er al one or 1 n conjunction wth eac
the calciner can be coupled via a heat exchanger to provide feed preheat for the

SHP, preheat for SDA solvent recovery, or to provide process steam. The feed
metals contained in the SDR which are recovered as metal-oxide ash catalyst
precursor following calcination of the SDR provide catalyst precursor for the
SHP processing step. One skilled in the art will recognize that it may be
necessary to activate the ash prior to introducing it into the SHP or in the SHP
itself. Activation would include sulfiding the catalyst precursor as necessary.
This is readily accomplished by the skilled artisan. The ash catalyst precursor(s)
may be sulfided with an H,S containing gas _.in situ or from the sulfur species
contained in the feed. Ash catalyst precursor may also be sulfided ex-situ, by
methods known to the skilled artisan, before entering the SHP unit.

The feeds which may be treated in accordance with the teachings
herein are heavy feeds defined as feeds having an API gravity of < 10 to 15°
with a viscosity of > 60 centistokes at 60°C and resids such as Arabian Light
Vacuum Residuum and Arabian Heavy Vacuum Residuum. Beneficially, the
catalyst for conducting the SHP process is provided by the feed being upgraded.

This is very economically beneficial. Thus, the ash catalyst comprises metals or
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ot her. Thus, the ash catalyst contains one or nore netals or netal
conmpounds of wvanadi um nickel, iron, nolybdenum etc. Furthernore, the ash
catal yst may contain non-indigenous netals or netal compounds utilized to
conduct t h&vemR7235r ocess until sufficient ash catal yst is BCOUSAORZN&d by
recycling. By netal conpounds is nmeant conpounds containing the specified
netals that result from calcination of t6e SDR such as netal oxides. In an
enbodi ment of the instant “invention (illustrated in Figure 1), slurry

Lo o o cidab sotphpld TuRereRt Gt fred baing prkesistl TSGR, (oo
thereof, at ﬁE&%reZZ&anEs@QQHﬁieﬁ Jf hetdls MR ABHE BF %%Urﬁéﬁ?t[e%ﬁﬂ@aéﬁ mes to

al low a separation to take place and equilibriumto t her eby
al | owi ng for other dltarsy thef ash catedyssicahtains ariel orpnoxtumetalsmi@netahdompeundsaoft

deasphal ted rock . (SDR), :The rock,i,s then fed o a calciner onfiguration
as descri bed)VaNﬁd’r“&" IE%)IFﬁl’r'S‘PlP’éHOlé’bﬂm’i% gk‘r‘gemﬁeﬁhﬁ sa%fyssmaaw 1000F
is used to g 3 ' | | S in the
slurry hydr ogérbgl%g{sl gf’ﬁdng%g{m%%?s %ﬂel%gtraggge&gb%#n%ﬂﬁgq% gﬁ%@%#’ %ﬁhgan be

used t o generpgrbeessumditsifificient asic estalystisaconimiited by ficyoling.” Beanétal
production) or to preheat feed to the SHP reactor thus reducing preheat

furnace requigomponnds ismeanicompounds contpining the speeifiedmetals that result &om can

be purged fromt.he. prevent solids build-up in the
reactor. In 5@%&%@§§@5&%§%@#&¥%m the SDR can first be
passed to a coker to recover additional |iquid and gaseous product prior to
cal cination. In another enbodi ment of thé invention, SDR or SDR which has

under gone coki ng, can Beapgmhodimentofithe instant invpationdillistratedrinffiguretid),
process or for oducti on .of e qjl. The t.al.s, yich bojler fly ash can
Phen be I ecostrERbyBBicRRias (S Estlor pradiot O if 16 fo & deasphaifer opetatéd

using a Cs, C,, Cs paraffin or natural gas condensate, or combinations thereof, at

about 275 to about 310°F at appropriate pressures and times to allow a
separation to take place and equilibrium to be achieved thereby allowing for
recovery of a deasphalted oil product (DAO) and a solvent deasphalted rock
(SDR). The rock is then fed to a calciner (configuration as described) where
controlled combustion at a temperature of below 1000°F is used to generate a
metal oxide rich ash that is used as catalyst in the slurry hydroprocessing step.
Heat generated during the calcination can be used to generate steam (for process
use or facilitating crude oil production} or to preheat feed to the SHP reactor thus
reducing preheat furnace requirements for the SHP unit. Metals rejected from
the feed can be purged from the process as unused ash to prevent solids build-up
in the reactor. In an alternative preferred embodiment, the SDR can first be
passed to a coker to recover additional liquid and gaseous product prior to

calcination.

In another embodiment of thé invention, SDR, or SDR which has
undergone coking, can be passed to a boiler to generate steam for the process or

for production of crude oil. The metals rich boiler fly ash can then be recovered



-7 and used as catalyst for the SHP. Hence, in such an enbodi nent, the
boiler acts as the calciner. Alternatively, nmetals can be recovered from
the ash, by nmeans commonly known in the art, and used (after suitable
treat menWOOMIT2¥H as extraction with various acids, as CSEHSI¥FH ecur sor
-for the SHP process. It will be recognized by the skilled artisan that the
ash being wutilized as catal yst nust cdimtain sufficient quantities of netal
to catal yze the SHP process or nust be suppl emented by additional

catal yst. f&e%-n WP SR Yn &Yetd O

provi de from gg%ithss‘% to out 5. Iél!éew@é;/e/ug met aEsB%%ﬁs%gigfr}éPﬁié feed. Thus,
if the ashag ﬂletdaldﬁén/eﬁ.lmaﬁr&lys,cmaabrcaprbed’emvmdﬁ'omhead:,diymeansl yst, t he

ash wi || beinventoriedutlla itable a |sav ilaQle for the SHP
process. | gommonks asﬁi ?}faéEE ax] slurry
cat al yst PLECcULSOr m c acid which
can be dis€ er] q?ﬁv&ﬁﬁjrggf) LS a‘g’@)ﬁc@ﬁ&é‘%@éﬁgﬁéﬁl rép%hantlty of ash
is avail able. (Thus, the SHP step may utilize an initial charge of typical
slurry catalyst duri ng start-up and once sufficient ash catal yst

precursor is.avail abitavil |h°1‘e¢®113$‘d killed artisan; thatthe psinbeingn with a

concent § at REEashas fafaly e TRt i %ﬁﬁﬁfﬂg&%@é RSt b o otk e, o
phosphonol ¥ Wgﬂh C;ﬁro@@s’s@n' st be Eﬂﬂléﬁbhﬁéd'b?rﬂﬁlﬁdxﬁﬁtﬂbﬁﬂt T ashi shoBRPbe\ppm

Cat al ysts can be used in the neanwhile can be nmade in several ways
i ncl udi ng usedsintan aheontthat is sufﬁcxsnttomwmfeomrabqufsq;érteabmmSOm%gam c or

organi ¢ no epum,c 0 i J for exa t systens
descri bed F%tﬂﬁgaseﬂﬁ?lfl%%lﬁ‘ Qg‘q\% ?ﬁ%?&&"ﬂéﬁ%&ew’fe?%’é’ ce. O her
finely di SBE @ﬁf&’@ﬁlgé% ﬁlesashlvmluahoanaﬁéa il 25ditable HRBEMTEY Svaildhle 2| SO be
used provi qu Ity of metal is sufficient to keep the toluene

i nsol ubl esfdraleSHPgrocess. Tthemeanwhile; the SHRpro¢ass sambe rumhsiog acan be
slurry catalyst precursor such as vanadyl oxylate or phosphomolybdic acid

which can be discontinued, replaced, or reduced once a suitable quantity of ash
is available. (Thus, the SHP step may utilize an initial charge of typical slurry
catalyst during start-up and, once sufficient ash catalyst precursor is available, it
may be used alone or in conjunction with a start-up catalyst to treat fresh feeds
entering the SHP unit.) The concentration of metals on feed, furnished as
vanady] oxalate or as phosphomolybdic acid, will typically range from about 100
to 800 wppm. Catalysts which can be used in the meanwhile can be made in
several ways including in situ decomposition of a soluble or dispersible
inorganic or organic molybdenum compound in oil. See, for example, the
catalyst systems described in U.S. patent 4,134,825 herein incorporated by
reference. Other finely dispersed materials, including multimetallic compounds
may also be used provided the quantity of metal is sufficient to keep the toluene
insolubles level below 0.5%, and no more than the amount which can be
disposed of economically. As used herein precursor means a catalytically
effective material which need only undergo activation/sulfiding to function
catalytically. General process conditions for SHP include temperatures of about



di sposed of economically. As. used herein precursor neans a catalytically
effective material which need onl.y undergo activation/sulfiding to function
catalytically. CGeneral process conditions for SHP include tenperatures of
about WO OwWQ@or22esPCT/ US00/ 27718 -8 700F to about 850F anpcpusmamies from
about 300 to about 2500 psig for reactor holding tinmes sufficient to
attain about 1025+F to 1025 F conversion_gof at |east about 30% preferably
about 40% and nost preferably fromabout 50 to0.60% Ash catalyst
concentration, expressed as wt% ash netals on feed, will range from about

0.1 wt%to 5.1908F 39 abeut &30SE and pressures from ebewt 300 te. abovt 2500 psigdondi t i ons

f I t d |t .0of t SH d ' ' d t he, it
of product dderRBRROIen bitfeiZlt i koH hott o8 19 TBAS Pp donvpsion ™ 1Y
However, in afiat &aSt 456ht B0 Pe&ferabii? abétit dom%ld%ﬁf&)ttprégg?sﬂégg%tnggb&ﬂ%o

product wll be recovered as DAO (deasphal ted oi ol'l" from
t hi s process toi6D%. Ash gatalysticondeatrationyexprdssed aswtfoashymetalswn f6d)/will and

ey 80°E o rorh from o 01 w8 SrCLBERe: PreEciaby AHopt D to Dot BOGHe Lo
FCC, bl ; ' f d MCR.
T dest rod. | ohdiods SESbREROIGS (iing P SHP Erode bW CacpR bt T

reduce MCR angality éfiproduttalesitedandiare well khewnttb thdséekilied!inftke @ enough in

netals that hydrotreater catal yst poisoning nay not be an issue. Asphalt
rock that is}%ﬂe‘{%e'& #Efﬁgmrﬁﬁssﬂ‘éﬂﬂdé% lgeéﬁ mt 8@ wite eASHPquadustt ed

into |liquids EW £0ki ng, or into synthesis gas via
partial oxi ngiﬂg&.%qqzége?o oW ﬁ%e%ﬁ%{r]r%) eoslﬁ‘serve toillustrate this
invention: Exanmple 1(SHP with 0.2 wt % ash foll owed by SDA)

Deasphalted oil from this process will, in general, be reduced in
metals by about 95%, and show a significant reduction in sulfur (50 10 60%)and
microcarbon residue (MCR) (60 to 70%) relative to the feed. The DAO may be
sent directly to FCC, or blended with VGO before entering the FCC to reduce
sulfur and MCR. If desired, the DAO may be sent to a FCC feed hydrotreater to
further reduce MCR and sulfur; the advantage is that the DAO will be low
enough in metals that hydrotreater catalyst poisoning may not be an issue.
Asphalt rock that is not used for catalyst production can be further converted
into liquids by thermal procesées such as coking, or into synthesis gas via partial

oxidation.
The following examples serve to illustrate this invention:

Example 1 (SHP with 0.2 wi% ash followed by SDA)

An ash catalyst precursor was prepared by the low temperature
calcination (or burn) of a partially gasified fluid coke that had been produced
from Boscan crude atmospheric residuum, a material rich in naturally occurring

vanadium and nickel compounds. Calcination, carried out at nominal



An ash catal yst precursor was prepared by the | ow tenperature cal cination
(or burn) of a partially gasified fluid coke that had been produced from
Boscan crude atnospheric residuum a material rich in naturally occurring
vanadi umwaoiiamezskel conpounds. Cal cination, carried out Pew/Usosz?s WO

01/ 27225 PCT/ US00/ 27718 -9 tenperature of 850F, gave a fluffy olive-green
powder that contained 45.2 wt% vanadiugnand 4.5 w'/o nickel. Prior to the
SHP test, the ash was pretreated with a 10% hydrogen sulfide in hydrogen

stream under 100 psi ressure hydr.o en sul fide (1 00 psig, ., ,90/10) at 725F
for 60 mi nucmperagarerriiBS0e, gavea ity elivesgieen powderhat sontaiped 452 Witbxt ur e of
100 g. of Arabhi ReS| duum (ALVR) and 0.20 g. of the
presulflded’aélgﬂ‘?)%?l"igﬂtasr“ét\e’(/’uf1 a 300 cc autoclave, treated at 775F under

1000 psi g hydrogen pressure for 2 hours. Hydrogen was flowed through during
the test to maintain a hydrogen partial pressure of ca. 900 psig. After
cooling to 300F, th&rientete est the ashevras pretreated withjail@% BN ng the

il or cal Ui mAYREeh sent e 106 by anfost Sy RBs A h0e (IO RIE o7

over ni ght Wﬁg a\(aigseFfforlea midihte% BBIRS sulfideqind tyREEvdte SRV GitaYsBA9 9. of
reactor oil solids (toluene insoluble "coke" |eId after

adj usti ng |og' ﬂOO@‘. oﬁArdhgmL;ghNé@cBum R@Jquum CALYR)and0.20 gt 0 s e
L e s 3 S B0 Bl s AR, L2
filngh'? PI gw 9 pg’@mmw&ﬁ%f?&%%ggg in % hle‘ﬁﬁ: %%%%%%gw?
-vessel ) washé testitounenhtdina hydeogenipactinl pnessure of ca. 900 psig. After cooling to

300°F, the autoclave was vented, and the liquid containing the ash catalyst was

vacuum filtered over a #2 Whatman paper. The resultant filter cake was washed

with toluene to remove adhering oil and was dried overnight under vacuum. In

this manner, there were recovered 87.9 g. of reactor oil and 3.5 g. of solids

(toluene insoluble "coke” yield, after adjusting for weight of catalyst, was 3.3

g.). In addition to these materials, there were also recovered 5.4 g. of light

liquids (volatilized during the SHP run and collected in a cold high pressure

knockout vessel) and 3.0 g. of gaseous products.

The SHP liquid product (excluding light liquid products that were
recovered in the high pressure knockout vessel) was then used for the subsequent
solvent deasphalting experiment. In a 500 ml round bottle flask, a mixture of
30 g. sample of SHP product and 180 g. of n-pentane was stirred at ambient
temperature for overnight. After sitting for 2 hours, the mixture was filtered, and
the filtrate was evaporated to remove pentane, followed by drying at 200°F
under vacuum overnight. The yields of deasphalted oil (DAO) and rock were,
respectively, 25.3 g. and 4.6 g. DAO was submitted for metals, CCR, sulfur and
GCD analyses. Results are shown in Table 1.
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sol vent deasphalting experinent. In a 500 m round bottle flask, a m xture
of 30 g. sarrple of SHP product and 180 g. of n-pentane was stirred at

anbi ent erature for overnight. After sitting for 2 hours, the m xture
was filter é%“’%"azs the filtrate was evaporated to renove pBET/HRW2TIE| | oved
by drying at 200F under vacuum overni ght. The yields of deasphalted oil
(DAO and rock were, respectively, 25.31-and 4.6 g. DAO was subnmitted
for netals, CCR, sulfur and GCD anal yses. Results are shown in Table 1. WO

01/ 27225 PCT/ S00/,2 7 SHP 1 W% ash fol |l owed by
SDA) An exper]%:J é ?‘Mﬁ? d\ggﬁp out with 100 g. of
ALVR and 2.10 g. of the presulflded ash cat al yst under the sane conditions,

except that pressure was increased to 1200 psig. Yields fromthe SHP
reaction were as fol | dwsexp¥singens similarf tol Example rlemas carried but ¥ithd 0§.g.of! i ds

gogog zbf of gﬁiﬁﬁne Jériaol u ltl%égs ﬁ8@)(;& adj ustl n ghor cat al ﬁt,w\é\‘flsgglto)
[ DAO
o 4550 plbprfatieurftal idcreie Eﬁ%ﬁ%?%i’?ié- SelsRE PSP Maetin Vg

SHP step of twire apifollews: 93.6rp. bf fiitersd redctap oilj 2193, selid¥ (0506 grifablichat i s
not native to the feed. Exanple, 1 was repeated using a_noly denum cat al yst

prepared i n dsslublgceke aftena H@ln&f%@é@mw&@ﬁ Bnof.h@t hﬂmendlil@

Conmpari son of tgg AO yield and qualities obtained in Exanple 1 with those
of Exanpl e 3 ? illustrate that the Mo and ash catal ysts give
conparabl e results, thus illustrating that Mo could be added to the SHP

step of the process until such time that the concentration of
The pentane deasphalting step, carried out with 30.40 g. of filtered

reactor oil, gave 26.14 g. of DAO and 4.35 g. of rock.
Example 3

This Example is provided to show that the SHP step of this process

can be started up with a catalyst metal that is not native to the feed. Example 1
was repeated using a molybdenum cataiyst prepared in accordance with the
procedure set out in U.S. 4,470,489. Comparison of the DAO yield and qualities
obtained in Example 1 with those of Example 3 (Table 1) illustrate that the Mo
and ash catalysts give comparable results, thus illustrating that Mo could be
added to the SHP step of the process until such time that the concentration of

- native metals in the asphalt rock had increased to a level sufficient to provide the

necessary level of catalysis.



native netals in the asphalt rock had increased to a |level sufficient to
provide the necessary |level of catalysis. WO 01/27225 PCT/ US00/ 27718 -11
Table 1 Summary of Test Results for Exanples 1 to 3 ALVR Exanple 1 Exanpl e
2 Exanpl &vQ@oVFasd, g. N A 100.3 100.1 70 Catal yst in r F&IUB027318 N/ A 0. 203
2.124 0.058 V on feed (supplied as ash) NNA 920 ppm 1.0 % NA M on
feed NA NA NA 250 ppm Pressure, psilg-N A 1000 1200 1000 Residence
Time, min NA 120 120 120 SHP Product Yield on SHP Feed Tol uene I nsol ubl e
(ex. catalyst), wto/o NNA 3.3 0 06 Gas, M% N A 3.0 1.8 2.6 . Light Liquid,
w'/o VA 5.4 35S 2.4 Reactor wt/o N/A879936QJaI|ty of SHP

Li qui d Product (Li girabld fl'Suinma &{Bf%kmeﬂlis)foNfExaﬁi}glegit&ﬁl 8 22.6 25 V,
ppm 95.7 78.3 60.0 82 Sul fur, % 4. 18 93 3.38 3.87 CCR w'/o 24.3
20.7 18.0 19.0 SHP/ SDA Product Yield on SHP Feed Gas on Feed, % N A 3.0
1.8 2.6 Light Liquid Yield, wt%N A ALVR. Example IDAExzmple Re dixtaorpled | )
Yield, % 77.5 74.7 81.0 78.9

Feed, g. N/A 100.3 100.1 70
Catalyst in reactor, g. C N/A 0.203 2.124 0.058
V on feed (supplied as ash) N/A 920 ppm 1.0 wt% N/A
Mo on feed N/A N/A N/A 250 ppm
Pressure, psig N/A 1000 1200 1000
Residence Time, min N/A 120 120 120
SHP Product Yield on SHP Feed :

Toluene Insoluble (ex. catalyst), wt% N/A 33 0.06

Gas, wt% N/A 3.0 1.8 26
Light Liquid, wt% N/A 54 3e 24
Reactor Oil, wi% N/A 879 93.6

Quality of SHP Liquid Product (Light Liquid and Reactor Oil)

Ni, ppm 271 21.8 22.6 25
V, ppm 95.7 78.3 60.0 82
Sulfur, wt% 4.18 393 338 3.87
CCR, wt% 243 20.7 18.0 19.0
SHP/SDA Product Yield on SHP Feed

Gas on Feed, wt% N/A 3.0 1.8 2.6
Light Liquid Yield, wt% N/A 54 39 24
DAO (of Reactor Oil) Yield, wt% - 77.5 74.7 81.0 73.9
Rock (of Reactor Oil) Yield, wt% 20 13.7 134

Yield of Light Liquid + DAO, wt% 715 80.1 - 849 813
Yield of Light Liquid + DAO, vol% 82.0 853 92.0

Yield of Rock + Toluene Insoluble, wt% 220 17.0 13.5

Quality of SHP/SDA Liquid Product (nght Liquid and DAQO)

Ni, ppm 36 23 34
V, ppm 30 5 4.7 50 5.0
Sulfur, wt% 3.68 332 3.1 34

CCR, wt% 16.2 9.26 9.17 8.25



Rock (of Reactor Ol) Yield, wt%22.0 13.7 13.4 Yield of Light Liquid +
DAO, W% 77.5 80.1 84.9 81.3 Yield of Light Liquid + DAO, vol %82.0 85.3
92.0 Yield of Rock + Toluene Insoluble, wP/o 22.0 17.0 13.5 Quality of
SHP/ SDA Li ¥@®2M28duct (Li ght Liquid and DAO Ni, ppm 8. 6 PETAUSS0RTII8 4V,
ppm 30.5 4.7 5.0 5.0 Sulfur, % 3.68 3.32 3.1 3.4 9. 26

0,
9.:17 8.25 WD 01/27225 PCT/US00/ 27718 -422k 1'1i MIli Ij 1 111111
CLAIMS: 1. A process conprising the steps of: (a) sl urry“"l&%ﬂ It m,,
(SHP) of a fﬁiwgzﬁr SHP * conditions; (b) deasphalting, #n 1 #iing
conditions t ct obtained fromsaid step (a) and recovering a

sol vent deasphalted oil and solvent deasphalted rock; (c) calcining said
sol vent deasphalted rock at a tenperature of about 1200F to produce an ash
catal yst precursor; (d)l.rekpoddesgcamprisingithestepd gt precursor to said step
(a). 2.. A catalyst precursor conposition prepared by calcining, at a
tenperature :s about 1200F a sol vent deasphalted rock obtained in the

heavy feed nas an Ay SR BYEopHdBREISIP BRI R SPAECT 000 S s

at 60C. conditions;

(b) deasphalting, under deasphalting conditions the product
obtained from said step (a) and recovering a solvent deasphalted oil and solvent
deasphalted rock;

(c) calcining said solvent deasphalted rock at a temperature of
< about 1200°F to produce an ash catalyst precursor;

(d) recycling said ash catalyst precursor to said step (a).

2. A catalyst precursor composition prepared by calcining, at a
temperature < about 1200°F a solvent deasphalted rock obtained in the solvent
deasphalting of a product from SHP of heavy feed wherein said heavy feed has
an API gravity of < 15 with a viscosity of > 60 centistokes at 60°C.

3. The method according to claim 1 wherein said feed has an
API gravity of < 15 with a viscosity of > 60 centistokes at 60°C.

4. The method of claim 1 wherein said solvent deasphalted rock
is converted to coke at temperatures of about 800 to about 1200°F prior to said
calcination step (c).



3. The nmethod according to claimi wherein said feed has an APl gravity of
] ' ' es at 60C. 4. The nethod of claim1
wherei n said sol vent is converted to coke at tenperatures
of about wED@/27225about *1260F'prtor®td said calcination SCE/SE77181111111
111111 112171 121121 |1 12111 WD 01/27225 CL MS PC r/USQ0/ 27718 -13- 5. The
process of claim1 wherein said ash pri34 des fromabout 0.1 to about 5.0 °
wt % net al s based on the vvei ght of feed. 6. The process of claim1 wherein

said SHP i s conducte a er a es ,of, about ,7250 to.abqut 850F and
pressures from about ng °{?§Bd ‘ﬁlé? 1n Sa1 J?ﬁbﬂﬂ”&%@?ﬁ" ¥im 6
wher ei n Coﬁ"l%sde{itS’h Ahmasbageatanmé% dtitb@g.ned. 8. The process of

claim1 whefein salrd cination step generates heat and said heat is-used
to generate steam or to preheat said heavy feed in said step (c). 9. The

process of claim1 wherein said agh, catal vat ed rior to said

step (c). 10. The préceé@ed?m%qsépiﬂf‘%e‘w ﬁl%%ﬁléllggmw‘s&laﬁﬁ‘#gé‘k%ont ai ns one

or more mejals Q- JRirAbofiCFRR 8450 8565 Al PRissiieS Hm abbRB0Bto ™! YDdenUM
about 2500 psig.

7. The process of claim 6 wherein conversion of at least about
30% is obtained.

8. The process of claim 1 wherein said calcination step
generates heat and said heat is-used to generate steam or to preheat said heavy
feed in said step (c).

9. The process of claim 1 wherein said ash catalyst is activated

prior to said step (c).

10. The process of claim 1 wherein said ash catalyst contains one

or more metals or metal compounds of vanadium, nickel, iron or molybdenum.



