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nodi fi ed vacuumdistillation and del ayed coki ng

process for making substantially free-flow ng coke,

preferably free-fl ow ng shot coke. A vacuumresid

feedstock is used which contpins less than 10 w. %

mat eri al boiling between 9000F and 10400F (482.220C to

5600C) as determ ned by HTSD (Hi gh-tenperature
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furnace fouling potential of the heavier feedstock.
DESCRI PTI ON OF RELATED ART [0002] Del ayed coki ng
FIBLD OFTHEINVMEN®EONOosi ti on of hydrocar bonaceous
feedstocks (HFs) including petroleumresidua (resids)
and deasphalter bottons etc. to produce gas, liquid
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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 is 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)



t enper atures above 8000F (425 0C), typically between
4800C to 5200C (8950F to 97Q0F), under
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to 551.58 kPa)to allow volatiles that formin the
coker drumto be renoved overhead and passed to a
fractionator, |eaving coke behind. Wien the coker drum
is full of coke, the heated feed is switched to
anot her drum and addi ti onal hydrocarbon vapors are
purged fromthe coke drumw th steam The dramis then
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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.



contain a conbination of nore than one type of solid
coke product, i.e., sponge coke and shot coke. Since
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coke norphol ogi es, such as | arge shot coke masses or
sponge coke, it would be desirable to predom nantly
produce free-flowi ng shot coke in a del ayed coker, in
order to avoid or mnimze kot drans. SUWARY OF THE
| NVENTI ON [ 0006] In an enbodi ment, there is provided a
del ayed coki ng process conprising: a) preparing a
vacuum resid that has |less than 10wt % 900 to 10400F
boiling material as neasured by HTSD (Hi gh- Tenperature
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a ¢) 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 apreferred 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] Instill 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. Ifa
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,



metal s containing it is preferably an organic sol uble,
organi c insoluble, or non organic mscible
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formati on of substantially free-flow ng coke. [0009]
In yet another preferred enbodi nent of the present
invention the netal of the additive is selected from
the group consisting of sodigm potassium
i ron, ni ckel, vanadium tin, nolybdenum nmanganese,
al um num cobalt, cal cium nagnesium and m xtures
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ace area, or a fine particle/seed producing
additive. Such high surface area materials include

fumed silica and alum na, catalytic cracker fines,
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practice of the present i1nvention. Non-I
nmegaeplessul faté, wdtcieinesnbfateg |distohfaceouseagth, %M}fsaﬁﬁgﬁéﬁam silicate,
substantially netals-free solids, such as rice hulls,

Wm@-cmmm&aﬂ}é asly piad, Hap lsal The gdditives mayobe nsaskeitred alone

m _ner glds such as sulfuric acid, phosphoric acid,
O a]%]lnla 19%5 d anhydrides. It is to be understood t hat
before or after the resid is treated with the
additive, a caustic species, preferably in aqueous
[00dnin  Tawnother eftddymbet abdestiallhenaalstésadd@fivB@can be used in

added before, during, or after the resid is passed to
thetpsactiteeof thapressat mmgntient Ndnilonidmg exgnipdeparchide elsmental
su‘?ﬁlr, fugh 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.



causti c obtai ned from hydrocarbon processing can be
used. Such spent caustic can contain dissol ved
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car boxylic acids, phenols, naphthenic acids and the
i ke. [0012] In another enbodi nent, the process is
used in conjunction with automated coke drum bottom
deheadi ng val ves, and the preduct coke plus cooling
water mxture is throttled out the bottom of the coke
drum t hrough the bottom val ve.[0013] If an additive is
used, it is desirable to avoid heterogeneous areas of
coke norphol ogy formation. That is, one does not what
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[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,



over head of the coker dram BRI EF DESCRI PTI ON CF THE

FI GURES [0015] Figure 1 is a sinplified process flow
waelcagnamof one preferred nethod of obtai ni ng BCHES®05/016708

cut heavy oil streamfor use in the present invention.

This figure shows the vacuumdistillation system

nodified wwth a steam side stripper, as well as a

distillate recycle stream f_r@m t he coker main

fractionator.[0016] Figure 2 is another sinplified

process flow di agram of another preferred nethod for
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havi ng transition coke norphol ogy). [0018] Figure 4
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[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



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0019] Petrol eum
vacuumresidua ("resid") feedstocks are suitable for
waledoagextoroki ng. Such petrol eum resi dua are freCueEsiny016708
obt ai ned after renoval of distillates from crude

f eedst ocks under vacuum and are characterized as being
conpri sed of conponents of |arge nol ecular size and

wei ght, general ly containingy_(a) asphaltenes and

ot her hi gh nol ecul ar wei ght aromatic structures that

woul d inhibit the rate of hydrotreating/hydrocracking
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and (c) a relatively high content of sulfur ‘and
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coke, shot "coke, transition coke, and needl e coke.

[0021] As previously nmentioned, there are generally
three different types of solid del ayed coker products

Q02 hdvekebed mosphology iktypicaplyedasaribed imsignplified terms such as
roperties, ,i.e., needle coke, .sponge coke, and shot
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varieties. Needl e coke, upon further thernma

treatnment, has high electrical conductivity (and a | ow

[602df f | CAepiev@budiy eiditloned MABR 48 )ceabrhllysthisedifiebent types of
el ectric arc steel production. It is relatively lowin

salid delayed dolatprbductadhathatve dofiienent yalpesdppearances 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
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coking of resid feeds. [0022] There are additiona

descriptors of coke too, although they're | ess conmon.

For exanple, a sandy coke Lgﬁg coke that after cutting

| ooks to the naked eye nmuch 1i ke coarse bl ack beach
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(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.
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e SR R R
(M.Pi“@ #0560°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



back to a | ess bonded and | ess sel f-supporting coke
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refinery. One neans is represented in Figure 1 hereof
wher ei n at nospheric resid bottons is conducted via

line 10 through a furnace 1 wherein it is heated to a
tenperature of 7000F to 80@Q6_(371.1 10C to 426.6700)
then sent via line 20 to vacuumdi stillation tower 2
wher ei n non-condensabl e material, such as steam and
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the bottomof the main fractionator 4, although it can

be fed directly to the coker furnace 5. The bottons of

the main fractionator line 100 are fed to the coker
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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 overall 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).



del ayed coker. The process schene is simlar to that
shown in Figure 1 hereof except the internedi ate cut
wo eoponetod rom di stillation tower 2 is conduct eBCwUS2005/016708

line 50 and conbined with vacuumdi stillation bottons

on |ine 55 and sent through outboard stripper furnace

6 for reheating to substantially the sane tenperature

as that of furnace 1. The rgheated vacuum
bottons/internedi ate cut streamis conducted via |ine

60 to outboard stripper 3. [0030] The drawback of the
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w 'l be between 4100C and 4750C. The hot feedstocCk
cdrhieingd with teatesh feedr(caker 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. 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 anisotropic structure. Preparation of coke whose major



period of tinme (the "coking tinme") in the coker dram
liberating volatiles conposed primarily of hydrocarbon

w@e@dncl7ey that continuously rise through the PORESIVOT616708
and are collected overhead. The vol atile products are
sent to a coker fractionator for distillation and

recovery of coker gases, gasoline, light gas oil, and
heavy gas oil. In an enbod[q&&;, a portion of the
heavy coker gas oil present in the product stream

i ntroduced into the coker fractionator can be captured
for recycle and conbined with the fresh feed (coker
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product. [0032] Coke bed norphology is typically
described in sinplified terns such as sponge coke,
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i ndi vi dual particles range
[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.



fromsubstantially spherical to slightly ellipsoida
Wi th average dianeters of Inmto 10 nm The particles
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fromtennis-ball size to basketball or |arger sizes.

The shot coke can sonetines mgrate through the coke

bed and to the bottomdrain lines of the coke drum and

sl ow, or even bl ock, the qqq@Qh wat er drain process.
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coke, it is the desired product coke for purposes of
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[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



coke, although | ess common. Such additiona

descriptors include: sandy coke which is a coke that
w@baeni1xm ti ng | ooks to the naked eye nuch | i KBCT/US2088016708

bl ack beach sand; and needl e coke that refers to a

specialty coke that has a uni que ani sotropic

structure. Preparation of coke whose nmj or conponent

is needl e coke is well knowngto those having ordinary

skill in the art and is not a subject of this

i nvention. [0037] The term"free-flow ng" as used

herein ns that, 500 tons (508.0 of coke us
EEoTApER 20 SpPR dagiee i aleraR Pl et iviesc Nt Regemoval.

i o) 1 t - .
AR RS St BRI 10 RS ey, s uéafpcf pfiPhranciatly
frieplfsdvainigl shlot ¥olté.ee- f 1 ow ng shot coke can be produced

by the practice of the present invention by insuring

that the resid feed is one having a substantially

igher initial boilin Qi.nt than resides . . .

[ entlf bﬁw‘éﬂtﬁiﬁ &@é&op‘% oF fis HycagrNig Usg spitableqdditive to aid in

' , Y [ I i resid feeds
oAHhARRG of SO0 RRBbS, AR RN RE Fobnd S50 man
epBBEmEM! tHRIdigRe 1 FfGanR solible PRESE Shch BY 8 Ii‘x‘iét&’f‘naph|thenate

having an initial boiling point from549C to 566C wl
oua encpgicioety | pcaonate, inbhidinpkaxnvey thepig®refeked ho@BHYre

Conventi onal coke processing aids, including an
polassinBasPigaden nickeh waadmm.dindmelybdaeupy masganeseor

R, RS A 1 Ll SV Rl oo,
. t il 3 .
S 0 g ORI 982 4 50
nitvpilBapley@gdh eeRn@lyetrcht Sliche Bsedle F@&ubhalddnates! thegtfinery

technol ogy is needed for its renoval. Additives are
steaaph oyeydaat as prsolvean fonthetadd:itivar, maticlomayfassise imthei digpkrsing the
acf&{t%é ?r? %Iilearlels%l 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.



free-flow ng shot coke. [0040] It is within the scope
of this invention to use a suitable additive to aid in
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free-flowing shot coke. In an embodinment, the additive
Is an organic soluble netal, such as a netal
naphthenate or a nmetal acetylacetonate, including
m xtures thereof. Preferredjgetals are potassium
sodium iron, nickel, vanadium tin, nolybdenum

manganese, alum num cobalt, calcium magnesium and
m xtures, ther.e
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[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.



or in conbination.[0042] It is wthin the scope of

this invention that a netal s-free additive be used.
wOewsh113me i ng exanpl es of substantially netal sPET/E82005/016708

additives that can be used in the practice of the

present invention include elenental sulfur, high

surface area substantially netals-free solids, such as

rice hulls, sugars, cellulosg, ground coals, ground

auto tires. OQther additives 'Include inorganic oxides

such as funed silica and alum na; salts of oxides,

such as ammoni um sil.i cate .and m neyal acids_such, as
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formation. Dispersing of the additive is acconplished

by any nunber of ways, for exanple, by solubilization
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in Figures 1 and 2) for conparing and contrasting
structures of green coke (i.e., noncal cined
[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,



coke) sanpl es.[0046] At the macroscopic scale, i.e.,
at a scale that is readily evident to the naked eye,
w@etsolzmm sponge and shot green cokes are qui PEI/US2005/016708
di ff erent-sponge has a porous sponge-|i ke appearance,
and shot coke has a spherical cluster appearance.
However, under nagnification with an optica
m croscope, or polarized-light optical mcroscope,
addi tional differences between different green coke
sanpl es may be seen, and these are dependent upon
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ctiseduently the resid boiling point distribution is having an icreased 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.



to encourage the production of free-flow ng coke,
preferably free-fl owi ng shot coke. Non-limting
wex@splise of netal s-free additives include el er&nUs1005/016708
sul fur, high surface area substantially netal s-free
solids, such as rice hulls, sugars, cellulose, ground
coals, ground auto tires; inorganic oxides such as
fumed silica and alum na; sajgs of oxides, such as
amonium silicate and mneral acids such as sulfuric
aci d, phosphoric acid, and acid anhydrides. [0051] The

present invention wll be b]= runder st ood by
reference to the foll ow ng 4 mting exanpl es that
are presented for illustrative purposes. EXAVPLE

[0052] A vacuumresid is produced in a refinery and

has had the vacuum pBasé CasViciune Repiar at Rekid With dekond stage

The refinery is pushing throughput and C%ﬁﬁﬁp@igﬁhytmn

HID WA P01 TTNg POWRBPIDRET# %ﬁégl@lj B4 NREBBIDEY F (Deg. C)
S uuur

B has—an ARl—gr bt GOBF 3.7 Cant a qd U84 Shs

land 100 wt_ % hydr ob®98 378k hoiling poi t956|(§11¥?%ht| on

20f the front end as| 8B @3Ai88ed by HTSD i|<986<58@) | ows

3in the colum |abel e858 @3889rase vacuum re®Bd539.mm)t he

4t abl e bel ow. TABLE [ DR&g3(47313@) r esi d cont di jag 61844/67)%

59000F to 10400F (481914@(8,8739 bbUUL) mat rl'OQ'T(ﬁfT?S base

gCase TESTU TS coket 03 BoRaapt Bt 2t CONClospi k3 Srydr i
R AN Y 3 AN VLT
8nroduct _coke has a %Vd@:]lh%glnhnl agy whilch_appears
9highly fused through®t®(52886bed. M crosdopi c

I@xam nati on of the c@%e(5064&F cross pol drized |ight

ireveals nostly snal|9%0iFB20ag) (10-20 m crijons) with

1goarse nosaic 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)
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



(5-10 mcron). Percentage shot coke by the

m crographic technique is estinmate to be 25% By a
whp@aniyzed ati onship with a commerci al - scal e cOREr/PS1005/016708

IS projectedthat this coke would yield a bonded shot

that would be self-supporting in the commercial scale

coke drum [0054] The base case resid then has a

second st age vacuun1distiILq9Lon whi ch renopves a

portion of the |lightest conponents. The boiling point

di stribution of the resid after distillation is shown
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€ deeper cut resid is coked in the pilot
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1. A del ayed coking process conprising: preparing a

vacuumresid that has, | es han 10, w .. % 9000F t.
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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.



range within the interval of 4500F (232.220C) to 7500F
(403.890C); conducting said mxture to a heating zone
wob@se13109t i s heated to an effective coking PCT/US2005/016708
tenperature; and conducting said heated m xture from
sai d heating zone to a coking zone wherein vapor
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reduced incidence of hot drygs and of a relatively
free-flowng nature is forned. 2. The process of claim
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7 volunme percent. 7. The del ayed coki ng process of any

pr eceoking temperatudesard n t he distillation
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.

2. The process of claim 1 wherein a substantially free-flowing shot coke

product is produced.

3. The process of any preceding claim 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.

4. The process of any preceding claim wherein the metal of the additive is
selected from potassium, sodium, iron, nickel, vanadium, tin, molybdenum,

manganese, cobalt, calcium, magnesium, aluminum and mixtures thereof.



recycle is in the range of 0 to 3.5 volune percent. 8.
The process of any preceding clai mwherein a manual or

W(amqemmesd slide valve is |located at the bottoreDIS10085016708
coki ng zone.
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5. The delayed coking process of any preceding claim wherein the distillate

recycle is in the range of 1 to 20 volume percent.

0. The delayed coking process of any preceding claim wherein the distillate

recycle is in the range of 0 to 7 volume percent.

7. The delayed coking process of any preceding claim wherein the distillation

recycle is in the range of 0 to 3.5 volume percent.

8. The process of any preceding claim wherein a manual or automated slide

valve is located at the bottom of the coking zone.



