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FREE- FLON NG COKE FROM A DEEPER CUT OF VACUUM RESI D I N DELAYED COKI NG

FI ELD OF THE | NVENTI ON [ 0001] The invention relates to a nodified vacuum
distillati g R dedayed coking process for making substgatih&ohdforsros
free-flow ng coke, preferably free-flowing shot coke. A vacuumresid
feedstock is used which contains less than 10 wt.% material boiling between
900F and 1040F (482.22C to 560C) as determ ned by HISD (H gh-tenperature
Sinul ated Distillation). The use of sucq a high boiling resid favors the
formati on of shot coke. Use of distillatte recycle in the feed reduces coker
furnace fouling potential of the heavier feedstock. DESCRI PTI ON OF RELATED
ART [0002] Del ayed coking invol ves thernmal deconposition of

hydr ocar bonac®dllE PRO®BISCTION OFSUBSTANN G DY FREEHRI©@WVING COXKEdJs) and

deasphal t er ONEA DEE EPCWT@'FW&Q}UM %Sﬁf’lNﬁ?g&ﬂE‘ﬁU@lﬁN@i ling
ranges, and : gh

sulfur) crude oils is carried out primarily as a neans of disposing of
t hese | ow mm&wﬂ“ ng part of the HFs to nore val uable
i qui d and =g&s=p« : ] + the del ayed coking process, a resid
feedstock is rapidly heated in a fired heater or tubular furnace at from

480C to 520C and pressures of 50 to 550 psig (344.74 to 3792.12 kPa). The
heat ed feed80&tik i Thenmayentwagelntesdon m@ﬂlfg@ varuwm dissidlation madrdedayedd at

condi tions upder which_ coking occurs, .geperal]ly at _te r res ove 800F
(4250) . 1y SPRIE PROSERSoEMAaBE Y S tatd( BobHaning coke, preterably free-Howing
shot coke. A vacuum resid feedstock is used which contains less than 10 wt.%
material boiling between 900°F and 1040°F (482.22°C to 560°C) as determined by
HTSD (High-temperature Simulated Distillation). The use of such a high boiling

(

resid favors the formation of shot coke. Use of distillate recycle in the feed reduces

coker furnace fouling potential of the heavier feedstock.

DESCRIPTION OF RELATED ART

[0002] Delayed coking involves thermal decomposition of hydrocarbonaceous
feedstocks (HFs) including petroleum residua (resids) and deasphalter bottoms etc.
to produce gas, liquid streams of various boiling ranges, and coke. Delayed coking
( of HFs from heavy and heavy sour (high sulfur) crude oils is carried out primarily
as a means of disposing of these low value feedstocks by converting part of the HFs

to more valuable liquid and gas products.

[0003] Inthe delayed coking process, a resid feedstock is rapidly heated in a
fired heater or tubular furnace at from 480°C to 520°C and pressures of 50 to 550
psig (344.74 t0 3792.12 kPa). The heated feedstock is then passed to a coking
drum that 1s maintained at conditions under which coking occurs, generally at
temperatures above 800°F (425°C), typically between 480°C to 520°C (895°F to
970°F), under super-atmospheric pressures of 15 to 80 psig (103.42 to 551.58 kPa)



970F), under super-atnospheric pressures of 15 to 80 psig (103.42 to 551.58
kPa) WO 2005/113709 PCT/ US200S/ 016708 -2- to allow volatiles that formin
the coker WpumsQsfe renoved overhead and passed to a frReligidl@kes! €avi ng
coke behind. When the coker drumis full of coke, the heated feed is

swi tched to anot her drum and additional hydrocarbon vapors are purged from
the coke drumwith steam The drumis then gquenched with water to |ower the
tenperature to bel ow 300F (148.890C) aftEr which the water is drained. Wen
the cooling step is conplete, the drunt¥s opened and the coke is renoved
after drilling and/or cutting using high velocity water jets. [00041 For
exanpl e, a high speed, high inpact water jet is used to cut the coke from
the drum # hlddw viodatilgpthealfosm bn thee cokertdremctoke fenmmededvarhé® ambpadsed

| ocated on a boring tool. Nozzles oriented horizontally on the head of a
cutting t oo afraeHosator, lemengaloketbebmd hwhendhe cThker dwkeis Sitbefdoks; ére adds
considerably tq the throuyghput tinme of the overall process. Thus, it would
be desir abL@atﬁg ferd létfﬁl"@tq%ﬁg tprapgthes dumrangd addatipra) hygkecarban yapetsare dr um
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phenonenon, sonetimes~referredto és_" ot spots _ runs”, may be the
result of aftercdriibingainidfst @ittin® e Kigh eeloeityooker pgs.ng present in the drum

whi ch may contain a conbination of nore than one type of solid coke
product, i.e., sponge

[0004] For example, a high speed, high impact water jet is used to cut the coke
from the drum. A hole is typically bored in the coke from 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, i.e., it could be drained out of

the bottom of the drum.

[0005] Even though the coking drum may appear to be completely cooled, some
volumes of the bed may have been bypassed by the cooling water, leaving the
bypassed coke very hot (hotter than the boiling point of water). This phenomenon,
sometimes referred to as "hot spots” or "hot drums”, 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 of solid coke product, i.e., 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 predominantly produce free-flowing shot coke in a delayed coker, in

order to avoid or minimize hot drums.



coke and shot coke. Since unaggl onerated shot coke may cool faster than

ot her coke norphol ogi es, such as |arge shot coke masses or sponge coke, it
woul d be desirable to predom nantly produce free-flowi ng shot coke in a
del ayed coker, in order to avoid or mnimze hot drums. -2A- [0005A] US 4
549 934 descri bes a del ayed coking process in which the conventional heavy
recycle is replaced by a lower boiling distillate recycle in an anmount of

about 20 percent of the fresh feed. ration in this nmanner would lead to
the production of a nass of sponge coke which could be renmoved fromthe
coker drumonly by the tinme-consum ng process of drilling and/or cutting

and whi cljoeaslAd al s@JS elad4bo9shedeséritel alrdefayed oldkaip pedesy b ivhicabthée. WO
99/ 64540 discLo%ﬁ% a del ayed cokinqﬁprocess,,mhiph uses a |.ower boiling
recycl e SCRERHPRA| hgawy, 1oeYCl 1sgeRipesaidyahlowsr bejling dishllatg ecyplg imen agpunts per cent

bei ng di sgl ] (o} a e:.p | p coke
rather t E)gna%g&?%%g? #cﬁ%tmgfi S !(e)st?l fé’(%ﬁe%%ét{ogdﬁ%%%%ﬁ#&%qlmﬁﬁﬁg%%[ 0006] In
an enbodipmeduction bfa massofpapongedeite avhieh ambibarkioned fromctbs soker drypm bsliyng:  a)

preparin vacuum resi d t hat .4 ess than 1 %, 900F 1040F (,482.22C to
5500 " bolth s HEGEGPT i gt Agbriayrelpeen e giY Taifgercid e e ey o

Di sti | | atheidrumasteblemtefeiied o Wbdvh, WOigsidash@HRCIoSEMCdeayel cBldfiE PRRERI N t he
distillate recycle streamhas boiling range within the interval of 450F to

750F (23whichouses adogerdmdjng ispydosithant inrfgsimaidpraportion & the feednamemagntzone
wher ei n ' lgspepc%ﬁ‘tt l?e(%ngt %sagsed?f’ltlgsc Hovig a?s%liéycptottﬁwleordaéﬁgneéf aag})%nge coke

rather than a free-flowing shot coke.



c) conducting said heated m xture fromsaid heating zone to a coking zone
wher ei n vapor products are coll ected overhead and whereby coke with reduced
i nci dence of hot druns and of a relatively free-flowing nature is forned.
[0007] In a preferred enbodi ment, the coking zone is in a del ayed coker

drum and a substantially free-flow ng shot coke product is renoved from
the coker drum [0008] In still another preferred enbodi nent an additive is
introduced into the feedstock either prior to heating or just prior to it
bei ng introduced in the coker vessel, which additive can be a

met al s-containing or netals-free additive. If a netals containing it is
preferably an organic soluble, organic insoluble, or non- organic mscible
net al s-containing additive that is effective for the formation of
substantially free-fl ow ng coke. [0009] In yet another preferred enbodi nent
of the pres i the additive is selected fromthe
group conS|Sﬂ®dhﬁx ]qhglﬁgg§§g?§¥3|ron WO 2005/ 113709

PCT/ US2005/ 016708 -4- nickel, vanadium tin, nolybdenum nanganese,

al um num cobalt, calcium magnesium and m xtures thereof. 10010] In

anot her enbffi0éEnt Intaheembodinentaherd siprgviddd iatdel®y ddscoking pedgesgr ound  sol i d
with a high surface area, a natural material of high surface area, or a fine
particle/seéunpﬂﬁﬁgeing additive. Such hi gh surface area materials include

fines, mmgneddum Suttrdres EAME o TR PATES [ AEE e BEE D o
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may be used el conb
and combining with a distillate recycle stream wherein the distillate recycle stream has

boiling range within the interval of 450°F to 750°F (232.22°C to 403.89°C);

b) conducting said mixture to a heating zone wherein it is heated to an
effective coking temperature; and

c¢) conducting said heated mixture from said heating zone to a coking zone
wherein vapor products are collected overhead and whereby coke with reduced

incidence of hot drums and of a relatively free-flowing nature is formed.

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

and a substantially free-flowing shot coke product is removed from the coker drum.

[0008] In still another preferred embodiment an additive is introduced into the
feedstock either prior to heating or just prior to it being introduced in the coker
vessel, which additive can be a metals-containing or metals-free additive. If a
metals containing it is preferably an organic soluble, organic insoluble, or non-
organic miscible metals-containing additive that is effective for the formation of

substantially free-flowing coke.

[0009] In yet another preferred embodiment of the present invention the metal of

the additive is selected from the group consisting of sodium, potassium, iron,



[ 0011] In another enbodi nent substantially netals-free additives can be used
in the practice of the present invention. Non-limting exanples include

el enent al i gh surface area substantially netal such
as rice hﬁY$§&H§hﬁ@? cel lul ose, ground coal s, ground 3&?@ ?wﬁ@s*ﬂ§

m neral acids such as sulfuric acid, phosphorlc acid, and their acid
anhydrides. It is to be understood that before or after the resid is
treated with the additive, a caustic species, preferably in aqueous form
may optionally be added. The caustic ca#d-be added before, during, or after
the resid is passed to the coker furnace and heated to coking tenperatures.
Spent caustic obtai ned from hydrocarbon processing can be used. Such spent

caustic Caﬂlcklep RiahAiih Stﬁi)'ﬁ'i g/bﬂxﬂﬁxﬁca{atagﬁlﬁeseamnﬁﬂhhﬁ c%haﬁr%&h&] aci ds,

e.g., carboxyli’c acids,” phen , naphthénic acids and the 1 1£0012] In

anot her enhmgtne;amn atnﬂanp(rt@msthenesfused In conjunction with automated coke
drum bot t om deheadi ng val ves, and the product coke plus cooling water
m xture is throttled out the bottom of the coke drumthrough the bottom

valve. WO 2005/ 113709 PCT/ USZO )5/ 016708 -5 [0013] If_ an addltlve i s used,
it is desi %MH tolnaafmp kodgenbdbe mgtalgcoptaiagigead dﬁﬂws%a ¥ 8raund; on.

cubst ant | aFRy PRt RIEN R s et Bl hieh SR &, %Eﬁtf Bant i 2l |y
non-free bex}He %?ett ;Zr% @ggaéﬂﬁtl%‘esﬁrﬂf’%gl hSarfate Af 'tér?é]?ﬂg&ﬁ’d@ gdumber

of ways, cin streamo rve 1nto the

feedstr earrmt:ahh@ a‘liﬁﬁiﬁae@aﬂa%ﬁi ¢x<aake1Tﬂﬁ@esaFﬂ,meKEm beclaflé Ehheby
sol ubilization of the additive into the vacuumresid,” or by redu0| ng the
vi scosi ty nfaghbsuwesulfate,readéidm sulfate, diatomaceous earth, clays magnesium silicate,

vanadium-containing fly ash and the like. The additives may be used either alone

or in combination.

[0011] In another embodiment substantially metals-free additives can be used in
the practice of the present invention. Non-limiting examples include elemental
sulfur, high surface area substantially metals-free solids, such as rice hulls, sugars,
cellulose, ground coals, ground auto tires and mineral acids such as sulfuric acid,
phosphoric acid, and their acid anhydrides. It is to be understood that before or
after the resid is treated with the additive, a caustic species, preferably in aqueous
form, may optionally be added. The caustic can be added before, during, or after
the resid is passed to the coker furnace and heated to coking temperatures. Spent
caustic obtained from hydrocarbon processing can be used. Such spent caustic can
contain dissolved hydrocarbons, and salts of organic acids, e.g., carboxylic acids,

phenols, naphthenic acids and the like.

[0012] In another embodiment, the process is used in conjunction with
automated coke drum bottom deheading valves, and the product coke plus cooling
water mixture is throttled out the bottom of the coke drum through the bottom

valve.



prior to mxing in the additive, e.g., by heating, solvent addition, etc.
H gh energy mxing or use of static m xing devices may be enployed to
assist in dispersal of the additive agent, especially additive agents that

have rel atyw¢loys/i18%9sol ubility in the feedstream [0014]pdired-6690abis all or
substantially all of the coke formed in the process is substantially
free-flow ng coke, nore preferably, free-flow ng shot coke. It is also
preferred that at |east a portion of volatile species present in the coker
drumduring and after coking be separ atéd and conducted away fromthe
process, preferably overhead of the coker drum BRI EF DESCRI PTI ON OF THE

FI GURES [0015] Figure 1 is a sinplified process flow di agram of one
preferred method of obtaining a deep cut heavy oil streamfor use in the
present invention. This figure shows the vacuumdistillation system
nodified with a steam side stripper, as well as a distillate recycle stream
from the cd@@13hmi &f a1 additivaas used, Wos zgesrhle3v eyoRdwtieszrosrwsi@ragof cake
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optical m crograp oW ng coke oma transition c
Canadi an vaﬁmmbeﬁm%zsg ?l’éf@i‘dﬁilﬁ by Idtroddcife AU sttdas of 86 additive Matorthker i al

as determ ned by HTS he figure shows small domains ranging in size from
10 to 20 nifeedntesany st thetdesgodnboaatians dhe additive can be added by solubilization of
f the additive into the vacuum resid, or by reducing the viscosity of the vacuum resid
prior to mixing in the additive, e.g., by heating, solvent addition, etc. High energy
mixing or use of static mixing devices may be employed to assist in dispersal of the
additive agent, especially additive agents that have relatively low solubility in the

feedstream.

[0014]  Preferably, all or substantially all of the coke formed in the process is
substantially free-flowing coke, more preferably, free-flowing shot coke. It is also
preferred that at least a portion of volatile species present in the coker drum during
and after coking be separated and conducted away from the process, preferably

overhead of the coker drum.

BRIEF DESCRIPTION OF THE FIGURES

[0015]  Figure 1 is a simplified process flow diagram of one preferred method of
obtaining a deep cut heavy oil stream for use in the present invention. This figure
shows the vacuum distillation system modified with a steam side stripper, as well

as a distillate recycle stream from the coker main fractionator.



nosaic ranging from5 to 10 mcroneters (this mcrostructure i s associ ated

with bul k coke beds having transition coke norphol ogy). [0018] Figure 4

shovvs the effect of further distilling the feed so that it contains only 2
. % 1000PVOP/HET99 boiling material . The figure is a criSEUBWNHII6ZMS

Ilght optical m crograph showi ng coke resid forned fromthe deeper cut resid

and shows a nedi um coarse nosaic structure ranging in size from2 to 10

mcrometers (this mcrostructure is associated with bul k coke beds havi ng

shot coke norphol ogy). DETAILED DESCRI_.RTI ON OF THE | NVENTI ON [ 0019]

Pet rol eum vacuum resi dua ("resid") feedstocks are suitable for del ayed

coki ng. Such petroleumresidua are frequently obtained after rem)val of

bei g compiPOLE’or Fieif A RERPLRS SinBRAgE aRER flol Gkt 0 MdRek oréBindr ot 1
Struct uros %Bd%PPE* 3 G G ey b B B i Bl Res PR on o
cause cat alifé figapsid siﬁﬁla?rﬂotﬁée)ofm@g@% 1%@9@&&%@&%@&@@%%@%%@7&@ - 1-

contam nants occurring naturally in"the crude or resulting fromprior

treat ment gésidtrbeeatingdfunads foh relovatiagithestreamaipstredmrat the stégysiri vat e
hydr ot reat i ng/ hydrocracki ng catal ysts and interfere with catal yst
regeneration; and (c) a relatively high content of sulfur and nitrogen

comounds |BRA FuedSobaraubSsuSr RS SR b SR emand 1
the resid ‘%lo e(E] fom & uangfjtiaorhc olé[e(-) on%%"ligc h E\I/Vaj;[ éaﬁ'(%lan %ac&ur%rr%gf‘a' crgltﬁ%}nagl th S
wt.% 1000°F (537.78°C) boiling material as determined by HTSD. The figure
shows small domains ranging in size from 10 to 20 micrometers with some coarse
mOsaic ranging from 5 to 10 micrometers {this microstructure is associated with

bulk coke beds having transition coke morphology).

[0018]  Figure 4 shows the effect of further distilling the feed so that it contains
only 2 wt.% 1000°F (537.78°C) boiling material. The figure is a cross polarized
light optical micrograph showing coke resid formed from the deeper cut resid and
shows a medium/coarse mosaic structure ranging in size from 2 to 10 micrometers
(this microstructure is associated with bulk coke beds having shot coke

morphology).

DETAILED DESCRIPTION OF THE INVENTION

[0019] Petroleum vacuum residua ("resid") feedstocks are suitable for delayed
coking. Such petroleum residua are frequently obtained after removal of distillates
from crude feedstocks under vacuum and 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



[ 00201 Coke bed norphology is typically described in sinplified ternms such
as sponge coke, shot cgke, transition coke, and needl e coke. [00211 As

previ ously ihb%/?{(}‘?@’ there are generally three di fferentp(}%ﬁgz%g%}mo%ol i d

del ayed coker“products that have different val ues, appeara

properties, i.e., needle coke, sponge coke, and shot coke. Needle coke is
the highest quality of the three varieties. Needl e coke, upon further
thermal treatnment, has high electrical conductivity (and a | ow coefficient
of thermal expansion) and is used in el-€ttric arc steel production. It is
relatively lowin sulfur and netals and is frequently produced from sone of
the higher quality coker feedstocks that include nore aromatic feedstocks

such as sl Ltfdrﬁfalﬁnﬁn@s%@dumﬁg 'n%nfrﬁﬂg‘)i/& g{eeaémaé or ?iﬁgﬁ%ﬁo%ggﬁgpﬁgg@emg acki ng

tars. Typically, 1t is not forned | ayed co . [00221

There are atidicrids)avhideeoniapiianstsafoldkend eodeartivaugh they' re I ess common.
For exanple, a sandy coke is a coke that after cutting |ooks to the naked
eye much | ilkdroteatsng/bydrokrackang catahydts frolopsnfarn veith eatabyt negeneratisi; dnd
feedst ocks jpclude but. are not limted to  residues fromfhe atnpspheric and
vacuum di st} AZERENERY hlﬁétcpareény of Snlfweandpitiagen wommsumds thaiagve 1iss 1o

PCT/ US2005/ Q16708 ; S- at nmuspherd r- vac distillation of .heav 1 ls,

vi sbroken r ?c&o,napger guqqgﬁlrﬁls) Ogggzpﬁ‘zg 3 j PRon E%bu?t?%f’ﬁ&e %‘%%ﬂ?%mﬁi | or

conbi nat i ong; | hen g{&jﬁ‘ avy

bi t umens cgﬁsg g%hggﬁreé%ng({/dé@ &@g%g%?(?%g{qegr& ca 1 @ﬁggghtt?fg&%gyged coki ng
are hi gh- bqidabﬁgat@Mfggy@éb@@ﬁWalymteri als wwth an APl gravity of 20 or
I?ss, and a Conradson Carbon Residue content of O to 40 wei ght percent.

[0020] Coke bed morphology is typically described in simplified terms such as

sponge coke, shot coke, transition coke, and needle coke.

[0021] As previously mentioned, 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 low 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.

[0022]  There are additional descriptors of coke too, although they're less
common. For example, a sandy coke is a coke that after cutting looks to the naked

eye much like coarse black beach sand.

[0023] In an embodiment, resid feedstocks include but are not limited to

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



[ 0024] Vacuum resids are characterized by a nunber of paraneters, including
their boiling point distributions. The boiling point distribution can be
obt ai ned bwoeoophygziscal distillation in a | aboratory, butpdtus®ooestdsy t o
performthis type of analysis. Another nethod for determ ning the boiling
point distribution is to use specialized gas chromatographic techni ques
t hat have been devel oped for the petroleum industry. One such GC nethod is
Hi gh-tenperature Sinmulated Distillation, (HTSD). This nethod is described by
D.C. Villalanti, et al. In "Hi gh-tenperdture Sinulated Distillation
Applications in Petroleum Characterization" in Encyclopedia of Analytical
Chem stry, R A Myers (Ed.), pp. 6726-6741 John Wley, 2000, and has been
found to betradsphetic\ar vracuumhasnﬁatemi of heavyhailsy wiisbirekerpriseds, darstfrdrbut i ons of
vacuum resi dua. Boiling point distributjons are reported as wt.% off versus
at nospher i ée%'i?hﬁlﬁmge‘ml%@)épﬂli laggsi Srhta?‘( aeprombnatiansaf fBese materiads.enent s of
distillati known i.n the industry. A nunber

| . % 25] V. i |
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vacuum bot i41€ 9t i b9l R i 1ing
conponent si.;Ifé l2§0 g%%ﬁ%ﬁ‘@}}gogg% SIZG(%S 016%%& QBHE%%?E?W%%%I%S
unexpect edtyntegest & evad Wghﬂ%l—bm@nt ors hereof that the conponents that
are contained a virgin resird which boil between 900F and 1040F can have a

significant influence on del ayed coker coke norphology is they are present

in an abundance in_excess of 10 w. % of the entire virgin feed., )
[0024] Vacuum resids are characterized by a number of parameters, including

their boiling point distributions. The boiling point distribution can be obtained by a
physical distillation in a laboratory, but it is costly to perform this type of analysis.
Another method for determining the boiling point distribution is to use specialized
gas chromatographic techniques that have been developed for the petroleum
industry. One such GC method is High-temperature Simulated Distillation
(HTSD). This method is described by D.C. Villalanti, et al. In "High-temperature
Simulated Distillation Applications in Petroleum Characterization" in Encyclopedia
of Analytical Chemistry, R.A. Meyers (Ed.), pp. 6726-6741 John Wiley, 2000, and
has been found to be effective for characterizing the boiling point distributions of
vacuum residua. Boiling point distributions are reported as wt.% off versus
atmospheric equivalent boiling point (AEBP) and are report in increments of 1

wt.%.

[0025]  Vacuum distillation is well known in the industry. A number of
variables affect the boiling point distribution of the vacuum distillation unit
bottoms. As refiners tend to try to push ever more flow through existing units,
however, the boiling point distributions of the vacuum bottoms tend to pick up a

higher percentage of the lowest boiling components.



Specifically, it has been found that when a resid that otherw se would nake
shot coke has the 900F_to 1040F (482.22C to 560C) fraction in excess of 10

Ww.% it g%éonaﬁel & transition coke, or a bonded shot, and can_have

appr eci abl 2dht’%e of hot drums when coked under "tyPRfERP2003BI6I08
coker conditions, e.g., DOl = 820F, DOP = 15 to 35 psig (103.42 to 241.32
kPa), and recycle ratio of under 10% where DOT is drumoutl et tenperature
and DOP is drumoutlet pressure. [0027] It has been found that by reducing
the fraction of 900F to 1040F (482.22C %0 560C) AEBP naterial to under 10

wt . % pushes coke norphol ogy back to a | ess bonded and | ess sel f-supporting
coke norphol ogy. [0028] Such deeper cuts of resids can be obtai ned by any

F;Qfeﬁfvaiw'q@?“&.%# " [ R EAL Pl Bl e THRRRaG SBT BREME" 0" fr S
o a26. 670 P HERTaly hariale pORNE  Pefiu R AL i Phothth 5P Al pdder o

non- condensghl geerd Sighitioant H?ﬂh&&e%%yﬁ%l@%oﬁ@%drgg%'ggtis ey £ig1 N ng
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ej ector syspregeftiatansdbamdinceineaeys vALuMIgad the bntiretvirgin feedoved via line
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820°F, DOP = 15 to 35 psig (103.42 to 241.32 kPa), and.recycle ratio of under

10%, where DOT is drum outlet temperature and DOP is drum outlet pressure.

[0027] It has been found that by reducing the fraction of 900°F to 1040°F
(482.22°C to 560°C) AEBP material to under 10 wt.% pushes coke morphology
back to a less bonded and less self-supporting coke morphology.

[0028]  Such deeper cuts of resids can be obtained by any means available in a
petroleum refinery. One means is represented in Figure 1 hereof wherein
atmospheric resid bottoms is conducted via line 10 through a furnace 1 wherein it is
heated to a temperature of 700°F to 800°F (371.11°C to 426.67°C) then sent via line
20 to vacuum distillation tower 2 wherein non-condensable material, such as steam
and any small amount of remaining light ends are collected overhead via line 30,
preferably by use of an ejector system (not shown). A heavy vacuum gas oil cut is
removed via line 40. An intermediate cut is removed via line 50 where it is
combined with vacuum bottoms of line 60 and conducted to outboard stripper 3
where a lighter stream, such as one containing at least a fraction of any remaining
gas oil, is stripped by use of steam injected via line 70 and sent back to the vacuum

distillation tower via line 80. The stripped vacuum resid bottoms is then conducted



main fractionator 4, although it can be fed directly to the coker furnace 5.
The Dbottons of the main fractionator line 100 are fed to the coker furnace
wherein recycle distillate is introduced via line 110. Any additives to aid
in the desVPIO5HE%ng reaction can be introduced via |i MRCTPEROOTHEBesi d
streamis heated in coker furnace 5 to coking tenperatures then sent via
line 130 to one or nore coker druns (not shown). [00291 Figure 2 hereof
shows anot her preferred process schene for obtaining a deep cut vacuum
resid feed for producing substantially {gee-flow ng shot coke in a delayed
coker. The process schene is simlar to that shown in Figure 1 hereof

except the internmediate cut renoved fromdistillation tower 2 is conducted
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they tend to the coker furnace nore rapidly than | ess deeply cut
resids, andedyrieditilateciBtintbdussoriatine @bi Anpadditbestbiafd ipthel desirease
frequency of furnace cleanout, which in turn reduces overall throughput of
t he coker woking réaectnént carabe intheducedhvea lihe d20n het resulestoganois heatediaepakercut
vacuumresid, a distillate stream can be added to the coker feed. The

boi | i ng poitmage §tipcekmbiemperatieesdnen sentaxia linecl3 o ane emore cekpndrumsat | t

s an effeg{ii Vsﬁl fn'a'n;i gator of furnace fouling yet its endpoint is |ow enough
that it dYSESA8¥Mtfect the coke nor phol ogy. An exanple of this would be a
coker distillate streamwith a boiling range of 450F to 750F (232.22C to

403.89C). -11-
[0029] Figure 2 hereof shows another preferred process scheme for obtaining a

deep cut vacuum resid feed for producing substantially free-flowing shot coke in a
delayed coker. The process scheme is similar to that shown in Figure 1 hereof
except the intermediate cut removed from distillation tower 2 is conducted via line
50 and combined with vacuum distillation bottoms on line 55 and sent through
outboard stripper furnace 6 for reheating to substantially the same temperature as
that of furnace 1. The reheated vacuum bottoms/intermediate cut stream is

conducted via line 60 to outboard stripper 3.

[0030] The drawback of the deeper cut resids, however, is that they tend to foul
the coker furnace more rapidly than less deeply cut resids, and this a potential
economic debit because this can increase frequency of furnace cleanout, which in
turn reduces voverall throughput of the coker unit. To mitigate the higher fouling
tendency of the deeper cut vacuum resid, a distillate stream can be added to the
coker feed. The boiling point distribution of the’distillate recycle stream is such
that it is an effective mitigator of furnace fouling yet its endpoint is low enough that
it does not affect the coke morphology. An example of this would be a coker
distillate stream with a boiling range of 450°F to 750°F (232.22°C to 403.89°C).



[0031] The resid feed punped to a heater at a pressure of 50 to 550 psig
(344.74 to 3792.12 kPa), where it is heated to a tenperature from 480F
(248.89C) to 520F (271.11C). It is then discharged into a coking zone,
typically a vertically- oriented,insulated coker drumthough an inlef at the
base of the drum Pressure in the drumis usually relatively |low, such as
15 to 80 psig (103.42 to 551.58 kPa) to allow volatiles to be renoved
overhead. Typical operating tenperatures of the drumw || be between 410C
and 475C. The hot feedstock thermally cracks over a period of tine (the
"coking tinme") in the coker drum |iberating volatiles conposed prinmarily
of hydrocarbon products, that-continuously rise through the coke nmass and
are collected overhead. The volatile products are sent to a coker
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appearance W th varjous sized pores and bubbles "frozen into" a solid coke
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refers to ﬁrii‘?aq“ﬁﬁr%ftﬂsrd?(%ﬁbon products, that continuously rise through the coke mass

and are collected overhead. The volatile products are sent to a coker fractionator for

distillation and recovery of coker gases, gasoline, light gas oil, and heavy gas oil.

In an embodiment, a portion of the heavy coker gas oil present in the product

stream introduced into the coker fractionator can be captured for recycle and

combined with the fresh feed (coker feed component), thereby forming the coker

heater or coker furnace charge. In addition to the volatile products, delayed coking

also forms solid coke product.

[0032] Coke bed morphology is typically described in simplified terms such as
sponge coke, shot coke, transition coke, and needle coke. Sponge coke, as the
name suggests, has a sponge-like appearance with various sized pores and bubbles
“frozen into” a solid coke matrix. One key attribute of sponge coke produced by
routine coker operating conditions is that the coke is self-supporting, and typically
will not fall out of the bottom of an un-headed coker drum, which typically has a
head diameter of 6 feet (1.8m). The head of the coker drum can be removed either

manually or by use of a throttled slide valve. Needle coke refers to a specialty coke

that has a unique anjsotropic structure. Preparation of coke whose major



that has a uni que anisotropic structure. Preparation of coke whose maj or WO
20051113709 PCTI US2005/ A 6708 - 12 conponent is needle coke is known to

t hose ski Wedodsniste art and is not the subject of thispcorusaeisoné708 0033]
Shot coke is a distinctive type of coke. It is conprised of individual
substantially spherical particles that |ook |ike BBs. These individual
particles range fromsubstantially spherical to slightly ellipsoidal with
average diameters of | nm to 10 mm The_ particles nmay be aggregated into

| arger-si zed particles, e.g., from tenhd 5-bal | size to basketball or | ar ger
si zes. The shot coke can sonetinmes mgrate through the coke bed and to the
bottomdrain |ines of the coke drumand slow, or even block, the quench

wat er drai coptponeasis ndkidlecalizok kaoke toathose skdlled e tmnantand iy abuhetshbjectponge
coke, it is the desired product coke for purposes of this invention because
its ease offitlsonegntianom t he coker drumresults in effectively increasing
the process capacity which nore than offsets its reduced econom c val ve.
[0034] At times there appears to be a binder material present between the

: BELSLSTL {30931 i osFo RNl ot oo RE S OB TR R o “shot
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al so damage equi pnent . 5] The term"transition coke” refers to coke that

has nor phot®df nwat Villenpartickss miy bp aggregatddantnthrgéredized pertickes, egxafiphe, coke
that has a nostly sponge- |ike physical appearance, but with evidence of
smal | shot tensieball sta¢4p hasketbal tor larger sizes. The shot coke can sometimes migrate

through the coke bed and to the bottom drain lines of the coke drum and slow, or
even block, the quench water drain process. While shot coke has a lower economic
value that sponge coke, it is the desired product coke for purposes of this invention
because its ease of removal from the coker drum results in effectively increasing

the process capacity which more than offsets its reduced economic valve.

[0034] At times there appears to be a binder material present between the
individual shot coke particles, and such a coke is sometimes referred to as “bonded
shot” coke. Depending upon the degree of bonding in the bed of shot coke, the bed
may not be self-supporting, and can flow out of the drum when the drum is opened.
This can be referred to as “fall-out’ or “avalanche” and if unexpected it can be

dangerous to operating personnel and it can also damage equipment.

[0035] The term “transition coke” refers to coke that has morphology between
that of sponge coke and shot coke. For example, coke that has a mostly sponge-
like physical appearance, but with evidence of small shot spheres that are just

beginning to form as discrete particles in one type of transition coke.



beginning to formas discrete particles in one type of transition coke. WO
2005/ 113709 PCT/ US2005/Q16708 13 [0036] Coke beds are not necessarily

conpri sed a,foﬁ,hgﬂﬁt, pone type of coke norphol ogy. For exaﬁ'&)}/ﬁszoﬁg@m?ﬁttom of
a coke drumcan con‘% ain large aggregates of shot, transitioning Into a

section of |oose shot coke, and finally have a | ayer of sponge-rich coke at
the top of the bed of coke. There are additional descriptors for coke,

al t hough | ess common. Such additional descriptors include: sandy coke which
is a coke that after cutting | ooks to tHé-naked eye nuch |ike coarse bl ack
beach sand; and needle coke that refers to a specialty coke that has a

uni que anisotropic structure. Preparation of coke whose major conponent is

needl e cokergoss] Weldokeus a&@n&f‘ﬂ&[‘%s%bg%’&_?_ﬂgfrﬁieﬁ%rfﬁps&6r*el hbeldieoRt anc is

not a subj e this 1nvention. term“free- ng" as used
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In a coker drumcan be drained in less than 30 mnutes through a 60-inch
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free-fl owi ng shot ,coke can  be produyced by the practice aof the present
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coke processing aids, including an intifoam ng agent, can
( anisotropic structure. Preparation of coke whose major component is needle coke

is well known to those having ordinary skill in the art and is not a subject of this

invention.

[0037] 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

[0038] It has been discovered that substantially free-flowing shot coke can be
produced by the practice of the present invention by insuring that the resid feed is
one having a substantially higher initial boiling point than resides conventionally
used for delay coking. As previously mentioned, conventional delayed coking
resid feeds typically have an initial boiling point from 500°C to 526°C, but the
resid feeds of the present invention having an initial boiling point from 549°C to

566°C will unexpected produce shot coke over sponge coke.

[0039] Conventional coke processing aids, including an intifoaming agent, can
be employed in the process, for example, delayed coking wherein a resid feedstock
is air-blown to a target softening point as described in U.S. Patent No. 3,960,704.
While shot coke has been produced by conventional methods it is typically



be enpl oyed in the process, for exanple, delayed coking wherein a resid
feedstock is air-blown to a target softening point as described in U S.

Pat ent Now@®68Q130%. \While shot coke has been producedPoy/usesnssnd7o®nal
methods it is typically WO 2005/ 113709 PCT/ US200S/ 016708 - 14 aggl oner at ed
to such a degree that water-jet technology is needed for its renoval.
Additives are enployed to provide for the formation of the desired,
substantially free-flow ng shot coke._ 1[4)_040] It is within the scope of this
invention to use a suitable additive to aid in the formation of shot coke,
preferably substantially free-flow ng shot coke. In an enbodi nent, the
additive is én organi ¢ sol u%e nmetal, such as, a netal naphthenate or _a

metal acet JESOBIFARHL0 SPAk pyletRy thrkwatasdet teshrelogypp apedadstpritsigmoval.e
aum num " SRS s FERAYe Sproat Bion e Komdiont Ot e cESiHeD SRACSERY

sodium i ?Q-’ﬂ(ﬁlﬂl .51%%8{39 calciumare preferred. Additives in the form of
species natura y@presen in refinery stream can be used. For such

additives, the refinery streamnmy act as a solvent for the additive, which
may assist in the dispersing the additive in the resid feed. Additives
natural |y [0od9gnt It is wethimthieyscope ofitins imednitidh tonisekeduitabdeadditive to ithin
sodium and m xtures thereof naturally present in certain resid and resid
fracti ons the.fermatienofishof endet, praferably subitantiadht free-flayviog shotceltdi In ae  and
the feed can,  be, acconplished by blending . a feed fracfion containjng additive
speci es (iﬁ@bagﬂﬂ@mg}%@ 1¥4 ISGHSORZRRIC %FWP&PFVE,CS@(% #8318tk napatberate | nt o
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surface arg&asQhnf sbiidn, iron, nickel, vanadium, tin, molybdenum, manganese,

aluminum, cobalt, calcium, magnesium and mixtures thereof. Potassium, sodium,

iron, aluminum and calcium are preferred. Additives in the form of species

naturally present in refinery stream can be used. For such additives, the refinery

stream may act as a solvent for the additive, which may assist in the dispersing the

additive in the resid feed. Additives naturally present in refinery streams include

nickel, vanadium, iron, sodium, and mixtures thereof naturally present in certain

resid and resid fractions (i.e., certain feed streams). The contacting of the additive

and the feed can be accomplished by blending a feed fraction containing additive

species (including feed fractions that naturally contain such species) into the feed.

[0041] 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.



particl e/ seed producing additive. Such high surface area materials include
fumed silica and alumna, catalytic cracker fines, FLEXI COKER cycl one

fines nesi um sul fate, cal ciumsulfate, di at ormaceous earth, clays,
nagneS|un137@ﬁﬁﬁﬂé"0’vanad|un}contaln|ng fly ash and the pckas2iibei@oitives
may be used either alone or in conbination. WO 2005/113709

PCT/ US2005/ 016708 -15- [0042] It is within the scope of this invention that
a metals-free additive be used. Non-limting exanples of substantially
netal s-free additives that can be used. L the practice of the present

i nvention include elenental sulfur, hig surface area substantial ly

netal s-free solids, such as rice hulls, sugars, cellul ose, ground coal s,
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use of
[0043]  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 the resid
coker feedstock and also convert naphthenic acids to metal naphthanates, e.g.,

sodium naphthenate.

[0044]  Uniform dispersal of the additive into the vacuum resid feed is desirable
to avoid heterogeneous areas of shot coke formation. Dispersing of the additive is
accomplished by any number of ways, for example, by solubilization of the
additive into the vacuum resid, or by reducing the viscosity of the vacuum resid
prior to mixing in the additive, e.g., by heating, solvent addition, use of
organometallic agents, etc. High energy mixing or use of static mixing devices

may be employed to assist in dispersal of the additive agent.

[0045]  Polarizing light microscopy was used in the examples (illustrated in
Figures 1 and 2) for comparing and contrasting structures of green coke (i.e., non-

calcined coke) samples.



organonetal lic agents, etc. H gh energy m xing or use of static mxing

devi ces maybe enployed to assist in dispersal of the additive agent. [0045]
Pol ari zi ngV0i28#¥1141%98r oscopy was used in the exanpl es (il IPEIVUSWEM1HT08
Figures 1 and 2) for conparing and contrasting structures of green coke
(i.e., non- calcined coke) sanples. WO 2005/113709 PCT/ US2005/016708 -16
[0046] At the macroscopic scale, i.e., at a scale that is readily evident to
the naked eye, petrol eum sponge and qh&;_green cokes are quite

di fferent--sponge has a porous sponge-11ke appearance, and shot coke has a
spherical cluster appearance. However, under magnification with an opti cal
m croscope, or polarized-light , optical mcroscope, additional differences
bet ween di 10046dnt A thermaerescepissrale, Lemgt Hecale Hiat inrrpdilyesadentdo dbpendent
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e.g., where 0.5-mcroneter features are “di scernable IS 1s near the limt
of resol ut bpticalfmiepéscopt, additiosalaliffereneegbewveenndiffgrent @keen seltsanples| |
appears highly anisotropic. The center of a shot coke sphere at this

resol ut i onmay beoseeny avdthesel atmdmdenbmommmunmbmagbiffcaﬁba. ani sotropy is
much less than that seen in the sponge coke sanple. [0049] It should be
noted that the optical anisotropy discussed herein is not the sane as

ther mal afHOSﬁt] ' O%’or’ex%xﬁ[pel‘é,mlthpz?rvl\g atp%l&r?z%%ieligshl%'rrllfc%c()jsclo?)e} ata Iaor\xt/ ré)s%h?t(i)é(rll ng.
where 10-micrometer features are discernable, sponge coke appears highly
anisotropic, the center of a typical shot coke sphere appears much less anisotropic,

and the surface of a shot coke sphere appears fairly anisotropic.

[0048] At higher resolutions, e.g., where 0.5-micrometer features are discernable
(this is near the limit of resolution of optical microscopy), a green sponge coke
sample still appears highly anisotropic. The center of a shot coke sphere at this
resolution is now revealed to have some anisotropy, but the anisotropy is much less

than that seen in the sponge coke sample.

[0049] It should be noted that the optical anisotropy discussed herein is not the
same as "thermal anisotropy", a term known to those skilled in the art of coking.
Thermal anisotropy refers to coke bulk thermal properties such as coefficient of
thermal expansion, which is typically measured on cokes which have been

calcined, and fabricated into electrodes.

[0050] It is within the scope of this invention that a metals-free additive be used
to encourage the production of free-flowing coke, preferably free-flowing shot

coke. Non-limiting examples of metals-free additives include elemental sulfur,



Thermal ani sotropy refers to coke bul k thermal properties such as
coefficient of thermal expansion, which is typically nmeasured on cokes

whi ch have \p@%%/ﬁ?%?i ned, and fabricated into electrodes. [0050] It is
within the scopé of this invention that a netal s-free addiRGTAS2HB/0ME88 t o
encour age the production of free-flow ng coke, preferably free-fl ow ng shot
coke. Non-limting exanples of netal s-free additives include el enental

sul fur, WD 2005/113709 PCT/ US200S/ 1116708 - 17 high surface area
substantially netal s-free solids, such-d%-rice hulls, sugars, cellulose,
ground coal s, ground auto tires; inorganic oxides such as funed silica and
al um na; salts of oxides, such as ammonium silicate and m neral acids such
as sul furig i i.C A C i an j he present
vent 1 on B B A B G g m bty
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190521 A vacuumresid is produced in a refinery and has had the vacuum

over fl ash raidalonpoa;adadtd of wixedest suchihas armiionarm silscapeishd mynetral aomgls suth asind
consequently the resid boiling point distribution is having an increased
anount of Subairic apd.cphospberit gpid, Ind agidanhydrides.d has an APl gravity of 3.7,
contains 5.4 wt.% S, and 10.0 wt. % hydrogen. The boiling point distribution
of the front end as determned by HTSD is as follows in the colum | abel ed
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following non-limiting examples that are presented for illustrative purposes.

EXAMPLE

[0052] A vacuum resid is produced in a refinery and has had the vacuum
overflash reincorporated into it. The refinery is pushing throughput, and
consequently the resid boiling point distribution is having an increased amount of
the lightest portion. The vacuum resid has an API gravity of 3.7, contains 5.4 wt.%
S, and 10.0 wt.% hydrogen. The boiling point distribution of the front end as
determined by HTSD is as follows in the column labeled "base case vacuum resid"

in the table below.



TABLE Base Case Vacuum Resid Resid with second stage
HTSD W. % O f AEBP, Deg. F (Deg. C AEBP, Deg. F (Deg. O
(487. 78) WO e@8/185709 954 (512. 22)
(539.44) 4 888 (475.56) 1016 (546.67)
(498.33) 1036 (557.78)
(520.56) 10 980 526.67 11 990 (532.22)

14 1016 (546.67) 15 1024 (551.11)
1382 - Deg. F 750C 79.9 73.6 [0053] The resid contains 12 w. % 900F to 1040F

(482.22C to 560C)

7 944 (506.67) 1045 (562.78)
12 999 (537.22)

1614032 (555. 56)

TABLE
Base Case Vacuum Resid | Resid with second stage
: vacuum distillation
HTSD Wt.% Off AEBP, Deg. F (Deg. C) AEBP, Deg. F (Deg. C)
IBP 554 (290) 910 (487.78)
1 698 (370) 954 (512.22)
2 813 (433.89) 986 (530)
3 858 (458.89) 1003 (539.44)
4 388 (475.56) 1016 (546.67)
5 911 (488.33) 1027 (552.78)
6 929 (498.33) 1036 (557.78)
7 944 (506.67) 1045 (562.78)
8 957 (513.89)
9 969 (520.56)
10 980 (526.67)
11 990 (532.22)
12 999 (537.22)
13 1007 (541.67)
14 1016 (546.67)
15 1024 (551.11)
16 1032 (555.56)
17 1039 (559.44)
Wt.% 1382 - Deg. F (750°C) | 79.9 73.6

[0053] The resid contains 12 wt.% 900°F to 1040°F (482.22°C to 560°C)

vacuumdi still ation

| BP 554 (290 910
2 813 (433.89) 986 530PETABANISAFEIBI) 1003
5 911 488.33 1027 (552.78)
8 957 (513.89) 9 969

13 1007 (541.67)
17 1039 (559.44) W.%

6 929

material. The base case resid is coked in a pilot plant coker with a drum overhead
temperature of 820°F (437.78°C), drum overhead pressure of 15 psig (103.42 kPa).
and zero recycle. The product coke has a bonded morphology which appears
highly fused throughout the bed. Microscopic examination of the coke under cross
polarized light reveals mostly small domains (10-20 microns) with coarse mosaic
(5-10 micron). Percentage shot coke by the micrographic technique is estimate to

be 25%. By a known relationship with a commercial-scale coker, it is projected
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(103.42 kPa) and zero wecycle. The product coke has a bonded norphol ogy
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mcrons) wth coarse nosaic (5-10 mcron). Percentage shot coke by the

m crographic technique is estimate to be 25% By a known relationship with
a comercial -scale coker, it is projected WO 2005/113709 PCT/ US2005/ 016708
-19- that this coke would yield a bonded9shot that woul d be sel f-supporting
in the commercial scale coke drum [00541 The base case resid then has a
second stage vacuumdistillation which renoves a portion of the |ightest

conponent s. thEpehiPeblké Aot Aiohted YhoOBaPoultPbe ga%dgg&&ﬁf iﬁgﬁé' Ilation
is shown in the right colu of the table, 1.e., after t secon st age
vacuum di st tbmaiareal sé¢die coksdeimgontains 7 wt. % 900F to 1040F (482.22C to
560C) material. [0055] The deeper cut resid is coked in the pilot plant
coker with a drum overhead tenperature of 820F (437.78C), a drum overhead

pressure of ri (103.42 kPa), and zero recycle. The prqogduct coke is 80%
shot coke. [\ﬂ]{%f‘gscggiecb“@)@ﬁ? Fﬁeﬂ‘i %wng%‘astarﬁceaﬁéy&gﬁd@ﬁu% subanen w; l'i ght
reveal s nostly nediunl.coarse .npsajc (2-10 .m cfqns).. Percent hot .coke by
the m or ogr TS puRon d e HEREH Ferhpofef Thedbhige BORT AAPuRSR b RGN
with a co { ks 46 lrhabdn i j {560 el d a
relatively ggds?teslﬁ%i?{ lﬁ%tgﬁ%gPh&b%m%E{g%??hﬁ%%ggh t|taﬁlgés’ ﬂ'%”t g%m%ecﬁl’glaal
scal e coke ghsdifacuum distillation, the resid contains 7 wt.% 900°F to 1040°F (482.22°C to

560°C) material.

[0055] The deeper cut resid is coked in the pilot plant coker with a drum
overhead temperature of 820°F (437.78°C), a drum overhead pressure of 15 psig
(103.42 kPa), and zero recycle. The product coke is 80% shot coke. Microscopic
examination of the coke under cross-polarized light reveals mostly medium/coarse
mosaic (2-10 microns). Percentage shot coke by the micrographic technique is
estimate to be 75%. By a known relationship with a commercial-scale coker, it is
projected that this coke would yield a relatively loose shot that would be non-self

supporting in the commercial scale coke drum.



-20- CLAIMS: 1. A del ayed coking process conprising: preparing a vacuum
resid that has | ess than 10 wt. % 900F to 1040F (482.22C to 560C) boiling
mat eri al as nmeasured by HTSD (H gh- Tenperature Sinmulated Distillation) and
conbining the vacuumresid with a distillate recycle stream wherein the
distillate recycle streamhas a boiling range within the interval of 450F
(232.22C) to 750F (403.89C); conducting,.said mxture to a heating zone
wherein it is heated to an effective cdking tenperature; and conducting
said heated m xture fromsaid heating zone to a coking zone wherein vapor
products are coll ected overhead and whereby coke with reduced incidence of
hot drunsCBA@MSE a relatively free-flowing nature is fornmed; wherein the
distillate recycle is in the range of 0 to 3.5 volune percent; and wherein
a substantially free-fl ow ng shot coke product is produced. 2. The process

of claim| whei gLyt drbdSs dotnrididgoduced into the feedstock either
prior to heating or just prior to'introduction into the coker vessel, which

additive i s amepapingrmovasuwngesid ¢has bhuilsbethand §awti% %0AT0tou MO F (#8223RC do gani ¢
m sci bl e nmetal 8.&ontaining additive that  is eci.l for the tormation of
subst ant i a |y FPSL Pedinnghdish s MRab@ 5yoHisE M T ftesi e iR c
metal of the apgiilldtion) hid GoRiRAihg chef vatuand edsRiSwith! Bistilad rdbFtleistrOdin, wheedie!
vanadi um tin, nolybdenum manganese, cobalt, cal cium _ magnesium al um num
and mi xtures ttherdigillate recycle stream has a boiling range within the interval of 450°F
| (232.22°C) to 750°F (403.89°C);

conducting said mixture to a heating zone wherein it is heated to an effective coking

temperature; and

conducting said heated mixture from said heating zone to a coking zone wherein

vapor products are collected overhead and whereby coke with reduced incidence of

hot drums and of a relatively free-flowing nature is formed,;

wherein the distillate recycle is in the range of 0 to 3.5 volume percent; and

wherein a substantially free-flowing shot coke product is produced.

2. The process of claim 1 wherein an additive is introduced into the feedstock either
prior to heating or just prior to introduction into the coker vessel, which additive is
one or more organic soluble, organic insoluble, or non-organic miscible metals-
containing additive that is effective for the formation of substantially free-flowing

coke.

3. The process of claim 2 wherein the metal of the additive is selected from potassium,
sodium, iron, nickel, vanadium, tin, molybdenum, manganese, cobalt, calcium,

magnesium, aluminum and mixtures thereof.



