DELAYED COKI NG PROCESS FOR PRODUCI NG FREE- FLON NG COKE
USI NG LOW MOLECULAR WEI GHT AROVATI C ADDI Tl VES FI ELD OF
wakBsHNZENTI ON [ 0001] The present invention reP@l/@S2009016713
a del ayed coki ng process for nmaking substantially
free-fl ow ng coke, preferably free flow ng shot coke.
A coker feedstock, such as a vacuumresiduum is
heated in a heating zone to coking tenperatures then
conducted to a coking zone wherein volatiles are
col | ected overhead and coke jjs forned. A suitable |ow
nol ecul ar wei ght aromatic additive is added to the
feedstock prior to it being heated in the heating
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residua (resids) to produce gas, liquid streans of

FIEXD OB THE INMENTIQN, and coke. Del ayed coking of
resrds from heavy and heavy sour (high sulfur) crude

oils is carried out primarily as_a means for dis 03|q
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pending on its grade, as a gr ade
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gr ade coke etc. [0003] In the del ayed coking
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conducted to the coking zone, or both, to enhance the formation of free flowing

coke.

DESCRIPTION OF RELATED ART

[0002] Delayed coking involves the thermal decomposition of petroleum residua
(resids) to produce gas, liquid streams of various boiling ranges, and coke. Delayed
coking of resids from heavy and heavy sour (high sulfur) crude oils is carried out
primarily as a means for disposing of these low value feedstocks by converting part
of the resid to more valuable liquid and gaseous products. Although the resulting
coke is generally thought of as a low value by-product, it may have some value,
depending on its grade, as a fuel (fuel grade coke), for electrodes for aluminum
manufacture (anode grade coke), etc.

[0003] In the delayed coking process, the feedstock is rapidly heated in a fired
heater or tubular furnace. The heated feedstock is then passed to a coking drum
that is maintained at conditions under which coking occurs, generally at

temperatures above 400°C under super-atmospheric pressures. The heated



that is maintained at conditions under which coking
occurs, generally at tenperatures above 4000C under
waapsnixtnospheri c pressures. The heat edr esi dupeT/U8md5/016713
in the coker drumalso forns volatile conponents that
are renoved overhead and passed to a fractionator,
| eavi ng coke behi nd. Wien the coker drumis full of
coke, the heated feed is switched to another drum and
hydr ocar bon vapors are purged fromthe coke drumwth
steam The drumis then quenghed with water to | ower
the tenperature to | ess than 3000F (1490C) after which
the water is drained. Wen the cooling and draining

steps are conplete, the drumis opened and th oke is
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conventional coke removal.

[0005] Even though the coker drum may appear to be completely cooled, areas
of the drum do not completely cool. This phenomenon, sometimes referred to as
"hot drum", may be the result of a combination of morphologies of coke being
present in the drum, which may contain a combination of more than one type pf
solid coke product, i.e., needle coke, sponge coke and shot coke. Since
unagglomerated shot coke may cool faster than other coke morphologies, such as
large shot coke masses or sponge coke, it would be desirable to produce
predominantly substantially free flowing coke, preferably shot coke, in a delayed

coker, in order to avoid or minimize hot drums.



predom nantly substantially free flow ng coke,
preferably shot coke, in a delayed coker, in order to
w@e@sdinl mi ni m ze hot druns. SUMVARY OF THE | NMEMUEIONG/016713
[0006] In an enbodi nment, there is provided a del ayed
coki ng process conprising: (a) heating a petrol eum
resid in a first heating zone, to a tenperature bel ow
coking tenperatures but to a tenperature wherein the
resid is a punpable liquid; (b) conducting said heated
resid to a second heating zgne wherein it is heated to
coki ng tenperatures; (c) conducting said heated resid
fromsaid second heating zone to a coking zone wherein
vapor products are collected overhead and a solid coke
product is fornmed; (d) jniroducing into said resid at
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(b) conducting said heated resid to a second heating zone wherein it is

heated to coking temperatures;

(¢) conducting said heated resid from said second heating zone to a coking

zone wherein vapor products are collected overhead and a solid coke

product is formed,

(d) introducing into said resid at least one low molecular weight aromatic
additive that is effective for the formation of substantially free-flowing
coke, wherein said additive is introduced into said resid at a point

upstream of the second heating zone, between said second heating zone

and said coking zone, or both.

[0007] In a preferred embodiment, the coking zone is in a delayed coker drum,

and a substantially free-flowing shot coke product is formed.

[0008] TIn another embodiment, there is provided a delayed coking process

comprising:

(a) contacting a vacuum resid with an effective amount of at least one low

molecular weight aromatic additive at a temperature from 70°C to



nol ecul ar wei ght aromatic additive at a tenperature
from700C t03700C for a tinme sufficient to disperse
w0 b@sadditi ve substantially uniformy into theP¢PE82005/016713
(b) heating the contacted vacuumresid to a
tenperature effective for coking said feed; (c)
charging said heated treated resid to a coking zone at
a pressure from15 to 80 psig (103.42 to 551.58 kPa)
for an effective amount of tine to allow a bed of hot
coke to form at least a pogtion of which is
freefl ow ng; and (d) quenching at |east a portion of
the bed of hot coke with water. [0009] |n another
enbodi nent the | ow nol ecul ar WEI ad
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pr ef m t eratine offeetive for
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hononu fio PfRig c rings is meant aromatic rings
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and co wﬂﬁ% h the feed either before the feed is
introd%%d |h}é%&t he heating zone, which is a coker

furnace, or it can be |ntroduced |ntP t he.feed between
t he (@ Kﬁrenbhﬂtmdema postien of hot coke with water.

[0009] In another embodiment the low molecular weight additive is selected
from one and two ring aromatic systems having from one to four alkyl substituents,
which alkyl substituents contain one to eight carbon atoms, preferably from one to
four carbon atoms, and more preferably from one to two carbon atoms. The one or
more rings can be homonuclear or heteronuclear. By homonuclear aromatic rings
is meant aromatic rings containing only carbon and hydrogen. By heteronuclear”
aromatic ring is meant aromatic rings that contain nitrogen, oxygen and sulfur in

addition to carbon and hydrogen.

[0010] In another embodiment a substantially free-flowing shot coke product is
formed and removed from the coking zone. The coking zone is preferably a
delayed coker drum. The additive can be incorporated and combined with the feed
cither before the feed is introduced into the heating zone, which is a coker furnace,
or it can be introduced into the feed between the coker furnace and coker drum. It
is also within the scope of this invention that the additive be introduced into the



is also wthin the scope of this invention that the
additive be introduced into thefeed in both |ocations.
wab@sdamel addi tive, or additives, can be addedPCT/US2005/016713
i ndependently at each location or a different additive
or additives can be added at each |ocation. [0011] Use
of the term"conbine" and "contact" are neant in their
broad sense, i.e., that in sonme cases physical and/or
chem cal changes in the additive and/or the feed can
occur. In other words, the isavention is not restricted
to cases where the additive and/or feed undergo no
chem cal and/or physical change followi ng, or in the
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difficult to disperse. Thus, additives that are at least partially soluble in organics,

more preferably in the resid feed, are most preferred.

[0012] Uniform dispersal of the additive into the resid feed is desirable to avoid
heterogeneous areas of coke morphology formation. That is, one does not want
locations in the coke drum where the coke is substantially free flowing and other
areas where the coke is substantially non-free flowing. Dispersing of the additive is
accomplished by any suitable technique, preferably by introducing a side stream of
the additive into the feed at the desired location. The additive can be added by
solubilization of the additive into the resid feed. Reducing the viscosity of the resid
prior to mixing in the additive, e.g., by heating, solvent addition, etc. will facilitate

solubilization of the additive into the resid feed. High energy mixing or use of



solubilization of the additive into the resid feed.
Reduci ng the viscosity of the resid prior to mxing in
w0 b@sadditi ve, e.g., by heating, solvent additPCHUSEI®016713
will facilitate solubilization of the additive into
the resid feed. H gh energy m xing or use ofstatic
m xi ng devi ces, may be enployed to assist in dispersal
of the additive, especially useful for additives that
have relatively low solubility in the feedstream
[0013] Preferably, all or substantially all of the
coke fornmed in the process of the present invention is
substantially free-fl owi ng coke, nore preferably,

substantially free-fl ow ng shot .coke. It is "
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SS pol-arize croscopy obtained from
treating the vacuumresid of Exanple 2 hereof with

BRIEDESGRIPTEON OF THE SFigure 4 hereof is a
phot om crogr aph of coke residue as observed under
cross polarized |ight_ mcrosco opt ai ned. W t houyt
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[0CAFCRRELEY BErebifEs b NUEMHhiGtbgraph of coke residue as observed under

cross polarized light microscopy for the PDI residue of Example 1 hereof.

[0016] Figure 3 hereof is a photomicrograph of coke residue as observed under
cross polarized light microscopy obtained from treating the vacuum resid of

Example 2 hereof with toluene as the additive.

[0017]  Figure 4 hereof is a photomicrograph of coke residue as observed under
cross polarized light microscopy obtained without treating the resid of Example 2

hereof with toluene.

[0018]  All photomicrographs in these Figures used cross-polarized light optical

microscopy, with a viewing area of 170 by 136 micrometers.



[0019] Petrol eum vacuumresidua ("resid") feedstocks
are suitable for del ayed coking. Such petrol eum

wo e@sduEiare frequently obtai ned after renoval POF/US2005/016713
distillates fromcrude feedstocks under vacuum and are
characterized as being conprised of conponents of
| arge nol ecul ar size and wei ght, generally contai ning:
(a) asphal tenes and ot her hi gh nol ecul ar wei ght
aromatic structures that would inhibit the rate of
hydrotreating/ hydrocracki ng_qand cause catal yst
deactivation; (b) netal contam nants occurring
naturally in the crude or resulting from prior
treatnment of the crude, which contam nants woul d tend

to deactivate hydrotreatin [ ng catalysts
DMEEMWEMMm and (c) a

relatively high content of sulfur and nitrogen
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objectionable quantities of SO,, SOs, and NO upon combustion of the petroleum

residuum. Nitrogen compounds present in the resid also have a tendency to

deactivate catalytic cracking catalysts.

[0020] In an embodiment, resid feedstocks include, but are not limited to,
residues from the atmospheric and vacuum distillation of petroleum crudes or the
atmospheric or vacuum distillation of heavy oils, visbroken resids, coal liquids,
shale oil, tars from deasphalting units or combinations of these materials.
Atmospheric and vacuum topped heavy bitumens can also be employed. Typically,
such feedstocks are high-boiling hydrocarbonaceous materials having a nominal
initial boiling point of 538°C or higher, an API gravity of 20° or less, and a

Conradson Carbon Residue content of 0 to 40 weight percent.

[0021] Resid feeds are typically subjected to delayed coking. Generally, in
delayed coking, a residue fraction, such as a petroleum residuum feedstock is

pumped to a heater at a pressure of 50 to 550 psig (344.74 to 3792.12 kPa), where it



del ayed coking, a residue fraction, such as a
petrol eum resi duum feedstock is punped to a heater at
wa2@sasyur e of 50 to 550 psig (344.74 to 3792. PARURMAJ/N16713
where itis heated to a tenperature from 4800C to
5200C. It is then discharged into a coking zone,
typically a vertically-oriented, insulated coker drum
through an inlet at the base of the drum Pressure in
the drumis usually relatively |ow, such as 15 to 80
psig (103.42 to 551.58 kPa) go allow volatiles to be
renoved overhead. Typical operating tenperatures of
the drumw Il be between 4100C and 475C. The hot
feedstock thermal |y cracks overﬁflﬁeriod f.ti
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product.

[0022]  There are generally three different types of solid delayed coker products
that have different values, appearances and properties, i.e., needle coke, sponge
coke, and shot coke. Needle coke is the highest quality of the three varieties.
Needle coke, upon further thermal treatment, has high electrical conductivity (and a
Jow coefficient of thermal expansion) and is used in electric arc steel production. It
is relatively low in sulfur and metals and is frequently produced from some of the
higher quality coker feedstocks that include more aromatic feedstocks such as
slurry and decant oils from catalytic crackers and thermal cracking tars. Typically,
it is not formed by delayed coking of resid feeds.

[0023]  Sponge coke, a lower quality coke, is most often formed in refineries.

Low quality refinery coker feedstocks having significant amounts of asphaltenes,



hi gher quality coker feedstocks that include nore
aromati c feedstocks such as slurry and decant oils

WO e@siiextial ytic crackers and thernmal cracki ng PEr/F52005/016713
Typically, it is not fornmed by del ayed coking of resid
feeds. [0023] Sponge coke, a lower quality coke, is
nost often fornmed in refineries. Low quality refinery
coker feedstocks having significant anmounts of
asphal t enes, heteroatoms and nmetal s produce this |ower
quality coke. If the sulfur qand nmetals content is | ow
enough, sponge coke can be used for the manufacture of
el ectrodes for the alum numindustry. If the sulfur

and netals content is tog high, then.th k
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I'sre & to as "transition coke" and this refers to
agdofeiute hespevially inmdpiintuvg yvithespomga cokey into larger masses,

sometimes larger than a foot in diameter. This can cause refinery equipment and

processing problems. Shot coke is usually made from the lowest quality high resin-
asphaltene feeds and makes a good high sulfur fuel source, particularly for use in
cement kilns and steel manufacture. There is also another coke, which is referred
to as “transition coke” and this refers to a coke having a morphology between that
of sponge coke and shot coke or composed of a mixture of shot coke bonded to
sponge coke. For example, coke that has a mostly sponge-like physical
appearance, but with evidence of small shot spheres beginning to form as discrete

shapes.

[0025]  Substantially free-flowing shot coke can be produced in accordance with
the present invention by treating the residuum feedstock with one or more low
molecular weight aromatic additives. The additives are those that enhance the

production of shot coke during delayed coking. The resid feed is subjected to



of sponge coke and shot coke or conposed of a m xture
of shot coke bonded to sponge coke. For exanple, coke
WO b@ts/13$1 a nost |y sponge- | i ke physical appear BO/ES2008016713
wi th evidence of small shot spheres beginning to form
as discrete shapes. [0025] Substantially free-flow ng
shot coke can be produced in accordance with the
present invention by treating the residuum feedst ock
with one or nore | ow nol ecul ar wei ght aronmatic
additives. The additives argd.hose that enhance the
production of shot coke during del ayed coking. The
resid feed is subjected totreatnent with one or nore
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pm%ﬁﬁp}nfmhﬂygsﬁ@ﬂmgmcqlsel ected fromone and two ring
aronmdtic systens having fromone to four alkyl

substituents, which al kyl substituents contain one to .
[00263ht T nonmetlesrdar weight aedhstid additiveeof thefpasens anvagition are

sRGorT GRS 5o ¢ Efour o
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froRPbRE RRRIrRAFb G GRS Gndl e ipfe BN fRIRGAE 6 twbREfbon atoms.
that contain nitrogen, oxygen and sulfur in addition

The one ar mooreaimshoadr wegleom ofrél 23] oriatedonntlean By kamphuvelear
of | ow no] ecul ar wei ght_ aromati.c, additives include

arogaﬁcenﬂ@%s tsaﬁgaﬁarow_ e g@lg,s cREEYINE Y, poRAg hydrogen. By
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and sulfur in addition to carbon and hydrogen.

[0027] Non-limiting examples of low molecular weight aromatic additives
include benzene, toluene, xylenes, methyl naphthalenes, dimethylnaphthates,
indans, methyl indans, pyridine, methylpyridines, quinoline, and methylquinolines.
The additive is use in an effective amount. That is, an amount that results in the
desired amount of free-flowing coke. This amount will typically be from 10 wppm
to 30,000 wppm, preferably from 10 wppm to 5000 wppm, and more preferably
from 10 wppm to 50 wppm, based on the weight of the heavy oil feed.

[0028] It is within the scope of this invention that a second type of additive be
used in combination with the polymeric additive. This second type of additive will
be a metals-containing additive that can be used in liquid or solid form, with liquid
form being preferred. Non-limiting examples of metals-containing additives that
can be used in the practice of the present invention include metal hydroxides,

naphthenates and/or carboxylates, metal acetylacetonates, Lewis acids, a metal



The additive is use in an effective anmount. That is,
an amount that results in the desired anount of

wo e@sAii7om ng coke. This anpunt will typical | yPGBUS2005016713
10 wppmto 30,000 wopm preferably from 10 wopmto
5000 wopm and nore preferably from 10 wppmto 50
wppm based on the wei ght of the heavy oil feed.
[0028] It is within the scope of this invention that a
second type of additive be used in conbination with
the polyneric additive. This;second type of additive
wi Il be a netal s-containing additive that can be used
inliquid or solid form wth I|qU|d f orm bei ng

preferred. Nonllmtlng exanpl e f matals ont ai. n
sl wictl et el b05Ele Rlghysvele fia wetabeonfuning Solids

n é%ﬁgn nvera; i I ncI Qgefgﬁ’lgg I?P(&E@ﬂfqﬁé hydroxides are the
all@ti ﬁﬁﬁW@%ﬁg ar‘%ﬁw ﬁ’lo‘?@ fé‘feraﬁ ﬁét@bﬁiﬂn‘c arfiPsodigind! Salts that

acetate onat e, |gh S ace area

ardBdsid aeprefdridd1g sol i ds, inorganic oxides and salts of
oxi des. Preferred netals of the hydr oxi des are the
al kali and al kal i ne-earth et al nore prefera
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coke nor

co% r?ﬂ&_ and | ess sel f-supporting coke nnrphology
0030 h&” preci se conditions at which the resid

feedstock is treated with the additive is feed and

[0030]i t | Tk presésecremditionsaat which the restdhfiedstock intreafied gvith the
adqifie b s e dgParElont 100k, TH@ORBioT G UtE Katocd is
O Y8 B G L R 30 e o
oo REcHRACNH the a@dﬂﬁfetl!lééﬁl ahek€@Bnditions can be determined
conventionally. For example, several runs can be made with a particular feed
containing an additive at different times and temperatures by coking in a bench-
scale reactor such as a Microcarbon Residue Test Unit (MCRTU). The resulting
coke is then analyzed by use of optical cross- polarized light microscopy as set
forth herein. The preferred coke morphology (i.e., one that will produce
substantially free-flowing coke) is a coke microstructure of discrete micro-domains
having an average size of 0.5 to 10 um, preferably from 1 to 5 um, somewhat like
the mosaic shown in Figures 2, 3 and 5 hereof. Coke microstructure that represents
coke that is not free-flowing shot coke is shown in Figure 1 hereof, showing a coke
microstructure that is composed substantially of non-discrete, or substantially large

flow domains up to 60 um or greater in size, typically from 10 to 60 pm.

[0031] Conventional coke processing aids, including an antifoaming agent, can

be employed in the process of the present invention. While shot coke has been



contai ning an additive at different tinmes and
tenperatures by coking in a benchscal e reactor such as
wa@2Msaryear bon Residue Test Unit (MCRTU). The PEBUB10051016713
coke is then analyzed by use of optical cross-
pol ari zed |ight m croscopy as set forth herein. The
preferred coke norphology (i.e., one that will produce
substantially free-flow ng coke) is a coke
m crostructure of discrete mcro-donains having an
average size of 0.5 to 10 my_preferably from1l to 5
mm sonewhat |i ke the nosaic shown in Figures 2, 3 and
5 hereof. Coke mcrostructure that represents coke

that is not free-flow . ng shot.c
procmdedrtgmqmnumaignaﬂwéﬁgl 35 B Ié‘elial\ﬁm 4 19 ' Slﬁ;hg&l&é‘gree
conposed tanti
thatSumsramramooaia e dRRIR AR AL 60 m or
greater in size, typically from10 to 60 mm [0031]
[00 nv eg{a&?@ alboakfReR TGRS ?ké&nﬁhﬂ@n‘ubﬂ cthe desid feedstock is first
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forfnefiBa, aid preférably fio 2&jy.cle shayddbeinsed.ances there is 0
recycle and sonetines in special applications

[0033] Typically, additive(s) are conducted to the coking process in a
contimuous mode. If needed, the additive can be dissolved or slurried into an
appropriate transfer fluid, which will typically be solvent that is compatible with
the resid and in which the additive is substantially soluble. The fluid mixture or
sturry is then pumped into the coking process at a rate to achieve the desired
concentration of additives in the féed. The introduction point of the additive can
be, for example, at the discharge of the furnace feed charge pumps, or into the
coker transfer line. There can be a pair of mixing vessels operated in a fashion

such that there is continuous introduction of the additives into the coking process.

[0034]  The rate of additive introduction can be adjusted according to the nature
of the resid feed to the coker. Feeds that are on the threshold of producing shot



recycle up to 200% CFRs should be lowto aid in free
flowi ng shot coke formation, and preferably no recycle
wgeb@aht37be used. [0033] Typically, additive(s)PEr/@Es2005016713
conducted to the coking process in a continuous node.
I f needed, the additive can be dissolved or slurried
into an appropriate transfer fluid, which wll
typically be solvent that is conpatible with the resid
and in which the additive is substantially sol uble.
The fluid mxture or slurry ks then punped into the
coking process at a rate to achieve the desired
concentration of additives in the feed. The
I ntroduction point of the additive can,be, fo
cokexampresuitatlesshaddifive Hranghoss which ?liﬁrfgﬂ:b%r TR %Y%F‘%fe
punps, or into the coker transfer line. There can be a
th“ﬁhgﬁtof m Xi ng vessels operated in a fashion such that
there is continuous introduction of the additives into

[OO?Efr ggﬁ% ?Iggl‘?fv‘ég ﬁ?%gréa gﬁ%hlt-ﬂ? Qigsatve dfdigptabé inveesid feeds, the

n ca J usted accordi nig to the nature
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feed. Non-limting exanples of suitable slurry mediuns,
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feeds, she ndiitiye($)era duinsioned inBoBETMEIRE HER$E mixed with g, ol
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300°C), coker heavy gas oil, light cycle oil, heavy reformate, and mixtures thereof.

Cat slurry oil (CSO) may also be used also, though under some conditions it may
inhibit the additives' ability to produce loose shot coke. Energy may provided into
the vessel, e.g., through a mixer, for dispersing the additive into the fluid transfer

medium.

[0037]  The present invention will be better understood by reference to the

following non-limiting examples that are presented for illustrative purposes.



suitable fluid transfer nediuns include warmresid
(tenp between 15Q0C to 3000C), coker heavy gas oil,
wo e@htiiycl e oil, heavy reformate, and m xt ur eBCT/US2005/016713
thereof. Cat slurry oil (CSO may al so be used al so,
t hough under sone conditions it may inhibit the
additives' ability to produce | oose shot coke. Energy
may provided into the vessel, e.g., through a m xer,
for dispersing the additive into the fluid transfer
medi um [0037] The present Lﬁﬂention will be better
understood by reference to the followng non-limting
exanpl es that are presented for illustrative
pur poses. EXAMPLES EXAMPLE 1 [0038] In a first set of
experinents two nodel polynuclear aromatic (PNA)
ME&S 1 (PET) and 2 (PDI) that are known and
reported to form nmesophases at tenperatures in the

m&loooc to 450 OC were used to denonstrate that
ophase internediate is involved in the

[omg matinOnfied senbBOtpePRhentsesopieded pobkmiclchnaromalis (PNA)
peryl ene PNA conpounds are shown bel ow. |

0339% The
compyahds I[i(RET) ang QURDIPTIES ass knpwnsang repgiedito Torm mesophases

crystalline or nmesophase between 1400C to 3150C. PTE
at temspenatarescin the 7angend 1O} Cztorfi;%r& a2t uﬁﬁ(&"o %IPB%WJe that a

PN msabiseanRGHtE o el i Sodiof of Biisomopic

VAS n ' \ SHhids Ak € SIRSER BElovRr
me%$§ﬁ§sgsél%(¥é e dlﬁ{se @ﬁgmfé&%gﬁ?é@nﬁﬁer eofS rg}(% observed
an ani sotropi c coke norphol ogy of nedium sized donai ns
(10-25 mm wth isolated regi ons of nmesophase spheres
(1-6 mm indicating J\hat agPNA rresophase('r nt er nedi at e
is involved in the foruaidgn of anisq;rq\piq?1
coke. [ 0040] The crystalT{i ne¥e@dnpound PPl &xhibits a
liquid crystalline nmeso ,

070 /0 0" N0
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PTE PDI

[0039]  The crystalline compound PTE, exhibits a liquid crystalline or
mesophase between 140°C to 315°C. PTE was heated to 400 °C for 2 hours in a
Microcarbon Residue (MCR) unit. Coke residue (60.4 %) was obtained. A
photomicrograph of the coke residue as observed under a cross polarized light
microscopy for PTE residue is shown in Figure 1 hereof. We observed an
anisotropic coke morphology of medium sized domains (10-25 um) with isolated
regions of mesophase spheres (1-6 pm) indicating that a PNA mesophase

intermediate is involved in the formation of anisotropic coke.



bet ween 33C0C to 480 OC. PDI was heated to 400 OC for
2 hours in a MCR unit. Coke residue (98.2 % was
wobicaiingdt A phot om crograph of the coke resi deeT/aS2005/016713
observed under a polarized mcroscope for PDl is also
shown in Figure 2 hereof. W observed ani sotropic coke
mor phol ogy with thin anisotropic laths (0.5-1 nm
thick) indicating that a PNA mesophase intermediate is
involved in the formation of anisotropic mesophase
coke. EXAMPLE 2 [0041] In this set of experinents;
untreated sweet vacuum resi d, Sweet VIB, and tol uene
additi zed Sweet VIB (460 ppm vvere used. Additized
Sweet VTB was prepared b$ addi ng uene taq

004 5 b coiaiacosomnd il 1 B e By
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berem 3476 or L2 abh e beed S abhec ﬂg’?&f LR it
er T
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a pol arized m croscope

We Q)ngfafga%n%sro‘ﬁ@%ﬁ@ bokempeshategy with thanisotropicdaths (8.5-1 pm

her crograph of the coke re3|d
thicRpaRlivatha e alpamahmaphem intemexliapds B0 Ivedkingbp pppation of
run w no toluene additization is shown in Figure 4
anisotropdd meSopkasci eFi gures 3 and 4 we observe a nuch
enhanced ani sotropi c coke norphol ogy indicating that

E tEZ gaﬁggu.ded t ol uene enhances the formation of
pi ¢ coke. Based on out first set of
experinments on the nodel conpounds and the second set
[OOQ’F ex WEFHQ%QI? SF SipetiRgits; \ireated svieet vabaimtresidefweet VIB,

ers e nmesophase i nt er medi at e V\,hl ch results i
andheeneapidititeak Smbetbﬂ B{46hpam) e asedhs Agdtzed Sw eett\?'fB was
prepared by adding 20 mL of toluene to 10 g of resid and then evaporating the
toluene at 100 °C for 24 hours. GC analysis of the residue showed a 460 wppm of
residual toluene "bound” or "occluded” in the resid. This toluene-occluded resid
was heated to 400 °C for 2 hours in an MCR unit. Coke residue (24.4%) was
obtained. A photomicrograph of the coke residue as observed under a polarized
microscope obtained from this experiment is shown in Figure 3 hereof.
Photomicrograph of the coke residue as observed under a polarized microscope for
the control run with no toluene additization is shown in Figure 4 hereof. Comparing
Figures 3 and 4, we observe a much enhanced anisotropic coke morphology
indicating that the occluded toluene enhances the formation of anisotropic coke.
Based on out first set of experiments on the model compounds and the second set
of experiments on Sweet VTB we infer that toluene alters the mesophase

intermediate which results in the more rapid formation of anisotropic mesophase

coke.



coke. CLAIM5 : 1. A delayed coking process conprising:
(a) heating a petroleumresid in a first heating zone,
WO 008/113mper at ur e bel ow coki ng tenperat ures buPCT/OSH05/016713
tenperature wherein the resid is a punpable |iquid;
(b) conducting said heated resid to a second heating
zone wherein it is heated to coking tenperatures; (c)
conducting said heated resid from said second heating
zone to a coking zone wherein vapor products are
collected overhead and a coke.product is forned; and
(d) introducing into said ré?%d at | east one | ow
nol ecul ar weight aromatic additive that is effective
for the formation of substantially free-flow ng coke,
wherein said additive is introduced into said resid at
CQA@MSH upstream of the second heating zone, upstream
of said coking zone or both and wherein said additive
IS co r two hononucl ear or

. npri?l 0
-het erbAEEAYE ,co WF%S%(}O%@I%%%, ng fromone to four

al kyl substituents, which al kyl substituents contain

fr om fh taﬂng gfkttroqéﬁ(rﬁ%hlétiﬂ H¥irsZheafingelonketh £ dthpdrature

pr oc conp contacting a vacuumresid wth

an ef f eqdlo® calingengferaturdseng tio artemiperatums! wherear the residis a
wei ght aromatic additive at a tenperature from 700C to
3700C f grunapatilediquishfi ci ent to di sperse the agent
uniformy into the

(b) conducting said heated resid to a second heating zone wherein it is

heated to coking temperatures;

(¢) conducting said heated resid from said second heating zone to a coking

zone wherein vapor products are collected overhead and a coke

product is formed; and

(d) introducing into said resid at least one low molecular weight aromatic
additive that is effective for the formation of substantially free-flowing
coke, wherein said additive is introduced into said resid at a point
upstream of the second heating zone, upstream of said coking zone, or
both and wherein said additive is comprised of one or two
homonuclear or heteronuclear aromatic rings having from one to four
alkyl substituents, which alkyl substituents contain from one to eight

carbon atoms.
2. A delayed coking process comprising:

(a) contacting a vacuum resid with an effective amount of at least one low
molecular weight aromatic additive at a temperature from 70°C to
370°C for a time sufficient to disperse the agent uniformly into the

feed, which additive is comprised of one or two aromatic rings having



feed, which additive is conprised of one or two
aromati c rings havingfromone to four alkyl
waastiizzuent s, which al kyl substituents cont ai PCDOS2005016713
ei ght carbon atons. (b) heating the treated resid to a
tenperature effective for coking said feed; (c)
charging said heated treated resid to a coking zone at
a pressure from15 to 80 psig (103.42 to 551.58 kPa)
for a coking tine to forma bed of hot coke; and (d)
guenching at | east a portion fq the bed of hot coke
with water. 3. The process of ‘any preceding claim
wherein the al kyl substituents contain one to four
carbon atonms. 4. The process of any preceding c|aim

wher ei nfieen pas itel lonn alleddubsidents, Wheehiabkybgybstitgentypantain
process of e d|n claimwherein the additive is

sel ect ed® Bﬁgogl‘g'?\trﬁ ’Z’ 1Eillsuene, benzene, xyl enes,

met hyl napht hal enes, indans, nethyl indans, pyridine,

met hy ' j
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produced is substantially a shot coke. 7. The process

of angc)p chagdihngaid hebredwheatel resibioch ecldngizoae iat a pressure from
introduced into said vacuumresid at a point upstream

of the filpdp SRepsig hzbhto Shbad kdafera emngémtp form a bed of
heat i ng ég oth. 8. The process of any preceding

cl ai m whéf F?]keaﬁm ffective amount of a second additive

Is al so used, which second additive is a

met 8 paC aNbAdihe dr RACH 4 Wﬁ@%ﬁﬁ& Bedlorpdt Bkt ith water.

napht hehate, netfal acetylacetonate, a Lew saci

hi gh surface area netal -containing material, an

3i nor gghieprozésd@f aapgreceding claim wherein the alkyl substituents contain

one to four carbon atoms.

4. The process of any preceding claim wherein the residuum feedstock is
vacuum resid.
5. The process of any preceding claim wherein the additive is selected one or

more of toluene, benzene, xylenes, methyl naphthalenes, indans, methyl

indans, pyridine, methylpyridines, quinoline, and methylquinolines.

6. The process of any preceding claim wherein the coke produced is

substantially a shot coke.

7. The process of any preceding claim wherein said additive is introduced into
said vacuum resid at a point upstream of the first heating zone, upstream of

the second heating zone, or both.

8. The process of any preceding claim wherein an effective amount of a
second additive is also used, which second additive is a metals-containing

additive selected from metal naphthenate, metal acetylacetonate, a Lewis



salts of inorganic oxides. 9. The process of any

precedi ng claimwherein the second additive is a
woreaoalis37eont ai ni ng additive is one or nore LewG&T/a810d5/016713

sel ected fromof alum num chloride, zinc chloride,

iron chloride, titaniumtetrachloride and boron

trifluoride. 10. The process of any preceding claim

wherein the second additive is one or nore of KOH and

NaOH.
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acid, a high surface area metal-containing material, an inorganic oxide, and

salts of inorganic oxides.

9. The process of any preceding claim wherein the second additive is a
metals-containing additive is one or more Lewis acid selected from of
aluminum chloride, zinc chloride, iron chloride, titanium tetrachloride and

boron trifluoride.

10. The process of any preceding claim wherein the second additive is one or

more of KOH and NaOH.



