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INTEGRATED ENHANCED SOLVENT DEASPHALTING AND CORKING
PROCESS T0O PRODUCE PETROLEUM GREEN COKE

RELATED APPLICATIONS

181} This application claims the bencfit of pricrity of US. Provisional Patent
Application Mo, 62/197,342 filed July 27, 2013, which is incorporated by reference
herein,

BACKGROUND OF THE INVENTION

Field of the Invention

{321 The invention relates to integrated enhanced solvent deasphaltivg and delayed
coking processes for production of liguid and gas coking unil products, high quality
petroleum green coke, and asphalt,

Description of Related Axt

{031 Crude oils contain hetercatomic wolecules, including polvaromatic molecules,
with heterogtomic constituents such as sulfur, nitrogen, nickel, vanadium and others in
guantities that can adversely affect the refinery processing of the crude o1l fractions.
Light crude oils or condensates have sulfir concentrations as low as 0.01 percent by
weight (W%, In contrast, heavy crude cils and heavy petroloum fractions have sulfur
concentrations as high as 5.6 W%, Similarly, the ntirogen content of crude oils can be in
the range of 0.001-1.0 W9, These impuritics must be removed during refining to meel
established environmental regnlations for the final products (for imstance, gasoline,
diesel, Tuet oil}, or for the intermediste refining sitreams that are to be processed for
further upgrading, such as isomerization reforming, Contaminanis such as niirogen,

sulfur and heavy metals are known 1o deactivaie or poison catalysts,



WO 2017/019750 PCT/US2016/044221

{641  In a typical refinery, crude oil is first fractionated in the atmospheric distitlation
cohprnt o separate sour gas including methane, cthane, propane, butanes and hydroges
sulfide, naphtha (36-180°C), kerosene {180-240°C), gas oil (240-370°C) and atmospheric
residue, which are the hyvdrocarbon fractions boiling above 370°C. The atmospheric
residue from the atmospheric distiliation column is either used as fuel il or sent {o a
vacuurn distillation unit, depending upon the configuration of the refinery. Principal
products from the vacuom distillation are vacuum gas oil, comprising hydrocarbous
boiling in the range 370-520°C, and vacuum residue, comprising hydrocarbons boiling
ahove 520°C.

108}  Maphtha, kerosene and gas oif streams denved from crude oils or other natural
sources, such as shale oils, binmmens and tar sands, are treated fo remove the
contarninants, such as suifur, that exceed the specification set for the end produci(s}).
Hydrotreating of these individual fractions is the most common refining technology used
o remove these contaminants, Vacuum gas oil 18 processed in a hydrocracking umt fo
produce naphtha and diesel, or in a Qoid catalytic oracking (FOCY unit to produce mainly

gasoline, light aycle oif {(LCO) and heavy cycle ol (HCO) as by-products, the former
being used as a blending component in either the digsel pool or in fuel oil, the latter being
sent directly 1o the fuel o1l pool.

136] Heavier fractions from the atmospheric and vacuum distillation unils can contain
asphaltenes. Asphaltenes are solid in nature and comprise polynuclear aromatics, smalier
aromatics and resin molecules. The chemical structures of asphalienes are comnplex and

include polynuciear iydrocarbons having molecular weights up to 20,000 jeined by alkyl

chains. Asphaltenes also inchude nitrogen, sulfur, oxygen and metals such as nicke] and
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vanadivm. They are present in corude oile and heavy fractions in varying quantities,
Asphalienes exist in small guantities in Hght crade oils, or not at all in all condensates or
Hghter fractions. However, they are present in relatively large guantities in heavy crude
oils and petroleum fractions. Asphaltenes have been defined as the component of a heavy
crude oil fraction that is precipitated by addition of a low-boiling paratho solvent, or
paratfin naphtha, such as normal pentane, and is soluble in carbon disulfide and benzene.
In certain methods their concentrations are defined as the amount of asphaltenes
precipitated by addition of an n-paraffin solvent to the feedstock, for instance, as
prescribed in the Inatitute of Petroleum Method 1P-143. The heavy {raction can contain
asphaltenes when it is derived from carbonaceons sources such as peiroleum, ooal or o1
shale. There is a close relationship between asphaltenes, resing and high molecular weight
polyeyelic hydrocarbons. Asphaltenes ave hypothesized to be formed by the oxidation of
natural resins. The hydrogenation of asphaltic compounds contaiming resing and
asphalienes produces heavy hydrocarbon oils, that is, resins and asphaltenes are
hydrogenated into polycvelic aromatic or hydroaromatic hydrocarbons, They ditfer trom
polyeyclic aromatic hydrocarbons by the presence of oxygen and suliur in varied
amounts.

{071 Upon heating above about 300-400°C, asphaltenes generally do not melt but
rather decompose, torming carbon and volatile products. They react with sulfuric acid to
form sulfonic acids, as might be expected on the basis of the polyaromatic structure of
these components. Floes and aggregates of asphaltenes will result from the addition of
non-polar solvents, for instance, paraffinic solvents, to crude ol and other heavy

hydrocarbon oil feedstocks.

[}
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18] Therefore, i is clear that significant measures must be taken during processing of
crude oils and heavy fractions to deal with asphalienes. Fajhure to do so interferes with
subsequent relining operalions.

{99 There are several processing options for the heavy fractions such as vacuum
residue, including hydroprocessing, coking, visbreaking, gasification and solvent
deasphaliing. In the solvent deasphalting process, the asphall fraction, for nstance,
having 6-8 W% hydrogen, is separated fown the vacoum residue by contact with a
paraffinic solvent {for mstance, C5-Cy) at or below the solvents’ eritical temperatures and
pressures. The deasphalied oil, for instance, having 9-11 WS hydrogen, is characterized
as & heavy hydrocarbon fraction that is free of asphaltenes and is typically passed to other
conversion units such as a hydrocracking unit or a fluid catalytic cracking vt o produce
Bghter, move valuable fractions.

113} Deasphalied oil containg a high concentration of contaminants such as sulfur,
nitrogen and carbon residoe which is an indicator of the coke forming properties of heavy
hydrocarbons and defined as wicro-carbon residue (MOR), Conradson carbon residue
(CCRY or Rarnshotiom carbon residue (ROR) MOR, RCR, CCR are determined by
ASTM Methods D-4530, 1-524 and D-189, respectively, In these tests, the residue
remaining after a specified period of evaporation and pyrolysis is expressed as a
percentage of the original sample. For example, deasphalted oil obtained from vacuuem
residue of an Arabian crude oif containg 4.4 W% of sulfur, 2,700 ppmw of mitrogen, and
11 W% of MORL In another example, a deasphalted oil of Far East onigin contains (.14
W subfur, 2,500 ppmw of nitrogen, and 535 W% of COR. These high levels of

contaminanis, and parficularly nirogen, o the deasphalted oil himit conversion in
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hydrocracking or FCO units. The adverse effects of nitrogen and muicro-carbon residue in
FOC operations have heen reported 1o be as follows: 0.4-0.6 WS higher coke yield, 4-6
V9% Jess gasoline vield and 5-8 V9 less conversion per 1000 ppmw of nitrogen. (See Sok
Yui et al, Oil and Gas Journal, Jan. 19, 1998} Similarly, coke yield i3 0.33-0.6 W%
mare for each one W% of MOCR in the feedsiock. In hydrocracking operations, the
catalyst desctivation is a function of the feedstock nitrogen and MCR content. The
catalyst deactivation is about 3-3°C per 1000 ppmw of nitrogen and 2-4°C. for each ons
W% of MCR.

(1311 It has been eotablished that orpanic nitrogen is the most detrimental catalyst
poizon present in the hydrocarbon sireams fromn the sources identified above. Urganic
nitrogen compounds poison the active catalytic sites resuliing o catalyst deactivation,
which in turn reduces catalyst cycle process length, catalvst lifetime, product yields, and
product quality, and also increases the severity of operating conditions and the associated
cost of plant construction and operations. Removing nitrogen, sulfur, metals and other
coptaminants that poison catalysts will improve refining operations and will have the
advantage of permitting refiners to process more and/or heavier feedstocks,

{12} In coking processes, heavy feeds are thermally decomposed to produce coke, gas
and liguid product streams of varying boiling ranges. Coke is generally treated a3 a low
vaiue by-product. 1t is removed from the units and can be recovered for various uses
depending on i3 gualily.

{131 The use of heavy crude otls having high metals and sulfur conlent as an imitial
feed 13 of intorest due to its lower market valoe, Traditional coking processes using these

feeds produce coke which has substaniial suifur and metal content.  The geal of
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mirimizing air poliution is a further incentive for trealing residuum n a coking v since
the gases and Hguids produced contain sulfur in a forn that can be relatively easily
removed.

{141  While individual and discrete solvent deasphalting and coking operatinns are well
developed and sutiable for their intended purposes, there remaing a need for frmyproved

processes using heavy feeds having asphaltenes, N, § and metal contaminanis.

SUMMARY OF THE INVEMNTION

{151  An integrated system and process is provided for producing liquid coker products,
high guality petroleurn green coke, and asphall.  An enhanced solvent deasphalting
process 18 used to treat the feedstock to reduce the level of asphalienes, N, § and metal
contaminants and produce a deasphalied oil with reduced contaminants. A coking
process is integrated so that the deasphalied ofl with reduced contaminants i3 the coking
unit feedstock, facilitating production coker Hguid and gas fractions and recovery of
petraleum green coke.

(18] In certain embodiments of the integrated process, which can be carried out within
refinery Hrmils, use of the deasphalted oil intermediate strearn as feed to the coking umit
enables recovery of high guality petrolewin coke that can be used as raw material {o
produce fow sulfur marketable grades of coke including anode grade coke (sponge)

and/or electrode grade coke {needle}.

§!
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BRIEF DESCRIPTION OF THE DRAWINGS

{171 The invention will be described in further detail below and with reference to the
attached drawings in which the same or similar elements are referred to by the same
nwmnber, and where:

[I81  FIGU 1 is a process flow diagram of one embodiment of an integrated enhanced
solvent deasphalting and colung process; and

1181 FIG. 2 is a wocess flow diagram of a Sf:cénd embodiment of an integrated

enhanced soivent deasphalting and coking process.

DETATLED DESCRIFTION OF THE INVENTION

{201 The process and system herein facilitates production of coker hguid and gas
fractions and petroleum green coke from heavy crude oils or fractions having
asphaltenes, metal and sulfor content that typically has lower market value compared fo
Hoht cerude oils or fractions. Enhanced solvent deasphalting processes, such as those
described in commonly owned US Patent Number 7566394, which 18 incorporated by
reference herein in iis entivery, are used to process the heavy crude oils or fractions, The
deasphalted oil s thermally cracked in a coking unii, such as a delayed coking unit. o
contrast to typical coking operations in which the coke s low market value by-product, in
the integrated process herein, using as an yoitial feed heavy crude oils or fractions having
reduced asphaitenes, metal and sulfur content, petroleum green coke recovered from the

coker unit droms 18 low in sulfur and metals. The recovered petrolenm green coke can be

used as high quality, fow sulfir and metal content fuel grade (shot) coke, and/or a raw
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material tor production of marketable grades of coke including anode grade coke

{sponge) and/or electrode grade coke (needle).
23 The deasphalted ol is thermally oracked in a cokiing umit, such as a delayed
“ ? o

coking unit. In conirasi to typical coking operations in which the coke 1s low market
value hy-product, in the integrated process herein, high quality petroleum green coke
recovered from the coker unit droms s low in sulfor and metals. The recovered high
quality petroleurn green coke can be used g3 high quality, low sulfur and metal content
fuel grade (shot) coke, and/or a raw waterial for production of low sulfur and metal
content marketable grades of coke including anode grade coke {sponge) and/or electrode
grade coke (needle). Table 1 shows the properties of these fypes of coke, In accordance
with certain embodiments of the process herein, calcination of the petroleum green coke

recovered from the coking droms produces sponge and/or needle grade coke, for instance,

suttanle for use in the aluminum and sieel industries.

ireatment to remove moisture and reduce the volatile combustible matter,

Table ]

Calcination occurs by thermal

’Pmpc}lv Uniis - Fuel Coke Caleined Meedle Coke
Bulk Density Ka/m 6703-720
Sulfur Wl {max} 0.2-0.5
MNitrogen PRIW {1ax} 150
Nickel ppmw {max) 7
Vanadium pomw  (is3238G e
Yolatile W% {mmax} 0.5
Combustible
0.3 8.1 '
T —
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA o
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{221 As used herein, “high quality petroleum green coke” refers to petreleum green
coke recovered from a coker unt! that when calcined, possesses the properties as in Tabie
1, and in certain embodiments possessing the properties in Table S concerning caleined
sponge coke or caleined needle coke identified in Table 1.

23]  As used herein, a process that operates “within the battery himits of & refinery”
refers to a process that operates with a battery of unit operations along with their related
utilities and services, distinguished from a process whereby effluent from a vnit operation
is collecied, stored and/or transporied to 2 separate upil operations or battery of unt
operations.

124]  In one cmbodiment, of a process herein, which can be carred out within the
battery limits of a refinery and on a contimious or semi-continnous basis, a heavy
hydrocarbon feedstock is subjected to enhanced solvent deasphalting in the presence of
an effective quantily of solid adsorbent material to adsorb sulfur-contaming compounds
or nifrogen-containing polynuciear aromatic molecules concurrently with solvent assisted
removal of asphaltenes. Contaminants arve adsorbed and the solvent and deasphalied oil

fraction 1s removed as a separate stream from which the solvent is recovered for

fx

4

recycling. The adsorbent having contaminants adsorbed thereon and the asphalt bottoms
are mixed with aromatic and/or polar soivents to desorl the contaminants and washed as
necessary to clean the adsorbent, which can preferably be recovered and recyveled. The
solvent-asphalt mixture is sent to a fractionator for recovery and recycling of the aromatic
or polar solvent. Bottoms from the fractionator include the desorbed contamunants are

further processed as appropriate.  The deasphalted o1 having reduced contaminants is

)
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thermally cracked in a coking unit, such as a delayed coking unit, and coker higuid and
gas products are recovered, along with high quality petroleum green coke.

i25] In ancther embodiment, a heavy hyvdrocarbon feedstock iz subjected to a first
separation step in a solvent deasphalting process to produce a primary deasphalted oit
phase and discharge a primary asphall phase.  An effective quantity of solid adsorbent
malerial wixed with the primary deasphalted oil phase, which contains the deasphalted
oif and paraffinic solvent.  Sulfur-containing and/or nitrogen-containing polysuciear
aromatic molecules in the deasphalted oil are adsorbed by the solid adsorbent material.
The paraffinic solvent is separated from the deasphalited oil and adsorbent material, and
the solvent is recovered for recvcling, A slumry containing the adsorbent having
contaminanis adsorbed thereon and deasphalted oil is mixed with aromalic and/or polar
solvents to desorb the contaminants, and washed as necessary to clean the adsorbent,
which can preferably be recovered and recyeled. The deasphalted ol muttore 18 sent to a
fractionator for recovery and recyeling of the aromatic andl/or polar solvenis. The
deasphalted oil having redoced contamninanis is thermally cracked in a coking unit, such
as a delaved coking unit, and coker liquid and gas products are recovered, along with
high guality petrolewrn green coke,

26] The solid adsorbent material can be selected from the group consisting of clay
{(for instance, attapulgus clay), silica, aluming, silica-alummina, Utania-silica, aclivated
carbon, molecular sieves, fresh zeolitic catalyst materials, used zeolitic catalyst materials,
and combinations comprising one or more of the foregoing. The material is provided n
particulate form of suitable dimension, such as granules, extrudales, tablets, spheres, or

pellets of a sive in the range of 4-60 mesh. The quantity of the solid adsorbent material

o
Ll
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used in the embodiments herein is about 8.1:1 to 2001 W/W, and preferably about 1:1 to
131 W/W {feed-to-adsorbent).

127} In the herein embodiments, the coking unit 13 integrated with an enhanced solvent
deasphalting process to produce coker Haguid and gas products and recover hugh quality
petroleumn green coke suitable for production of marketable coke from the starting heavy
bydrocarbon feedstock.  Advantapeously, the integrated processes herein facilitate
recovery of such high quality petroleum green coke since the feed to the delayed coking
unit has desirable qualities. In particular, the deasphaited ol stresm in the present
process is characterized by a sulfur content of generally less thap about 3.5 wi%, m
certain embodiments less than about 2.5 wi%s and in further embodiments less than about
I wi%, and a metals content of less than about 700 ppmyw, in certain embodiments less
than about 400 ppmow and in further embodiments less than about 100 ppmw. Use of this
feadstream resulis in a high quality petroleum coke product that can be used as raw
maierial fo produce low sulfur marketable grades of coke including anode grade coke
{sponge} and/or electrode grade coke (needlel, in an efficient wntegrated process.

(287  Coking i3 2 carhon rejoction process tn which low-value atmospheric or vacuum
distillation boitorns are converted 1o lighter products which in turn can be hydrotreated to
produce transporiation fuels, such as gasoline and dicsel.  Conventionally, coking of
restduumn from heavy high solfor, or sour, crude oils is carried out primartly as a mesns of
utilizing such low value hydrocarbon streams by converting part of the material to more
valuable liguid and pas products, Typical coking processes include delayed coking and

fhud coking,
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1281 In the delaved coking process, foedstock 18 typically introduced into a lower
partion of a coking feed fractionator where one or more lighter materials are recovered as
one or more top fractions, and botioms are passed to a coking furnace. In the furnace
bottoms from the fractionater and optionally heavy recycle material are mixed and
rapidly heated in a coking furnace to a coking teroperature, for instance, in the range of
480°C to 530°C, and then fed to a coking drwn. The hot wined fresh aund recycle
feedstream is maintained in the coke drum at coling counditions of temperature and
pressure where the feed decomposes or cracks to form coke and volatile components.

{301  Table 2 provides delaved coker operating conditions for production of ceriain

grades of petrolewrn green coke in the process herein:

Table 2
Vil U Ful Coke
Temperature “C 488500
Pressure Kglom” i1
Recyele Ratio % 0.8
Coking time houi‘i

{311 The volatile components are recovered as vapor and transferred to a coking
product fractionator. One or more heavy fractions of the coke dram vapors can be
condensed, for instznce quenching or heat exchange. In certain embodunents the contact
the coke drum vapors are contacied with heavy gas oil in the coking unit product
fractionator, and heavy fractions form all or part of a recycle oil stream having condensed
coking wit product vapors and heavy gas oil.  In certain embodiments, heavy gas oil
from the coking fesd fractionaior is added to the flash zone of the fractionator to

condense the beaviest components from the coking unit product vapors.
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{321  Coking units are typically configured with two parallel dnaus and operated in a
swing mode. When the coke drum s full of eoke, the feed i3 switched fo another drum,
and the full drum is cooled. Liguid and gas streams from the coke dmm are passed o a
coking product fractionator for recovery. Any hydrocarbon vapors remaming in the coke
drum are removed by steam injection. The coke remaining wn the dram s typically
cooled with water and then removed from the coke drum by conventional methods, for
instance, using hydraclic and/or mechanical fechniqoes to remove green coke from the
dromn walls for recovery,

331  Recovered petrolewm green coke is suitable for production of marketable coke,
and in particular anode {sponge) grade coke effective for nse in the aluminom indusiry, or
elecirode {needie} grade coke effective for nse in the sieel industry. In the delayed
cokihg production of high quality petroleam green coke, unconverted pitch and volatile
combustible matier contert of the green coke intermediate product subjected to
caleination should be no more than about 15 percent by weight, and preferably in the
range of & to 12 percent by weight.

{341 In certain embodiments, one or more catalysts and additives can be added to the
fresh feed and/or the fresh and recyele ol mixture prior to heating the feedstream in the
coking unit furnace. The catalyst can promote cracking of the heavy bydrocarbon
compounds and promote formation of the more valuable liguids that can be subjected to
hydrotreating processes downstream o form transportation fuels, The catalyst and any
additive{s} rernain in the coking unit drum with the coke if they are sohids, or are present
on a solid carrter. If the catalyst{s} and/or additive{s) are soluble in the o1}, they are

carried with the vapors and remain in the liquid products. Note that in the production of

U
a3
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high guality petroleum green coke, catalyst(s) and/or additive{s} which are soluble in the
sit can be favored in cerfain embodiments to minjmize contamination of the coke.

{351 'The feed 10 the embodiments of the enhanced selvent deasphalting systerns herein
can be a heavy hvdrocarbon siream such as crude oils, bitumens, heavy oils, shale oils
and refinery streams that include atmospheric and vacuum residues, fuid catalytic
cracking shurry oils, coker bottoms, visbreaking bottows and coal liguefaction by-
products and mixtures thercof having asphaitencs, sulfhy, nitrogen and polynuclear
aromatic molecnles, for instance, that typically reduce the market value of the material
compared to similar streams having lesser guantities of these constituents,

[36) For the purpose of this simplified schematic illustrations and description, the
nurnerous valves, pumps, temperature sensors, electronic controllers and the hke that are
customarity employved in refinery operations and that are well known to those of ordinary
akill in the art are not shown.

371 Referring to FIG. 1, an cmbodiment of an integrsted enhanced solvent
deasphalting and coking process and system is shown, includes a mixing vessel 18, a first
separation vessel 28, a filtration vessel 30, a fractionator 48, a second separation vessel
£0, s coking unit furnace 86, delayed coking drums 78a and 78b, and a coling product
fractionator 8.

[3%]  Ina process for producing high guality petrelenm green coke and coker liguid and
gas products operation of a systern according to FIG. 1, a heavy hydrocarbon feedstream
2, a paratfinic solvent 4 and solid adsorbent slurry 6 having an effective guantity of solid

adsorbent material are infroduced into the mixing vessel 18, Mixing vessel 18 1

14
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equipped with suitable mixing mesns, for insiance, rotary stirring blades or paddles,
which provide a genile, but thorough mixing of the contents,

1391 The rate of agitation for g given vessel and mixtore of adsorbent, solvent and
feedstock is selected so that there is mindmal, if any, aitrition of the adsotbent granules or
particles. The mixing is continued for 30 to 130 minutes, the duration being related 1o the
components of the mixture.

140]  The mixture of heavy oil 2, paraffinic solvend 4 and solid adsorbent 6 is
discharged through line 12 to a frst separation vessel 28 ot a temperature and pressure
that is below the eritical temperature and pressure of the solvent to separate the feed
mixture into an upper laver comprising Hght and less polay fractions that are removed as
siream 32 and botioms comprising asphaltenes and the solid adsorbent 24, A vertical
flash drurn can be uiilized for this separation step.

1411  Couditions in the mixing vessel and {irst separation vessel are maintained below
the critical temperature and pressure of the solvent. In certain embodiments the solvent
selected for use in the mixing vessel and first separation vessel in the enhanced solvent
deasphalting process berein is a Cs 1o (5 paraffinic solvent. The following Table 3
provides critical temperature and pressure data for Oy to Cy paraffinic solvents:

Table 3

Carbon Mumber | Temperature, © € | Pressure, bar

| 97 2.5
’ T 8.0
o 197 BRE
L 1235 _ 1200
C; - 267 ” 275

15
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142} The asphalt and adsorbent shurry 24 s muxed with an aromatic and/or polar
solvent stream 26 in a filiration vessel 38 io separate and clean the adsorbent material.
The solveni stream 26 can include benzene, ioluene, xvlenes, tetrahydrofuran, methylene
chioride. Sclvents can be selecied based on their Hildebrand solubility tactors or on the
basis of two-dimensional solubility factors. The oversil Hildebrand solubility parameter
is a well-known measure of polarity and has been tabulated for numerous compounds,
{(See, for example, Jowrnal of Paint Technology, Vol 39, Neo. 585, February 1967} The
solvents can also be described by two-dimensional solubility parameters, that is, the
complexing solubility parameter and the field force solubility parameter. {See, for
example, L A. Wiche, Ind. & Eng. Res, 34(1995), 661} The complexing solubiiity
parameter component which describes the hydrogen bonding and electron donor-aceeptor
interactions measures the interaction energy that requires a specific orientation between
an atom of one molecule and a second atom of a different molecule. The field force
solubility parameter which describes van der Waal's and dipole interactions measures the
teraction energy of the Hguid that is not impacted by changes in the orientation of the
molecuies.

1431 In certain embodiments the polar solvent, or solvents, if more than one s
employed, used in filoation vessel 38 has an overall sciubility parareter greater than
about 8.5 or a complexing solubility parameter of greater than one and a field force
parameter value greater than 8. Examples of polar solvents meeting the desived solubility
parameter are toluene (8.91), benzene (915}, xylene (8.85), and tetrahvdrofuran (8.52}.
Preferred polar solvents for use in the practice of the invention are toluene and

tetrahydrofuran,
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{44} In certain embodiments, the adsorbent shurry and asphalt mixture 24 is washed
with two or more aliguots of the aromatic or polar solvent 26 i the filtration vessel 3¢ in
order to dissolve and remove the adsorbed compounda. The clean sohid adsorbent stream
38, is recovered and recyeled o the mixing vessel 16, an asphall stream 36 is recovered,
and spent adsorbent is discharged 34, A solvent-asphall mixture 32 is withdrawn from
the filtering vessel 38 and sent to a fractionator 48 to separate the solvent from the asphalt
containing heavy polynuclear aromatic compounds which are withdrawn as stream 42 for
appropriate disposal. The clean aromatic and/or polar solvent is recovered as stream 44
and recyeled to Gltration vessel 36,

{45]  The recovered deasphalted ol and solvent stream from the first separation vessel
22 is introduced into a second separation vessel 58 maintained at an etfective temperature
and pressure to separate selvent from the deasphalted ol such as between the solvent's
boiling and critical temperature, under a pressure of belween one and three bars. The
solvent stream 52 is recovered and retumed to the mixing vessel 18, in certain
embodiments in a continous operation. The deasphalted oil stream 54 is discharged from
the bottom of the vessel 58

1481 In one example, analyses for sulfur using ASTM DS453, nitrogen using ASTM
D528, and metals (uckel and vanadium) using ASTM D3603 indicate that the oil has a
greatly reduced level of contaminants, that s, it contains no metals, and about 80 W% of
the nitrogen and 20-530 W% of the sulfur which were present in the original feedstream
have been removed.

(471 A portion 88 {for instance, 10 — 100 %) of the discharged deasphalted oil stream

54 1 processed a coking operation to produce coker gas and liquid products and high

1

[y
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guality petrolenm green coke. In certain embodiments, as shown in FIG 1, a delayed
coking operation is used. The discharged deasphalted oif stream 55 is charged to 2
delayed coking fimace 68 whers the contents are rapidly heated to an effective coking
temperature, such as the range of about 480°C o 530°C, and then fed to delayed coking
drumn T8a or 78b. In certain embodiments, two or more parallel coking drums 78a and
70k are provided and are operaied in swing mode, such that when one of the drums 18
filled with coke, the deasphalied oil stream is transferred to the empty paraliel drum and
cake, in cortain embodiments anode grade coke, is recovered from the flled drum T4, A
liquad and gas delaved coker product stream 72 is recovered from the coker drum Tha or
78bh.  Any hydrocarbon vapors remaining in the coke drum can be removed by steam
injection,

(48]  The liquid and gas delayed coker product stream 72 is mtroduced into a coking
product stream fractionator where it is fractionated to yield separate product streams that
can inchude a light gas strearn 82, a coker naphtha stream 84, 5 Hght coker gas ol stream
86 and a heavy coker gas oil stream $8. Optionally, all or a portion of the heavy coker
gas oif stream 88 is recyeled to the colang unit fumace 60,

149]  The coke vemaining in coker dram 78a or T8b is cooled, for instance, waler
quenched, and removed from the coke drnnm as recovered coke product 74, The coke can
te removed by mechanical or hydraulic operations. For instance, coke oan be cut from
the coke drum with a high pressure waler nozzle. According to the process herein, the
recovered coke is high quality petroleam green coke.

1$61  Advantageocusly, the integrated process facilitates production of high qualiy

petroleurn green coke from the coking operation since the intenmediate feed thereto, the
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deasphalied/desulfurized ol stream, has desirable qualities, that is, low content of
asphaltenes and sulfur-containing and nittogen-containing polyouclear aromatics.

511 FIG. 2 depicts another embodiment of an integrated enhanced solvent
deasphalting and coking process and system,  The system includes a first separation
vessel 128, a second separation vessel 188, a filiration vessel 138, a fractionator 148, a
coking unit furnace 168, delaved coking drums 1702 and 1785, and a coking product
fractionator 188,

32} In aprocess for producing high guality petrolewn green coke and coker liguid and
gas products operation of & system according to FIG. 2, a heavy hydrocarbon feedstream
192 and a paraffivde solvent 194 are introduced into a first separation zone 124 in which
asphait is separated from the feedstream and discharged from the fivst separation zonpe
138 as stream 124, Conditions in the first separation vessel are maintained below the
critical temperature and pressure of the solvent.  In certain embodiments the solvent
selected for use in the first separation vessel in the enhanced solvent deasphaliing process
herein is a Oy to Oy parathoic solvent.

{531 A combined deasphalied ol and solvent stream 122 is discharged {rom the first
separation zone 12¢ and mixed with an effective quantity of solid adsorbent material 106
i54]  The deasphalied oil, solvent, and solid adsorbent mixture i3 passed to the second
separation zone 158 where the mixture is maintained at an effective temperature and
pressure to separaiz solvent from the deasphalied oil, such as between the solvent’s
boiling and criticel temperature, under a pressure of between one and three bars. In
addition, the mixture is maintained in the second separation zone 158 for a time sufficient

to adsorb on the adsorbent material any remaining asphalienes and/or sulfur-comtaining
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polynuclear aromatic molecules and/or nitrogen-coniaining  polyhuclear aromalic
molecules. The solvent is then separated and vecovered from the deasphalted oil and
adsorbent material and recyeled as stream 152 to the first separation zone 128

{557 A slurry 188 of deasphalted oil and adsorbent from the second separation vessel
158 is mnixed with an aromatic and/or polar solvent stream 126 in a flivation vessel 138 to
separate and clean the adsorbent material. The selvent stream 126 cap include benzene,
toluene, xylenes, tetrahydrofuran, methylene chloride. Solvents can be selected based on
their Hildebrand solubility factors or on the basis of two-dimensional solubility factors as
discussed above,

{36] In certain embodiments, the deasphalted ol and adsorbent mixture 1585 i
preferably washed with two or more aliquots of aromatic or polar solvent 126 n the
filtration vessel 134 in order to dissolve and remwove the adsorbed sulfur-containing and
nitrogen-containing compounds. The clean solid adsorbent stream 138, Is recovered and
recycled for mixing with the deasphalted oil stream 122, Spent adsorbent material is
discharged from the fltration vessel as stream 134, The deasphalted oil and solvent
mixture 132 is passed from the filiration vessel 138 to the fractionator 148 to separaie the
solveni from the asphalt containing heavy polynuclear aromatic coropounds which are
withdrawn as stream 142 for appropriate disposal. The clean aromatic and/or polar
solvent is recovered as stream 144 and recyeled o filtration vessel 134

1371 A portion 193 (for instance, 10 — 100 %) discharged deasphaited ol stream 192 is
processed a coking operation to produce coker gas and liguid products and high quality
petrofeum green coke.  In certain embodiments, as shown in FIG. 2, a delayed coking

operation is used. The discharged deasphalted oil stream 193 is charged to a delayed

20
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coling furnace 168 where the contents are rapidly heated to an effective coking
temperatore, such as the range of abount 430°C 1o 5330°C, and then fed 1o delayed coking
drum 178a or 178b. In certain embodiments, two or more paratlel coking drums 1703
and 370 are provided and are operated in swing mode, such that when one of the drums
is filled with coke, the deasphalied oil siream s transferred to the empty paraliel drom
and coke 13 recovered from the flled dourn 174, A liguid and gas delaved coker product
strearn 172 19 recovered from the coker drum §78s3 or 178b.  Any hydrocarbon vapors
remaining in the coke drum can be removed by steam injection,

58] The hqud and gas delayed coker product stream 172 is introduced into a coking
product stream fractionator where it is fractionated to yield separate product streams that
can nchade 2 hght gas strearn 182, 4 coker naphtha stream 184, s light coker gas il
atreamn 186 and a heavy coker gas oil siream 188, Optionally, all or a portion of the
heavy coker gas oil stream 188 is recveled o the coking unit furnace 164,

59}  The coke remaining in coker drum 178a or 17¢b is cooled, for instance, water
quenched, and removed from the coke drurn as recovered coke product 174, The coke
can be removed by mechanical or hydraulic operations. According 1o the process herein,
the recovered coke s high guality petrolewrn green coke,

I60] By integrating an enhanced solvent deasphalfing process with a delayed coking
process, the deasphalted oil feedstream to the coling wnit does not contain sulfir-
containing and nitrogen-containing polynuckear aromatic molecules, thereby resulling in
the production of high gquality petroleum green coke. Moreover, by recycling both
solvents as well as the solid adsorbent material, economic and envivonmental advantages

are achieved. In certain embodiments, when activated carbon 15 used as an adsorbent in

o
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the solvent deasphalting unit betore or after the desorption step, it can be used as fuel, for
instance, uy associated power plants.

{611  Computer models can be used sdvantagecusly in evaluating whether process
modifications are technically feasibie and ecovormucally justifiable. The use of computer
modeling is described by 1 F. Schabron and I G, Speight i an article entitled "An
Evaluastion of the Delaved-Coking Product Yield of Heavy Feedstocks Using Asphaltenes
Content and Carbon Residoe”, O & Gas Science and Techuslogy--Rev. IFP, Vol 52
{1997}, Mo. 1, pp. 73-85. A coking process model commeonly used in the industry was
modified to reflect the presence of light components and the corresponding yields based
on the mid-boiling temperatures of the respechive culs. The moedel also inchuded
experimental data regarding the charactenstics of the feedstream. Thres types of residual
oils were delayed coked at the same conditions to see the umpact of feedstock quality on
the product vields and coke guality. The propertics of the feedstocks are summarized in

Table 4. The feedstream are subjected to delaved coking at 2 temperature of 496 °C. from

the furnace outlet and at stmospheric pressure,

Table 4

Proparty Arab Héavy \/dLUJE"iRebidUL | DOA-SDA JﬁsO»LSJA -----------------

AP Gravity, 5 1418 | 14.5
B e i oo

T T R o
Nitrogen, W% | 0.4833 0.0835 0.017

COR, W% ' 243 7.32 4.4
e N —_—
\\Y\.:““.— divm, ppmw ¢+ E 82 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 0 1

(62} DAOG-SDAC Solvent deasphaited o1l using conventional solvent deasphalting

technology
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(631 DAOG-ESDA: Solvent deasphalted oil using enhanced solvent deasphalting
technology (with adsorbents)

64}  The Arab heavy residue i the heaviest and dirties of the oil tested and DAO-
ESDA is the cleanest il tested.  The product yields from the delaved coking operations
are shown in Table 5.

Tabie 5

Arab Heavy Vacuum Residue | DOA-SDA | DAO-ESDA |
Yields, W% o
Coke g | 11.7 5.6
Gas ..................................... ‘E 1 3 8"9 84
Naphtha ARS8 128 127

_____ Light Coker Gas Qff 173 P88l B8
Heavy Coker Gas Of 1 . 12.9 287 34.6
Total | 100.0 100.0 100.0

{631 Avab heavy vacuum residue viclded the highest amount of coke (385 W9%) and a
substantial drop 70 W% is observed when the vacuum residue is deasphalied. When the
vacuum residue is solvent deasphalted with adsorbents; and the deasphalieed  the coke
yield decreased further by 83 W% 10 6.6 Wo%.

i86]  The sulfur and metals levels are aise calculated for the three fesdstock and
surmmnarized in Table 6.

Table &

acuum Residue | DOA-SDA | DAO-ESDA | Spacification

Sulfur, W% 45 34 T3
3 ¢ d ” r.»
Metals, ppmw 85 I3 550

“Anode grade coke
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(671 As seen the deasphalied oif oblained from enhanced solvent deasphaliing unit,
which utilizes adsorbent, produces mgh ooke meeting the anode prade coke
specification..

{68]  Petroleum green coke recovered from a delaved coker unit is subjected to
calcination. In pariicular, samples of about 3 kg of Petroleum green coke were calcined
according to the {ollowing heat-up program: Room Temperature fo 200°C at 200°C/h
heating rate; 200°C to 8007C at 36°C/h heating rate; S00°C to 1100°C at 50°C/h heating
rate; Soaking Time at },100°C: 20 h

{691 Table 7 shows the propertics of the samples of petroleurn green coke and Table &

shows the properties of the caleium samples,

Table 7

Property Method Unit | Range Sapupd
- Water Content SO 11412 1 % | 6.0-15.0 | L0 4.6
| Volatite Matter IS0 %406 | % | K.0-12.0 I48 5.9
Hardgrove ISG 5074 o100 41 50
Grindability Index
XEF Analysis | ISO 12980 | %/ppm $.50-4.60 3.40 3.36
SV NiSiFealNaCa 50-350 83 76
P 50-220 80 3 77
K Mg 20-250 7 ’ 45
Ph 50400 92 154
50-250 71 : 45
20-120 44 27
20-120 P8 13
120 2 1
3-15 { {
10-30 i3 |3
1-3 9 0
Ash Content iSO 20405 Y 0.50-0.30 (.08 G.08
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Tabic &
 Property Method Range Ssmple 1 | Sample 2
Water Content IS0 11412 3.0-0.2 _ 3.0 0.0
- Volatile Matter 1SC 9406 0.0-0.5 S 0.5
Hardgrove Grindability [ndex | ISC 5074 | N - 41 48
Ty E‘?Q%G{)‘} R T o .

{791  The method and system of the present invention have been described ahove and in
the attached drawings; however, modifications will be apparent to those of ordinary skill
in the art and the scope of protection for the invention i3 to be defined by the claims that

follow,

P
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Claims:

1. An integrated process that operates within the battery limits of a refinery for
conversion of a heavy hydrocarbon feedstock containing asphaltenes, sulfur-containing
and nitrogen-containing polynuclear aromatic molecules comprising:

a. mixing the heavy hydrocarbon feedstock, paraffinic solvent and an effective
quantity of solid adsorbent material at a temperature and pressure that are below the
critical pressure and temperature of the solvent to promote solvent-flocculation of solid
asphaltenes and for a time sufficient to adsorb the sulfur-containing and nitrogen-
containing polynuclear aromatic molecules on the solid adsorbent material;

b. passing the heavy hydrocarbon feedstock, paraffinic solvent and solid
adsorbent material to a first separation vessel,

c. separating a solid phase comprising asphaltenes and solid adsorbent material
from a liquid phase comprising deasphalted oil and paraffinic solvent;

d. passing the solid phase to a filtration vessel with an aromatic and/or polar
solvent to desorb the adsorbed contaminants and to recover regenerated solid adsorbent
material;

e. passing the liquid phase to a second separation vessel to separate deasphalted
oil and paraffinic solvent, and optionally recycling at least a portion of the separated
paraffinic solvent to step (a);

f. passing deasphalted oil from the second separation vessel to a coking unit;

g. thermally cracking the deasphalted oil in a coking unit to produce liquid and
gas coking products; and

h. recovering petroleum green coke from the coking unit.
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2. The process of claim 1 wherein the coke has bulk density in the range 720-800 Kg/m®.
3. The process of claim 1 wherein the coke contains sulfur in the range 1 to 2.5 W %.
4. The process of claim 1 wherein the coke contains nickel up to 200 ppmw.
5. The process of claim 1 wherein the coke contains vanadium up to 350 ppmw.
6. The process of claim 1 wherein the coke contains volatile combustible material up to
0.5W %.
7. The process of claim 1 wherein the deasphalted oil is heated in a furnace of the coking
unit to a temperature in the range of 480° C. to 530° C.
8. The process of claim 1 wherein the coker unit is a delayed coker unit.
9. The process of claim 8, wherein the coker unit is configured with two or more parallel
drums and is operated in a swing mode, and wherein the process is continuous.
10. The process of claim 1, wherein the petroleum green coke recovered from the coker
drum effective raw material for calcination into anode grade coke (sponge) or electrode
grade coke (needle).
11. An integrated process that operates within the battery limits of a refinery for
conversion of a heavy hydrocarbon feedstock containing asphaltenes, sulfur-containing
and nitrogen-containing polynuclear aromatic molecules comprising:

a. mixing the heavy hydrocarbon feedstock and paraffinic solvent in a first
separation vessel at a temperature and pressure that are below the critical pressure and
temperature of the paraffinic solvent to promote solvent-flocculation of solid asphaltenes;

b. discharging an asphalt stream from the first separation vessel;
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c. passing a mixed deasphalted oil and paraffinic solvent stream from the first
separation vessel, and an effective quantity of solid adsorbent material, to a second
separation vessel;

d. maintaining the mixture in the second separation vessel for a time sufficient for
adsorption by the solid adsorbent material of asphaltenes and/or sulfur-containing
polynuclear aromatic molecules and/or nitrogen-containing polynuclear aromatic
molecules remaining in the deasphalted oil;

e. separating and recovering at least a portion of the paraffinic solvent from the
deasphalted oil and adsorbent material;

f. passing deasphalted oil and solid adsorbent material from the second separation
vessel to a filtration vessel with an aromatic and/or polar solvent to desorb the adsorbed
contaminants and to recover regenerated solid adsorbent material;

g. passing the deasphalted oil and aromatic or polar solvent mixture to a
fractionator to recover the aromatic and/or polar solvent, and deasphalted oil;

h. passing the deasphalted oil from the fractionator to a coking unit;

i. thermally cracking the deasphalted oil in a coking unit to produce a delayed
coking product stream comprising liquid and gas coking products; and

k. recovering petroleum green coke from the coking unit.

12. The process of claim 11 wherein the coke has bulk density in the range 720-800
Kg/m®.

13. The process of claim 11 wherein the coke contains sulfur in the range 1 to 2.5 W %.
14. The process of claim 11 wherein the coke contains nickel up to 200 ppmw.

15. The process of claim 11 wherein the coke contains vanadium up to 350 ppmw.
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16. The process of claim 11 wherein the coke contains volatile combustible material up to
0.5W %.

17. The process of claim 11 wherein the deasphalted oil is heated in a furnace of the
coking unit to a temperature in the range of 480° C. to 530° C.

18. The process of claim 11 wherein the coker unit is a delayed coker unit.

19. The process of claim 18, wherein the coker unit is configured with two or more
parallel drums and is operated in a swing mode, and wherein the process is continuous.
20. The process of claim 11, wherein the petroleum green coke recovered from the coker
drum effective raw material for calcination into anode grade coke (sponge) or electrode
grade coke (needle).

21. An integrated process that operates within the battery limits of a refinery for
conversion of a feedstock containing hydrocarbons having a boiling point greater than
300° C. that includes solvent deasphalting and delayed coking, the process comprising:

a. introducing a heavy hydrocarbon feedstock containing asphaltenes into a
mixing vessel with a C3to C; paraffinic solvent and a solid adsorbent material;

b. mixing the heavy hydrocarbon feedstock containing asphaltenes, paraffinic
solvent and solid adsorbent material in the mixing vessel at a temperature and pressure
that are below the critical pressure and temperature of the solvent in order to solvent-
flocculate solid asphaltenes particles which include sulfur-containing and nitrogen-
containing polynuclear aromatic molecules;

c. maintaining the heavy hydrocarbon feedstock, solvent-flocculated asphaltenes,

paraffinic solvent, and adsorbent material in the mixing vessel for a time sufficient to
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adsorb the sulfur-containing and nitrogen-containing polynuclear aromatic molecules on
the adsorbent material;

d. separating the solid phase comprising asphaltenes and adsorbent material from
the liquid phase comprising deasphalted oil and paraffinic solvent;

e. passing the solid phase comprising asphaltenes and adsorbent material to a
filtration vessel with an aromatic or polar solvent to desorb the adsorbed sulfur-
containing and nitrogen-containing compounds and to recover the solid asphalt phase and
regenerated adsorbent material;

f. passing the aromatic or polar solvent mixture containing desorbed sulfur-
containing and nitrogen-containing polynuclear aromatic molecules to a fractionator to
recover the aromatic or polar solvent;

g. passing the liquid phase comprising deasphalted oil and paraffinic solvent to a
separation vessel to separate the deasphalted oil and paraffinic solvent and recovering the
solvent for recycling to the mixing vessel;

h. heating the deasphalted oil to delayed coking temperatures in a coking unit
furnace and passing the heated deasphalted oil to a delayed coking drum;

i. recovering a delayed coking product stream from the delayed coking drum
comprising liquid and gas coking products; and

J. recovering petroleum green coke from the delayed coking drum.

22. The process of claim 21 wherein the coke has bulk density in the range 720-800
Kg/m®.
23. The process of claim 21 wherein the coke contains sulfur in the range 1 to 2.5 W %.

24. The process of claim 21 wherein the coke contains nickel up to 200 ppmw.
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25. The process of claim 21 wherein the coke contains vanadium up to 350 ppmw.

26. The process of claim 21 wherein the coke contains volatile combustible material up to
0.5W %.

27. The process of claim 21 wherein the deasphalted oil is heated in a furnace of the
coking unit to a temperature in the range of 480° C. to 530° C.

28. The process of claim 21 wherein the coker unit is a delayed coker unit.

29. The process of claim 28, wherein the coker unit is configured with two or more
parallel drums and is operated in a swing mode, and wherein the process is continuous.
30. The process of claim 21, wherein the petroleum green coke recovered from the coker
drum effective raw material for calcination into anode grade coke (sponge) or electrode
grade coke (needle).

31. An integrated process for conversion of a feedstock containing hydrocarbons having a
boiling point greater than 300° C. that includes solvent deasphalting and delayed coking,
the process comprising:

a. introducing a heavy hydrocarbon feedstock containing asphaltenes into a first
separation zone with a C3 to Cy paraffinic solvent at a temperature and pressure that are
below the critical pressure and temperature of the solvent in order to solvent-flocculate
solid asphaltenes particles which include sulfur-containing and nitrogen-containing
polynuclear aromatic molecules;

b. recovering an asphalt stream from the first separation zone;

c. introducing a solid adsorbent material into a mixed deasphalted oil and
paraffinic solvent stream recovered from the first separation zone and passing the

deasphalted oil, adsorbent, and paraffinic solvent mixture to a second separation zone;
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d. adsorbing remaining solid asphaltenes particles from the mixed deasphalted oil
and paraffinic solvent by contacting the adsorbent material with the mixed deasphalted
oil and paraffinic solvent stream for a time sufficient to adsorb sulfur-containing and
nitrogen-containing polynuclear aromatic molecules on the adsorbent material;

e. separating the paraffinic solvent from the deasphalted oil and adsorbent
material and recovering the solvent for recycling to the first separation zone;

f. passing the deasphalted oil and adsorbent mixture from the second separation
zone to a filtration vessel with an aromatic or polar solvent to desorb the adsorbed sulfur-
containing and nitrogen-containing polynuclear aromatic compounds from the adsorbent
material and to recover regenerated adsorbent material and spent adsorbent including
sulfur-containing and nitrogen-containing polynuclear aromatic compounds;

g. passing the deasphalted oil and aromatic or polar solvent mixture to a
fractionator to recover separate solvent and deasphalted oil streams;

h. heating the deasphalted oil from the fractionator to delayed coking
temperatures in a coking unit furnace and passing the heated deasphalted oil to a delayed
coking drum;

i. recovering liquid and gas coking products from the delayed coking drum; and

J. recovering petroleum green coke from the delayed coking drum.

32. The process of claim 31 wherein the coke has bulk density in the range 720-800
Kg/m®.

33. The process of claim 31 wherein the coke contains sulfur in the range 1 to 2.5 W %.
34. The process of claim 31 wherein the coke contains nickel up to 200 ppmw.

35. The process of claim 31 wherein the coke contains vanadium up to 350 ppmw.
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36. The process of claim 31 wherein the coke contains volatile combustible material up to
0.5W %.

37. The process of claim 31 wherein the deasphalted oil is heated in a furnace of the
coking unit to a temperature in the range of 480° C. to 530° C.

38. The process of claim 31 wherein the coker unit is a delayed coker unit.

39. The process of claim 38, wherein the coker unit is configured with two or more
parallel drums and is operated in a swing mode, and wherein the process is continuous.
40. The process of claim 31, wherein the petroleum green coke recovered from the coker
drum effective raw material for calcination into anode grade coke (sponge) or electrode

grade coke (needle).
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