PRODUCTI ON AND REMOVAL OF FREE- FLON NG COKE FROM
DELAYED COKER DRUM FI ELD OF THE | NVENTI ON [ 0001] The

w@Er@sam706 nventi on relates to a nethod for proPULURD05/016834
and renovi ng coke whi ch has bul k norphol ogy such t hat
at least 30 volune percent is freeflow ng under the
force of gravity or hydrostatic forces froma del ayed
coker drum At the conpletion of the fill cycle, the
coker drum filled with hot coke, is cool ed by
steam ng and then flooding itywith water, thereby
produci ng a-coke/water m xture. The coke/water m xture
is released fromthe coke drumthrough one or nore
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of petroleumresidua (resi ds) to pr oduce gas, liquid
streans of various boiling ranges, and coke. Del ayed
coking of resids from heavy and heavy sour (high
FEUDOF THEANVENTIONarri ed out primarily as a neans
of disposing of these | ow value resids by converting
part of the resids to nore valuable |iquid and gaseous
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dture. Adelis coutplétion gbﬁhmf;ll peele.dhieicaker diunadilirshwith hot coke, is
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through one or more drum closure/discharge throttling systems near the bottom of

the coker drum.

BACKGROUND OF THE INVENTION

[0002] Delayed coking involves 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 és a means of disposing of these low value resids by
converting part of the resids to more valuable liquid and gaseous products, and
leaving a solid coke product residue. Although the resulting coke product 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), electrodes for aluminum manufacture

(anode grade coke), etc.



whi ch coking occurs, generally at tenperatures above
4000C under super at nospheric pressures. The heated

wo emsdwros f eed i n the coker drum generates vol BtT/182005/016834
conmponents that are renoved overhead and passed to a
fractionator, ultimately | eaving coke behind. Wen the
coker drumis full of coke, the heated feed is
switched to a "sister” drum and hydrocarbon vapors are
purged fromthe drumwith steam The drumis then
quenched by first flowi ng steam and then by filling it
wth water to | ower the tenperature to | ess than 100C
after which the water is drained. The draining is
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usually used in pairs so that they can be operated
alternately. That

[0004]  For example, a hole is typically bored from the top of the drum through
the center of the coke bed using water jet nozzles located on a boring tool.
Nozzles oriented horizontally on the head of a cutting tool then cut the coke from
the drum. The coke removal step adds considerably to the throughput time of the
overall process. Thus, it would be desirable to be able to produce a free-flowing
coke, in a coker drum, that would not require the expense and time associated with
conventional coke removal, particularly the need to drill-out the coke. It would
also be desirable to be able to safely remove such substantially free-flowing coke

at a controlled flow rate.

[0005]  One problem associated with removing free-flowing coke from a coke-
drum is controlling its removal from the drum. Coke drums are typically large

cylindrical vessels, commonly 19 to 30 feet in diameter and two to three times as



IS, one drumcan be on-line while coke is being
renoved fromthe other. The heads of a conventiona

W@ odos/1di706m must be renoved to renove the coke.pdhes2005/016834
process of renoving and replacing the renovable top
head and bottom head of the vessel cover is called
headi ng and unheadi ng or deheading. It is dangerous
work, with several risks associated with the
procedures. There have been fatalities and serious
injuries during such proceduses. Qperators face a
significant safety risk fromexposure to steam hot
water, fires and repetitive stress associated with the
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[0006]  Additionally, if loose coke is let out from the bottom of a coke drum.in a
rapid and uncontrolled fashion, significant problems can occur. For example, if
the flow is too rapid, and the drum top head and/or vent lines are not open, a
vacuum can be pulled on the coke drum, imploding the coke drum. Also, rapid
dumps of large drums of coke, e.g, dumping 1000 tons (1016.05 Mg) of coke plus
its interstitial water in less than 5 or 10 minutes, can cause significant structural

damage to chutes and coke receiving areas.

[0007] There are several conventional methods for removing the bottom head
of a coker drum out of the way of the falling coke. One method is to completely
remove the head from the vessel, perhaps carrying it away from the vessel on a
cart. Another method is to swing it out of the way, as on a hinge or pivot, while the

head is still coupled to the vessel as in U.S. Pat. No. 6,264,829, which is



automatic bolting systemthat nust be uncoupled with

every decoking cycle. [0008] Also, conventional bottom
whemd1rsemval systens require that the heated PEBUS2005/016834

enter the coke vessel fromthe bottomthrough the

center of the bottom head. Thus, in the typica

commerci al del ayed coker operation, before renoving

the vessel bottom head for decoking, the feed |ine

must first be di sconnected before the bottom head can

be renoved. Finally, in manyg4coker operations, a coke

chute nust be manually or hydraulically noved into
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[0009] Considering that there is exposure to personnel and/or equipment when
opening the feed line, and considering there is exposure to personnel and/or
equipment when opening the bottom head before the chute comes up and is
attached, and considering there may still be personnel exposure to steam/hot water
between the chute and bottom head after the chute is up, improvements in the coke
vessel bottom unheading system to allow safe removal of coke from the vessel is

highly desirable, particularly when the coke is a substantially free-flowing coke.

[0010] United States Patent Application No. 2003/0127314 A1, which is also
incorporated herein by reference, teaches a process and apparatus for removing
coke from a delayed coker vessel without unheading the vessel bottom. This is

accomplished by feeding the resid feedstock into the side of the bottom section of



the coker drum which aperture closure unit is used to
enpty the drum of coke. There is no discussion of coke
worpiophtd7egy, no suggestion that the coker can PONUSINS/016834
any quantity of free-flow ng coke or that it be in the
formof an aqueous slurry, or that the aperture
cl osure nenber can be throttled to allow the
control |l ed discharge of free-flowi ng coke in a safe
manner. [0011] Wiile there are various teachings in
the art for renoving coke frgm coker druns and for
vari ous drum hardware solutions, there still remains a
need in the art for inproved nethods- of nnre
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SUMMARY OF THE INVENTION

[0012] In accordance with the present invention there is provided a process for
producing and removing coke which has a bulk morphology such that at least 30
volume percent is substantially free-flowing from a delayed coker vessel, which
delayed coker vessel contains: i) a bottom portion defining an aperture through
which coke is discharged; ii) at least one inlet feed entry line positioned above said
aperture; and iii) a drum closure/discharge throttling system having a closure
member and being sealing attached to the bottom of the coker vessel and covering
said aperture; comprising;:
a) ensuring that the closure member of said drum closure/discharge
throttling system is in the closed position;
b) feeding a heated residuum feedstock to a coker vessel through one or
more feed lines, which feedstock is one that is capable of producing

coke that has a bulk morphology such that at least 30 volume percent



forces in the coke drum or one that will form
free-flow ng coke with use of a suitable additive,
waoinasnixtes ayed coki ng conditions; c) maintai ni PQI/UE®05/016834
coker vessel at del ayed coker conditions for an
effective anount of tinme thereby resulting in vapor
products and a bed of at |east 30 vol une percent of
substantially free-fl owi ng coke; d) renoving at | east
a portion of the vapor products overhead; e) quenching
said bed conprised of at |easg- 30 vol une percent of
substantially free-fl owm ng coke with steam and
renovi ng addi tional vapor products overhead; f)
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[0015] In another preferred enbodi nent, the coker

f eeds} ock quendiiieg said bed comenrisedeftapiedst 30 splmepercent of
netal s of the bl i1 reate%lthanZ

the API gﬁ'ébﬁt%f}}}%?g’dﬁém%‘élof‘ﬁg& Sk pesgam an gsl\ffl\lﬁg fhe Additional
P o RN s oo Sokereed 1 vacuum
boi | fng beityeRkiAINatRdntbBaRPEoker vessel to cool the bed comprised of
at least 30 volume percent substantially free-flowing coke;
2) throttling open said closure member in a controlled fashion to allow
a controlled discharge of coke from the coker vessel; and

h) collecting the coke discharged from the coker vessel.

[0013] In a preferred embodiment the enclosure member is a valve selected
from the group consisting of a ball valve, a slide valve, a knife valve, and a wedge

plug valve.

[0014] In another preferred embodiment the delayed coker vessel contains at

least 90 volume percent of substantially free-flowing coke.

[0015] In another preferred embodiment, the coker feedstock is blended so that
the total dispersed metals of the blend will be greater than 250 wppm and the API
gravity is less than 5.2



(482.22C to 5600C) as determ ned by Hi gh Tenperature
Sinmulated Distillation. [0017] In another preferred
wendpediitent , coker pressure, tenperature and SPEEDS2005/016834
addition are adjusted to increase the percentage of
free-fl ow ng coke in the coker drum [0018] In stil
anot her preferred enbodi nent an additive is introduced
into the feedstock either prior to heating or just
prior to it being introduced in the coker vessel,
whi ch additive is an organi cysoluble, organic
i nsol ubl e, or non-organi c m sci bl e netal s-contai ning
additive that is effective for the fornation of
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magnesi um and m xtures thereof. [0020] In another

preferred enbodi nent there are two feed entry |ines
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drisi f act ant s/ detergents . BRI EF DESCRI PTI ON OF THE
FI GURES [0022] Figure 1 hereof is a conceptual
representation of a coker vessel of the present
i nvention showing the positian of the({leed inje
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vex¥il WHich additive is an organic soluble, organic 1nsoluble, or non-organic

miscible metals-containing additive that is effective for the formation of

substantially free-flowing coke.

[0019] In yet another preferred embodiment of the present invention the metal
of the additive is selected from the group consisting, potassium, sodium, iron,
nickel, vanadium, tin, molybdenum, mang:cmese, aluminum, cobalt, calcium,

magnesium, and mixtures thereof.

[0020] In another preferred embodiment there are two feed entry lines

positioned opposite of each other.

[0021] In yet another preferred embodiment the additive is selected from
polymeric additives, low molecular weight aromatic compounds, and overbased

surfactants/detergents.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
[0024] Petroleumresidua ("resid") feedstocks are
waeosa7es f or del ayed coki ng. Such petrol eum recI/US®05/016834
are frequently obtained after renoval of distillates
from crude feedstocks under vacuum and are
characterized as being conprised of conponents of
| ar ge 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 woulgl inhibit the rate of
hydr ot reat i ng/ hydr ocracki ng and cause cat al yst
deactivation; (b) netal contam nants occurring
he
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= A Hee—H-c—eotR an nants woul d tend
to deactivate hydrotreating/ hydrocracking catal ysts
and interfere with catal yst regeneration; and (c) a
[0022t | VIElgMrehi Gbreofid £0bnedptisdl répresemnation dbf ageker vessel of the
conpounds that give rise to objectionable quantities
pofseSORYeSDR) showinghe @pemomfntg feeshinggctionsyplenm andthe drum
esi dyum Nitrogen conpounds present in the resid al so
C{P&U 9 SP%SEWQ%‘Bg%%ante catal yti c cracking
catal ysts. [0025] In an enbodi nent, resid feedstocks
i nclude, but are not limted to, residues fromthe
[WZBéSprlEirghfe 2RdreoRed miBtHEséhbodient of thePges@tdrvention showing
crudes or theatnospheric or vacuumdistillation of
alimalyola dischargelsystkmn resi ds, tars from deasphal ting
units or conbinations of these materials. Atnospheric
and vacuum t opped heavy bitunmens, coal |iquids and
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materials having a nomnal initial boiling point of
10000F (537.78C) or higher, an APl gravity of 20 or

14658, F0fecle SR B PR cRoDL RSP SI ff efhyl oling
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residue fraction, such as a petroleumresiduum
chededfeedsthcksupdamadutm aad are characterized as being comprised of

components of large molecular size and weight, generally containing: (a)
asphaltenes and other high molecular weight aromatic structures that would inhibit
the rate of hydrotreating/hydrocracking and cause catalyst deactivation; (b) metal
contaminants occurring naturally in the crude or resulting from prior treatment of
the crude, which contaminants would tend to deactivate
hydrotreating/hydrocracking catalysts and interfere with catalyst regeneration; and
(c) a relatively high content of sulfur and nitrogen compounds that give rise to
objectionable quantities of SO,, SO3, and NO, upon combustion of the petroleum
residuum. Nitrogen compounds present in the resid also have a tendency to

deactivate catalytic cracking catalysts.

[0025] In an embodiment, resid feedstocks include, but are not limited to,

residues from the atmospheric and vacuum distillation of petroleum crudes or the



heater, or coker furnace, at a pressure of 50 to 550
psig (344.74 to 3792.12 kPa), where it is heated to a
wo sioperadar e from 9000F (482.22C) to 9500F ( 51®OyS20031€16834
heated resid is then discharged into a coking zone,
typically a vertically-oriented, insulated coker drum
through at |east one feed line that is attached to the
coker drum near the bottom of the drum Conventiona
coker drunms require unheading the coke drum Since the
coker drum must contain a seyere atnosphere of
el evated tenperatures, the bottom cover of a
conventional coke drumis typically secured to the

coke drum by a pluralit bol t.s, ich oft b
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unheadi ng. This is because the coke is not in the form
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uncontrol | ably pour out of the drumas the bottom
cover is being renoved, thus creating a safety hazard

[0@26] opqhatedid feed ishebfekdd® delaed dokingldiéncrally tihalelayed
f ree- flow ng coke may rest on the bottom cover,
coing, iangsiimedrationysudhomsch petralbembesidgnmeipedstogkds pumped to a
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I scharge passed to Vvessel vialine 1

indtiia€ddl @Meedsura thRrGhi atll@ist sis feeih Ihenthiatls dtmchedrpy theembker
of one or nore feed entry lines into the vessel at a .
dmas hedrahe dottom ofidedirum. (Corsiensionnketkgr §aump retuirg wpeading

system 3. Feed inlet system 2 can nerel
theycoke drum. Since the coker drum must contain a seyerg%tr%osphere of

elevated temperatures, the bottom cover of a conventional coke drum is typically
secured to the coke drum by a plurality of bolts, which often must be loosened
manually. As a result, unheading is a labor intensive chore. A further drawback of
conventional unheading is that it is difficult to use when the coke drum is filled
with substantially free-flowing coke, particularly shot coke. Shot coke is unique in
that it will not always remain in the drum during and after unheading. This is
because the coke is not in the form of a self-supporting coke bed, as is sponge
coke, but instead is substantially free-flowing particles. As a result, such coke will
have a tendency to uncontrollably pour out of the drum as the bottom cover is
being removed, thus creating a safety hazard for operators on the coking unit. In
addition, the free-flowing coke may rest on the bottom cover, putting an enormous

load on the bottom cover and making its controlled removal difficult.



single feed entry Iine or a manifold with the
appropriate pipe entry lines wherein the feed is
waolcasdexto@nd fed through two or nore feed ent rpCct/Usmses/ 016834
It is preferred that there be two feed entry I|ines,
each positioned above the drum cl osure/di scharge
throttling system and each positioned 180 from each
ot her at the bottom of the vessel. Vessel 1 is also
provided with a port 4 at its top, which port contains
a renovabl e secured head 5. .jfae port allows for
sui tabl e hi ghpressure water jet equi pnent 6 to be
| owered into the vessel to aid in the renoval of the
bed of coke that fornms during del ayed coking. There is
al so provided a vapor exit line 7 to allow the renoval
ol af t . r
1083715 T b7 eRBBRRAEH, frh T R P Rt P Eokaryesse

coniprifg bR@sset 94 alvoJoamtiniks refersstltosasiad ediee ddersi, grat aentains a
along as it contains a closure nenber for closing off

batteen ppridndefintihg angipenitirenot skewn s thapughh whigltcelreimdisrharged.
bottom of, the vessel
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o SR PR 6 I LR ST BosiRoiabue e
drafPslbamieldibdharks afoftlinghspdemaeFedd inlet sysreheicad mdraly be a
the drum cl osure/discharge throttling systemneet one
singlerfeedemtty fine of althanifold with ther appropriateeipé entry lines wherein

mechani cal  design such fhat it Cagfpé@t hst an

nical d the
the degsbisativiided @pdited ghrongh fWROTMOIEHPES SRITE SWES- s preferred
opgrations wthout |.0sj ' bty er years
g FubaFo fted Bty LR, AReR Rtl0ed MY bkrfite V]
iddha %mr 8 byedrR, AitHle AR ForRIdEER0Rorh @268 other at
d?n g)@éént |Ir de{) aye% %%ker operations w thout |osing )
the ®aktongof theagsidly \assel Iy sariso provaget withanporTHat disgogrwhich
of the closure nenber (valve) sealing Isyst{sm be surhh
pamgentains a removable secured head 5. The port allows for suitable high-
pressure water jet equipment 6 to be lowered into the vessel to aid in the removal
of the bed of coke that forms during delayed coking. There is also provided a
vapor exit line 7 to allow the removal of volatile components that are produced

during the delayed coking process.

[0028] Drum closure/discharge throttling system 3 can be of any suitable design
as along as it contains a closure member for closing off the aperture through which
coke is discharged from the bottom of the vessel and as long as it can be throttled
at a desired and controlled rate to allow the closure member to be controlled
opened at a rate that will allow for the safe discharge of substantially free-flowing
coke. It is preferred that the drum closure/discharge throttling system meet one or

more of the following criteria:



the coke that is built-up on the process-side of the
cl osure nenber surface during the coking operation can
wheoshesaod y sheared of f during the val ve openipgr/uIiees/o16834
cl osure nenber conponents that are exposed to the coke
plus water m xture be sufficiently robust to resist
the erosive nature of the coke water m xture The
cl osure nmenber mechani sm be capabl e of controll ed
opening fromthe fully closed to fully open position.
Surfaces of construction matgrials that are exposed to
the feedstock or to the reaction products should be
resistant to such species as H2S, H2 and traces of HC

under specified tenperature, pressure, and
concenitrbg olohmeghyusal (g’ﬁtgnt ¥ rtg%te‘é cgt waihstanddhe ftepgrature

cuttin nd coaqlin r | o % :
[ 00207 xRt GuliFsFhd RS opR PR iR 8 b 3Ritine
can beixﬁ@?ri%’dxﬁe@%‘e@rs%ﬁ*dp%rﬁbﬁ em for such heavy duty
use. Non-Timting exanples include single-slide slide
val vestsanéethahical dekdgs fis slehvhhtviesan bathistand the state and
kni fe val ves, a wedggﬁ; Wit hi n-\/\ggge val ves, ram val ves,

and wedyeaipicpressire deadsGobopnbinadelayad eaker operaiiona Without
or automatically.. |f the system}s aut.omatically

oper at &FHGEFLINg 1H}qg|“%8vﬁ%6€eaf§?t8%er?h8? t he

contro r [ '

oot o 15T e SRR b1 SR B B fe Rlafink B &Eh P puch tha
W T stid dolRahhPiahgl-uptor the prbt@swidd ef theecleqitemember
vessel is |ocated, but not on the coker process unit

i t sel f suffhee dysngethecankibeoperationicen beyleamjy sheared off during

conventional nmeans. For exanple, any suitable one or
nore sésvlve QRCHIBE| ocat ed on the vessel to sense such

3,2 |82 f@@gﬁg rglaetmutgeer’co rpeosn%lrjl[sethatC é)riéeexlpce)\s/eeci toi t'ﬂetclaﬁe plus water
mixture be sufficiently robust to resist the erosive nature of the coke
water mixture

e The closure member mechanism be capable of controlled opening from
the fully closed to fully open position.

e Surfaces of construction materials that are exposed to the feedstock or to
the reaction products should be resistant to such species as H,S, H, and
traces of HC1 under specified temperature, pressure, and concentration

ranges; and to traces of chloride ion in cutting and cooling water under

specified conditions.

[0029]  The drum closure/discharge throttling system can be any suitable valve system
for such heavy duty use. Non-limiting examples include single-slide slide valves, a

dual-slide slide valves, ball valves, a knife valves, a wedge-within-wedge valves,

ram valves, and wedge plug valves.



di scharge rate. It is preferred that at |east one of
the sensors be an acoustic sensor, especially the
waeensoi37ohat senses the | evel of coke in the vesEEE2005/016834
When a predeterm ned threshold reading is obtained by
the one or nore sensors a signal, either wired or
wWreless, is sent to the controller equipnent to open
or close the closure nenber at a predeterm ned rate.
The nor phol ogy of the coke within the coke bed can
al so be a nmeasurenent for a_gensor since the degree of
| ooseness of a coke can be one of the factors in
deternmining the rate of opening of the closure nenber.
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the coking cycle. This valve is throttle controlled so
clbhat membe dtla predatetmined med. eThe mdrphobigy dfrtbcoke within the

coke drumat a controlled flowrate, It is preferred
cakisshedeanctlsmbe apeeasueament foF 8 AERI9E suigsdha degige|of looseness of a

coksathetnd hedtstetin dtdmiping Pedr @St ibeRd o i dsyre
mefiftlef &Y bArdtUider@ WA W TARudI R e dEb Fittel AfothARIGIKRm in

case of an emergency. The controller equipment can be any suitable equipment,

but will typically include a central processing unit and appropriate software.

[0031]  One such valve currently available that meets these criteria is a valve
manufactured by Zimmermann and Jansen Inc. and is described as a "double disc
through conduit gate valve". Such a valve system is disclosed in U.S. Patent Nos.
5,116,022. A single slide variant is disclosed 5,927,684. Also, U.S. Patent No.
6,843,889 teaches the use of a throttling blind gate valve for discharging coke from

a delayed coker. All three of these patents are incorporated herein by reference.

[0032] The closure member, which for purposes of this invention will also be

called a “valve” actuation and control mechanism must be reliable and have



wat er di scharge step. The valve is throttled at an
effective rate of opening, which effective rate that
wowdos/1ad7bow t he di scharge of coke at a rate of PGODUS2005/016834
tons/hr to 10000 tons/hr (50.8 My/hr to 10160. 47
My/ hr), preferred from 100 tons/hr to 5000 tons/hr
(101.6 My/hr to 5080.24 Mg/ hr), and nore preferred
from 200 tons/hr to 2000 tons/hr (203.21 My/hr to
2032.09 Mg/ hr). [0033] Figure 2 hereof is a
representation of an alternafj ve discharge throttling
system for renoving substantially free-fl ow ng coke
froma del ayed coker vessel. Figure 2 shows the bottom
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cofitrPUER sb tRATGRIwill be Yblelto hEletdedBe ok drdm @ie dBKEdtuh@Bt a
two such di scharge pipes can be used. Feed can be

confiotled floev ratat @t is préfeareddhatevatat nobe dsgtd Fomhihe substantially

t hough head 100 or through feed entry |ine positioned
fresrSowing aeke duit st dele draed 350 slpryyrkherthieitisng action 1s
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clewill typically be 15 to 80 psig (

effeztivh Fate@hkPajll allbwshevdischalge @fi coke at a lrate af S Obtens/hr to 10000
renoved over head. Conventional qperating tenperatures
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hydr ocar bon products, that continuously rise through
the coke mass and are collected overhead. The volatile |
[0083HucFegunce kernof isq rgprasketatipn of an@htgrmativerdischakggHyottling

sy%?e{gra gtlérts é%é\?\%,g g}y q?glgt@aﬁrggggh%w%g 8 ei Tom laid%{]aty%El coker vessel.
Figure 2 shows the bottom section of the vessel 1 containing a head 100 closing
off the aperture at the bottom of the vessel. Coke is removed via discharge pipes
200 which each contain a discharged throttling system 300 as described for Figure
1 hereof. It will be understood that more than two such discharge pipes can be
used. Feed can be introduced into such an alternative vessel either though head
100 or through feed entry line positioned above head 100 as described for Figure 1
hereof. Supplemental water jets can be added at strategic locations on lines 200 to

help clear out lines 200.

[0034]  Pressure in the drum during the on-oil portion of the cycle will typically
be 15 to 80 psig (103.42 to 551.58 kPa). This will allow volatiles to be removed
overhead. Conventional operating temperatures of the drum overhead will be

between 780°F to 850°F (415.56°C to 454.44°C), while the drum inlet will be up to



gases, gasoline, light gas oil, and heavy gas oi
fractions. In one enbodinent, a portion of one or nore
w@odoeni¥o@ct i onat or products, e.g., distill ateror/ubmasyi6s34
gas oil may be captured for recycle and conbined with
the fresh feed (coker feed conponent), thereby form ng
the coker heater or coker furnace charge. In addition
to the volatile products, delayed coking of the
present invention also forns solid coke which has bul k
nmor phol ogy such that at |eas{4-30 volune percent is
free flow ng under the force of gravity or hydrostatic
forces. [0035] At the conpleting of the on-oil cycle,
njected intq the coker drum.t
aﬁy
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t he bottom porti ongof t he coker vessel is designed and
fabricated to be directly sealed to the drum

[03:38]3 ﬁg%tg@ggmﬁghég t lolélgq%éﬁyéte? s ear\rl\lfqée EC}(/epa}galil}p injected into the
coker drum to enhance the stripping of vapor products overhead. During steam
stripping, steam is flowed upwardly through the bed of coke in the coker drum and
recovered overhead through a vapor exit line 7. After the vapor products are
removed, the drum is cooled before the coke can be removed. Cooling is typically
accomplished by flowing quench water upwardly through the bed of coke, thus
flooding the coke drum. In conventional delayed coking the quench water is then
drained through the inlet line, the drum deheaded, and coke removed after drilling
with high pressure water jets. In the practice of the present invention water is
either drained from the coker vessel prior to the discharge of coke or concurrent
with the discharge of the substantially free-flowing coke as a slurry. If water is
drained before discharging the coke, the closure member is opened just enough to
allow water to drain from the vessel, but not so much that will allow a substantial

amount of free-flowing coke to be discharged.



useful for retrofitting existing coker vessels, a
bottomtransition piece, herein termed a spool, is

wo mioenpoeed bet ween the vessel bottom and the RUTIUS$2005/016834
cl osure/ discharge throttling system and
pressure-tightly sealed to both. In either of these
two enbodi nents, a preferred feature is that the drum
cl osure/ di scharge throttling systemis
pressnre-tightly sealed to either (a) the coker vesse
or (b) the spool piece. Prefgyably the pressure-tight
seals will withstand pressures within the range of 100
psi (689.48 kPa) to 200 psi (1378.95 kPa), preferably
within the range of 125 psi (861.84 kPa) to 175 psi
(1206. 58 kPa), and nost preferably between 130 psi
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embodiment (b) the spool preferably has a side aperture and flanged conduit to

which the hydrocarbon feed line, or lines, is attached and sealed.

[0037] The present invention substantially reduces or eliminates the dangerous
and time consuming procedure of heading and unheading delayed coker vessels,
thus rendering the decoking procedure safer for personnel to perform by insulating
them from exposure to tons of hot, falling coke, high pressure steam, scalding
water, mobile heavy equipment and other extreme hazards. Among other factors,
the present invention is based on the conception and finding that substantially free-
flowing coke, in a aqueous slurry, is safely and efficiently removed from a delayed
coker vessel by the closed system process described herein, which includes side

entry for the feed to the vessel and a pressure-tight seal between a closure housing



renote operation of a closure nenber, such as a valve,
| ocated at the bottom of the coker vessel rather than
wanshiizog and renovi ng or sw ngi ng away a " heedi/us®o/ou6834
the prior art. One aspect of enabling the process of
the present invention is introducing the heated
hydr ocarbon feed to the coker vessel at a | ocation
above and lateral to the coker vessel bottom and the
drum cl osure/di scharge throttling system in
conbi nation with the above pgptioned pressure-tight
seals. [0038] A preferred enbodi nent of the present
invention is additionally based on our finding that
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cooling purposes. The water is drained from the coker drum in conventional

delayed coking before coke removal. The present invention is contrary to
conventional wisdom in that the quench water is allowed to remain in the coker
drum after cooling to temperatures less than 200°F (93.33°C), preferably to less
than 150°F (65.56°C), and allowed to form a slurry with the substantially free-
flowing coke. By skipping the traditional drain step, and discharging a coke water
fluid, significant savings in cycle time may be achieved. This translates to higher

potential unit throughput, depending upon other unit bottlenecks.

[0039] 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.



a low coefficient of thermal expansion) and is used in
el ectric arc steel production. It is relatively lowin
wenlobur37end netals and is frequently produced PCDUSDON® 6834

of the higher quality coker feedstocks that include
nore aromati c feedstocks such as slurry and decant
oils fromcatalytic crackers and thernmal cracking
tars. Typically, it is not fornmed by del ayed coki ng of
resid feeds. [0040] Sponge coke, a | ower quality coke,
is nmost often forned in refiperies. Low quality
refinery coker feedstocks having significant anounts
of asphal tenes, heteroatons and netal s produce this

| ower quality coke. If the sulfyr and netals, content .
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romits porous, spongelike appearance. Conventi onal
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As di scussed, this considerably conplicates the
process by increasing the cycle tinme. [0041] There is
[0040P agpbhge coleka,lowkt qhality cokkeismadsttaftensfotmedris ir¢fimearies.
coke" and refers to a coke having a nor hology bet ween
hwesns
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cddB ainrecuded/abduelndhemansy 'Sppngh cokel Grmesofromatepgrpus, sponge-

_balls. Shot coke, .like tlhe ot her t}/opes of COK?h ha? a
likepRRagEINCEE Conventiona delayed coking processes, using the preferred
vacuum resid feedstock of the present invention, will typically produce sponge
coke, which is produced as an agglomerated mass that needs an extensive removal

process including drilling and water-jet technology. As discussed, this

considerably complicates the process by increasing the cycle time.

[0041]  There is also another coke, which is referred to as “transition coke” and
refers to a coke having a morphology between that of sponge coke and shot coke
or composed of 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.

[0042]  Shot coke is considered the lowest quality coke. The term “shot coke™
comes from its shape that is similar to that of BB sized [1/16 inch to 3/8 inch (.16



aggl onerate, especially in adnm xture with sponge coke,
into |larger nasses, sonetines |arger than a foot in
waolc@seizoe This can cause refinery equi pnent apdr/us2005/016834

processi ng probl enms. Shot coke is usually made from
the | owest quality high resin-asphaltene feeds and
makes a good high sul fur fuel source, particularly for
use in cenent kilns and steel manufacture. There is

al so anot her coke, which is referred to as "transition
coke" and refers to a coke bgying a norphol ogy between
t hat of sponge coke and shot coke or conposed of

m xture of shot coke bonded to sponge coke. For
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S}{agggrstltl al water in a coker drum can be drained in
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that has a propensjty f f k
[00d43Ls A s}gtab Sﬁglhn])é@p 32111 Q%élrsne&gg)pggﬁn 88kee fha% Hgsh a bulk

morphology such that at least 30 volume percent of substantially free-flowing
under gravity of hydrostatic forces. Preferred is at least 60 volume percent, more
preferred is at least 90 volume percent, most preferred is at least 95 volume
percent, particularly substantially all free-flowing coke. When on 60 volume
percent or less of free-flowing coke is present, particularly when only 30 volume
percent of free-flowing coke is present, it is preferred that the free-flowing coke be
at the lower section of the coker drum so that it can be discharged as a slurry with
water before the other coke (sponge) is drilled from the drum. The term “free-
flowing” as used herein means that 500 tons (508.02 Mg) of coke plus its
interstitial water in a coker drum can be drained in less than 30 minutes through a
60-inch (152.4 cm) diameter opening. One technique is to choose a resid that has
a propensity for forming shot coke, such feeds include Maya, Cold Lake. Another
technique is to take a deeper cut of resid off of the vacuum pipestill. To make a

resid that contains less than 10wt.% material boiling between 900°F (482.22°C)



technique is to take a deeper cut of resid off of the
vacuum pi pestill. To nake a resid that contains |ess
wo bas/1i0vd . % material boiling between 9000F  PCT/US2005/016834
(482.220C) and 10400F (5600C) as determ ned by High
Tenperature Sinulated Distillation. Another preferred
nmet hod for obtaining substantially free-fl ow ng shot
coke is the use a suitable additive. In an enbodi nment,
the additive is an organic soluble netal, such as a
metal hydroxi de, acetate, cardqionate, cresyl ate,
napht henat e or acetyl acetonate, including m xtures
thereof. Preferred netals are potassium sodium iron,

ani) (ERE YO0 T ap ks By HRE R EEioG e FralpigA distillation
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[0044] In another enbodi ment, the, netal s-contajnin .
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niEFélf PRS2 irBR! §dignS ahd flikARed thERhSiabira By skent in certain
alum na, cafalytic cracker fines, FLEXI COKER cycl one

refidrar] resrigitactionn (s 8l, tettain feed streams)ul Flat egntacting of the additive

di at onraceous earth, cl aybgl, rra%gesi msjilicate, .. ..
angthg deedreabhe arenmplished byshlendiagantecd ifiagtiomgentaining additive
addi ti ves

SpeSA é]nc cgfr{g&%%f 955‘(?(3153&%@1%{%%@ogcﬁngéin:sgclggﬁdagﬁghﬁhn@e feed.
resid coker feedstock.

[0044]  In another embodiment, the metals-containing additive is a finely

ground solid with a high surface area, a natural material of high surface area, or a

fine particle/seed producing additive. Such high surface area materials include

fumed silica and alumina, catalytic cracker fines, FLEXICOKER cyclone fines,

magnesium sulfate, calcium sulfate, diatomaceous earth, clays, magnesium

silicate, vanadium-containing fly ash and the like. The additives may be used

either alone or in combination.

[0045]  Preferably, a caustic species is added to the resid coker feedstock.
When used, the caustic species may be added before, during, or after heating in the

coker furnace. Addition of caustic will reduce the Total Acid Number (TAN) of



When used, the caustic species may be added before,
during, or after heating in the coker furnace.
wadmsmioes of caustic will reduce the Total AcirCc™MUsSIDe3/016834
(TAN) ofthe resid coker feedstock and al so convert
napht heni ¢ acids to netal naphthanates, e.g., sodium
napht henate. [0046] Uniform di spersal of the additive
into the vacuumresid feed is desirable to avoid
het er ogeneous areas of shot coke formation. Di spersing
of the additive is acconplispird by any nunber of ways,
for exanple, by solubilization of the additive into
the vacuumresid, or by reducing the viscosity of the
vacuymresid. prior to, mxing.in e addi.tive .
thi ged Rgketsrdne Bt Aispiony i adahhEn Besrisidttine it Raphtitnates,
e%g%]&iﬁm %Eﬁhth@h% energy m xing or use of static
‘Y Xi ng devices nmay be enployed to assist in dispersal
of the additive agent. [0047] Metal s-free additives
can al so be used in the practice of the present . _
[0046ENt Uonfarm disperisal of thaladdiiveiiata thefviageum rggidniged ikdesirable
during del ayed cokin Nonl | m_ti ng. ex | es .of C
torvoid Beterosenge 1epsal slhedicoks fomRtintis dOISHOTSIAE pf theaddative is
of th S I nuent | j.n L+ syl f
oRpgiSuR B0k S My i B G R pof of the
ad’liEPe Ao S Padtiint Fosi® W dySredGEih th@$RcoditywuNthec®RbEm resid
ground auto tires. Additionally, inorganic oxides such
pracr thunixing in theaadalitivegleugy braheatthgs ablvenbaddisiodesse afuch
as anmmonium silicate may be used as additives. .#.004 :
OrgrROIBALALIC ABWUS,ictanHig RRGTEHMISHIE OF Hest Off SR IUR Mg fFvices
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oil -soluble or oil-dispersible basic salts of alkali

and al kaline earth metals with one or nore of the
[00417] owiMigtalcirel additibes emcelso perusad Xi thegsrattier ebthe: prédent
~sulfonic acids, (2) carboxylic acids, (3) salicylic.
inyentden tq abtay  yubsianitally fregsflowimg ceke deriag Fé?lap{ﬁé eking. Non-

liél%goéga%%l%s %tt] %?é?efl]lcs)f tee fld:cflit%esctﬂg{ SR Ls?e%dinqyle %traétfscgsotf the
present invention include elemental sulfur, high surface area substantially metals-
free solids, such as rice hulls, sugars, cellulose, ground coals ground auto tires.
Additionally, inorganic oxides such as fumed silica and alumina and salts of

oxides, such as ammonium silicate may be used as additives.

[0048] Overbased alkali and alkaline earth metal-containing detergents are
employed as the additive of the present invention. These detergents are
exemplified by oil-soluble or oil-dispersible basic salts of alkali and alkaline earth
metals with one or more of the following acidic substances (or mixtures thereof):
(1) sulfonic acids, (2) carboxylic acids, (3) salicylic acids, (4) alkylphencls, (5)
sulfurized alkylphenols, (6) organic phosphorus acids characterized by at least one
direct carbon-to-phosphorus linkage. Such organic phosphorus acids include those

prepared by the treatment of an olefin polymer (e.g., polyisobutene having a



di rect carbon-to-phosphorus |inkage. Such organic
phosphorus aci ds include those prepared by the

wo e@atimeod of an ol efin polymer (e.g., polyisobut/esmos/016834
havi ng anol ecul ar wei ght of 1000) with a phosphori zi ng
agent such as phosphorus trichloride, phosphorus
hept asul fi de, phosphorus pentasulf de, phosphorus
trichloride and sul fur, white phosphorus and a sul fur
hal i de, or phosphorothioic chloride. The nost commonly
used salts of such acids areyf.hose of cal ci um and
magnesi um The salts for use 1 n this enbodi nent are
preferably basic salts having a TBN of at |east 50,
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under docket nunber GIH 0535 (P2003J049), which is

chibsde.i Tirampstr atrenionkyr esed sajts of kecleacids afadihes: obralerum and
suitabl e additives useful for encouragi

in he . )
magResimohhe salsuiesusain H1p grpodEnentaRe ﬁéefgbﬁi’é)’ basic galts having

ri.c itives,and | o I I | ' .
o BB e G AL bREORRY oS BT 85 By ApOTR D g i
cdtindthof; NS ideerfin PRy iRke Qith ABTIN TXPBOEIRA. €DPerbased
pol'yoxyet hyl'ene - pol yoxypropyl ene copol yner, ethyl ene
aldalaahd alkatine scadthkazyl anrdactahts ahotisofospdiry 8 xygiamgirenapplication
al cohol , et h{ll ene diamne tetra al kox%I at ed al

cohol of |
filsdIopogyiseathy heisavit erslesidocketiuraber @IHMAe P2PPAI049), which is
al koxyl at al cohol of pol yoxypropyl ene
als%wcf%w&fq%}?eéﬁ‘é‘%&fEeg?fgﬁge'and m xtures thereof. The
polyneric additive will preferably have a nol ecul ar

wei ght range of 1000 to 30,000, nore preferably 1000
[0049]1L0, QRfer Slitdblagditivyessedilefodieacduragihg the dormation of

co-pending application filed concurrently herewith
substiatially dicst lowingeeokalinc ez ol ypeng addisives and dowimolecular
Wieﬂg fa o%ezettlcegorrr}gcr)grilc?s. bf(her S(f)l()e/{neerr]ﬁ:eddditive is selected from the group
consisting of polyoxyethylene, polyoxypropylene, polyoxyethylene -
polyoxypropylene copolymer, ethylene diamine tetra alkoxylated alcohol of
polyoxyethylene alcohol, ethylene diamine tetra alkoxylated alcohol of
polyoxypropylene alcohol, ethylene diamine tetra alkoxylated alcohol of
polyoxypropylene -polyoxyethylene alcohols and mixtures thereof. The polymeric
additive will preferably have a molecular weight range of 1000 to 30,000, more
preferably 1000 to 10,000. Such additives are disclosed in a co-pending
application filed concurrently herewith under docket number GJH-0528

(P2003J049), which is incorporated herein by reference.

[0050] 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



[ 0050] The | ow nol ecul ar wei ght additive is sel ected
fromone and two ring aromati c systens having from one
wo o0050w70@l kyl substituents, which al kyl substPeTEs1085/016834
contain one to eight carbon atons, preferably from one
to four carbonatons, and nore preferably fromone to

two carbon atons. The one or nore rings can be
hononucl ear or heteronucl ear. By honobnucl ear aronatic
rings is neant aromatic rings containing only carbon
and hydrogen. By heteronuclegr aromatic ring is nmeant
aromatic rings that contain nitrogen, oxygen and

sul fur in addition to carbon and hydrogen. Such | ow

nol ecu] ar wei %ht dgitives are disclosed in a .
ateBpHsl MgrapisiFiahbi BATY P16l CEAIPPRALITS HLREQAE fr more rings

under d i iS:
R e T e
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use of coke chute bolted and pressure-tightly seal ed.
ringisttheartaromatiofingh ¢hatlcostaie nitoegsing gxy Jereanthsuléyr wtadeition to
referably remains attached, w thout noval thrqughput
ca?l@(g;egmq hy%rog@m W}H@%m%uwc\yggﬁt g(i(gpgpgaq 1saoge 1n a co-
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pressuré-tightly sealed to the bottom of the closure

housing and flows directly to a coke + water hol ding

tank or bin. Using this s_ysterr}_ t he coke drum queﬂ‘%:h
[089¢] e tinasheraesaredeamoedimest aT Hisi RIESH R eentod ithe Hicof 2

as . coo o bar el el th 1] [ f -
58l b Shite R AR b BBBRL g housing
| by PORRIR dttichB wiRRk kétovaitRfoughout

Tlgéééllﬁj%tlg,gwhgb‘;ﬁ rt%f;ﬁggb glrace. Thi's has 1t he effect of 8
repafitivatoyingalookingny cidgassisteircdiotdting ddkeerefroyedtfhem the

coke drumcycle tine, and allows shortening of the
cakek ivasset yach eekCremengng anea. A process for produci ng and

renovi ng coke whi ch has a bul k nor phol ogy
[0052] In another preferred embodiment, a fluid-flow containing conduit is
pressure-tightly sealed to the bottom of the closure housing and flows directly to a
coke + water holding tank or bin. Using this system, the coke drum quench cycle
time can be reduced to a point where the mixture has cooled to barely below the
boiling point of water, and the hot coke plus water mixture is flowed to the holding
tank or bin where further cooling water addition can take place. This has the effect
of partially decoupling the coke cooling time from the coke drum cycle time, and

allows shortening of the coking cycles.



such that at |east 30 volunme percent is substantially
free-flow ng froma del ayed coker vessel, which
waledoayextocoker vessel contains: i) a bottom poreT/U82005/016834
defining an aperture through which coke is discharged,
ii) at least one inlet feed entry |line positioned
above said aperture; and iii) a drum cl osure/discharge
throttling system having a cl osure nenber and bei ng
sealing attached to the bottom of the coker vessel and
covering said aperture; conmpsising: a) ensuring that
the cl osure nenber of said drum cl osure/discharge
throttling systemis in the closed position; b)
feeding a heated resi duum feedstock to a coker vesse
t hrough one or nore feed lines, which feedstock is one
£§§§§#§f capabl e of producing coke that has a bul k
‘ogy such that at |east 30 volune percent is
substantially free-fl owi ng under the force of gravity
or hydrostatic forces in the coke drum or one that
1.wi | | Afppocass fereprodavinggndalemoniin g colsewhbichshasud bualld reorphology
addi tive, under del ayed coking cangditions; ¢)
sughithataat heasy 30 e lwpk peragat seubsangal )é;f@e-fi@mg from a delayed

onditions for an effective amunt of t] .
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P
removing at | east a portion of the vapor products
psvgsiegiadbove safilgreeturegarskiiigl atirdmcdopureslischatgathrohsg system
30 vol une percent of substantially free-flow ng goke
haning asiasane membes odibein ssrmlingeHarhehisothe hogigge pkthe coker
over head; t% i ntyoduci ng water. i nto said coker vesse
vgsge CQVRENE SA LR GePTRIULE] east 30 vol ume
per cnt - SYRSLABY > fleRWMeR 9 SRR EIRE@erdibete
open saidggﬁggg&gﬁ#gﬁgg%ﬁﬁ% gﬂg%n?rgﬁleégfashion fo 1ee
al low throttling system is in the closed position;

b) feeding a heated residuum feedstock to a coker vessel through one or
more feed lines, which feedstock is one that is capable of producing
coke that has a bulk morphology such that at least 30 volume percent
is substantially free-flowing under the force of gravity or hydrostatic
forces in the coke drum, or one that will form free-flowing coke with
use of a suitable additive, under delayed coking conditions;

C) maintaining the coker vessel at delayed coker conditions for an
effective amount of time thereby resulting in vapor products and a
bed of at least 30 volume percent of substantially free-flowing coke;

d) removing at least a portion of the vapor products overhead,;

e) quenching said bed comprised of at least 30 volume percent of
substantially free-flowing coke with steam and removing additional
vapor products overhead;

f) introducing water into said coker vessel to cool the bed comprised of

at least 30 volume percent substantially free-flowing coke;



a controlled discharge of coke and water fromthe
coker vessel; and h) collecting the coke discharged -
wo eosnidtes coker vessel. 2. The process of cl ai Pa1/US2005/016834
wherein the feedstock is fed into the vessel at | east
two | ocations at the | ower section of the coker
vessel, but above the aperture where coke is
di scharged. 3. The process of any preceding claim
wherein the closure nenber is a valve selected from
the group consisting of a sipgle-slide slide valve, a
dual -slide slide valve, ball valve, a knife valve, a
wedge-w t hi n-wedge valve a ramval ve, and a wedge
pl ug wval v The s of a recedi cl ai
Cher®l n tHEoHingorbE SR EomaR é?efhﬁappﬁﬁﬂ 8 Eiagfo attow
IS a doub% Eoftt Akt d'ﬁE% gé QFCM@X 'THL th<,5 oKdt&essel; and
erein

process oOr any prece alm e va ve has

at lpast @lRcghgaie pokeddisceaped fiom fHeccdkepoessel.of any
precedi ng cl ai mwherein the drum cl osure/di scharge

throttling systen1|s actuated by a
hydr ul i cal | ste
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um ¢l ostre/di schar gé ing system |

cokétioMpdcadrgd. The process of any preceding claim
wherein the drum cl osure/di scharge throttling valve is

controll ed by one or nore input signals fromthe coker
drum that activate a signal in response to
term ned oi nts for. on

3. e bhapineass pf s bieetdig inovhetia B oRucRheRpetis valve
seg(?clfgdﬁj erel%%yh%ﬁﬁsm?n%gp g{g?‘?gﬁﬁe of @‘Oé’lvgre?gﬁ '-ﬂ&le slide

alm e openli 0Ssl1 ng OI‘CGS 0]

valis rBa:H f‘ﬁ% ea{tmlwbaﬂwsea wéagéiwltmﬁ »se/@geemm & maasauwedand a
In relatl on (e}

wedge plug valve.

4. The process of any preceding claim wherein the drum closure/discharge

throttling system is a double block and purge valve assembly.

5. The process of any preceding claim wherein the valve has at least one steam

purge means.

6. The process of any preceding claim wherein the drum closure/diséharge
throttling system is actuated by a hydraulically-powered system, by an electrically-

powered system, or by a manually powered system.

7. The process of claim 1 wherein the control of the drum closure/discharge

throttling system is automated.



percent closure of closure nmenber. 10. The process of
any precedi ng claimwherein the coker feedstock is
whb@sdextoco t hat the total dispersed netals cortBOE2008/016834
the blend will be greater than 250 wppm and the API
gravity will be less than 5.24. 11. The process of any
precedi ng clai mwherein the coker feed is a vacuum
resid that contains |ess than 10 wt. % material boiling
bet ween 9000F (482.22C) and 1040F (5600C ) as
determ ned by HTSD (H gh-tenpgrature Sinulated
Distillation). 12. The process of any preceding claim
wherein an additive is used to aid in the formation of
coke,compri sed.of at |east .30 val une percent . of .
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al kal i ne-earth surfactant additives, polyneric
teaoperaturesprassire dev etodfeolean theedigin, aadaekeidischarge rate.
addi tives. 14. The process of any preceding claim
wherein the additives is an organi c sol uble, organic
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any preceding claimwherein the netal of the additive
pexesttlested ffalosure meemberup consi sting of sodi um
potassium iron, nickel, vanadium tin, nolybdenum
manganese, al um num cobalt, cal cium mgnesium and
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consi sting of: sul fonic
wppm and the API gravity will be less than 5.24.

11.  The process of any preceding claim wherein the coker feed is a vacuum
resid that contains less than 10 wt.% material boiling between 900°F (482.22°C)
and 1040°F (560°C ) as determined by HTSD (High-temperature Simulated
Distillation).

12.  The process of any preceding claim wherein an additive is used to aid in the
formation of coke comprised of at least 30 volume percent of substantially free-

flowing coke.

13.  The process of any preceding claim wherein the additive is selected from
the group consisting of metals-containing additives, non-metals containing
additives, overbased alkali and alkaline-earth surfactant additives, polymeric

additives and low molecular weight aromatic additives.



acids, (ii) carboxylic acids, (iii) salicylic acids,
(iv) alkyl phenols, (v) sulfurized al kyl phenols, and

W@ 2005/1037g@ni ¢ phosphorus aci ds characteri zed bRCEUS2005/016834
| east one direct carbon-to-phosphorus |inkage. 17. The
coke produced in the process of any preceding claim
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14.  The process of any preceding claim wherein the additives is an organic
soluble, organic insoluble, or non-organic miscible metals-containing additive that

is effective for the formation of substantially free-flowing coke.

15.  The process of any preceding claim wherein the metal of the additive is
selected from the group consisting of sodium, potassium, iron, nickel, vanadium,
tin, molybdenum, manganese, aluminum, cobalt, calcium, magnesium, and

mixtures thereof.

16.  The process of any preceding claim wherein the additive is an overbased
alkali or alkaline-earth surfactant selected from the group consisting of: (i) sulfonic
acids, (ii) carboxylic acids, (iii) salicylic acids, (iv) alkylphenols, (v) sulfurized
alkylphenols, and (vi) organic phosphorus acids characterized by at least one direct

carbon-to-phosphorus linkage.

17.  The coke produced in the process of any preceding claim.



