DELAYED COKI NG PROCESS FOR PRODUCI NG FREE- FLON NG COKE
USI NG POLYMERI C ADDI Tl VES FI ELD OF THE | NVENTI ON

wQ 0®81])37The present invention relates to a del BgBUS2005/016714
coki ng process for making substantially free-fl ow ng
coke, preferably free-flow ng 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. A suitable polyneric additive is
added to the feedstock prior.jto it being heated in the
heati ng zone, prior to its being conducted to the
coki ng zone, or both, to enhance the formati on of

free-fl owi ng coke. DES N. OF, RELA 2]
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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 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 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 fuel (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 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



that is maintained at conditions under which coking
occurs, generally at tenperatures above 4000C under
waapsnixinospheri c pressures. The heat ed resi detmUsmesto16714
in the coker drumalso forns volatile conponents that
are renovedover head and passed to a fractionator,
| eavi ng coke behi nd. Wien the coker drumis full of
coke, the heated feed is switched to another drum and
hydr ocar bon vapors are purged fromthe coke drumwth
steam The drumis then quenched with water to | ower
the tenperature to | ess than.BO0OOF (149C) after which
the water is drained. Wen the cooling and draining
steps are conplete, the drumis opened and the coke is
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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 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 coke, preferably shot coke, in a delayed

coker, in order to avoid or minimize hot drums.



| ar ge shot coke masses or sponge coke, it would be
desirable to produce predom nantly substantially
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coker, in order to avoid or mnimze hot drunms. SUMARY
OF THE | NVENTI ON [ 0006] In an enbodi nent, there is
provi ded a del ayed coki ng process conprising: (a)
heating a petroleumresid in a first heating zone, to
a tenperature bel ow coking tenperatures but at a
tenperature wherein the resid is a punpable |iquid;
(b) conducting said heated regid to a second heating
zone wherein it is heated to coking tenperatures; (c)
conducting said heated resid fromsaid second heating
zone to a coking zone wherein vapor products are
verhead l'id coke product is forned,
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(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:



conprising:(a) contacting a vacuumresid with an
ef fective anount of at |east one polyneric additive at
w@2daospFnat ure from 700C to 370 OC for a time PCT/US2005/016714
sufficient to disperse the additive substantially
uniformy into the feed; (b) heating the contacted
vacuumresid to a tenperature effective for coking
said feed; (c) charging said heated vacuumresid to a
coking zone at a pressure from15 to 80 psig (103.42
to 551.58 kPa) for an effective amount of tine-to
allow a bed of hot coke to fogm at |east a portion of
which is freeflow ng; and (d) quenching at |east a
portion of the bed of hot coke with water. [0009] In

anot h enbodi nent, the pol ric Ltive is selected
£ F om SRR e ARG IR s ve Bt SFatTeast Sne

ol yox | ene I I 0 .
Copol ymaroief ey B R AEP B T REREH Gyt time
of pol ; byl kAN .
al Kowy! A KCIHLENdBLEET ad iR sEBTaNLAL BETbRAR AN the focd,
et hyl ene diam ne terra al koxyl ated al cohol of
pol y oty ticapiniigehe cpntagtedyseichyreresidaocotenlseratnde effettiveefor
thereof. The polyneric additive will preferably have a

nol ecul aﬁolimgmdfpgdige of 1,000 to 30,000, nore
preferably 1,000 to 10,000. The co-polyners are

preferabl,y bl ock. Lyners. ||ll.ustrative exanpl es of

Phe Jsfvrnbreing iR VRdhim il 74 b Zhkirp FHRB e BreSure from
[0010] 1 I i i .
free-fl ofva ﬁg%sﬁgitg @ggg@pmést% iﬂ;@fsfg?%%g@gﬁgvs 39100\}1(1513 of time to
from t healwkat@dasdfiieot coke te fiehn @t Zeasea pertisredLwaldlyisdree-

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

[0009]  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 alcolhol, ethylene diamine tetra alkoxylated alcohol of
polyoxypropylene alcohol, ethylene diamine tetra alkoxylated alcohol of
polyoxypropylene-polyoxyethylene alcohols and mixtures thereof. The polymeric
additive will preferably have a molecular weight range of 1,000 to 30,000, more
preferably 1,000 to 10,000. The co-polymers are preferably block copolymers.

Illustrative 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



del ayed coker drum The additive can be incorporated
and conbined with the feed either before the feed is

w0 pdosotireed i nto the heating zone, which is a PORER2005/016714
furnace, or it can be introduced into the feed between
t he coker furnace and coker drum Itis also within the
scope of this invention that the additive be
introduced into the feed in both |ocations. The same
additive, or additives, can be added i ndependently at
each location or a different additive or additives can
be added at each |l ocation. [011] Use of the term
"conbi ne" and "contact" are neant in their broad
sense, i.e., that in sone cases phyS|caI and/ or
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depend on the particular additive species used

feedh dndéngo(ﬂtﬁcbhmlcabardi/ohphyswdl change follvaviagf ecin the course of, the
amount will typically be less for additives species in
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resid feed is sirable to av0|
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, more

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



het er ogeneous areas of coke norphol ogy formation. That

i's, one does not want |ocations in the coke drum where
WO b@saoke2 i s substantially free fl ow ng and ot PET/US2008616714

where the coke is substantially non-free fl ow ng.
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of the additive into the resid feed. Reducing the
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[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.
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[ 0018] Petrol eum vacuumresidua ("resid") feedstocks

are suitable for delayed coking. Such petrol eum

residua are frequently obtained after renoval of

distillates fromcrude feedstpcks under vacuum and are

characteri zed as being conprised of conponents of

| arge nol ecul ar size and wei ght, generally contai ning:
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(c) arelatively high content of sulfur and nitrogen compounds that give rise to

objectionable quantities of SO,, SO3, and NOy upon combustion of the petroleum
residuum. Nitrogen compounds present in 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
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.

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

delayed coking, a residue fraction, such as a petroleum residuum feedstock is
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nom nal initial boiling point of 538C or higher, an
APl gravity of 20 or less, and a Conradson Carbon
Resi due content of O to 40 wei ght percent. [0020]
Resid feeds are typically subjected to del ayed coki ng.
General ly, in delayed coking, a residue fraction, such
as a petrol eumresi duum feedstock i spunped to a heater
at a pressure of 50 to 550 psgg (344.74 to 3792.12
kPa), where it is heated to a tenperature from 48Q0C
to 52Q0C. It is then discharged into a coking zone,
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a ﬁ{lﬁ’ﬁ %%E‘tlon 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, 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.



t [0021] There are generally three different types of
solid del ayed coker products that have different
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[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 is referred
to as “transition 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.
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3%:60Epersal in the feed stock. Such tenperatures wll
ypi'cally be from 700C to 5000C5preferably from 1500C
to 3700C5nore preferably from 1850C to 3500C. [ 0025]

[ob2sy- | | Ndr-lignitingrrheplasfofipolymerit additilies iof ¢ise pfeseMeinvention
present invention include those selected fromthe
inghuwlepghosmsslected romh throgrpopeenkigting ef polyoxyethylene,
polyoxypropylene, polyoxyethylene-polyoxypropylene copolymer, ethylene
diamine tetra alkoxylated alcohol of polyoxyethylene alcohol, ethylene diamine
tetra alkoxylated alcohol of polyoxypropylene alcohol, ethylene diamine tetra
alkoxylated alcohol of polyoxypropylene-polyoxyethylene alcohols and mixtures

thereof.

[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,
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copol yner, ethylene diamne terra al koxyl ated al coho
wo@Roosaliroxyet hyl ene al cohol, et hyl ene di am ne PET/I82005/016714
al koxyl ated al cohol of pol yoxypropyl ene al cohol,
et hyl ene di am ne terra al koxyl ated al cohol of
pol yoxypr opyl ene- pol yoxyet hyl ene al cohol s and m xtures
thereof. [0026] The polyneric additive will be used in
an effective anmount. That is, in at |east that anount
that will result in a desired degree of free-fl ow ng
coke. This amount will typicahly be from 300 to 5000
wppm preferably from 300 to 3000 wopm and nore
preferably from 300 to 2000 wppm based on the wei ght

g R AR SO e oSGl By a7 oTBless baTes 4 e metal
sutf&d r%ia&gfgéem%l?aﬂggzﬁ & Vﬁd?lvz\lniﬁp T‘n@g Lyl acr t£1t %(I)et}]tfuﬁéﬂg solids,

Sécad e et ar s con
m@ 'n‘id Mﬁdb@ ahd Galls bEoxides! Pr@féﬂeqlqhetaw oSk HdkO%idles are the
liquid formbeing preferred. Non-limting
alleadaamﬂ akatiherearthl metads) tmmlpngfemiﬂy powssiunnahd sadiube Salts that
used in the practice of the present_ invention include
arﬁ%@ap g predeireds I%mﬂtﬂéﬁafl@émag@ﬂdm\@alﬁ m68¢ imeembination with

i ppNmEIERIATE, BRIET ariohL B Bt Fidrrulllng} ipee the
maea&ﬁgm%a{alﬁ#g; 'théﬁolmiwﬁv@wﬁgﬁ #0818 %bbé Wipm.

oxlI de net a ydroxides a
al kali and al kaI ine-earth netals, nore preferabl y

[opz8]as s [tUlpaefdred dhatithe %chﬁntolf@oom @18@@2"@)&661040%3 (560°C)
preferred. If a netal s-containing additive'is used in

atmosplherat ¢equvalenhhboihingpoliyn@EBP podidrial & kepeuhderal 0 wt. %,
not exceed the maximum

wERBTH! GhER N SPOTHOI gD il 0t BeriboRdss, ardieeo s Supporting
cok8 m6 x%%ol’%og‘%rm

[6029] 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 iniﬁally 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 mixture 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
controlled 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



[0028] It is preferred that the fraction of 9000F
(482.22 0C) to 10400F (5600C) atnospheric equival ent
whoeiosiingyipoi nt (AEBP) naterial be kept under 1BCTMIS2)5/016714
which wi Il push coke norphol ogy back to a | ess bonded
and | ess sel f-supporting coke norphol ogy. [0029] Rapid
dryi ng/ coki ng/ di sruption of the initially forned
i quid nesophase results in formation of liquid
spheres that form shot coke. Slow drying of nmesophase
allows the initially liquid nmesophase to spread out
and coke in place and result_jpn formati on of an
ext ended network of sponge coke. Internediate drying
rates produce transition coke which is a m xture of

1aY%3'@58§3*3g§€%sr E drii ol Kbl rshos RORcahares. In
o & Wt o inuccly PelddR e SOEP Rl S0 s o
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eam nthe drill hits such a seal s the
essamménﬂnmae theik eesBBmce ltimé 8s higid in tHe saesaphasel, oT'lxe

pafssifer Sufives IR ostie HORTIDUTE SeaY pﬁ%ﬁéig%ilhse?fmmatlon
fi . t d 4

orlf eSSt ek BB RRPAT o v afte Ty ot i i

(AP 2P it hethtd HEIBLRE S QKB | o1 enbl be

her tenperatufe ecause It slows thernal
Cross- Ilnklng reacti ons between nesophasel ayers

[0630]Mi t Thegrécisé eonditibrs ar whivh thededid feadstovk ioftreateat with the
coke spheres. In addition to higher tenperatures,

addﬁeveamfﬁgd end additivedlepandant! dibet 1Spﬂees@ndetson$atgwhlch5he feed is
i Ve it SR £ T Capeodtian and pperties of the
febES be CERLHSNE the! ddiati S udd AU ksk LohBRioTE SRR MRS ReterMified
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) is a coke microstructure of discrete micro-domains
having an average size of 0.5 to 10 pum, 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

microstructure 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



pol yether additives are also effective at disrupting
heavy oil nesophase formati on and cross-1i nking
whewausyit hey deconpose at a slower rate in t hRCOR®05/016714
drum (typically at 425C) than the rate of drying of
the coke. [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 conposition and properties of the
feed to be coked and the addijgive used. These
conditions can be determ ned conventionally. For
exanpl e, several runs can be nade with a particular

prff’ ﬁ%éflg{’]tﬁi&légélggm@gme%bo‘fshﬁgs %fﬂ ];gé gfn@tglgp Ito §E&ha degree
tht %&Eﬁ&%@ﬂﬁbl@ léé’t 1%58@ ed%kﬁtsgééﬁﬁgg? The resul ting

en an use o
cross pol ari zed Ilght m croscopy as set forth herein.

[003 pr gh ehé echbodi@eArsPine ippeient InventiofNBetrbaitl febdstock is first
produce substantially free-fl ow ng coke) is a coke

treated mﬁlruhcmwﬂya?oﬂc didditivetof the prese?b]mgllm‘soT that egcaurages the
foprtian aEHETATIAD ﬁﬁ@fﬁ%@ag?ogazmq%pp%ggm%&;?kér%am a

roi G o BISRPTSS RECEHEE 0P GHBIRREM BeSRlEe0Tvertend
wﬂi%hgﬂévelﬁbaﬁﬁégram&@g@omeﬁmﬁf 5%%%@1&1%%%5&5? e ge

substantially of non=discrete, or su

coinisined deei MOL(DCIFR"@OS tivolurgerit @tioi of faiee chyfdecd@dsh feed
from10 to 60 mm [0031] Conventional coke processin

plas eeyclenail)igi ﬁi@d)aﬁredm Iheo@ﬁtwgoag éﬂlayed gakeroparptiony: eg)elayed

colfieORerBtnEs AP NCSTP Ry TEERENDT SRR wodeL7% (CIRs of 105
ty44 I -ief .
BT e A ittt

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
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



[0032] In one enbodi nent of the present invention, the
resid feedstock is first treated wwth the polyneric
wa@oadastiirzez of t he present invention that encour BgEES1008016714
formati on of substantially free-flow ng coke. By
keepi ng the coker drumat relatively | ow pressures,
much of the evolving volatiles can be coll ected
over head, which prevents undesirabl e aggl onerati on of
the resulting shot coke. The conbined feed ratio
("CFR') is the volunetric ratio of furnace charge
(fresh feed plus recycle oil)jgto fresh feed to the
conti nuous del ayed coker operation. Del ayed coking
operations typically enploy recycles of 5 vol.%to 25

|.% (CFRs of 1,05 tq 1.25). Inst th
ol roay bpired s e o L ARTatR SUaY fika the

e up to 200% CFRs should be lowto aid in
th*Fe%gléf(#l owi ng shot coke formation, and preferably no
recycl e should be used. [0033] Typically, additive(s)

[0833] COFgHaldEives thdtare alfrioglt B Aixeskveidt dispe@ss inteRldfeeds, the
node. |f needed, the additive can be dissol ved or

adslitive(s eatreitransfearne daimpo dpr matingfshurs Vessel and chixedindth a slurry
wll typically be solvent that is_.conpatible with the
mediyigythahes eomppitbls with thedeed Non-Umdting examples|af sutable slurry

seol ubl.e.. The §1 uid nj xtur. lurry s t e .

mEGiR R oks bRkl Sif BhtpSeld il bR ed into the
I & gd | hd H he feed. The

VR SR R D BB IR, o

exanpl e, at the discharge of the furnace feed charge
[0p36]ps, For adéisives vhielx can bé nidre readkibr dissaned er dispessed in resid

There can be a pair of nixing vessels operated in a, )
fepdss thoadditiva(s) pee tremefeaed éntedhe nitB\gsvasheladaiieshwh a fluid
tra{nré erargg 1tu|rﬁ/ at Iisn(t:cg)mfngtl 1§ %&if(iltﬂ]glep eg&ef\lsdn—limiti(ng 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 slurry 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.



[0034] The rate of additive introduction can be

adj usted according to the nature of the resid feed to
wo b@saoker . Feeds that are on the threshol d of PCT/US2005/016714

produci ng shotcoke may require | ess additive than

those which are farther away fromthe threshol d.

[0035] For additives that are difficult to dissolve or

di sperse in resid feeds, the additive(s) are

transferred into the mxing/slurry vessel and m xed

with a slurry nediumthat is conpatible with the feed

Non-limting exanpl es of suifjgble slurry nedi uns

i ncl ude coker heavy gas oil, water, etc. Energy nay be

provided into the vessel, e.g., through a m xer for

di spersing the additive. [0036] For additives which
Eé§§hi§1!§gre readily dissolved or dispersed in resid

. e additive(s) are transferred into the m xi ng
vessel and mxed with a fluid transfer nmediumthat is
at i

b A oo g tiprtion were
usetaonlludiedt E5ERGny ent3B 0Thesepotpmetie @vynp@amde iwere co-

light cycle oil, heavy reformate, and m xtures

palymesoé ethalerslqmdq/a prqpybaye origle.aThe ayerageanokecylar weight

t ho nde ome con ons it may inhibit the
05&6&??95@n ‘#@Y?“@%qébgduce | oose shot coke. Energy

may prOV|ded into the vessel, e.g., through a m xer,

[Obg%ll F}é@é@? E}Eﬁ‘xv@%‘rﬁ ofds @BQWNB%I(NV ‘{Yé}gﬁfsg@% &is example.

resent 1 nvention wl

Th’éb‘éqio‘iyﬁ@ﬂc Q&Snﬁﬁ‘hﬁﬁ@ BfEcd-polyiters @f leeilate ogidelandi prbpglene

exanples that are presented for illustrative
oxxde pnd @se mmﬁsllp@@aﬂabwet%mdduamoﬁlha deffiga Tetronic co-

ymers avail abl e m BASF Car por at.i on wer S
pqlvm% epd e ppRoR rﬂé“sélﬁ t1srivRlvronyR complymep awﬁaﬁi %rom BASF
Corp ra?tlijcpﬁj SThE average molecular weight for each polymeric additive was 1500.

[0040] 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 examination 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 | 0 ee——- | emee- 27.38
Pluronic 420 12.80 3048 26.90
F-108

Tetronic 4.63 13.90 3002 27.39

1508




pol yners of ethyl ene oxide and propyl ene oxide. The

aver age nol ecul ar wei ght for each polyner additive was
waa®8/11370039] Pol yneric additi ve conpounds shoMiT/D81005016714

were used in this exanple. These pol yneric conmpounds

are co-polynmers of ethylene oxide and propyl ene oxi de

and are commercially available. The additive to the

left is a Tetronic co polynmer and the one on the right

is a Pluronic co-polynmer avail able from BASF

Cor poration. The average nol ecul ar wei ght for each

pol ymeric additive was 1500..10040] 2 gns of a Baton

Rouge Refinery Vacuum Tower Bottons were charged into

a Mcrocarbon Reactor Test Unit (MCR). The resid was

heat ed,_t o 4000C and he] d at. 4000C of 2. hours anﬂgthe 1.2
[094Yi du ICEORCODY &BSUJis TP RO VR AR pRgtomicrogtahsiof Bigures 1, 2,

I > I

) SO i bR h0engly 0RO R bR APt the prescnt

infhHi QS CPRIuEe A M RENIRN0PhO hiditivesinduRsny\B phossheséschn be
The tabl € bel ow shows the results. TABLE[ 0041] The

observedswhizh indmatesthapeesshoaof @ supstantiahiaoraumt afagisofropic coke.
Figures 1, 2, and 3 hereof i ch denDnsLJate t he '
Fignree2 represemie theomprrapde ugngithe pelyogyethylensrralzpxypropylene

S LR U TRA b lani e oo
P T i 044G cokc

Fipatey D hyvaionyepReero thovinpmaky Lising ofilenediaminshetralkoxylated
I's observed that relatively few m crospheres. a

. r e . . .
alpoleslaftpadyeryetied cnepolyaxyprormileng alcahol ({gsroniwivehareigit is
the suppressi on of ani sotropic. coke. Fjqure her eo
obsgpyessi@at an F908Opi PhATk S agfiSﬁat @m?@ﬂéh | HHTHEORIE CPEE
fo%rlniéﬁ)éx Ihaats %gen substantially completely suppressed. Thus, the polymeric
additives of the present invention suppress anisotropic coke make and alter the coke

morphology.



al cohol of pol yoxyet hyl ene- pol yoxypr opyl ene al coho
(Tetronic) wherein it is observed that an isotropic
w@b@sa137$2 present indicating that ani sotropi c PORES2005/016714
formati on has been substantially conpletely

suppressed. Thus, the polyneric additives of the
present invention suppress anisotropic coke nmake and
alter the coke norphol ogy. CLAIM5S : 1. A delayed coking
process conprising: (a) heating a petroleumresid in a
first heating zone, to a tenperature bel ow 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 coking
cﬁzg'engtures; (c) conducting said heated resid from
sHrg—second heating zone to a coking zone wherein

vapor products are collected overhead and a coke

produ t j ucing into said resid

egg?a% &PEaﬁﬁﬁéﬁggxggg?¥?%£ ‘hat is effective for

the formation of substantially free-flow ng coke,

wher e(d) heatthgapygtreleuen saditl in o firstdhentihg adnedd a tetnperature
said resid at a point upstream of the second heat i ng
zone, bebglosncelsing t@@@@rﬁl@ﬂﬁé bt g2 esneeratge %%e@dhe pepid is a
zone, or both éﬁ del ayed coki ng process conpri sing:
(a) cont BEMPA! Suumresid with an effective anount
of at | east one

(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 coke

product is formed; and

(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.
2. A delayed coking process comprising:

(a) contacting a vacuum resid with an effective amount of at least one
polymeric 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 resid to a temperature effective for coking said feed;



pol yneric additive at a tenperature from 700C to 3700C
for a tinme sufficient to disperse the agent unifornmy
WO pa06/1131¢2 f eed; (b) heating the resid to a tenpPer/asz0s016714
effective for coking said feed; (c) charging said
heated vacuumresid to a coking zone at a pressure
from1l5 to 80 psig (103.42 to 551.58 kPa) for a coking
time 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 water. 3.
The process of any precedi ng.jg-ai m wherein the
resi duum f eedstock is vacuumresid. 4. The process of
any preceding claimwherein at |east a portion of the

ddi ti j | ubl i t he feedst,ock. . Th
of - an{OpFRESIHE BaF R RETIR ST Ao ¢ 9ing de e AreSpe from
addi tive 15% fgbgqnagg%ﬁﬁ@z & 99{?38@%} &2 J&&ng i Ef5alw a bed

any preceding eérein the pofymeric a Ive 1s

sel ect edof hehesl@) toPsyal aylegste pRobUDfWAiieRYS fee-flowing; and
pol yoxyet hyl enepol yoxypr opyl ene copol yner, ethyl ene

diam ne tetra al koxyl ated al cohol of pol yoxyethyl ene
al coh@d), qeetgiep et asira pertioatafdhebrd vy hat eckeawitbhwhtenf
pol yoxypr opyl ene al cohol, ethylene diamne tetra

al koxy] at ed al cohol of . . . . .
300l ol URRENAte GoABL PrBeging el avhareigBe cesidumieditad is
t her e0f cut ré_ﬁ& process of any preceding clai mwherein

the nol'ecul ar " wei ght of the polynmeric additive is from
1,000 to 30,000. 8. The process of any preceding claim

4wher eTRetpheceR8 b€ afy pedtedthd Slaim wherein at least a portion of the

additive is soluble in the feedstock.

5. The process of any preceding claim wherein the effective amount of

additive is from 300 to 5,000 wppm.

6. The process of any preceding claim wherein the polymeric additive is
selected from polyoxyethylene, polyoxypropylene, polyoxyethylene-
polyoxypropylene copolymer, ethylene diamine tetra alkoxylated alcohol
of polyoxyethylene alcohol, ethylene diamine tetra alkoxylated alcohol of
polyoxypropylene alcohol, ethylene diamine tetra alkoxylated alcohol of

polyoxypropylene-polyoxyethylene alcohols and mixtures thereof.

7. The process of any preceding claim wherein the molecular weight of the

polymeric additive is from 1,000 to 30,000.

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

substantially a shot coke.



substantially a shot coke.9. The process of any

precedi ng claimwherein an effective anount of a
wgae@sn37azidi tive is al so used, which second adelT/US®05/616714

a nmetal s-containing additive selected fromone or nore

of nmetal naphthenate, netal acetylacetonate, a Lew s

acid, a high surface area netal -containing nmaterial,

an inorgani c oxi de, and salts of inorganic oxides. 10.

The process of any preceding claimwherein the second

additive is one or nore of KOH NaOH, carboxyl ates,

and acetyl acet onat es. -19-

9. 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.

10. The process of any preceding claim wherein the second additive is one or

more of KOH; NaOH, carboxylates, and acetylacetonates.



