WO 02/ 16530 PCT/ US01/ 12226 -1 ASPHALT AND RESI N PRODUCTI ON TO | NTEGRATI ON
OF SOLVENT DEASPHALTI NG AND GASI FI CATI ON BACKGROUND OF THE | NVENTI ON
Convent i wabt/ys33@ sol vent deasphalting (SDA) process is epplogpadi2bys an oi
refinery for 5 the purpose of extracting val uabl e conponents from a
residual oil feedstock, which is a heavy hydrocarbon produced as a
by-product of refining crude oil. The extracted conponents are fed back to
the refinery wherein they are converted into valuable |ighter fractions
such as gasoline. Suitable residual oidlfeedstocks which may be used in a
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bottons, crude oil, topped crude oils, coal oil extract, io shale oils,
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SDA unl tu ed 1%' geasp%a?tmg, an?l mixtures thereof. Under elevated temperature and pressures, the
mixture in the asphaltene separator separates into a plurality of liquid streams, typically, a
substantially asphaltene-free stream of deasphalted oil (DAO), resins and solvent, and a mixture
of asphaltene and solvent within which some DAO may be dissolved. The SDA process is a
well-known petroleum process and is described in U.S. Pat. No. 3,968,023 to Yan, U.S. Pat. No.
20 4,017,383 to Beavon, U.S. Pat. No. 4,125,458 to Bushnell, all incorporated herein by reference,

and numerous others.

Once the asphaltenes have been removed, the substantially asphaltene-free stream of
DAO, resins and solvent is normally subjected to a solvent recovery system. The solvent
recovery system of an SDA unit extracts a fraction of the solvent from the solvent rich DAO by

25 boiling off the solvent, commonly using steam or hot oil from fired heaters. The vaporized
solvent is then condensed and recycled back for use in the SDA unit.

Often it becomes beneficial to separate a resin product from the DAO/resin product
stream. This is normally done before the solvent is removed from the DAO. "Resins" as used
herein, means resins that have been separated and obtained from a SDA unit. Resins are denser

30 or heavier than deasphalted oil, but lighter than the aforementioned asphaltenes. The resin

product usually comprises more aromatic hydrocarbons with highly aliphatic substituted side



30 or heavier than deasphalted oil, but lighter than the aforenentioned
asphal tenes. The resin product usually conprises nore aronmatic
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vanadium Cenerally, the resins conprise the material from which

asphal tenes and DAO have been renoved. U. S. Pat. No. 3,775,292 to Watkins
teaches a SDA process where feedstock ig_ deasphalted using a solvent, and
then the resin is renoved using a selective solvent in a solvent 5
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solvent. The first light phase is sent to a second separation zone where it is subjected to
temperatures higher than those in the first separation zone so as to effect a separation of the of
the first light phase into a second light phase comprising oil and solvent and a second heavy
20 phase comprising resins and some solvent. The second light phase is then sent to a third
separation zone where it is separated into a third light phase comprising solvent and a third heavy
phase comprising oils.
A key element of the ‘616 process is that at least a portion of the first heavy phase is
introduced into the upper portion of the second separation zone. This is done so as to contact the
25 first heavy phase with the second light phase and remove at least a portion of any resinous bodies
that may be entrained in the second light phase. It is also preferred that the first heavy phase is
sufficiently heated prior to its introduction into the second separation zone so as to cause the
formation of internal reflux within the upper portion of the second separation zone, thus assisting

in resin removal from the second light phase. -



formation of internal reflux wthin the upper portion of the second
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teaches a process whereby a heavy viscous hydrocarbon feed is processed in
a visbreaker unit and fed to a distillation unit for fractionation. The
bottons product of the distillation unit is then fed to a sol vent
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catalytic cracking units.
H-OIL™ is a proprietary ebullated bed process (co-owned by Hydrocarbon Research,
Inc. and Texaco Development Corporation) for the catalytic hydrogenation of heavy vacuum
residuum, or “resid,” and heavy oils to produce upgraded distillate petroleum products and an
20 unconverted bottoms product particularly suited for blending to a low sulfur fuel oil. In the H-
OIL™ process, a catalyst is contacted with hydrogen and a sulfur- and metal-containing
hydrocarbon feedstock by means which insures that the catalyst is maintained at essentially
isothermal conditions and exposed to a uniform quality of feed. This hydroprocessing process is
particularly effective in achieving high levels of hydrodesulfurization with vacuum resid
25 feedstocks. The H-OIL™ product is characterized as a liquid product of lower density and
average boiling point, lower sulfur content, and lower content of metals.
High conversion is difficult at times because resid feedstocks typically contain high
concentrations of metals such as nickel, iron and vanadium as well as high concentrations of
nitrogen and sulfur. Many of these materials can even deactivate or poison catalysts. Poisoning

30 of the catalyst often leads to the need for frequent catalyst additions or changeouts which impact



concentrations of netals such as nickel, iron and vanadium as well as high
concentrations of nitrogen and sulfur. Many of these materials can even
deact i vatve0 02/14360 son cat al ysts. Poi soning 30 of the cat al peT/usétreed eads to
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02/ 16530 PCT/ USO1/ 12226 -4 unit availability and throughput. Resid
conversion also is difficult because resid feedstocks contain a |arge
asphal tene fraction that produces insalgble carbonaceous material when the
feedstock is heated. Formation of these solids often results in feedstock
or tenperature operating limtations. Resin feedstocks are lower in netals
content and asphaltenes, and are thus better 5 feedstocks for the HO LTM
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nature of thgKESiN%he AR is ASighltRiaht PFARENSH tdé1dyBd coking operations. Higher
temperatures in the coking drums can reduce the yields of coke and gas. The furnace provides
the higher temperatures, leading to excessive fouling in the furnace tubes, thus leading to a
greater maintenance requirement to clean the furnace tubes.

20 ' Various modifications have been made in the basic delayed coking process. For example,
U.S. Pat. No. 4,455,219 to Janssen et al, and U.S. Pat. No. 4,518,487 to Graf et al, both
incorporated herein by reference, provides modifications to the delayed coking process by
replacing some of the heavy feed with lower boiling range hydrocarbons. These procedures
result in improved coking processes in which increased liquid products are obtained with a

25 corresponding reduction in coke yield. Thus, resin feedstocks are better feeds for a delayed
coking unit than resids because of the lighter nature of the resins, as well as their propensity to
reduce coking in the furnace.

Visbreaking (a term of art used as an abbreviation for "viscosity reduction") is a mild
cracking operation used to reduce the viscosity of resid by converting the resid to lighter

30 hydrocarbon fractions. The resid is sometimes blended with valuable light oil, or cutter stocks, to



reduce coking in the furnace. Visbreaking (a termof art used as an
abbreviation for "viscosity reduction”) is a mld cracking operation used
to reducavohpiesBecosity of resid by converting the resid poruS@lere 30
hydrocarbon fractions. The resid is sonetines blended with valuable |ight
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increase in severity. In general, resins are preferred feedstocks over asphaltenes for these types
of units due to their reduced viscosity, lower solids content, and because they allow a
visbreaking operation to run at more severe conditions. U.S. Pat. No. 4,767,521 to Feldman, et

20 al., incorporated herein by reference, proposed to increase the severity of visbreaking by
removing some heavy components from the visbreaker feed.

The hydrocracking unit is the most versatile of refinery conversion units. It can process a
wide range of feedstocks from naphtha to asphalt to yield any desired product with a molecular
weight lower than that of the feedstock. Hydrotreating is the most widely used catalytic refinery

25 process and can treat feedstocks from the lightest naphthas to the heaviest vacuum resids. It is
used primarily to remove undesired impurities, such as sulfur containing compounds, from the
feedstocks. Both hydrocracking and hydrotreating utilize hydrogen as a reactant. Catalytic
cracking is similar to hydrocracking, except that no hydrogen is used. In each process, a catalyst
is used which can become deactivated by any metal or solid impurities found in the feedstock, as

30 well as by any coke produced in the process.



used primarily to renove undesired inpurities, such as sulfur containing
conpounds, fromthe feedstocks. Both hydrocracki ng and hydrotreating
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a solvent deasphalting phase to be reused in deasphalting a heavy hydrocarbon feedstock.
More specifically, this invention involves heat integration of a solvent deasphalting
process with a gasification process. The heat integration involves boiling the mixture of DAO
.20 and solvent using waste heat from a gasification unit, preferably heat from hot, saturated syngas.
Resin removal is accomplished by heating the aforementioned solvent solution with the
vaporized solvent fraction. The DAO/solvent mixture is also preheated with the vaporized
solvent fraction prior to boiling. The solvent solution heating and DAO/solvent mixture
preheating steps are usually done in series, where the DAO/solvent mixture is first preheated
25 prior to the boiling step leaving a cooled vaporized solvent fraction. The cooled vaporized
solvent fraction is then used to provide the heat to the solvent solution prior to the resin
separation step. The asphalt that is recovered in the deasphalting step is then used as feedstock

in the gasification process.



25 prior to the boiling step | eaving a cool ed vaporized sol vent fraction.
The cool ed vaporized solvent fraction is then used to provide the heat to
t he sol vamo ozodsai i on prior to the resin separation step. pUh@s@spbml t t hat
is recovered in the deasphalting step is then used as feedstock in the
gasification process. WO 02/16530 PCT/US01/ 12226 -7 BRI EF DESCRI PTI ON OF
THE DRAW NGS Figure 1 is a schematic flow diagram of a comon prior art
process of solvent recovery wthout resin renoval. Figure 2 is a schematic
fl ow di agram of an enbodi ment of this invention, illustrating an 5
integrated resin renoval and sol vent recovery process. Figure 3 is a
schematic flow diagram of the preferred enbodi nent of this invention,
illustrating an integrated gasification/solvent deasphalting system
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terms "syngas” or "SyStRGPTIONeSF ILEUNTRATIVEISMBOIIMENTS both  hydrogen
gas and carbon nonoxide gas in amounts in excess of about 5 nole percent
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material is pumped to the gasifier.

15 As used herein, the terms “deasphalted hydrocarbon material”, “deasphalted oil”, DAO,
and “paraffinic oil” are used interchangeably to refer to the oil soluble in the selected
deasphalting solvents at the conditions selected for the deasphalting operation.

As used herein, the terms “syngas™ or “synthesis gas” refer to gases comprising both
hydrogen gas and carbon monoxide gas in amounts in excess of about 5 mole percent each. The

20 mole ratio of hydrogen to carbon monoxide may, but need not necessarily, be about one to one.
There are often some inerts in the synthesis gas, particularly nitrogen and carbon dioxide. There
are often contaminants, such as hydrogen sulfide and COS. “Syngas” and “synthesis gas” are
commonly produced in a gasification reaction.

As used herein, the term ‘“hydrocarbonaceous” describes various suitable gasifier

25 feedstocks is intended to include gaseous, liquid, and solid hydrocarbons, carbonaceous
materials, and mixtures thereof. Asphaltenes are a component of the feedstock to the gasifier. It
is often advantageous to mix feeds. In fact, substantially any combustible carbon-containing
organic material, or slurries thereof, may be included within the definition of the term

“hydrocarbonaceous”. Solid, gaseous, and liquid feeds may be mixed and used simultaneously;



materials, and m xtures thereof. Asphaltenes are a conponent of the
feedstock to the gasifier. It 1is often advantageous to mx feeds. In fact,
subst ant ive® by/1&sy conbusti bl e carbon-contai ning organi c PET/Es01U22260r
slurries thereof, may be included within the definition of the term

"hydr ocar bonaceous”. Solid, gaseous, and liquid feeds may be m xed and used
si mul t aneousl y; WD 02/ 16530 PCT/ US01/ 12226 -8 and these may i ncl ude
paraffinic, olefinic, acetylenic, naphthenic, asphaltic, and aronmatic
conpounds in any proportion. Asphalten€s in oil nmakes further
transportation and processing of the oil difficult. To maxim ze the val ue
of heavy petroleumoils, separation of the asphalt conponents in the oil
has 5 been practiced for years. The non-asphal tene conponents are )
recovered thesd may dinalmde spamaffihie, plefthict scetdenic.n gaphitkenis parphelépe avd rasomaing
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solvent, a process of gasification by partial oxidation, and a process resin removal from the
asphaltene-free oil. By combining gasification with solvent deasphalting, the often unmarketable
by-product asphaltenes can be converted into valuable synthesis gas.
20 In the solvent deasphalting process the deasphalted hydrocarbon material separated from
the asphaltene-containing hydrocarbon material by liquid-liquid extraction with a solvent is a
valuable feedstock for operations such as H-OIL™, visbreaker, coker, hydrotreater,
hydrocracker, and catalytic cracking units. Furthermore, a resin phase removed from the
deasphalted hydrocarbon material can significantly improve the quality of the feedstock the H-
25 OIL™, visbreaker and coker units. The remaining resin-free deasphalted hydrocarbon material
is itself an improved feedstock for hydrotreaters, hydrocrackers, and catalytic cracking units. The
separated asphaltene-rich material, on the other hand, is much less valuable and is therefore ideal
gasification feedstock.

The extraction of asphaltenes from an asphaltene-containing hydrocarbon material with a

30 low-boiling solvent is known. See, for example, U.S. Patent Number 4,391,701 and U.S. Patent



is itself an inproved feedstock for hydrotreaters, hydrocrackers, and
catalytic cracking units. The separated asphaltene-rich material, on the
ot her hamdQ ot/s6sBuch | ess val uable and is therefore ideal PQERESé/RALG ON
feedstock. The extraction of asphaltenes from an asphal t ene-contai ni ng
hydrocarbon material with a 30 lowboiling solvent is known. See, for
exanple, U S. Patent Nunber 4,391,701 and U. S. Patent WO 02/ 16530

PCT/ US01/ 12226 -9 Nunber 3,617,481, the_disclosures of which are

i ncorporated herein by reference. The deasphalting step involves
contacting the solvent with the asphal tene-containing hydrocarbon materi al
in an asphaltene extractor. It is advantageous to maintain the tenperature
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substantially solids-free, i.e., less than about 150 parts per million by weight, asphaltenes are
removed from the mixture. The recovered solids-free asphaltenes are subsequently gasified.
Gasifying precipitated asphaltenes and other hydrocarbonaceous fuels involve reacting
20 them with a reactive oxygen-containing gas, such as air, substantially pure oxygen having greater
than about 90 mole percent oxygen, or oxygen enriched air having greater than about 21 mole
percent oxygen. Substantially pure oxygen is preferred. The partial oxidation of the
hydrocarbonaceous material is completed, advantageously in the presence of a temperature
control moderator such as steam or water, in a gasification zone to obtain the hot partial
25 oxidation synthesis gas. The gasification processes are known to the art. See, for example, U.S.
- Patent 4,099,382 and U.S. Patent 4,178,758, the disclosures of which are incorporated herein by
reference.
In the reaction zone, the contents will commonly reach temperatures in the range of about

1,700° F (927° C) to 3,000° F (1649° C), and more typically in the range of about 2,000° F
30 (1093° C) to 2,800° F (1538° C). Pressure will typically be in the range of about 1 atmospheres



25 oxi dation synthesis gas. The gasification processes are known to the
art. See, for exanple, U S Patent 4,099,382 and U S. Patent 4,178, 758,

t he di scive@ur/es3of which are incorporated herein by referentsol/i2eee he
reaction zone, the contents will commonly reach tenperatures in the range
of about 1,700 F (927 C) to 3,000 F (1649 C), and nore typically in the
range of about 2,000 F 30 (1093 C) to 2,800 F (1538 Q Pressure w !l
typically be in t he range of about 1 atgpspheres WO 02/ 16530 PCT/ US01/ 12226
-10 (101 kPa) to about 250 atnospheres ?25331 kPa), and nore typically in
the range of about 15 atnospheres (1520 kPa)to about 150 atnospheres
(15,199 kPa), and even nore typically in the range of about 60 atnospheres
(6080 kPa) to about 80 at m)s heres 28106 kPa). Synthesis gas m xtures
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Heavi er vents are
deasphalting process. The cooled wet syngas is then treated in an acid gas removal step to

remove contaminants gas prior to utilization of the synthesis gas in a downstream process.
The solvent used in the solvent deasphalting process can be any suitable deasphalting
20 solvent. Typical solvents used for deasphalting are light aliphatic hydrocarbons, i.e., compounds
having between two and eight carbon atoms. Alkanes, particularly solvents that contain propane,
butanes, pentanes, or mixtures thereof, are useful in this invention. The particularly preferred
solvents depend on the particular characteristics of the asphaltenes. Heavier solvents are used
for higher asphalt Ring and Ball softening point asphaltenes. Solvents may contain a minor
25 fraction, i.e., less than about 20%, of higher boiling alkanes such as hexanes or heptanes.

After deasphaltation, a solvent solution comprising deasphalted oil, resins, and solvent is
processed to remove and recover the resin phase. This solvent solution can contain anywhere
from 40% to over 90% solvent, with the remainder comprising the deasphalted oil and resins.
Resin recovery is accomplished by first heating the solvent solution, preferably with vaporized

30 solvent from the subsequent solvent recovery step. The hot solvent solution is then sent to a



for higher asphalt Ring and Ball softening point asphaltenes. Solvents may

contain a mnor 25 fraction, i.e., less than about 20% of higher boiling
al kanes sw@h2z/as3hexanes or heptanes. After deasphal t at i onpPCHUS@/ 2226t
solution conprising deasphalted oil, resins, and solvent is processed to

remove and recover the resin phase. This solvent solution can contain
anywhere from40%to over 90% solvent, with the remai nder conprising the
deasphalted oil and resins. Resin recqyery is acconplished by first
heating the solvent solution, preferably with vaporized 30 solvent fromthe
subsequent sol vent recovery step. The hot solvent solution is then sent to
a WD 02/ 16530 PCT/ US01/12226 -11 separator, where the solubility change
that occurs as the mxture is heated allows the resin to precipitate out
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heat exdfhbmsmvent remains gtith thaele2sphaltal oil, as the deasphalted oil product is usually about

50% solvent and 50% deasphalted oil. This mixture is then usually sent to a product cracking

unit such as a hydrotreater, hydrocracker, or catalytic cracking unit for further processing.

20 Referring to the drawings, Figure 1 illustrates a common prior art process for solvent
removal and recovery from deasphalted oil. A deasphalted oil (DAO) and solvent mixture
produced from a solvent deasphalting process is fed to heat exchanger 4 through line 2. The
mixture is preheated in heat exchanger 4, and then sent to boiler 18 via line 6. In boiler 18, the
mixture is heated using heat supplied by a heat transfer fluid, such as hot oil or steam, via line

25 10. The heat transfer fluid is cooled in boiler 18 and removed via line 12. The mixture is heated
to a sufficient temperature to boil a fraction of the solvent in the mixture, which leaves the boiler
through line 14. The heated mixture of DAO and remaining solvent leaves the boiler through
line 8, for further processing.

The vaporized solvent fraction in line 14 supplies the heat to the heat exchanger 4, which

30 is used to preheat the DAO/solvent mixture prior to boiling. The vaporized solvent fraction is



m xture is preheated in heat exchanger 4, and then sent to boiler 18 via
line 6. In boiler 18, the mxture is heated using heat supplied by a heat
transfer woor/ths3such as hot oil or steam via |line 25 10. pTh@séierre26t r ansf er
fluid is cooled in boiler 18 and renoved via |line 12. The m xture is heated
to a sufficient tenperature to boil a fraction of the solvent in the

m xture, which | eaves the boiler through |ine 14. The heated m xture of
DAO and remai ning sol vent |eaves the bghler through line 8, for further
processi ng. The vaporized solvent fraction in line 14 supplies the heat to
t he heat exchanger 4, which 30 is used to preheat the DAQ sol vent m xture
prior to boiling. The vaporized solvent fraction is WO 02/ 16530

PCT/ US01/ 12226 -12 cooled in heat exchanger 4 and | eaves through |ine 16.
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i s heatteen rgsiomerl fremuthe sgnaraterdthrayghding d 40, usnalhs wigh affragtion o thelsolventhand ssink or
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l'i ne 1ZL™heitd ¢dkef €nit, Dr Aadbeshkeoudt. suf fi ci ent tenperature to boil a
fraction of the sqglvent in the mxture, which | eaves the boiler through
linds 126. THE!®datRimvalthe regpainme deasphakiesh piisphyent mixture flows from separator

108 to heat exchanger 114 through line 112. The mixture is preheated in heat exchanger 114,

and then sent to boiler 118 via line 116. In boiler 118, the mixture is heated using heat supplied

by a heat transfer fluid, such as hot oil or steam, but preferably hot synthesis gas from a

gasification unit, via line 122. The heat transfer fluid is cooled in boiler 118 and removed via

20 line 124. The mixture is heated to a sufficient temperature to boil a fraction of the solvent in the

mixture, which leaves the boiler through line 126. The heated mixture of DAO and remaining

solvent leaves the boiler through line 120, for further processing, usually in a product cracking
unit such as a hydrotreater, hydrocracker, or catalytic cracking unit.

The vaporized solvent fraction in line 126 first supplies the heat to the heat exchanger

25 114, which is used to preheat the resin free DAO/solvent mixture prior to boiling. The vaporized

solvent fraction is cooled in heat exchanger 114 and leaves through line 128. The cooled

vaporized solvent in line 128 is then further cooled in heat exchanger 104, which is used to heat

the resin containing DAO/solvent mixture prior to the resin precipitation/removal step. The

further cooled vaporized solvent is removed from heat exchanger 104 through line 130, where it



solvent | eaves the boiler through line '120, for further processing,
usually in a product cracking wunit such as a hydrotreater, hydrocracker,
or catal Wwoe2/essacki ng unit. The vaporized sol vent fracti oPCT/HS1/12226126
first supplies the heat to the heat exchanger 25 114, which is used to
preheat the resin free DAOQ solvent mi xture prior to boiling. The vaporized
solvent fraction is cooled in heat exchanger 114 and | eaves through |ine
128. The cooled vaporized solvent in_lhne 128 is then further cooled in
heat exchanger 104, which is used to heat the resin containing DAQ sol vent
m xture prior to the resin precipitation/renoval step. The further cooled
vapori zed sol vent is renoved from heat exchanger 104 through |ine 130,
where i.t WD 02/ 16530 PCT/USO01/ 12226 - 13 is then commonly sent to a .
condend¥the gommonghsepp tq @ egndenser pyican be rerycledibaek tadthg erer splyay Haasphaling
processbisd iqiish fokm Figure 3 illustrates another embodi ment of the
present 1nvention, resin renoval froma DAQ solvent m xture produced by a
sol vent deadfipatt’ illystpatec escthérndnggrdaned ofi the peesgasinfenton ed3in senpvat @8 al n

this e i ment, an asphaltene containing oil in line 242 |s contacted with
2 sl v ERROISP R FEHE S A0S0 otV AFRBLRAnE PRSCSOTGHISS it esssirg ipg
compnly,@sgonbi nation of fresh solvent fromline 238 and recycl ed,

condensed solvent fromline 237. The asphal tene-containing oil/solvent
m xture is tlhdhis serbodinend epnasphaten2 46ntawtieg eil tindinagghas terdagedamitha $obvemd t o

precipitate iq.nto a separate fl ui hase are renpved from.separ.at.or
Dao. t hrts ioe P40 % fshierh BGS hh el 8, 11echi B pomE e o B GoL e
separ atsgfvegiPorh @ 29R ahél RRyEIRd, conbigised kélvérst 38 line PEPCERS BphhRinel Rtahiand
sol vent recovery. The precipitated asphaltenes are then sent to a

| i quef @dl{Sobrentmixtusg thengehi tasepat@or 34, svhese thg agphpliaens dse ahewesswargcipitate he

downst r.ea asification unit 256 i s equi pped to hand| ol i .15 feed., I n
the 11 0 ACEPbRLAMOBuER g 28, tonil RBEC scrlrelp a8 St i 2800 1
wat er fdegsphhlitgde odB0lvedt iDEMmeved! Bomy sepabiteh 246 thuph Ethel DO Where it is then

i quefaction unit 252 through line 254. The slurry in line 254 is then
sent t Prepesiediferieriand spkveniggcovgiere it is reacted with an oxygen-

contel i 15 18 AELIS SR A0S kST 61 R S BOETTIRE 20
Wi th ans@pheay gasbé neresdagg dSthe clowpsirexm igasifiCatiphoads2iMG dquitpeé tgaandie calid on
renctor, 250, ARSI reactor 206, B Nl vel Sulhesl s fas it ure
250 to form a slurry, which is removed from the liquefaction unit 252 through line 254. The
slurry in line 254 is then sent to gasification unit 256, where it is reacted with an oxygen-
containing gas from line 258 and a temperature control moderator, such as steam, from line 260.
The slurry from in line 254 may also be combined with another gasifier feedstock prior to
20 processing in the gasification reactor 256. In gasification reactor 256, a hot, wet synthesis gas
mixture comprising carbon monoxide and hydrogen is produced and removed from the
gasification reactor through line 222.
Resin recovery from the DAO is accomplished by sending the DAO/solvent mixture from
separator 246 via line 202 to heat exchanger 204 for heating. The mixture is heated in heat
25 exchanger 204, and then sent to separator 208 via line 206. The solubility change that occurs as
the mixture is heated allows the resin to precipitate out from the solveﬁt solution and settle in the
bottom of separator 208. The precipitated resin is then removed from the separator through line
210, usually with a fraction of the solvent, and sent to other refinery units for processing, such as

a heavy hydrocarbon cracking unit like an H-OIL™ unit, a coker unit, or a visbreaker unit.



gasification reactor through Iine 222. Resin recovery fromthe DAOis
acconpl i shed by sending the DAQ solvent m xture from separator 246 via

| i ne 202 wo ohie#B0 exchanger 204 for heating. The m xture iBChEatet2ien heat
25 exchanger 204, and then sent to separator 208 via |ine 206. The
solubility change that occurs as the mxture is heated allows the resin to
precipitate out fromthe solvent solution and settle in the bottom of
separator 208. The precipitated resin_ijg._then renoved fromthe separator
through line 210, usually with a fraction of the solvent, and sent to
other refinery units for processing, such as a heavy hydrocarbon cracking
unit like an HO LTM unit, a coker unit, or a visbreaker unit. W 02/16530
PCT/ US01/ 12226 -14 After resin renoval, the r i ni ng deasphal ted
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heated m xture of . remai ning solvent |eaves the boiler through line
220, f dracfion tofighe polvemisiai thg mixtmge,awvhigh ileavgs pheoboider thromghiling 2261 t Theibhatad a
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to boiling. The vaporized solvent fraction is cooled in heat exchanger 214
and | eaves tieotaghriredheolyeng fravfien dpbined26 fiagomppkies thehgainto the heatrexchagger s

hen f ) ) e ‘ _ .
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204 through line 230 and then 15 sent condenser 236. In condenser 236, the
f ur t hervapgidtedolspbin ued2 2845 Jhem: fughenronlpddn heat exghanger 204 guneinig usedifoubsat

such asucoQiNdoNainele DN/ é‘rﬂt{ﬁ{i&n@ f2N5&he 2 Sfioh o 213N dTh
| eaves thr oughoﬁﬂ?lne g21\‘:’?4 Tﬁg con ensgdél sol vent %@réﬁéecgacog enser %&% t r%ugh
| i ne 23Wsthastvepkedivaporizdtsobrentcerbnmed fomthehtr @sharset 264 throwgh limee2 3dhdf then use
in the solvent de alti rocess.. ILn view.of the above disclosyre, ane
of O dihaPRORIET 25t 1 e dRset G U <ob B B 00 S PLRiAS PERat Tome
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froma solvent solution conprising deasphalted oil, the resin, and the
sol ventleaveathdoyght line234. The condensed solvent leaves condenser 236 through line 237, where it
is then combined with fresh solvent in line 238 for use in the solvent deasphalting process.
In view of the above disclosure, one of ordinary skill in the art should understand and
20 appreciate that one illustrative embodiment includes a method for removing resin and solvent
from a solvent solution comprising deasphalted oil, the resin, and the solvent, said method
comprising heating the solvent solution so as to precipitate the resin; separating the resin from
the solvent solution, producing a resin product and a mixture comprising the deasphalted oil and
the solvent; boiling the mixture so as to vaporize a fraction of the solvent; and removing the
25 vaporized solvent fraction from the mixture leaving a resin-free deasphalted oil product.
The solvent solution can comprise about 10% deasphalted oil and resin, and 90% solvent.
A fraction of the solvent may be removed with the resin product, and can comprise about 50%

resin and about 50% solvent. The remaining DAO/solvent mixture can be boiled by exchanging

heat with waste heat from a gasification unit, usually supplied by wet syngas at a temperature of



conprising heating the solvent solution so as to precipitate the resin;
separating the resin from the solvent solution, producing a resin product
and a m wWapr1aenpri sing the deasphalted oil and the sol penusoaeic ng t he
m xture so as to vaporize a fraction of the solvent; and renoving the 25
vapori zed solvent fraction fromthe m xture leaving a resin-free

deasphal ted oil product. The solvent solution can conprise about 10%
deasphalted oil and resin, and 90% solLyent. A fraction of the solvent may
be renoved with the resin product, and can conprise about 50% resin and
about 50% sol vent. The remai ni ng DAQ sol vent m xture can be boil ed by
exchanging heat with waste heat froma gasification unit, usually supplied

a00F (oM DG tasde o Bbra 0T (bodOI i s corlst on db b aPa¥LALD To
about %@%C (149C). The vaporized solvent fraction fromthe boiler can be

used to preheat the DAQ' solvent mixture and used to heat the
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unit selected fromthe group consisting of a Hoil unit, a coker unit and

a Vi sbrabakieY0% déasphatied otlewid$0%§ sadeengieasphal t ed oil product can be further
processed in.a product cracking unit selected fromth I 0 _group consjsting
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substanti al | sphal tene-free sol vent. solution conprising the solvent, the
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phal ted oil product.
oxidation reactor so as to produce syngas; heating the solvent solution so as to precipitate the
resin; separating the resin from the solvent solution, producing a resin product and a mixture
comprising the oil and the solvént; applying heat to the mixture so as to vaporize a fraction of the
20 solvent wherein the syngas is used as the heat source; and removing the vaporized solvent
fraction from the mixture leaving a resin-free deasphalted oil product.
The solvent solution can comprise about 10% deasphalted oil and resin, and 90% solvent.
A fraction of the solvent may be removed with the resin product, and can comprise about 50%
resin and about 50% solvent. The remaining DAO/solvent mixture can be boiled by exchanging
25 heat with waste heat from a gasification unit, usually supplied by wet syngas at a temperature of
about 400°F (204°C) to about 500°F (about 260°C) that is cooled to a temperature of about 300°F
(149°C).
The vaporized solvent fraction from the boiler can be used to preheat the DAO/solvent

mixture and used to heat the DAO/resin/solvent solution, usually in series with the heating of the

30 DAO/solvent mixture coming first. The vaporized solvent is then condensed, combined with



The sol vent solution can conprise about 10% deasphalted oil and resin, and
90% solvent. A fraction of the solvent may be renoved with the resin
product, vedd2/o@#so conpri se about 50% resin and about 50% BOTASe/12226he
remai ni ng DAQ sol vent m xture can be boil ed by exchanging 25 heat with
waste heat froma gasification unit, usually supplied by wet syngas at a
tenperature of about 400F (204C) to about 500F (about 260C) that is cooled
to a tenperature of about 300F (149C);jThe vaporized solvent fraction from
the boiler can be used to preheat the DAOQ solvent mxture and used to heat
the DAO' resin/solvent solution, usually in series with the heating of the
30 DAOQ' sol vent m xture comng first. The vapori zed solvent is then

condensed, conbi ne h WO 02/1 5 /U801/12226 -16 .fresh sol vent,. and
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the group consisting rotreater unit, a hydrocracker unit and a

cat al ytfies d@aspbkhtewigolbmoductwan Ibe f@nﬂ@r (eaciessed in @(prqshlgt ¢ragiieg waid sqieqtﬁbﬁgmdhe
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sol uti Q,;yRr oduci ng a resin product and a



m xture conprising the deasphalted oil and the solvent; c¢) boiling the

m xture so as to vaporize a fraction of the solvent; and d) renoving the
vapori zedv@ot/wsai fraction' fromthe m xture | eaving a r eBCTURIIER226
deasphalted oil product. io 2. The nethod of claim1l wherein at |east a
fraction of the solvent is renoved with the resin product. 3. The nethod
of claim2 wherein the resin product conprises about 50%resin and about
50% sol vent. 4. The method of claim l_.wherein the mxture is boiled by
exchangi ng heat with waste heat 15 froma gasification unit. 5. The nethod
of claim4 wherein the waste heat froma gasification unit is supplied by
wet syngas. 6. The nethod of claim5 wherein the wet syngas is at a
tenperqb;&@wgf about 400F (204C) to about 500F (about 260C). 20 7. The
met hod rm6 wherein the wet syngas is cooled to a tenperature of

about 300F A %ﬂﬁh-foﬁraﬂd‘ﬁng;&%iﬁ%d%lv%@réﬂﬂa JoWehNSIluE N RIhHsiE AghRANEA NY

heat between the mi xture and the vaporized solvent fraction prior to
boi | i ng t he o, $trewesngindithgsdvensorsdnethpd compiisisgl vent  fraction. 25 9. The
met hod of cl ai ereikn th ol vent, solut.jon,is heated by exchangi ng heat
bet ween t he ‘Sol AL LEb MG 108 e BeB0ABE FMEa. <ol vent fraction. 10
The pethod o) §dpaiaing hBeksihnfrémeths odokrmt sdRttidhi ProduSingeatredn Pro@ict Naagh ng
heat between the solvent solution and the vaporized solvent fraction. WO

02/ 16530 PCT/ Usbdtpexppeprisingghq deaspitadtedwiltfod tht sadyaatm 1 wherein the resin
product 1s fczrﬁ&ﬁhg B{e%ﬁ&?rggo 'agﬁa\/a&lﬁﬁ%é/a {rQé’tijJnoo%ﬁé’Qo@ve%ﬁ;aa%' ng unit selected
P or a (0] unit, a uni

fromthe gro consi sting coker un and a visbreaker

unit. 12. Thi repidvixi ahe Glaporizell véledri fradtion fresi mhd meRtuae dephnd tae despi-free
product is further processe 5 in a product cracking unit selected from
t he group consﬂ%@Pmﬁwépﬂéﬂ -otreater unit, a hydrocracker unit and a

cat % ytj. cc rﬁ%‘?ﬁ&ﬂod’@f {aim 1 wherein at least a fraction of the solvent is removed with the resin
product.
3. The method of claim 2 wherein the resin product comprises about 50% resin and about

50% solvent.

4, The method of claim 1 Whefein the mixture is boiled by exchanging heat with waste heat
15 from a gasification unit. |
5. The method of claim 4 wherein the waste heat from a gasification unit is supplied by wet
syngas.
6. The method of claim 5 wherein the wet syngas is at a temperature of about 400°F (204°C)
to about 500°F (about 260°C).
20 7. The method of claim 6 wherein the wet syngas is cooled to a temperature of about 300°F
(149°C).
8. The method of claim 1 further comprising exchanging heat between the mixture and the

vaporized solvent fraction prior to boiling the mixture giving a cooled vaporized solvent
fraction.
25 9. The method of claim 8 wherein the solvent solution is heated by exchanging heat
between the solvent solution and the cooled vaporized solvent fraction.
10.  The method of claim 1 wherein the solvent solution is heated by exchanging heat

between the solvent solution and the vaporized solvent fraction.



13. The method of claim 1l wherein the resin-free deasphalted oil product
conpri ses about 50% deasphalted oil and about 50% sol vent. 14. The net hod
of clai mwowheised n t he sol vent sol ution conprises about 1PeFasasphwl ted oi
10 and resin, and about 90% sol vent. 15. A nethod for integrating a solvent
deasphal ting process and a gasification process conprising: a) adding a
sol vent to a heavy hydrocarbon stream conprising asphaltenes, resin, and

oil; 15 b) renoving the asphaltenes soigs to produce a substantially
solvent-free asphaltene streamand a substantially asphaltene-free sol vent
solution conprising the solvent, the resin, and the oil; c) processing the

asphaltenes in a partial oxidation reactor so as to produce wet syngas; d)
heat i ng .t he sol vent .solution sq as to precipitate the resin; 20 e)

Separ athing (e TEBRH"Fr IS nl YT e S6 0L MBHICt o oGP grotereq i brisant
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m xture so as to vaporize a fraction of the solvent wherein the syngas is
used as t he ahdatvishoeakeeynibnd g) renoving the vaporized sol vent fraction
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withsthe ragiadppaedusiokink/unil Reledted FReh afe gﬂog% RoRdstdeseh %ﬁﬂ%@reét&s uhlit, a

product conprises about 50%  resin and about % sol vent . 02/ 16530
PCT/ US01/ 122gdrocraperngnit apden qagalyitndcragking wiitn 15 wherein the wet syngas is at
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about 300F 30%48&kphdited @il ahtlabomt50Ocsodentl ai m 15 further conprising
exchanqgng heat between the m xture and the , vaporized solvent fraction
t

prior tl4- appihpireghorbel claig | meerainhgrsalvgnisohgion copyIises abaybi§% dgasphalted oil
10 and resin, and about 90% solvent.
15. A method for integrating a solvent deasphalting process and a gasification process
comprising:
a) adding a solvent to a heavy hydrocarbon stream comprising asphaltenes, resin, and
oil;

15 b) removing the asphaltenes so as to produce a substantially solvent-free asphaltene
stream and a substantially asphaltene-free solvent solution comprising the solvent, the
resin, and the oil,; |

c) processing the asphaltenes in a partial oxidation reactor so as to produce wet syngas;
d) heating the solvent solution so as to precipitate the resin;

20 e) separating the resin from the solvent solution, producing a resin product and a
mixture comprising the oil and the solvent;

f) applying heat to the mixture so as to vaporize a fraction of the solvent wherein the
syngas is used as the heat source; and
g) removing the vaporized solvent fraction from the mixture leaving a resin-free

25 deasphalted oil product.

16.  The method of claim 15 wherein at least a fraction of the solvent is removed with the
resin product.
17.  The method of claim 16 wherein the resin product comprises about 50% resin and about

50% solvent.



solvent fraction. 21. The nethod of claim 20 wherein the solvent solution
is heated by exchangi ng heat between the solvent solution and the cool ed
vapori zedv@ot/wsai fraction. io 22. The nethod of cl ai m 15peh@sel/n2iche
solvent solution is heated by exchangi ng heat between the solvent sol ution
and the vaporized solvent fraction. 23. The nmethod of claim15 wherein the
resin product is further processed in a heavy hydrocarbon cracking unit
sel ected fromthe group consisting of _ggt-oil unit, a coker unit and a

vi sbreaker unit. 15 24. The nethod of claim 15 wherein the resin-free
deasphalted oil product is further processed in a product cracking unit
sel ected fromthe group consisting of a hydrotreater wunit, a hydrocracker
unit and a catalytic craqkigg unit. 25. The nethod of claim15 erein the

resi n- filee ddwsmRbrd «af dpim e odigeindbapystswaganisuat a tooparas rbrbad YUY and

about 50% s 0 of claim 15 wherein the sol vent
sol ution co%&rf?g go %&gﬁ$oolgggod;£g§kﬁgP't ed oil and resin, and about 90%
sol ventl9. 27.Theheethawd titdaiof 18 Wheminlthe wieesyaigas istveoled po & itehesbrstoteverabouts3 00°F

condensed, c?ggi ed with the solvent, and added to the heavy hydrocarbon
strean1conpﬁ' Qg asphal tenes, resin, and oil.

5 20.  The method of claim 15 further comprising exchanging heat between the mixture and the
vaporized solvent fraction prior to applying heat to the mixture giving a cooled vaporized
solvent fraction.

21.  The method of claim 20 wherein the solvent solution is heated by exchanging heat
between the solvent solution and the cooled vaporized solvent fraction.

10 22.  The method of claim 15 wherein the solvent solution is heated by exchanging heat
between the solvent solution and the vaporized solvent fraction.

23.  The method of claim 15 wherein the resin product is further processed in a heavy
hydrocarbon cracking unit selected from the group consisting of a H-oil unit, a coker unit
and a visbreaker unit.

15 24. The method of claim 15 wherein the resin-free deasphalted oil product is further
processed in a product cracking unit selected from the group consisting of a hydrotreater
unit, a hydrocracker unit and a catalytic cracking unit.

25.  The method of claim 15 wherein the resin-free deasphalted oil product comprises about
50% deasphalted oil and about 50% solvent.

20 26.  The method of claim 15 wherein the solvent solution comprises about 10% deasphalted
oil and resin, and about 90% solvent.

27.  The method of claim 15 wherein the vaporized solvent is condensed, combined with the
solvent, and added to the heavy hydrocarbon stream comprising asphaltenes, resin, and

oil.



