WO 2005/ 113712 PCT/ US2005/ 016714 -1 DELAYED COKI NG PROCESS FOR PRODUCI NG
FREE- FLON NG COKE USI NG PCLYMERI C ADDI Tl VES FI ELD OF THE | N\/EI\FI'I O\I [ 0001]
The presen%v invention relates to a del ayed coking process for 9

subst ant i aMAPYHEE) owi ng coke, preferably free-fl owi nngjl;léJ[SZ({pa/pgy? . Coker

f eedstock, such as a vacuumresiduum is heated in a heating zone to coking
tenperatures then conducted to a coking zone wherein volatiles are collected
overhead and coke is formed. A suitable polyneric additive is added to the
feedstock prior to it being heated in the heating zone, prior to its being
conducted to the coking zone, or both, to enhance the formation of
free-flow ng coke. DESCRIPTI ON OF RELATED ART [ 0002] Delayed coking

invol ves the thermal deconposition of pdtroleumresidua (resids) to produce
gas, liquid streans 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 nean 1 f cks by
converting part _o f"ﬁf i PR %ﬁﬂi} ﬂm s products.
Al t hough the rediRE; EL.Q pd & ue
by-product, it may have sone val ue, depend| ng on its grade, as a fuel (fuel
grade coke), for electrodes for alum num manufacture (anode grade coke),
etc. [OOORYIEID e TIREINVEONKRION 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, g¢éet1dl | yThe presepeinyenties relbies éo aclblyeddekingpmcest favmtlang c

The heated
Pt e{;_s Hres substgntlaﬁ?y Eee-ﬂowmg coke, preferably free-flowing shot coke. A coker

feedstock, such as a vacuum residuum, is heated in a heating zone to coking
temperatures then conducted to a coking zone wherein volatiles are collected
overhead and coke is formed. A suitable polymeric additive is added to the
feedstock prior to it being heated in the heating zone, prior to its being conducted to

the coking zone, or both, to enhance the formation of free-flowing coke.

DESCRIPTION OF RELATED ART

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

manufacture (anode grade coke), etc.

[0003] In the delayed coking process, the feedstock is rapidly heated in a fired
heater or tubular furnace. The heated feedstock 1s then passed to a coking drum
that is maintained at conditions under which coking occurs, generally at
temperatnres above 400°C under super-atmospheric pressures. The heated

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



residuumfeed in the coker drumalso forns volatile conponents that are
renmoved WO 2005/ 113712 PCT/ US200S/ 016714 -2 overhead and passed to a

fracti onat Qfg 24083¥47f0 coke behind. Wen the coker drum imcifddoofiseiake, the
heated feed 1s switched to another drum and hydrocarbon vapors are purged °

fromthe coke drumwith steam The drumis then quenched with water to

| ower the tenperature to | ess than 300F (149C) after which the water is

drai ned. Wien the cooling and draining steps are conplete, the drumis
opened and the coke is renoved after drilling and/or cutting using high
velocity water jets. [0004] A hole is typically bored through the center of
the coke bed using high pressure jets of, water fromnozzles | ocated on a
boring tool. Nozzles oriented horizont aTQI'y on the head of a cutting tool
then cut the coke fromthe drum The coke renpval step adds considerably to
t he throughput tine and cost of the overall process. Thus, it would be

desirabl e tevdiResbdrl paxsed arla G@clohdtor-1baving Roke bkkind. "When gk eskelrdimn t hat
woul d not require the expense and tinme associated with conventional coke

renoval . [ 0@GB] ofeeke,tthe hghiet Hecd mleavitahedrin mapthep deamn and lpatrocarpbetvapyrs
cool ed, areas of the drumdo not conpletely cool. This phenonenon,
someti mes raeenrgef framahe cokednagmuwith steagn. gdherdrany isdhen quenchesowish veateon of

nor phol ogi es of caqoke bein present in the dr &ui ch npy contain a
conbi nat i ontodpPWehile fteHHWT%H’ée toylges then 309 F(ﬁ%@% Qfd’ﬂ]égﬁ the waterdged| e coke,
sponge coke,and

than’i ner 3kt Goo e dfie N S At Ble MR Sall e RSl
Free 1 ow ngceske SRR G e HEor hRablRghich SUBRP A ek (o

avoid or mnimze hot druns.
[0004] A hole is typically bored through the center of the coke bed using high

pressure jets of water from nozzles located on a boring tool. Nozzles ortented
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 and cost 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.

[0005]  Even though the coker drum may appear to be completely cooled, areas

of the drum do not completely cool. This phenomenon, sometimes referredtoas = |
"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 o produce

predominantly substantially free-flowing coke, preferably shot coke, in a delayed

coker, in order to avoid or minimize hot drums.



WD 2005/ 113712 PCT/ US200S/ 016714 -3- SUVWMARY OF THE | NVENTI ON [ 0006] In an
enbodi nent, there is provided a del ayed coki ng process conprising: (a)
heating a petrol e resid in a first heating zone, to a tenperature bel ow
coki ng teﬁ@@ﬁg?ﬂygﬁEbut at a tenperature wherein the resfHV U2 ikbanpl e
l'iquid; (b) conducting said heated resid to a second heating zone wherein it
is heated to coking tenperatures; (c) conducting said heated resid from
said second heating zone to a coking zone wherein vapor products are

coll ected overhead and a solid coke product is fornmed; (d) introducing into
said resid at |east one polyneric additive that is effective for the
formation of substantially free-flow ng coke, wherein said polyneric
additive is introduced into said resid a3 a point upstream of the second
heati ng zone, between said second heating zone and said coking zone, or
both. 100071 In a preferred enbodi nent, the coking zone is in a del ayed
coker drum and a substantially free-flow ng shot coke product is forned.

[ 0008] In PVNEL RS DRSIPR ARG 13' pravi ded a del ayed coki ng process
conpri si ng* LPARTANS PEHY +016714 -4- (a) contacting a vacuum
resid with an effective anount of at |east one

[0006] In an embodiment, there is provided a delayed coking process

comprising:

(a) heating a petroleum resid in a first heating zone, to a temperature
below coking temperatures but at a temperature wherein the resid is a

pumpable liquid;

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

product is formed;

(d) introducing into said resid at least one polymeric additive that is
( effective for the formation of substantially free-flowing coke, wherein
| said polymeric additive is introduced into said resid at a point upstream
of the second heating zone, between said second heating zone and said

coking zone, or both.

| [0007]  In 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:



polymeric additive at a tenperature from70C to 370C for a tinme sufficient
to disperse the additive substantially uniformy into the feed; (b) heating

the cont actywpd ugmyssirresid to a tenperature effective forpepRkhidgofiif feed;
(c) charging said heated vacuumresid to a coking zone at a pressure from

15 to 80 prig (103.42 to 551.58 kPa) for an effective anmount of tinme to
allow a bed of hot coke to form at |least a portion of which is free-

flow ng; and (d) quenching at |east a portion of the bed of hot coke with
wat er. [0009] In another enbodinent, the polyneric additive is selected from
the group consisting of polyoxyethyl ene, polyoxypropyl ene, polyoxyethyl ene-
pol yoxypropyl ene copol yner, ethyl ene dianlne tetra al koxyl at ed al cohol of

pol yoxyet hyl ene al cohol, ethyl ene diam né"tetra al koxyl ated al cohol of

pol yoxypropyl ene al cohol, ethylene diam ne tetra al koxyl ated al cohol of

pol yoxypr opyl ene- pol yoxyet hyl ene al cohol s and m xtures thereof. The

polynmeric additi pbatactiehehelin rosidsyith iR kERUIRE aBUANDS hElRES dfe 1, 000
to 30,000, nore preferably 1,000 to 10,000. The co-polyners are preferably

bl ock copol yners. | pblysigriat additiex ardtaapahturd frono797E s 370CHby 8 Rind
Figures 1 and 2 hereof. [0010] In another enbodi ment a substantially
free-fl owi ng shot cokaffisiaddie tlispsrseftbe additimedubstantialdy tiniformhbeintokhafeedpne.
The coking zone is preferably a delayed coker drum The additive can be

i ncor porated and congi ned with the‘%{"eed either before the feed is
introduced into tfY heamaderontaciohysmumsresict ke fempaiaiue effesiive focan be

i ntroduced into the feed between the coker furnace and coker drum It WO
2005/ 113712 PCT/ Uszoﬁ';gulfli‘f}%é?‘f%zlt\ﬁ?gz

{c) charging said heated vacuum resid to a coking zone at a pressure from
15 to 80 psig (103.42 to 551.58 kPa) for an effective amount of time to
allow a bed of hot coke to form, at least a portion of which is free-

flowing; and
(d) quenching at least a portion of the bed of hot coke with water.

j0009]  In another embodiment, the polymeric additive is selected from the group
consisting of polyoxyethylene, polyoxypropylene, polyoxyethylene-
polyoxypropylene copolymer, ethylene diamine tetra alkoxylated alcohol of
polyoxyethylene alcoilol, ethylene diamine tetra alkoxylated alcohol of
polyoxypropylene alcohol, ethylene diamine tetra alkoxylated alcohol of
polyoxypropylene-polyoxyethylene alcobols and mixtures thereof. The polymeric
additive will preferably have a molecular weight range of 1,000 to 30,000, more
preferably 1,600 to 10,000. The co-polymers are preferably block copolymers.

IHusirative examples of the polymers are given in Figures 1 and 2 hereof.

[0010]  In another embodiment a substantially free-flowing shot coke product is
formed and removed from the coking zone. The coking zone is preferably a

delayed coker drum. The additive can be incorporated and combined with the feed
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 |ocations. The sane additive, or additives, can be

added inde@ende_ntl)t/1 at each location or a different additive or additives
can be add®® 8P¥HALR | ocation. 10011] Use of the term " E&HEISAPSOLG L

"contact" are nmeant in their broad sense, 1i.e., that in sone cases physical
and/ or chem cal 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 chem cal and/or physical change follow ng, or in the course
of, the contacting and/or conbining. An "effective anount" of additive is
t.he anmount of additive(s) that when conbfacted with the feed would result in
the formation of free- flowi ng coke in the coking zone, preferably
substantially free-flowi ng shot coke. An effective anmount typically wll

(9%, BRI A PR B A R BT
and 112 CPOmERL AR AR She BE AL SUNNE IR padk b HIERL]Y B

better di spegfhdbcitivd dea UEedeatmiilifios opddditiveecaPbe héded MedachlBcatiL
difficult to disperse. Thus, additives that are at |east partially soluble

in organics, nore preferably in the resid feed, are nost preferred. [00121
Uni form di §idikal Wée ofithedenn {'camabing’ antdi'eontast "caré eeainit s thesi bimadesense, avoi d
het er ogeneous areas of coke nor phol &gy {éormati on. That_ is, one does not want
| ocati ons i-f- that 16 sp@esasen pisie! and/of shemienl shargesdnithe pdditiveandiwitheg and

N N R U ST
oo g SRt GRS g 8B 0 LA SRR AlgREARERY S,
the resid fgeadind2esld'ab tlem@] ihaoR Phiy¥ical cHat@e BRbRing, 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 free-
flowing coke in the coking zone, preferably substantially free-flowing shot coke.
An effective amount typically will ranges from 100 to 100,000 ppm (based on the
total weight of the feed). Of course, the amount used will depend on the particular
additive species used and its chemical and physical form. The effective amount
will typically be less for additives species in a physical and chemical form that lead
to better dispersion in the feed than for additive species that are more difficult to
disperse. Thus, additives that are at least partially soluble in organics, mofe

preferably in the resid feed, are most preferred.

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

solubilization of the additive into the resid feed. Reducing the viscosity of the resid



WD 21105/ 113712 PCT/ US2005/ 016714 -6- prior to mxing in the additive, e.g.,
by heating, solvent addition, etc., wll facilitate solubilization of the
addi tive ingghéxp15Agi d feed. H gh energy mxing, or use gbragbd@bhfsid Xi N9
devi ces may be enployed to assist in dispersal of the additive, especially
additives that have relatively low solubility in the feedstream [00131
Preferably, all or substantially all of the coke fornmed in the process of
the present invention is substantially free-flow ng coke, nore preferably,
substantially free-flowi ng shot coke. It is also preferred that at |east a
portion of volatile species present in the coker drumduring and after coke
formati on be separated and conducted away fromthe process, preferably
overhead of the coker drum BRI EF DESCRPTI ON OF THE FI GURES [ 0014] Figure
1 hereof is an optical mcrograph showi ng the residue of the exanple hereof
wherein no additive was used. 100151 Figure 2 hereof is an optical

m cr ogr aph A e ! . e Vst & T

pol yoxyet hy?’g%g@dﬁgﬂ‘%%‘%%?%g?@ﬁ‘g%t %Ed rb dni c?ﬁg’gs(ﬁ] te‘?r\?/cceéddwas ’?é%ﬁ%?(g%clﬂéfate

Fi gure 3 hegehbiliztion ofphé additivednoaha pesié fied. Ndighhenergg nditttngg for ke of exanpl e
her eof wherein the ethylene diamne tetra acetic ester of polyoxyethylene

al cohol ( Testatinimiximgidevicoemagbeusmrploypd 01 73sistlit dppsrsatiof thgadditisej n t hese
Fi gures used cross-polarized |ight optical nicroscopy, with a viewng area
of 170 by 1gepesahodditives tM@@%@MMEOW@WMQMOQﬂﬁ@MHEM- DETAI LED
DESCRI PTI ON OF THE | NVENTI ON

[0013]  Preferably, all or substantially all of the coke formed in the process of the
present invention is substantially free-flowing coke, more preferably, substantially
free-flowing shot coke. It is also preferred that at least a portion of volatile species
present in the coker drum during and after coke formation be separated and

conducted away from the process, preferably overhead of the coker drum.

BRIEF DESCRIPTION OF THE FIGURES

[0014]  Figure 1 hereof is an optical micrograph showing the residue of the

example hereof wherein no additive was used.

[0015}  Figure 2 hereof is an optical micrograph showing the residue of the
example hereof wherein the polyoxyethylene-polyoxypropylene (Pluronic) additive | .

was used.

{0016]  Figure 3 hereof is an optical micrograph showing the residue of the
example hereof wherein the ethylene diamine tetra acetic ester of polyoxyethylene

alcohol (Tetronic) additive was used.

[0017]  All photomicrographs in these Figures used cross-polarized light optical

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



[0018] Petrol eum vacuumresidua ("resid") feedstocks are suitable for

del ayed coking. Such petroleumresidua are frequently obtained after
renoval of distillates fromcrude feedstocks under vacuum and are

char act er iY83"M41#d2 ng conprised of conponents of | ar get THPEEMAIS Y ze and
wei ght, generally containing: (a) asphaltenes and ot her high nol ecul ar

wei ght aromatic structures that would inhibit the rate of

hydr ot reat i ng/ hydrocracki ng and cause catal yst deactivation; (b) netal
contam nants occurring naturally in the crude or resulting fromprior
treatnment of the crude, which contam nants would tend to deactivate

hydr ot reat i ng/ hydrocracki ng catal ysts and interfere with catal yst
regeneration; and (c) a relatively high7content of sulfur and nitrogen
conpounds that give rise to objectionable quantities of SO2, SO3, and NO,,
upon conbustion of the petroleum residuum N trogen conpounds present in
the resid al so have a tendency to deactivate catal ytic cracking catal ysts.

[0019] In i S mmbut are not limted to,
resi dues f@fm@ 'ﬁm } on of petrol eum crudes or

the atnospheric or vacuumdistillation of heavy oils, visbroken resids,

coal liqui iilﬁyégs_shqie%m@éﬁrﬁ ﬁaeﬁﬁmflgef@ugg%gi@aj féeggwum bt QiSRRI RIdyRES of

t hese mate At mospheri ¢ and vacuum t oppe eavy bitunmens can-al so be
enpl oyed. EylpingalShivh pefisfdunh eaddipatesraiently btdined bfigr Fontsad JfeNHRERUS
materials having a nomnal initial boiling point of 538C or higher, an API
gravity of fidth onudedeaistacks mdeCyneats and Gae bhara&esized es bomgestnmofisedl afo 40
wei ght percent. [00201 Resid feeds are _typically subjected to del ayed

coki ng. Gefienppnents phlarge mgleenlapriza gnd yveight, goecrpHgcontningut) as a

trol [ f epdst ock . i 005/.113712 PCT/ US2005/.016714 - §-. .
petrol eum rasepilla {enes and other ﬁ1gh' tolecufar weight aromatic structures that WOlﬁd n%ubn

the rate of hydrotreating/hydrocracking and cause catalyst deactivation; (b) metal

contaminants occurring naturally in the crude or resulting from prior treatment of
the crude, which contaminants would tend to deactivate i
hydrotreating/hydrocracking catalysts and interfere with catalyst regeneration; and
(c) a relatively high content of sulfur and nitrogen compounds that give rise to
objectionable quantities of SO,, SO;, and NO, upon combustion of the petroleum
residunm. Nitrogen compounds present m the resid also have a tendency to

deactivate catalytic cracking catalysts.

[0019]  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, visbfoken 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
mitial 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.

[0020]  Resid feeds are typically subjected to delayed coking. Generally, in

delayed coking, a residue fraction, such as a petroleum residuum feedstock is



punped to a heater at a pressure of 50 to 550 psig (344.74 to 3792.12 kPa),
where it 1is heated to a tenperature from480C to 520C. It is then

di schar gedyy < ing zone, typically a vertically-org s/d1pay! at ed
Coker drum“ﬁ%‘%ﬂ@ﬁq% inlet at the base of the drum Prelisc?{??%d? F’ld]tﬁﬁe drum
is 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 ||l be between 410C and 475C. The hot feedstock thernmally cracks
over a period of time (the "coking tinme") in the Coker drum |I|iberating
vol atil es conposed primarily of hydrocarbon products, that continuously
rise through the coke mass (bed) and are collected overhead. The volatile
products are sent to a Coker fracti onat orSfor distillation and recovery of
Coker gases, naphtha, light gas oil, and heavy gas oil fractions. In an
enbodi nent, a small portion of the heavy Coker gas oil present in the

product st raaiipédid adbeeflat d plesirB&fS0kersslr e (Baarato s3m he Ie! Whekb it or

recycle and conbined with the fresh feed (Coker feed conponent), thereby

form ng theisGekex thentetipetitufeofiem 480°Tawes20c0argés then distthatgahinie atdokin
vol atil e products, delayed coking also fornms solid coke product. [0021

There are gamex fifigaliyha eertivaily-erented, ypmdated cokér drudethagagh @okelet pt teuct s
that have different val ues, appearances and properties, i . heedl e coke,

sponge coklaseafdhe dum.c Bressurdsadhe deemds usualherqla@reégﬂm%m&qhtgﬁ LYt 8@ three
ieties. Ne k t t I t ,_h i | ectri cal
conduct | vi 194 45 %6 531 S83he) 19 allEWoroliHES irube ERBAREY BrSTRRG LAPGREA n
el ectric arc_steel ,production. . lt, is heha ivel I n d tal s
and i s Trequestiige sbdREES e S wifbabtah ARG A ¥ 1o %o TR pBE aet ocks
that includ ' I . - ' f
ca’Ele al Iy'? ?cucfr:eaec grag %aér%{(]:%?]b{gcrr %%ﬁ%qg{eg%@reﬁ%ﬂfd;rtgﬁe yE?@éﬁ‘@ﬂ n|gft£)cli gﬁlﬁ%%) i(gror :nce)(r:ln
by del ayed gQimh NebedtingeebMtifeB@BMposed primarily of hydrocarbon products, that

continuously rise through the coke mass (bed) and are collected overhead. The

volatile products are sent to a coker fractionator for distillation and recovery of
coker gases, naphtha, light gas oil, and heavy gas oil fractions. In an embodiment,
a small 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.

[0021]  There are generally three d(ifferent types of solid delayed coker products
that have different values, appearances and properties, 1.¢., 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
fow coefficient of thermal expansion) and is used in eleciric 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.



WD 2005/ 113712 PCT/ US2005/01671; -9- [0022] Sponge coke, a lower quality
coke, is nost often forned in refineries. Low quality refinery coker

f eedst ocks_havi ng. significant anounts of asphaltenes, h o) nd
metal s pr o‘ﬁﬂ&g‘wlﬂﬂzl ower quality coke. If the sul fur angeﬁé?gﬂtogﬂﬁ’g%ntent is

| ow enough, sponge coke can be used for the manufacture of electrodes for
the al um numindustry. If the sulfur and netals content is too high, then
the coke can be used as fuel. The nane "sponge coke" conmes fromits porous,
sponge- |i ke appearance. Conventional del ayed coking processes, using the
preferred vacuumresid feedstock of the present invention, will typically
produce sponge coke, which is produced as an aggl onerated mass that needs
an extensive renoval process including-g4illing and water-jet technol ogy.

As di scussed, this considerably conplicates the process by increasing the
cycle tinme. [00231 Shot coke is considered the | owest quality coke. The term

?‘fﬁ?ﬁt tk 8°§E (oerEn- rokBienkd, FIRR HELebR B BosfbacR IR B eliefbficr (ypes
Coke, 1t o ey o B e L Bl he PO

can cause h&biduesms aadnxERipraddce Mikessigngliny edltes IBtheSatfur and gnétglsusual |y
made fromthe | owest quality high resin- asphaltene feeds and makes a good

hi gh sul f ucorfterd isdowreneughaspongalcake gah be nsed forthe omameractkid ofselactloddseel
manuf acture. There is also anot her cgoke, which is referred, to as

"transi ti ofprdbr lumingm mdashgs Kithe settor axkectdsy rorjent isdep highs ghemtreneen t hat
f ke and sh k d of a mixt f. shot coke bonded t

Spange cokEOXTg s sl a8 TUeh e tAte [ong® sobe | SOBbRGR it Rerqpy Shoke-

appear ancey bub, Wt i SVESeNGRoRh GiTaYdd 88Qhg PPNGSSS, RGBLML BlebRefOr M as

di screte
vacuum resid feedstock of the present invention, will typically produce sponge

coke, which is produced as an agglomerated mass that needs an extensive removal
process including drilling and water-jet technology. As discussed, this

considerably complicates the process by increasing the cycle time.

[0023]  Shot coke is considered the lowest quality coke. The term “shot coke”
comes from its shape which 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 1s referred
to as “iransition coke” and this refers to a coke having a morphology between that
of sponge coke and shot coke or composed of a mixture of shot coke bonded to
sponge coke. For example, coke that has a mostly sponge-like physical
appearance, but with evidence of small shot spheres beginning to form as discrete

shapes.



shapes. WD 2005/ 113712 PCT/ US2005/ 016714 -10- [00241 Substantially
free-flow ng shot coke can be produced in accordance with the present

I nvention t [ t he resi duum feedstock with one or [ic
additives.b¥ﬁéh§ﬁ{???ves are those that enhance the produg??gﬁmgghg d{ coke
during del ayed coking. The resid feed is subjected to treatnent with one or
nore additives, at effective tenperatures, i.e., at tenperatures that wll
encourage the additives' dispersal in the feed stock. Such tenperatures
will typically be from 70C to 500C, preferably from 150C to 370C, nore
preferably from185C to 350C. [0025] Non-limting exanples of polyneric
additives of the present invention include those selected fromthe group
consi sting of polyoxyethyl ene, polyoxyprﬂbylene,

pol yoxyet hyl ene- pol yoxypr opyl ene copol yner, ethylene diamne tetra

al koxyl at ed al cohol of pol yoxyethyl ene al cohol, ethylene diamne tetra

al koxyl at ed rgpho slgcgstégﬂl[ang%%-ﬂewigg Shat! HREhn b%iﬁ?%&ﬁ&"@ il AoRfarlcR it

al koxyl at ed o ol yoxypr opyl ene- pol yoxyet hyl ene al co

mxtures tligs pRkenti@0&Gion'be tieativireid esidddid feedstock witleonsedmdtean
effective amount. That is, in at east that amount that will result in a

desired degpetymérié additiveawlheg additeves Ttd thosathmd enhhavidel the ywodwdtion dstatom 300
to 5000 wppm _preferably from 300 to 3000 wppm. and nore preferably from
300 to 2000 cafspHuring selayed soking. WEheesidieed psubjeeled totreairent witbhepgor t i s

within the scope qof .this invention that a.second type of ditjve be used

in conbi nat ing,quevgidﬁﬁwqgeatpﬁ;f Fitﬁlllaﬁliﬂ‘l%flﬁ/’é:ewﬂiqgmﬁ’é@%wst@%ewm CIEMRES e

will the additives' dispersal in the feed stock. Such temperatures will typically be from
70°C to 500°C, preferably from 150°C to 370°C, more preferably from 185°C to
350°C.

[

[0025]  Non-limiting examples of polymeric additives of the present invention
include those selected from the group consisting of polyoxyethylene,
polyoxypropylene, polyoxyethylene-polyoxypropylene copolymer, ethylene
diamine tetra alkoxylated alcohol of polyoxyethylene alcohol, ethylene diamine
tetra alkoxylated alcohol of polyoxypropylene alcohol, ethylene diamine tetra
alkoxylated alcohol of polyoxypropylene-polyo;cyethylene alcohols and mixtures

thereof,

[0026]  The polymeric additive will be used in an effective amount. That is, in at
least that amount that will result in a desired degree of free-flowing coke. This

amount will typically be from 300 to 5000 wppm, preferably from 300 to 3000

wppm, and more preferably from 300 to 2000 wppm, based on the weight of the

heavy oil feed.

[0027] It is within the scope of this invention that a second type of additive be
used in combination with the polymeric additive. This second type of additive will
be a metals-containing additive that can be used in liquid or solid form, with liquid
form being preferred. Non-limiting examples of metals-containing additives that

can be used in the practice of the present invention include metal hydroxides,



be a netal s-containing additive that can be used in liquid or solid form
with liquid formbeing preferred. Non-limting exanpl es of

met al s-cont ai ni_.ng_additives that can be used in the pr | f pr esent
invention WORNEAD Rt al hydr oxi des, WD 2005/ 113712 PCT/ fﬁéﬁ@%ﬂﬁang? 4 - 11-

napht henat es and/ or carboxyl ates, netal acetyl acetonates, Lewi s acids, a
nmetal sulfide, netal acetate, netal carbonate, high surface area

nmet al - contai ning solids, inorganic oxides and salts of oxides. Preferred
nmetals of the hydroxides are the alkali and al kaline-earth netals, nore
preferably potassiumand sodium Salts that are basic are preferred. If a
net al s-containing additive is used in conbination with the polyneric
additive, the total anount of both additlilves will not exceed the maxi num
anount given for the polyneric additive, which is up to 5000 wopm [00281
It is preferred that the fraction of 900F (482.22C) to 1040F (5600
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the initia I qui d mesophase sults in formation o I qui

spheres t haforganigosiiel andiselts 5 oxidds yPreteradd merdoohirchyairbeites bhetteni tial |y
| i qui d nesophase to spread out and coke in place and result in formation of

an ext endealkak tnd akkaiiesgothgm etadyk enorerprefenailiy potassumy iand sodives. Sabis! thoe
transition coke which s m. xture of sponge and shot cokes wth the_ shot
coke enmbeddédapi arp @resfsa'ﬁée Tt g metalsrogtdipingaddaive isnyssd 18 gambangtiqnowitBok e
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shot

[0028] It is preferred that the fraction of 900°F (482.22°C) to 1040°F (560°C)
| atmospheric equivalent boiling point (AEBP) material be kept under 10 wt.%,
which will push coke morphology back to a less bonded and less self-supporting
coke morphology.

[b029] Rapid drying/coking/disruption of the initially formed liquid mesophase
results in formation of liquid spheres that form shot coke. Slow drying of
mesophase allows the initially liquid mesophase to spread out and coke in place

- and result in formation of an extended network of sponge coke. Intermediate
drying rates produce transition coke which is a mixiure of sponge and shot cokes
with the shot coke embedded in the sponge coke. This latter situation can lead to
coke eruptions, or "hot drums”, when the coke drum of a delayed coker is
cut/drilled out because the sponge coke forms a seal embedding shot coke and
superheated steam. When the drill hits such a seal it relates the steam and shot
coke BBs. It is highly desirable to be able to produce shot or sponge coke in a
conirolled manner and to avoid formation of transition coke. The refiner can cut
out the sponge coke or drain the shot coke without the need for drilling. Addition
of the polymeric additive of the present invention enables coking at higher

temperature because it slows thermal cross-linking reactions between mesophase



coke BBs. It is highly desirable to be able to produce shot or sponge coke
in a controlled nanner and to avoid formation of transition coke. The

refiner cargy@mosngia t he sponge coke or drain the shot caokervsibous7tuhe need
for drilling. Addition of the polyneric additive of the present invention :

enabl es coking at higher tenperature because it slows thermal cross-|inking
reacti ons between nesophase WD 2005/ 11371.2 PCT/US2005/016714 -12- |ayers
permtting faster coke drying and formati on of shot coke spheres. In
addition to higher tenperatures, operating the coke drum at | ower pressures,
e.g., 15 psi vis 45 psi (103.42 vis 310.26 kPa), allows volatile cracking
products to escape and mnimze their rigidence time as liquid in the
mesophase. The polyether additives are arso effective at disrupting heavy
oi | nmesophase formation and cross-linking because they deconpose at a
slower rate in the coke drum (typically at 425C) than the rate of drying of

the coke. [lR0&8lpeHmttippdastsecsandivingasd fornvdichoftdiet celké sphiaessiock is
treated with the additive is feed and additive dependent. That is, the

condi ti ons addititm ¢hhigher feseperaires, opatasidgihe koks drurddit iower pressutepenglent on
the conposition and_properties. of t feed to be coked _and the additive
used. Thesel TBHAVIE HePs! 1&&%\7@&1&% kB, abgws aiolatds sracking-producisiel e,
several runs can b@ nade. wi.t h_a E) rtigul ar j.eed . cont ai nigg a dditive at
di fferent ($a7BEC ARG IPBIRIEE SholF ERSIdRPCe it s i ipdfiemcsOphse ' ThG 1 or such as
a Mcrocar ' : ' f%ﬁﬁ;r T . ' ' .
anal yzed b?f‘g (l5.11¥ g&%t gg%tt lygg%re(l:ﬁr’l %&sgﬁ po a%tzdéﬁfléﬁﬁl% %ﬂé ngsI%:l%p ggé géel{ﬁ%%oélrt h

herei n. TheaRf @l lipfirokRaliBy #R9 RG¥mposE at a Movdrhale Withe cBkOEHER
substantially free-flowm ng coke) is a Coke mcrostructure of discrete

m cr o- donai figpichiy atd2300) aken dearats ebdyin®obtiieccocke. m preferably froml to 5
m sonewhat |1 ke

[0030] 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 determiﬁed
conventionally. For example, several runs can be made with a particular feed
containing an additive at different times and temperatures by coking in a bench-
scale reactor such as a Microcarbon Residue Test Unit (MCRTU). The resulting
coke is then analyzed by use of optical cross-polarized light microscopy as set
forth herein. The preferred coke morphology (i.e., one that will produce
substantially free-flowing coke) 15 a coke microstructure of discrete micro-domains
having an average size of 0.5 to 10 pm, preferably from 1 to 5 pm, somewhat like
the mosaic shown in Figures 2, and 3 hereof. Coke microstructure that represents
coke that is not free-flowing shot coke is shown in Figure 1 hereof, showing a coke
mictostructure that is composed substantially of non-discrete, or substantially large

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

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

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



t he nosaic shown in Figures 2, and 3 hereof. Coke m crostructure that
represents coke that is not free-flowi ng shot coke is shown in Figure 1
hereof, showi ng a coke mcrostructure that is conposed substantially of
‘non-di scr ¥@2BGAEEhst antially |arge flow domains up toPeHVRUSY Y/ ¥ater in
size, typically from10 to 60 m [0031] Conventional coke processing aids,

I ncl udi ng an antifoam ng agent, can be enployed in the process of the
present invention. While shot coke has been WD 2005/113712 PCT/ US2005/ 016714
-13- produced by conventional nmethods, it is typically agglonerated to such
a degree that water jet technology is still needed for its renoval. 100321

I n one enbodi nent of the present invention, the resid feedstock is first
treated with the polyneric additive of {lBe present invention that encourages
the formation of substantially free-flowi ng coke. By keeping the coker drum
at relatively |low pressures, nuch of the evolving volatiles can be

Fesul ti ng BHORCabR cofpabBhTEy YIS Fadikeren t ot Bushee: o

ti ff i : : il) to f h feed to th
Cont i nuous TEEFEGLd P B o LREIE o Reedd 47 I TEHONEL ' herati ons typically
enpl oy recycles of 5 vol.%to 25 vol.% (CFRs of 1.05 to 1.25). In sone

i nstances gge | $n Ont eeMIdEmRASOEEIrbyBRS invenfBACihe! regidebERbEIORSHTSE ecycl e
up to 200% Rs should be lowto aid in flee-flow ng shot coke formation,

and pr ef er tabdtyd matlr theyprilpmstioaldditbee afske preseiBidiyeition dadtlencomdges thee(s) are
conducted to the coking process in a continuous node. If needed, the
addi tive ctmmeioniofsubsiaatialy Seenflavangicake. By kegpinphe eoker drameter f1uid,
whi ch the B STETEGERRECR OIS BTalbE v hles o Yo qodccied Bieheads
which prevents undesirable agglomeration of the resulting shot coke. The
combined feed 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 ( 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.

[0033]  Typically, additive(s) are conducted to the coking process in a

( continuous mode. If needed, the additive can be dissolved or slurried into an
appropriate transfer fluid, which will typically be solvent that is compatible with
the resid and in which the additive is substantially soluble. The fluid mixture or
shurry 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 iniroduction of the additives into the coking

process.

[0034]  The rate of additive infroduction can be adjusted according to the nature

of the resid feed to the coker. Feeds that are on the threshold of producing shot



slurry is then punped into the coking process at a rate to achieve the
desired concentration of additives in the feed. The introduction point of
the additiugoGaskipgs for exanple, at the discharge of thﬁci@%ﬂﬁﬁ@uﬁﬁﬁd
charge punps, or near the exit of the colter transfer |ine. ere can be a
pair of m xing vessels operated in a fashion such that there is continuous
i ntroduction of the additives into the coking process. 10034] 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 WO
2005/ 113712 PCT/ US2005/ 016714 -14- coke may require less additive than those
which are farther away fromthe threshold. 100351 For additives that are
difficult to dissolve or disperse in resild-f eeds, the additive(s) are
transferred into the mxing/slurry vessel and mxed with a slurry nedi um
that is conpatible with the feed. Non-limting exanples of suitable slurry
medi uns | ”Cbb'IQ@rrﬁ?‘féﬂuiP@&‘éy a8a%iveithan WRkEWwhill Gre HRGEDNWAGY A tREOVI ded into -
the vessel, e.qg.; through a mxer for dispersing the additive. [0036] For
addi ti ves wiireshat@n be nore readily dissolved or dispersed in resid feeds,
the additive(s) are transferred into the m xing vessel and m xed with a
fluid transfer mediumthat is conpatible with the feed. Non-linmtin

exanpl es of [0036] t adlax addutivestthairare diffienlti todissohe eridispersenin eesidi fe{etden'ale

bet ween 150C to 300C), coker heavy gas, oil, light cycle oil,. heavy
reformate, addtiive ar&irantiarrad nto e IHKipg/sjuigy |ve§&9$@)13 makredvaith pshirged al so,

Soor e S gl . St the addl t e ol
TS T e S R A
a mxer, fohle@h?rﬁ? Etifde EaGr Aty bYS ol M Rtet N&e f hi'ﬁ'efjg)I 189 He¥rovided into the ©

vessel, e.g., through a mixer for dispersing the additive.

[0036] For additives which can be more readily disselved or dispersed in resid
feeds, the additive(s) are transferred into the mixing vessel and mixed with a fluid
transfer medium that is compatible with the feed. Non-limiting examples of
suitable fluid transfer mediums include warm resid (temp. between 150°C to
300°C), coker heavy gas oil, light cycle oil, heavy reformate, and mixtures thereof.
Cat sharry oil (CSO) may also be used also, though under some conditions it may
inhibit the additives' ability to produce loose shot coke. Energy may provided into
the vessel, e.g., through a mixer, for dispersing the additive into the fluid transfer

medium.

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

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



medi um [0037] The present invention will be better understood by reference

to the followng non-limting exanples that are presented for illustrative
purposes. WO 2005/113712 PCT/ US2005/ 016714 -15- EXAMPLES 038 _Tet roni ¢ and
Pl ur oni ¢ pBY?/HE'P"é 33ai | abl e from BASF Corporation were 0¥t rat e

the present invention. These polyneric conpounds were co- polyners of

et hyl ene oxi de and propyl ene oxide. The average nol ecul ar weight for each
pol ymer additive was 1500. [0039] Polyneric additive conpounds shown bel ow
were used in this exanple. These polyneric conpounds are co-pol yners of

et hyl ene oxi de and propyl ene oxide and are commercially available. The
additive to.the left is a Tetronic co- polynmer and the one on the right is a
Pl.uroni c co-pol yner avail abl e from BASF-18er porati on. The average nol ecul ar
wei ght for each polynmeric additive was 1500. [00401 2 gns of a Baton Rouge
Refinery Vacuum Tower Bottons were charged into a Mcrocarbon Reactor Test
Unit (MCR). The resid was heated to 400C and held at 400C for 2 hours and

t he residu Mmd gravinetrically. The resid was also run with the

addi tion of of the two above polyneric additives. Polarized |ight
optical m croscopic exam nation of the residues was conducted. The table

g?'T?Wt ih o hﬂﬁ N e?‘é’crbﬁ c ﬁﬂr{o }.mge %}Pﬂs}%rﬁél\lrg%ﬁil%l@@%qrﬁﬂﬂ\?f@mﬁﬁtm&eve

used to illustrate the present invention. These polymeric compounds were co-
polymers of ethylene oxide and propylene oxide. The average molecular weight

( for each polymer additive was 1500.

[0039]  Polymeric additive compounds shown below were used in this examp'le;.
These polymeric compounds are co-polymers of ethylene oxide and propylene
oxide and are commerciaily available. The additive to.the left is a Tetronic co-
polymer and the one on the right is a Pluronic co-polymer available from BASF

Corporation. The average molecular weight for each polymeric additive was 1500,

{00401 2 gms of a Baton Rouge Refinery Vacuum Tower Bottoms were charged
into a Microcarbon Reactor Test Unit (MCR). The resid was heated to 400°C and
held at 400°C for 2 hours and the residue was analyzed gravimetrically. The resid
( was also run with the addition of 3000 wppm of the two above polymeric additives.
Polarized light optical microscopic exammation of the residues was conducted.

The table below shows the results.

TABLE

Additive Resid (g) | Additive, mg | Additive | R.T. to 400°C and |
(wppm) | held for 4 hrs.

None 452 4 0 e —— 27.38
Pluronic 4.20 12.80 3048 26.90
F-108

’ Tetronic 4.63 13.90 3002 27.39

1508




Pluronic 4.20 12.80 3048 26.90 F-108 Tetronic 4.63 13.90 3002 27.39 1508
WO 2005/ 113712 PCT/ US200S/ 016714 -16 [0041] The m croscopy results are
shown i n pheoewxnegraphs of Figures 1, 2, and 3 hereof whiraRk2¢emmeasirate
the effect of the polyneric additives of the present, invention. Figure 1
is the results of no additive and many bright spheres can be observed which
i ndi cates the presence of a substantial anount of anisotropic coke. Figure
2 represents the run made usi ng the pol yoxyet hyl ene- pol yoxypr opyl ene
(Pluronic) where it is observed that relatively few m crospheres are present
conpared to that of Figure 1, thus indicating the suppression of anisotropic
coke. Figure 3 hereof represents the ru ke using ethylene diamne tetra
al koxyl ated al cohol of pol yoxyet hyl ene-gl(ﬁ:n;oxypropyl ene al cohol (Tetronic)
wherein it is observed that an isotropic phase is present indicating that
ani sotropi c coke formation has been substantially conpletely suppressed.
Thus, the p@ioteri cThenditosogs whulthareshesanin photemidrographp pf #gur@sils @) r opi ¢ -
coke nake and alter the coke norphology. -17- CLAIM5S 1. A del ayed coking
process conpnd Sihegeof whichatemongtratepbe cdlestiof theqpadymend additivesiafshe peesenhg
zone, to a tenperature bel ow coki te ratures but to_a tenperature
wher ei n t he IFEHHEN; g”lsursdnﬁélaﬁ éeaugtg&nfaprri%g}m@oﬁ PR Pright apiess a0 Pesi d to -

a second he% iser}%e& %rr}leicl\llwﬁlecfigz{t@s e ﬂrgselﬁ%g Led s%lBst%ﬁﬁialna(%noum of anisotropic coke.
Figure 2 represents the run made using the polyoxyethylene-polyoxypropylene
(Pluronic) where it is observed that relatively few microspheres are present
compared to that of Figure 1, thus indicating the suppression of anisotropic coke.
Figure 3 hereof represents the run make using ethylene diamine tetra alkoxylated
alcohol of polyoxyethylene-polyoxypropylene alcohol (Tetronic) wherein it is
observed that an isotropic phase is present indicating that anisotropic coke
formation has been substantially completely suppressed. Thus, the polymeric
additives of the present invention suppress anisotropic coke make and alter the coke

morphology.



tenperatures; (c) conducting said heated resid from said second heating zone
to a coking zone wherein vapor products are collected overhead and a
free-fl owi ng shot coke product is formed; and (d) introducing into said
resid at | east one polyneric additive selected from polyoxyethyl ene,
pol yoxypropyl ene, pol yoxyet hyl ene pol yoxypr opyl ene copol yner, ethyl ene
diam ne tetra al koxyl ated al cohol of'ﬂBryoxyetherne al cohol , ethyl ene
diamne tetra al koxyl ated al cohol of polyoxypropyl ene al cohol, ethylene
diaMruatgFrﬁﬂslkoxylated al cohol of pol yoxypropyl ene-pol yoxyet hyl ene
al cohol s é xtures thereof and having a nolecular weight from1,000 to
30,000, in an anount that is effective for the formation of substantially
free-flow@ng shgt coke, wherein said polyneric additive is introduced into
[

said resid at “a99BYeGcolpaProseRs BYMPTRY'Second heating zone, between said

second hqay héding aQeGolR0M resitl toeRiaK st Aeathg z0he 10 alemperatliehgloweeigsg of cl aim
1 wherein the um.resi I S vacu ' el ayed coki ng

etrol d feed i. umresid. . A d
process é@@@?@ﬁﬁﬁs 'P‘S?%Fé‘?rﬂP%afHFe wherginihe @Wd?a(pa')“pegﬁf'ﬁw'i ng a vacuum resid
feed wi t hbpeoreliétRgtdaitehaurmiratidiih e spedrdmating AmheivHevén als ifeatdBtoRekiagure from
70C to 370C foh_ga_ti me sufficient to disperse the additive uniformly into
the feed: " ®B5@HSTing the resid to a tenperature effective for coking said
feed; (c)(crbomdgiting sari bahiaiesit floaCstidsecdnd Hedtihg2ondtd Aok wonat a pressure

Lo o S tpelinut 8 chieh R o8 R R LB bRl 21t D,
and (d) duenahiang at |east a portion of the bed of hot coke with water. 4.
The Process, Qb aaiy Roasering £lalm el old dhabtasledeaihi o of the

polyoxyethylene, polyoxypropylene, polyoxyethylene polyoxypropylene copolymer,

ethylene diamine tetra alkoxylated alcohol of polyoxyethylene alcohol, ethylene diamine

tetra alkoxylated alcohol of polyoxypropylene alcohol, ethylene diamine tetra alkoxylated

alcoho! of polyoxypropylene-polyoxyethylene alcohols and mixtures thereof and having a

molecular weight from 1,000 to 30,000, in an amount that is effective for the formation of

substantially free-flowing shot coke, wherein said polymeric additive is introduced into

said resid at a point upstream of the second heating zone, between said second heating

zone and said coking zone, or both.
2. The process of claim 1 wherein the petroleum resid feed is vacuum resid.

3. A delayed coking process according to claim 1 or 2 comprising:

(a) contacting a vacuum resid feed with an effective amount the polymeric additive at a
temperature from 70°C to 370°C for a time sufficient to disperse the additive uniformly
into the feed;

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

(¢) charging said heated vacuum resid to a coking zone at a pressure from to 80 psig
(103.42 to 551.58 kPa) for the coking time to allow a bed of hot coke fo form, at least a
portion of which is free-flowing shot coke; and

{(d) quenching at least a portion of the bed of hot coke with water.

4. The process of any preceding claim wherein at least a portion of the additive is
soluble in the feedstock.



18- 5. The process of any preceding claimwherein the effective anmount of
additive is from300 to 5 000 wopm 6. The process of any preceding claim
wherein an effective amobunt of a second additive is also used, which second
additive is a netal s-containing additive selected fromone or nore of netal
napht henate, netal acetylacetonate, a Lewis acid, a high surface area

metal -containing | material, an inorgdhic oxide, and salts of inorganic

oxi des. 7. The process of any preceding claimwherein the second additive is

n r KCH; r boxyl n I .
one o n‘og.e q'fhe p%_clz’esé\lgfqa_lg’y p?’gce%%gycla?r%%v%’ere?n t%eae gt veiaa(;net}uon gfta%gxtive is

from 300 to 5,000 wppm.

6. The process of any preceding claim wherein an effective amount of a second
additive is also used, which second additive is a metals-containing additive selected
from one or more of metal naphthenate, metal acetylacetonate, a Lewis acid, a high
surface area metal-containing | material, an inorganic oxide, and salts of inorganic

oxides.

7. The process of any preceding claim wherein the second additive is one or more
of KOH; NaOH, carboxylates, and acetylacetonates.



