DELAYED COKI NG PROCESS FOR PRODUCI NG FREE- FLOW NG COKE
USI NG AN OVERBASED METAL DETERGENT ADDI Tl VE FI ELD OF

WA REBsSHNVENTI ON [ 0001] The present invention rePEr/@S20089016712
a del ayed coki ng process for nmaking substantially
free-fl ow ng coke, preferably shot coke. A coker
feedstock, such as a vacuumresiduum is heated in a
heati ng zone to coking tenperatures then conducted to
a coking zone wherein volatiles are collected overhead
and coke is fornmed. An overbased al kaline earth netal
detergent additive is added tp the feedstock prior to
it being heated in the heating zone, prior toits
bei ng conducted to the coking zone, or both.

DESCRI Del ayed cokin
DIGIN 2D i QQEEEEJ]QOWING

RODI

(r EOKE) USEINS AN OVERBASERUME FALDETER GENToADDITIVE
boi I'i ng ranges, and coke. Del ayed coki ng of resids

from heavy and heavy sour (high sulfur) crude oils is
FERLD P ( iffpNes a neans of disposing of these

= converting part of the resids

to nore valuable |iquid and gaseous products. Although
[00DE] r esiHet pregertdkeertiongelwesiol a/d¢laped bokinf pecess|fommaking
val ue by-product, it may have sone val ue, dependin

substangiedlydreeafowing epkq, mieferaply ghotcanks) A spket {esduecigiuch as a
NGy RGN e
céfﬁﬂcﬂé@/ttohf@(?lﬁﬂ L Bn8 wHer&H VORiI8E al cdIidR PBEverHEMPERT coke is

€ heated eeg dC t

_ _ dstock 1s then passe 0 a coking drum
forhd. i 8n bRéfvasédelkatihe eanhlinidtalndeterpeat additiod isaddodao the
occurs, generally at
feedstock prior to it being heated in the heating zone, prior to its being conducted to

the coking zone, or both.

DESCRIPTION OF RELATED ART

[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 as a means of disposing of these low value feedstocks by converting part
of the resids to more valuable liquid and gaseous products. Although the resulting
coke is generally thought of as a low value by-product, it may have some value,
depending on its grade, as a fuel (fuel grade coke), electrodes for aluminum

manufacture (anode grade coke), etc.

[0003] In the delayed coking process, the feedstock is rapidly heated in a fired
heater or tubular furnace. The heated feedstock is then passed to a coking drum
that is maintained at conditions under which coking occurs, generally at .
temperatures above 400°C under super-atmospheric pressures. The heated

residuum feed in the coker drum also forms volatile components that are removed



t enper atures above 4000C under super-at nospheric
pressures. The heated residuumfeed in the coker drum
w@bk®s/1fons vol atil e conponents that are PCT/US2005/016712
renovedover head and passed to a fractionator, |eaving
coke behind. When the coker drumis full of coke, the
heated feed is switched to another drum and
hydr ocar bon vapors are purged fromthe coke drumwi th
steam The drumis then quenched with water to | ower
the tenperature to | ess than 3000F (1490C) after which
the water is drained. Wien thg cooling and draining
steps are conplete, the drumis opened and the coke is
renoved after drilling and/or cutting using high
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[0005]  Even though the coker drum may appear to be completely cooled, areas
of the drum do not completely cool. This phenomenon, sometimes referred to as
"hot drum", may be the result of a combination of morphologies of coke being
present in the drum, which may contain a combination of more than one type of
solid coke product, i.e., needle coke, sponge coke and shot coke. Since
unagglomerated shot coke may cool faster than other coke morphologies, such as
large shot coke masses or sponge coke, it would be desirable to produce
predominantly substantially free flowing shot coke in a delayed coker, in order to

avoid or minimize hot drums.



[0006] In an enbodi ment, there is provided a del ayed
coki ng process conprising: (a) heating a petrol eum
wo e®sd1i7mo a first heating zone, to a tenperat uP€r/b8100M016712
coking tenperatures but to a tenperature wherein the
resid is a punpable liquid; (b) conducting said heated
resid to a second heating zone wherein it is heated to
coki ng tenperatures; (c) conducting said heated resid
fromsaid second heating zone to a coking zone wherein
vapor products are collected overhead and a coke
product is fornmed; (d) introggcing into said resid at
| east one overbased al kaline earth netal detergent
additive that is effective for the formati on of
substantially free-flowi ng coke, wherein said
metal s-containing additive is introduced into said
SUMMARY QF b ENEION)f t he second heat | ng zone,

upstream of said coki ng zone, or both. [0007] In a
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IS provided a del ayed coking process conprising: (a)

contacting a vacuumresid wth an effective anount of
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tenperature from 700C to37Q0C for a tinme suffjicient to ._.

di sperse b@lQWﬁwg ERMPSARISS buite & lsmperatyre wherein the resid is a

pumpable liquid;

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

heated to coking temperatures;

(¢)  conducting said heated resid from said second heating zone to a
coking zone wherein vapor products are collected overhead and a

coke product is formed;

(d) introducing into said resid at least one overbased alkaline earth metal
detergent additive that is effective for the formation of substantially
free-flowing coke, wherein said metals-containing additive is
introduced into said resid at a point upstream of the second heating

zone, upstream of said coking zone, or both.

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

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

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

comprising:

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

overbased metal detergent additive at a temperature from 70°C to



(b) heating the treated resid to a tenperature

effective for coking said feed; (c) charging said
wheasa7t0 eated resid to a coking zone at a prESEUSB05/016712

from15 to 80 psig (103.42 to 551.58 kPa) for a coking

time to forma bed of hot coke; and (d) quenching at

| east a portion of the bed of hot coke with water.

[0009] In another enbodi nent a substantially

free-fl ow ng shot coke product is formed and renoved

fromthe coking zone. The coking zone is preferably a

del ayed coker drum The additjve can be incorporated

and conbined with the feed either before the feed is

i ntroduced into the heating zone, which is a coker

furnace, or it can _be introduced into _the feed, between
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the scope.of, this invention that the additive be
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feed would result in the formation of shot coke in the

coki ng zones, preferably substantially free-f]ow ng

[09A9) cdranotipsemhadimentasebatantiadiycied-flomang 8ot ¢ake product is
folrgn%dt a%dlr%%io%%% 5m’ tﬁg %8Efij1gozrc]mteh el"hteoctoiling zone is preferably a
delayed coker drum. The additive can be incorporated and combined with the feed
either before the feed is introduced into the heating zone, which is a coker furnace,
or it can be introduced into the feed between the coker furnace and coker drum. It
is also within the scope of this invention that the additive be introduced into the
feed in both locations. The same additive, or additives, can be added independently

at each location or a different additive or additives can be added at each location.

[0010]  Use of the term "combine" and "contact" are meant in their broad sense,
i.e., that in some cases physical and/or chemical changes in the additive and/or the
feed can occur in the additive, the feed, or both when additive is present in the feed.
In other words, the invention is not restricted to cases where the additive and/or
feed undergo no chemical and/or physical change following or in the course of the
contacting and/or combining. An "effective amount" of additive is the amount of
additive(s) that when contacted with the feed would result in the formation of shot

coke in the coking zones, preferably substantially free-flowing shot coke. An



wei ght of the netal in the additive and feed), but
woul d depend on the species of additive and its
web@siicaho and physical form Wile not w shi ngp€DUR®05/016712
bound by any theory or nodel, it is believed that the
effective amount is less for additives species in a
physi cal and chem cal formthat |ead to better
di spersion in the feed than for additive species that
are nore difficult to disperse. This is why additives
that are at |l east partially soluble in organics, nore
preferably in the resid feed, care nost preferred.
[0011] Uniformdi spersal of the additive into the
resid feed is desirable to avoid heterogeneous areas

coke norphol o formation, That | one ¢oes, not
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pegenitd. especial ly additive agents that have relatively

| ow solubility in the feedstream [0012] Preferably,
all or substantiall)f all of the coke fornmed in the
a
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areas where the coke is substantially non-free-flowing. Dispersing of the additive
is accomplished by any number of ways, preferably by introducing a side stream of
the additive into the feedstream at the desired location. The additive can be added
by solubilization of the additive into the resid feed, or by reducing the viscosity of
the 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.

[0012]  Preferably, all or substantially all of the coke formed in the process is
substantially free-flowing coke, more preferably, substantially free-flowing shot
coke. Itis 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.



process, preferably overhead of the coker drum BRI EF
DESCRI PTI ON OF THE FI GURES [0013] Figure 1 hereof is

wa@eoosptizeml m crograph showi ng coke formed fr oPCEHUS2005/016712
sponge coke nmaking resid feed (Heavy Canadi an Resi d)
that contained no additive. The figure shows flow
domains ranging in size from10 to 15 mcroneters
(typi cal of sponge coke), and a medi unf coarse npsaic
ranging from3 to 10 mcroneters (typical of shot
coke). [0014] Figure 2 shows the effect of the use of
cal ci um on coke norphol ogy. The figure is also an
opti cal m crograph, but show ng coke fornmed froma
Heavy Canadi an Resid containing 500 ppm (0.05 wt.%
calciumin the form of cal ci um sul f onat e over based
det er g WELY only a

BRIEF I} URES of 1 to 8

mcromsters [0015] Fi gure 3 shows the effect of the
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ThiefigngesitowsThewfdapuains stnging i siee froom(L( ta 15 micrometers (typical
medi um coarse nosaic in the range of, 1

of}ﬁp@ngﬁﬁolée)s ang gonegivay PO%ﬁ%WI@rraag%réOmrﬁ tohLQ micrometers
lgéjllr hP? d]6 ross-polarized light, with a view ng
§° §7 136 i cromet er s. DETAI LED DESCRI PTI ON OF
THE I NVENTI ON [ 0017] Petrol eum vacuum resi dua
[Ogi%]es' @71%111%‘28%&1% IRt SPitealea ffcalcigel ay eskepiortblogy.

h petTol eumresidua are frequently obtained after
The figusd isellscdars bplita micrégraph dIMGhOWaI@Iemkﬁ:fmmmdcfe@m a Heavy
vacuum and are characterized as b corrpr sed of

CenadiamBasisl Smizags> LPBEOS 5156 ¢ form of calcium
mﬂf n%&eacl)\lfé/rbaselzlit & Itgrg%ﬁt. ’i"ﬁg figure shows a very only a medium/coarse

mosaic in the range of 1 to 8 micrometers.

[0015]  Figure 3 shows the effect of the use of calcium on coke morphology.
The figure is also an optical micrograph, but showing coke formed from a Heavy
Canadian Resid containing 500 ppm (0.05 wt.%) calcium in the form of calcium
salicylate overbased detérgent. The figure shows a very only a medium/coarse

mosaic in the range of 1 to 9 micrometers.

[0016]  All photomicrographs in these Figures used cross-polarized light, with a

viewing area of 170 by 136 micrometers.



asphal tenes and ot her hi gh nol ecul ar wei ght aromatic
structures that would inhibit the rate of

whyasotyzeat i ng/ hydr ocr acki ng and cause cat al ySPCT/US2005/016712
deactivation; (b) netal contam nants occurring
naturally in the crude or resulting fromprior
treatnment of the crude, which contam nants woul d tend
to deactivate hydrotreating/ hydrocracki ng catal ysts
and interfere with catal yst regeneration; and (c) a
rel atively high content of sulfur and nitrogen
conpounds that give rise to opjectionable quantities
of SC2, SO3, and NOx upon comnbustion of the petrol eum
resi duum Nitrogen conpounds present in the resid al so
have a tendency to deactivate catal ytic cracking

\ e _
pEfAEbRESCHIIONGFTRIINTENTION |, o the ™

at m)sﬁheri c and vacuumdistillation of petrol eum
des . e .
R el SERRRREE Crenao BN EN el sty feleyed

cdkahs. Buehpeesrphintdsidia aeifteguently obhimeal afrsenfovahefdistillates
materi al s At nospheric and vacuum t opped heav

fromt erode feastatocks sndbevanvpino gad areTghsiracietiyed @Jb,ging comprised of
f eedst ocks. are hi gh-boi.l i ng, hydrocar bonaceous. .
COmPEHIRS GF age MPICHRIRIFRAT] Het8hl SERFA R comaiTiRg dR)

538C or hi [ g | it .or g ey
o s AN PO AR R Yy g b i i
th %E&%ﬁhy&r@@éeﬂingmﬁjrb@ﬂcﬁiﬁgeﬁﬂi s eRiabst ddadtovaliRnayisdmetal
cokl ng. "Ceneral I'y,” i n del ayed coki ng, a residue
cdtaninamts osutting haturply imtlewrmde st tesuitirfgfrdat piér freatment of

punped to aheater, at a pressure of 50 to 550 psig
themade; avhigh spotamipanieayouldpendto deacvaiat ed to a

PR eA OB E Ol RO ok gt PR BpRRRARH: anc
(c{) ﬁggi&%ﬁﬂl %1 e%rongéd{ %‘ftsﬁ{]fgf‘%ﬁ% rﬁnfﬁ;d g%h%n?ﬁ nld thassvetise to

ssure int usual on relatively
objewtiorsdhlé qasntitlestet SK0,, (59,9 and NO, upon combustion of the petroleum

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

deactivate catalytic cracking catalysts.

[0018] In an embodiment, resid feedstocks include but are not limited to
residues from the atmospheric and vacuum distillation of petroleum crudes or the
atmospheric or vacuum distillation of heavy oils, visbroken resids, coal liquids,
shale oil, tars from deasphalting units or combinations of these materials.
Atmospheric and vacuum topped heavy bitumens can also be employed. Typically,
such feedstocks are high-boiling hydrocarbonaceous materials having a nominal
initial boiling point of 538°C or higher, an API gravity of 20° or less, and a

Conradson Carbon Residue content of 0 to 40 weight percent.

[0019]  The resid feed is subjected to delayed coking. Generally, in delayed

coking, a residue fraction, such as a petroleum residuum feedstock is pumped to a



(103.42 to 551.58 kPa) to allow volatiles to be
renoved overhead. Typical operating tenperatures of
wao b@sdrarme wi | | be between 4100C and 475C. The POL/US2005/016712
feedstock thermally cracks over a period of time (the
"coking tinme") in the coker drum |iberating volatiles
conposed primarily of hydrocarbon products, that
continuously rise through the coke mass and are
col |l ected 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 enbodi ment, a portion of the heavy coker
gas oil present in the product streamintroduced |nto
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component), thereby forming the coker heater or coker furnace charge. In addition

to the volatile products, delayed coking also forms solid coke product.

[0020]  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.



content is | ow enough, sponge coke can be used for the
manuf acture of el ectrodes for the al um numindustry.
wo tooshes7sul fur and netal s content is too high, P€TTES20051€16712
coke can be used as fuel. The nane "sponge coke" cones
fromits porous, spongelike appearance. Conventiona
del ayed coki ng processes, using the preferred vacuum
resid feedstock of the present invention, wll
typi cally produce sponge coke, which is produced as an
aggl onerat ed nmass that needs an extensive renoval
process including drilling angl water-jet technol ogy.
As di scussed, this considerably conplicates the
process by increasing the cycle time. [0022] Shot coke
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m xture of shot coke bonded to sponge coke. For
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mpl’ﬁ%elalad ?Pfsg?gsrcgﬂlt@%d%%@ﬁw%wfeb@qﬂmw eoke.i Mhenérnofishot coke”
comes from its shape that is similar to that of BB-sized [1/16 inch to 3/8 inch (.16
cm to .95 cm) balls. Shot coke, like the other types of coke, has a tendency to
agglomerate, especially in admixture with sponge coke, into larger masses,
sometimes larger than a foot in diameter. This can cause refinery equipment and
processing problems. Shot coke is usually made from the lowest quality high resin-
asphaltene feeds and makes a good high sulfur fuel source, particularly for use in
cement kilns and steel manufacture. There is also another coke, which is referred
to as “transition coke” and 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.

[0023] It has been discovered that substantially free-flowing shot coke can be

produced by treating the residuum feedstock with one or more overbased alkaline



t hat enhance the production of shot coke during

del ayed coking. Aresid feed is subjected to treatnent
WORMN/ 103160 or nore additives, at effective tenpRPCHUNOT)16712

i.e., at tenperatures that will encourage the

addi tives' dispersal in the feed stock. Such

tenperatures will typically be from 700C to 5000C,

preferably from 1500C to 3700C, nore preferably from

185C to 3500C. [0024] Overbased al kali and

al kal i ne-earth netal -contai ning detergents are

enpl oyed as the additive of _tIB_e present invention.

These detergents are exenplifired by oil-soluble or

oi | -di spersible basic salts of alkaline earth netals
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tenpepdturesfwilORPjcatlyttie fromhtdHhter 5G0°4Y pagferably dicm 450°C to
phosphorus trichloride, 8hosphor us heptasul fide,
371765 pare yeefpeatilpidmil88 °Cind8PHor us trichl ori de and

SﬁlfuL’ whi te phosphorus and a sul fur halide, or
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by 88-soRitle BP oi1-BESESTAO bisid bavLoR Alkaling cafthsnetals with one or
connection, TBNis determ ned in accordance with ASTM

m(?re?Bﬂﬁ}e%lloﬁx@@g a¢idicheubistances feranixteims therieef)u §Dosud fonic acids,
esignate netal salts wherein the netal i resent. in
(29 cartsrydigecidse 63) splicylig asidseidh) ﬁﬂ@’lf’lhf‘d%ﬂ%r(g) gv@%@ |

alﬁgip%eﬁg‘fs“, &3' drg{:lrl’li]i% 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
molecular weight of 1000) with a phosphorizing agent such as phosphorus
trichloride, phosphorus heptasulfide, phosphorus pentasulfide, phosphorus
trichloride and sulfur, white phosphorus and a sulfur halide, or phosphorothioic
chloride. The most commonly used salts of such acids are those of calcium and
magnesium. The salts for use in this embodiment are preferably basic salts having a
TBN of at least 50, preferably above 100, and most preferably above 200. In this
connection, TBN is determined in accordance with ASTM D-2896-88.

[0025]  The term "basic salt" is used to designate metal salts wherein the metal is
present in stoichiometrically larger amounts than the organic acid radical. The
commonly employed methods for preparing the basic salts involve heating a

mineral oil solution of an acid with a stoichiometric excess of a metal neutralizing



commonl y enpl oyed net hods for preparing the basic
salts involve heating a mneral oil solution of an
w@eiod/1vd7th a st oi chionetric excess of a netal PCT/US2005/016712
neutral i zi ngagent such as the netal oxide, hydroxide,
carbonate, bicarbonate, or sulfide at a tenperature of
5Q0C, and filtering the resulting nass. The use of a
"promoter” in the neutralization step to aid the
i ncorporation of a |large excess of netal |ikew se is
known. Exanpl es of conpounds useful as the pronoter
i ncl ude phenol i c substances ych as phenol, naphthol,
al kyl phenol , thiophenol, sulfurized alkylphenol and
condensation products of formal dehyde with a phenolic
subst ance; al cohol s such as, net hanol opanol
et
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[0026]  Examples of suitable alkaline earth metal-containing detergents include,
but are not limited to, the basic or overbased salts of such substances as calcium
phenates, magnesium phenates, sulfurized calcium phenates, and sulfurized
magnesium phenates wherein each aromatic group has one or more aliphatic groups
to impart hydrocarbon solubility; calcium sulfonates, and magnesium sulfonates
wherein each sulfonic acid moiety is attached to an aromatic nucleus which in turn
usually contains one or more aliphatic substituents to impart hydrocarbon
solubility; calcium salicylates, and magnesium salicylates wherein the aromatic
moiety is usually substituted by one or more aliphatic substituents to impart
hydrocarbon solubility; the calcium and magnesium salts of hydrolyzed
phosphosulfurized olefins having 10 to 2,000 carbon atoms or of hydrolyzed
phosphosulfurized alcohols and/or aliphatic-substituted phenolic compounds

having 10 to 2,000 carbon atoms; calcium and magnesium salts of aliphatic



noiety is usually substituted by one or nore aliphatic
substituents to inpart hydrocarbon solubility; the
w@adositam@and rmagnesi um salts of hydrol yzed PCT/US2005/016712
phosphosul furized ol efins having 10 to 2,000 carbon
atons or of hydrol yzed phosphosul furized al cohol s
and/ or aliphatic-substituted phenolic conpounds havi ng
10 to 2,000 carbon atons; cal cium and magnesi um salts
of aliphaticcarboxylic acids and aliphatic-substituted
cycl oal i phati c carboxylic acids; and many ot her
simlar alkaline earth netal_jsalts of oil-soluble
organic acids. M xtures of basic or overbased salts of
two or nore different alkaline earth netals can be
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[otﬁggp't etd ¥ W1 kﬁtgﬁﬁ %érbé%d%ﬁkﬁl bBtetSnt$ hid géne%ﬁ[ysleeggfded as
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fully and totally dissolved in the oil. [0028] .
disp¢ristomsior siofloidah suspensions. Baey thedernes doibselwdle” and "oil-

detergents referred to hereingbove, ‘have sonetines
dispemItle| 1EEPRliGHite tagshpnsial potpnIng deifreqply s apjo tholude metal
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AfSB5} ShERH DTERTLTRER AL riRnPURTRIEp QL8R completely
of ®§HS4iREEIubEe ff BRishdctwWehse e term, inasmuch as such detergents when
mixed into base oils behave in much the same way as if they were fully and totally

dissolved in the oil.

[0028]  Collectively, the various basic or overbased detergents referred to
hereinabove, have sometimes been called, quite simply, basic alkali metal or

alkaline earth metal-containing organic acid salts.

[0029]  The precise conditions at which the resid feedstock is treated with the
additive is feed and additive dependent. That is, the conditions at which the feed is
treated with the additive are dependent on the composition and properties of the
feed to be coked and the additive used. These conditions can be determined
conventionally. For example, several runs would be made with a particular feed
containing an additive at different times and temperatures followed by coking in a
bench-scale reactor such as a Microcarbon Residue Test Unit (MCRTU). The

resulting coke is then analyzed by use of an optical and/or polarized light



additive is feed and additive dependent. That is, the
conditions at which the feed is treated with the

w@est137eo ar e dependent on the conposition andPCT/US2005/016712
properties of the feed to be coked and the additive
used. These conditions can be determ ned
conventionally. For exanple, several runs would be
made with a particular feed containing an additive at
different tinmes and tenperatures followed by coking in
a bench-scal e reactor such as a M crocarbon Resi due
Test Unit (MCRTU). The resul tjsng coke is then anal yzed
by use of an optical and/or polarized |ightm croscopy
as set forth herein. The preferred coke norphol ogy
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[0031] In one embodiment of the present invention, the resid feedstock is first
treated with an additive that encourages the formation of substantially free-flowing
coke. By keeping the coker drum at relatively low pressures, much of the evolving
volatiles can be collected overhead, which prevents mesophase formation and
undesirable agglomeration. The recycle ratio ("CFR") is the volumetric ratio of
furnace charge (fresh feed plus recycle oil) to fresh feed to the continuous delayed
coker operation. Delayed coking operations typically employ recycles of 5 vol.%
_to 25 vol.% (CFRs of 1.05 to 1.25). In some instances there is 0 recycle and %,
sometimes in special applications recycle up to 200%. CFRs should be low to aid

in free flowing shot coke formation, and preferably no recycle should be used.

[0032]  While not wishing to be bound to any specific theory or model, the
additive or mixture of additives employed are believed to function via one or more

of the following pathways: a) as dehydrogenation and cross-linking agents when



undesi rabl e aggl omeration. The recycle ratio ("CFR")
is the volunetric ratio of furnace charge (fresh feed
w@bws/1teycle oil) to fresh feed to the conti NROUES2005/016712
del ayed coker operation. Del ayed coki ng operations
typically enploy recycles of 5 vol.%to 25 vol. % (CFRs
of 1.05 to 1.25). In sone instances there is 0 recycle
and sonetines in special applications recycle up to
200% CFRs should be lowto aid in free flow ng shot
coke formation, and preferably no recycle should be
used. [0032] Wile not wishing to be bound to any
specific theory or nodel, the additive or m xture of
addi ti ves enpl oyed are believed to function via one or
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, Which™will typically be solvent that is
comimatus mhederi ifimeeded, the additive could be dissolved or slurried into an
appropriate transfer fluid, which will typically be solvent that is compatible with
the resid and in which the additive is substantially soluble. The fluid mixture or
slurry is then pumped into the coking process at a rate to achieve the desired
concentration of additives in the feed. The introduction point of the additive can
be, for example, at the discharge of the furnace feed charge pumps, or near the exit
of the coker transfer line. There can be a pair of mixing vessels operated in a

fashion such that there is continuous introduction of the additives into the coking

Process.

[0034]  The rate of additive introduction can be adjusted according to the nature
of the resid feed to the coker. Feeds that are on the threshold of producing shot
coke may require less additive than those which are farther away from the

threshold.



the resid and in which the additive is substantially
sol uble. The fluid mxture or slurry is then punped
WO 2106/1131€0 coki ng process at a rate to achi eve P¢EUS2005/016712
desired concentration of additives in the feed. The
i ntroduction point of the additive can be, for
exanpl e, at the discharge of the furnace feed charge
punps, or near the exit of the coker transfer I|ine.
There can be a pair of mnxingsvessels operated in a
fashi on such that there is continuous introduction of
the additives into the coking process. [0034] The rate
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the vessel, e.g., through a mixer, for dispersing the additive into the fluid transfer

medium.

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

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

EXAMPLES

General Procedures for Addition of Additives into Vacuum Resid Feeds

[0038]  The resid feed is heated to 70-150°C to decrease its viscosity. The
additive (in weight parts per million, wppm) is then added slowly, with mixing, for
a time sufficient to disperse and/or solubilize the additive(s) (a "dispersing time").
For laboratory experiments, it is generally preferred to first dissolve and/or disperse
the additive in a solvent, e.g., toluene, tetrahydrofuran, or water, and blend it with

stirring into the heated resid, or into the resid to which some solvent has been added
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[0039] The followi ng tests were conducted
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set forth in Tables 1 below. Control sanples of resid
with no additive was used by way of conparison. TABLE
1CLAI M5 TABLE 1
Resid Feed Additive Microstructure of | Type of Coke
(wppm of Metal) | MCR Coke Indicated
Heavy Canadian | None Small Domains Transition
(10-15 p m) and
Medium/Coarse
Mosaic (3-10 pm)
Heavy Canadian | Calcium Sulfonate | Medium/Coarse Shot
OB Detergent (500) | Mosair (1-8 y m)
Heavy Canadian | Calcium Salicylate | Medium/Coarse Shot
OB Detergent (500) | Mosaic (1-9 p m)




1. A del ayed coking process conprising: (a) heating a
petroleumresid in a first heating zone, to a
W@ eoprrHIUr e bel ow coki ng tenperatures but to BCT/US2005/016712
tenperature wherein the resid is a punpable |iquid;
(b) conducting said heated resid to a second heating
zone wherein the heated resid is heated to coking
tenperatures; (c) conducting said heated resid from
sai d second heating zone to a coking zone wherein
vapor products are collected overhead and a coke
product is formed; and (d) introducing into said resid
at | east one overbased net al Jetergent addi tive that
is effective for the formation of substantially
freefl owi ng coke, wherein said overbased net al
detergent additive is introduced into said resid at a
Qgﬂiﬂﬂéﬁpstrean1of t he second heating zone, upstream of
sai d coking zone, or both. 2. A delayed coking process
conpni $i1hg. : [ 3 uumjresid with an
1effeé&@@gg%%%ﬂﬁ?gg£&%%§F@%@?S§§£ over based al kal i ne
earth nmetal detergent additive at a tenperature from
700C#H0 3Rend operoleureresidf in cfientebtingzopgrte e tehperature
agent ‘uniformy into the feed; (b) heating the treated ..
resid to helomnpairingdemperiues bubtof prenapmpige sdicaeindbe resid is a

(c) charging sajd.heated treated resid to a coking
zone at apblin@égi‘frdléq‘%laom 15 to 80 psig (103.42 to

551.58 kPa) for a coking tine to forma bed
(b)  conducting said heated resid to a second heating zone wherein the

heated resid is heated to coking temperatures;

(c)  conducting said heated resid from said second heating zone to a
coking zone wherein vapor products are collected overhead and a

coke product is formed; and

(d)  introducing into said resid at least one overbased metal detergent
additive that is effective for the formation of substantially free-
flowing coke, wherein said overbased metal detergent additive is
introduced into said resid at a point upstream of the second heating

zone, upstream of said coking zone, or both.
2. A delayed coking process comprising:

(a)  contacting a vacuum resid with an effective amount of at least one
overbased alkaline earth metal detergent additive at a temperature
from 70°C to 370°C for a time sufficient to disperse the agent

uniformly into the feed;

(b)  heating the treated resid to a temperature effective for coking said

feed;



of hot coke; and (d) quenching at |east a portion of
the bed of hot coke with water. 3. The process of
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resid. 4. The process of any preceding clai mwherein
at least a portion of the additive is soluble in the
feedstock. 5. The process of any precedi ng claim
wherein the additive is one or nore of cal cium
phenat e, nmagnesi um phenate, sulfurized cal ci um
phenat e, and magnesi um phenate, wherein each aromatic
group has one or nore aliphatjgc groups to inpart

hydr ocarbon solubility. 6. The process of any
precedi ng claimwherein the additive is one or nore of

cal cium su] f onat es, . and nesi um sul f gnat es erein
each(éul f r81%$%d#89@@3% edzsi'ieﬁlg?crﬁeadc‘ﬁﬂngﬁog? \éﬁﬂpf(@sure from
nucl eus ' ' u i .
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wherein the additive is one or nore of calcium

salicyl ates, and magnesi um salicyl ates, wherein the

aronéd) ¢ noemthing st kaktsa polﬂiioad)ﬂige baé of hohoelee with water.

al i phatic substituents to inpart hydrocarbon

lupility. 8. .T f j i .
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magnesi um salts of hydrol yzed phosphosul furized
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5.

al i ppddigbieuRshé fasdetbecrhenol i ¢ conpounds having 10 to
2,000 carbon atons. 9. The process of any preceding

claimwherein the additive is one or nore of .

The process of any preceding claim wherein the additive is one or more of
calcium phenate, magnesium phenate, sulfurized calcium phenate, and
magnesium phenate, wherein each aromatic group has one or more aliphatic

groups to impart hydrocarbon solubility.

The process of any preceding claim wherein the additive is one or more of
calcium sulfonates, and magnesium sulfonates, wherein each sulfonic acid
moiety is attached to an aromatic nucleus which in turn usually contains one

or more aliphatic substituents to impart hydrocarbon solubility.

The process of any preceding claim wherein the additive is one or more of
calcium salicylates, and magnesium salicylates, wherein the aromatic moiety
is substituted by one or more aliphatic substituents to impart hydrocarbon

solubility.

The process of any preceding claim wherein the additive is selected from the
calcium and magnesium salts of hydrolyzed phosphosulfurized olefins

having 10 to 2,000 carbon atoms or of hydrolyzed phosphosulfurized



cal cium and nmagnesi um salts of aliphatic carboxylic

acids and al i phaticsubstituted cycloaliphatic
weamnbowyio c acids. 10. The process of any precRdi/mg2005/016712

cl ai mwherein the coke produced is substantially a

shot coke. 11. The process of claim1l wherein said

over based nmetal detergent additive is introduced into

said vacuumresid at a point upstreamof the first

EeaLi ng zone, upstream of the second heating zone, or
ot n.
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alcohols and/or aliphatic-substituted phenolic compounds having 10 to 2,000

carbon atoms.

9. The process of any preceding claim wherein the additive is one or more of
calcium and magnesium salts of aliphatic carboxylic acids and aliphatic-

substituted cycloaliphatic carboxylic acids.

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

substantially a shot coke.

11.  The process of claim 1 wherein said overbased metal detergent additive is
introduced into said vacuum resid at a point upstream of the first heating

zone, upstream of the second heating zone, or both.



