“WD 2005/ 113706 PCTI US2005/ 016834 PRODUCTI ON AND REMOVAL OF FREE- FLOW NG
COKE FROM DELAYED COKER DRUM FI ELD OF THE | NVENTI O\N/ [ 0001] The present

i nvention Wﬁlzﬁﬁi?ﬁs‘fuﬁ a method for producing and renoving__coke whi ch has
“bul k nor phol ogy" s that at |east 30 volume percent is TEEES2PVBABHg under
“‘the force of gravity or hydrostatic forces froma del ayed coker drum At
the conpletion of the fill cycle, the coker drum filled with hot coke, is
cool ed by steanming and then flooding it with water, thereby producing a
coke/water m xture. The coke/water mxture is released fromthe coke drum
t hrough one or nore drum cl osure/di scharge throttling systens near the
bottom of the coker drum BACKGROUND OH-THE | NVENTI ON [ 0002] Del ayed coki ng
. involves thernmal deconposition of petroleumresidua (resids) to produce
gas, liquid streans of various boiling ranges, and coke. Delayed coking of

resids from heavy _1(] G&J JﬂfM%%.‘ﬂbﬁﬁ% _ﬂ{KI’@mecar ried out

. primarily as a nea o foam; HeSe oW yarte—+esras—py converting
part of the resids to Kl F NEﬁEﬂ@ﬁEﬁ!&ﬁHQb@@&&H&Eaﬂoducts, and

| eaving a solid coke product residue. Although the resulting coke product is

general ly thought of as a | ow val ue by-product, it may have sone val ue,

depending on its grade, as a fuel (fuel grade coke), electrodes for

al umi num ndd B OF FHE INVIENIIEN coke), etc. WO 2005/ 113706

PCT/ US2005/ 016834 2 [0003] In the del ayed coking process, the feedstock is

rapidly heated in a fired heater or tubular furnace. The heated feedstock

I's then pa?&ﬁﬁ]t 0 ﬁlel Srreggntsntn?eexltion relates to a method for producing and removing

( coke which has bulk morphology such that at least 30 volume percent is free-
flowing under the force of gravity or hydrostatic forces from a delayed coker
drum. At the completion of the fill cycle, the coker drum, filled with hot coke, is
cooled by steaming and then flooding it with water, thereby producing a
coke/water mixture. The coke/water mixture is released from the coke drum
through one or more drum closure/discharge throttling systems near the bottom of

the coker drum.

BACKGROUND OF THE INVENTION

( [0002] Delayed coking involves thermal decomposition of petroleum residua
(resids) to produce gas, liquid streams of various boilihg ranges, and coke.
Delayed coking of resids from heavy and heavy sour (high sulfur) crude oils is
carried out primarily és a means of disposing of these low value resids by
converting part of the resids to more valuable liquid and gaseous products, and
leaving a solid coke product residue. Although the resulting coke product 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.



vessel, commonly known as a coking drumthat is maintained at conditions
under whi ch coking occur's, generally at tenperatures above 400C under
super - at nyg@Rr@sine37d essures. The heated resi duum feed i rpdings2668408Es3¢r um
generates volatile conmponents that are renoved overhead and passed to a
fractionator, wultimately |eaving coke behind. Wen the coker drumis ful
of coke, the heated feed is switched to a "sister” drum and hydrocarbon
vapors are purged fromthe drumw th steam The drumis then quenched by
first flomwng steamand then by filling it with water to | ower the
tenperature to | ess than 100C after which the water is drained. The
draining is usually done back through thée inlet |Iine. Wien the cooling and
drai ning steps are conplete, the drumis opened and the coke is renoved
after drilling and/or cutting using high velocity water 'ets.ﬁ£0004] For
exanple, a 1i s Inyth¢ delaygd bokiag preenss.tthe feasstaskk is m@pld{}uhﬁat vugfired he
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abl e o pr ogies, g fife Sty KK el RGO KELV DR C LAk, yputd not
quire t he expense an | assocl ated W conventi onal “cokKe renoval ,

par ti cul ar | yhh@HhRAErésRuls Medithtddtesianlif: febl et Shkerlis@niandasiy abl e to
be able to safel'y renove such substantially free-flow ng coke at a

controll ed Wbhawle edrapofdiddat Areereprodiel @vessndcndtyedsati toha frecmonangr,
free-fl owing coke froma coke- drumis controlling its renoval fromthe _‘
drum Coke dHumatelrleaviigicoke|bghingr g&hen yhe erledr cimmis diléog cokarthohested9 to 30
feet in dianeter and tgvo to t hr,eg ti rreg ag J WD 2005/113706
PCT/ US2005/ 48 switghed to a “sister” drum and hydrocarbon vapors are purged from the

drum with steam. The drum is then quenched by first flowing steam and then by

filling it with water to lower the temperature to less than 100°C after which the

water is drained. The draining is usually done back through the inlet line. When

the cooling and draining steps are complete, the drum is opened and the coke is

removed after drilling and/or cutting using high velocity water jets.

[0004] - For example, a hole is typically bored from the top of the drum through
the center of the coke bed using water jet nozzles located on a boring tool.
Nozzles oriented horizontally on the head of a cutting tool then cut the coke from
the drum. The coke removal step adds considerably to the throughput time of the
overall process. Thus, it would be desirable to be able to produce a free-flowing
coke, in a coker drum, that would not require the expense and time associated with
conventional coke removal, particularly the need to drill-out the coke. It would
also be desirable to be able to safely remove such substantially free-flowing coke

at a controlled flow rate.

[0005]  One problem associated with removing free-flowing coke from a coke-
drum 1s controlling its removal from the drum. Coke drums are typically large

cylindrical vessels, commonly 19 to 30 feet in diameter and two to three times as



‘tall having a top head and a funnel shaped bottom portion fitted with a
bottom head. They are usually used in pairs so that/they can be operated

al t er nat elywo >b13706S, one drum can be on-line while cokg.i L noved
‘fromthe other. The heads of a conventional coke drum nggT/%B@%‘?lg%g%ﬁd to

renove the coke. The process of renoving and replacing the renovable top
head and bottom head of the vessel cover is called headi ng and unheadi ng or
deheading. It is dangerous work, wth several risks associated with the
procedures. There have been fatalities and serious injuries during such
procedures. Operators face a significant safety risk fromexposure to
steam hot water, fires and repetitive'?tress associated with the manual

« unbol ting work. Accordingly, the industry has devoted substantial tine and

i nvestnent in devel oping sem -automatic or fully automatic unheadi ng

systens, wilthuvadg endp head aalis Gchmeb shapet botonh padiorgfinbe nétht hiectgrraat est

- safety hazard is present. [0006] Additionally, if |oose coke is |et out
from t he bbeadonTlsfy areawskallyipsed inrpaars sodhaithandanbemperaitd aliehatehy.olhat
significant prollens can occur. For exanple, if ( the flowjs tgo rapid, and

the drum t SpOPednm san §¢ opzitae WhHesoks & bedng serapvediiropy @an e pul l ed on
the coke dyum. ismploding the coke drum ,Al so, rapid dungs of | e druns of
coke, e.qg, 5??\5‘&&@&%66%‘6“2&#3@5%‘%%“% IS‘POcYS&gO 5‘?rﬂgvgﬁles°°§(ﬁt g[rrhgt itial
water in I {‘iﬂ 1 e ToTI ] damage
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net hods f oyessen@vieR @ ¢RI NE HrRlachhcolling cﬁ%&a&ﬁhﬁmmyﬂa erbieworly, of the
falling coke. One nethod is to conpletely renove the head Tromthe vessel,
peér haps cawrthiseygerial riakagssbciamd weh vespricedures. Therethavabethéatalmidsvodl i s t o
swing it out, of the way, as on a hinge or pivot, while the head is still

y :
coupl ed t osariqais\eidsies dyking sueh proceduresngdpesatoeyfage g sigpifisant safafnrskos/ 113706

PCT/ US200§ rgr%egng)%sure to steam, hot water, fires and repetitive stress associated with the

manual unbolting work. Accordingly, the industry has devoted substantial time and
investment in developing semi-automatic or fully automatic unheading systems,
with attention focused on bottom unheading where the greatest safety hazard is

present.

[0006]  Additionally, if loose coke is let out from the bottom of a coke drum in a
rapid and uncontrolled fashion, significant problems can occur. For example, if

( the flow is too rapid, and the drum top head and/or vent lines are not open, a
vacuum can be pulled on the coke drum, imploding the coke drum. Also, rapid
dumps of large drums of coke, e.g, dumping 1000 tons (1016.05 Mg) of coke plus
its interstitial water in less than 5 or 10 minutes, can cause significant structural

damage to chutes and coke receiving areas.

[0007] There are several conventional methods for removing the bottom head
of a coker drum out of the way of the falling coke. One method is to completely
remove the head from the vessel, perhaps carrying it away from the vessel on a
cart. Another method is to swing it out of the way, as on a hinge or pivot, while the

head is still coupled to the vessel as in U.S. Pat. No. 6,264,829, which is



-6 is substantially free-(}omﬁng under the force of gravity or hydrostatic
forces in the coke drum or one that wll formfree-flow ng coke with use
of a suitabWe 28e/dils10¢e, under del ayed coki ng conditions; B{TMERM08/@i685Ng t he
coker vessel at del ayed coker conditions for an effective anmount of tinme
thereby resulting in vapor products and a bed of at |east 30 vol une percent
of substantially free-flowi ng coke; d) renoving at |east a portion of the
vapor products overhead; e) quenching said bed conprised of at |east 30

vol une percent of substantially free-flow ng coke with steam and renovi ng
addi tional vapor products overhead; f) Lgtroducing water into said coker
vessel to cool the bed conprised of at |east 30 vol une percent
substantially free-fl owi ng coke; g) throttling open said closure nenber in a

trolled fashi to.all trglled di f ke, f h k
vessel s and by col 1 ects APRSEUSIECfloufy BETHRE AR orerar ebpSafigors)
n a preferred embodi mgpics b0/ EARQRHE OFBAD AT WINToKA (Yée-ABWASL Edke H@M ( he
group consisting of a aIF valve, a s |’8e valve, a knife vaﬁve, andea wedge

plug valve. [0014] I|nygpefhsnitiblelddiitd, endado®ad ddkengebradidngoker vessel
contains at |east 90 volune percent of substantially free-flow ng coke.

[ 0015] I n anot herc)pr efeaintahiegitbel cokartvestchet delaped Leledtstondiions for ended so
that the total dispersed netals of the blend will be greater than 250 wppm
and the APl gravity ictfectveampynt of e thgsebp gesulting ob Vot ededs e1é 834

bed of at least 30 volume percent of substantially free-flowing coke;
d) removing at least a portion of the vapor products overhead; -
e) quenching said bed comprised of at least 30 volume percent of
substantially free-flowing coke with steam and removing additional
vapor products overhead,
f) introducing water into said coker vessel to cool the bed comprised of
at least 30 volume percent substantially free-flowing coke;
g2) throttling open said closure member in a controlled fashion to allow
a controlled discharge of coke from the coker vessel; and

h) collecting the coke discharged from the coker vessel.

[0013] In a preferred embodiment the enclosure member is a valve selected
from the group consisting of a ball valve, a slide valve, a knife valve, and a wedge

plug valve.

[0014) In another preferred embodiment the delayed coker vessel contains at

least 90 volume percent of substantially free-flowing coke.

[0015] In another preferred embodiment, the coker feedstock is blended so that
the total dispersed metals of the blend will be greater than 250 wppm and the API
gravity is less than 5.2



-7- [00161 In another preferred enbodinent, the fresh coker feed is a vacuum
resid which contains |ess than 10 wt.% materi al boi¥ing between 900 and

1040F (48R02863/11870660C) as determ ned by Hi gh Tenper at upgrkidl @l
‘Distillation. 10017] In another preferred enbodi nent, coker pressure,
tenperature and steam addition are adjusted to increase the percentage of
free-flow ng coke in the coker drum [0018] In still another preferred
enbodi ment an additive is introduced into the feedstock either prior to
heating or just prior to it being introduced in the coker vessel, which
additive is an organi c sol uble, organi cgi nsol ubl e, or non-organic mscible

met al s-containing additive that is effeciive for the formation of

»substantially free-flowi ng coke. [0019] In yet another preferred enbodi nent
of the present invention the netal of the additive is selected fromthe
group consilbhg, Ipenatst prafegodicmbrpdiment, therfireshetokey fzvaldis wrmactrium, resid

Ther cof . [ DU CLTRhHondiarn | L GO o DoRRPOU and W 4Dded entry
erhodi mont R St roec) & S BTEA Snaien TRGRknE S AP LES Bl coul o

wei ght aromati c conpounds, and overbased surfactants/detergents. WO 2 005/1
1 3 70 6 PCTI US2005/ 016834 -8 BRI EF DESCRI PTI ON OF THE FI GURES [ 0022]

Figure 1 h@(d0] i $nancthecpnifeatd embodareritatolan fp@éssﬁr@@&ﬁpema&aahd@feahhe
present invention show ng the position of the feed injection systemand the
drum addition are adjusted to increase the percentage of free-flowing coke in the coker

{ drum.

[0018}  In still another preferred embodiment an additive is introduced into the
feedstock either prior to heating or just prior to it being introduced in the coker
vessel, which additive is an organic soluble, organic insoluble, or non-organic
miscible metals-containing additive that is effective for the formation of

substantially free-flowing coke.

[0019] In yet another preferred embodiment of the present invention the metal
of the additive is selected from the group consisting, potassium, sodium, iron,
( nickel, vanadium, tin, molybdenum, mang:dnese, aluminum, cobalt, calcium,

magnesium, and mixtures thereof.

[0020]  In another preferred embodiment there are two feed entry lines

positioned opposite of each other.

[0021] In yet another preferred embodiment the additive is selected from
polymeric additives, low molecular weight aromatic compounds, and overbased

surfactants/detergents.



cl osure/discharge throttling system [0023] Figure 2 hereof is another
enbodi nent of the present "i nvention show ng a dual coke discharge system
DETAI LED DNEERIOPTIIN OF THE PREFERRED EMBCDI MENTS [ 0024]rA#us20ésu1ns3nesi dua
("resid") feedstocks are suitable for del ayed coking. Such petroleum
residua are frequently obtained after renoval of distillates from crude

f eedst ocks under vacuum and are characterized as being conprised of
conponents of |arge nol ecul ar size and wei ght, generally containing: (a)
asphal tenes and ot her hi gh nol ecul ar wei ght aromatic structures that would
inhibit the rate of hydrotreatingl hydrogacki ng and cause cat al yst
deactivation; (b) netal contam nants occurring naturally in the crude or
resulting fromprior treatnent of the crude, which contam nants would tend
to deactiva [ j sl talysts and interfere with

cat al yst reMﬁWﬁb@r@gm gh content of sulfur and
nitrogen conpounds that give rise to objectionable quantities of SO2, SGB,
and NO upon conbustion of the petroleum residuum N trogen conpounds
present in t[[ngesmgafesphbﬁwisaab@mﬁﬂwré esch@ATdN ¥Pd olethvakidl iof ti§¢ acki ng
catal ysts. [0025] In an enbodi nent, resid feedstocks include, but are not
limted to, prasest uvestidn elnowing the posipbe of theafeddineation diy gl drak thenrodn
petrol eum crudes or the WO 2005/113706 PCT/ US2005/016834 -9 atnospheric or
vacuum di st clasure/discharee 8ueitlig s¥SteWi sbroken resids, tars from deasphal ting
units or conbi nations of these materials. Atnospheric and vacuum topped
heavy bitunmens, coal |iquids and shale oils can al so be enpl oyed.

naving & iRl “THERRET BeRF iR PR HE PR ROORE PR FOVE |

gravity of 2Qual coke discharge system.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024]  Petroleum residua ("resid") feedstocks are suitable for delayed coking.
Such petroleum residua are frequently obtained after removal of distillates from
crude feedstocks under vacuum and are characterized as being comprised of
components of large molecular size and weight, generally containing: (a)
asphaltenes and other high molecular weight aromatic structures that would mhibit
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
hydrotreating/hydrocracking catalysts and interfere with catalyst regeneration; and
(¢) 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
residuum. Nitrogen compounds present in the resid also have a tendency to

deactivate catalytic cracking catalysts.

[0025] In an embodiment, resid feedstocks include, but are not limited to,

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



or less, and a Conradson Carbon Residue content of O to 40 wei ght percent.
[0026] The resid feed is subjected to del ayed coki ng” Generally, in delayed

coki ng, a mast@egiFs@acti on, such as a petrol eum resi duum gf &?dg $ punped
to a heater, or coker furnace, at a pressure of 50 to 550 psig ?llf 74 to

3792. 12 kPa), where it is heated to a tenperature from 900F (482.22C) to
950F (510C). The heated resid is then discharged into a coking zone,
typically a vertically-oriented, insulated coker drumthrough at |east one
feed line that is attached to the coker drumnear the bottom of the drum
Conventional coker drunms require unheadlgpg the coke drum Since the coker
drum nust contain a severe atnosphere of”” el evated tenperatures, the bottom
"cover of a conventional coke drumis typically secured to the coke drum by
a plurality of bolts, which often nust be | oosened nmanually. As a result,
unheadi ng iatmesplebwrori vacensi distigditreof Heabyoileevistirakshaesidaftarscfooment i onal
"unheading is that it is difficult to use when the coke drumis filled wth
subst ant i aldegsphebiing vy Wgc%klélatlﬁlé? @f thescampieristot AgpRrenhesigandodiesuns uni que

h | h d d af headi
This e beerokheiy R tiatidsing afa il caf 57 pESmAIRKE ng coke Bgd
i I
S result . SGRICR suct feepL RS e R BB Ao bbb Aol %ﬁtgﬁ%@?’% £ the
drum as th%oﬁﬁh&ﬂﬁltfa@\b%'iln r?pmﬁ?bf'%(‘i(ﬁ’mg‘?‘ﬂs‘é@yér Hirg%?i? 'a'ﬁgAPI saialYofpear d

for operators on the coking unit. In addition ree-fl ow ng”coke may

rest on therhbak!and & 0varadsput@arbgn Residnecomeat of 0asl 40nwdipht patémm cover and
rrakl ng its cont rolled removal difficult. WD 2005/113706 PCT/US2005/ 016834
-10 [ 00271 In one enbodi nent, represented in Figure | hereof, the coker

SR R RGN AN i WL RO R
whi ch coke cBEin%i, §?Qsefalggﬂactlon, such as a petroleumn residuum feedstock is pumped to a
| heater, or coker furnace, at a pressure of 50 to 550 psig (344.74 t0 3792.12 kPa),

where it is heated to a temperature from 900°F (482.22°C) to 950°F (510°C). The
heated resid is then discharged into a cokihg zong, typically a vertically-oriented,
insulated coker drum through at [east one feed line that is attached to the coker
drum near the bottom of the drum. Conventional coker drums require unheading
the coke drum. Since the coker drum must contain a severe atmosphere of
elevated temperatures, the bottom cover of a conventional coke drum is typically

( secured to the coke drum by a plurality of bolts, which often must be loosened
manually. As a result, unheading is a labor intensive chore. A further drawback of
conventional unheading is that it is difficult to use when the coke drum 1s filled
with substantially free-flowing coke, particularly shot coke. Shot coke is unique in
that it will not always remain in the drum during and after unheading. This is
because the coke is not in the form of a self-supporting coke bed, as is sponge
coke, but instead is substantially free-flowing particles. As a result, such coke will
have a tendency to uncontrollably pour out of the drum as the bottom cover 1s
being removed, thus creating a safety hazard for operators on the coking unit. In

addition, the free-flowing coke may rest on the bottom cover, putting an enormous

load on the bottom cover and making its controlled removal difficult.



Feed is passed to vessel 1 via line 10 which enters a feed inlet system2
which is conprised of one or nore feed entry lines into the vessel at a
posi ti on ab¥Oeowshes7oelr um cl osure/ di scharge throttling sysgemSooiaggss nl et
system 2 can nerely be a single feed entry line or a manifold with the
appropriate pipe entry lines wherein the feed is divided and fed through
two or nore feed entry lines. It is preferred that there be two feed entry
| i nes, each positioned above the drum cl osure/di scharge throttling system
and each positioned 180 fromeach other at the bottom of the vessel. Vessel
| is also provided with a port 4 at its_fop, which port contains a
renovabl e secured head 5. The port alloms for suitable high- pressure water
jet equiprment 6 to be lowered into the vessel to aid in the removal of the
bed of coke that fornms during delayed coking. There is also provided a
vapor exit line 7 to allow the renoval of volatile conmponents that are

v ot i ng W9&7Em 3t aifeRbSpac, RaPEaRRaR mao agblThf 888 o Sl he o
closure me O%ﬁsfi’{%%%'v%%éé‘q gl;sf) Shﬁl%tlﬁ%rF gttﬂraglé%]éé’PHFJ}P ﬂﬁ'f@ ﬁt§1 sa

di schar ged bofton e vesse l'ong as can rottled
at a desi r ebtentl peaivn ddfirfiflg ha 9e1tt@r b@yhdvh@)mlr whithndsiie ﬂsqlé@ﬁarged
controlled opened at a rate that will allow for e safe di scharge of

subst ant i al Fedfis passeldoivegsel dokiz line il 0ivehiph ehters ed‘eemnfﬂettsiyetem @mwhich is

cl osur e/ di scharge throttl i ng@céstem et one or nore of the foIIovm ng
criteria: JCORBISEd /C'IlfGPFGBO edspiapsingd Biadhe yassel ata pesien abaKgni cal
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operation gingle feed entry line or a manifold with the appropriate pipe entry lines wherein
the feed is divided and fed through two or more feed entry lines. It is preferred
that there be two feed entry lines, each positioned above the drum
closure/discharge throttling system, and each positioned 180° from each other at
the bottom of the vessel. Vessel 1 is also provided with a port 4 at its top, which
port contains a removable secured head 5. The port allows for suitable high-
pressure water jet equipment 6 to be lowered into the vessel to aid in the removal
of the bed of coke that forms during delayed coking. There is also provi&ed a
vapor exit line 7 to allow the removal of volatile components that are produced

during the delayed coking process. £

[0028])  Drum closure/discharge throttling system 3 can be of any suitable design
as along as it contains a closure member for closing off the aperture through which
coke 1s discharged from the bottom of the vessel and as long as it can be throttled
at a desired and controlled rate to allow the closure member to be controlled
opened at a rate that will allow for the safe discharge of substantially free-flowing
coke. It is preferred that the drum closure/discharge throttling system meet one or

more of the following criteria:



"I'ts nmechanical design is such that it can withstand the static and dynamc
pressure | oads inherent in delayed coker operations #ithout |osing sealing

integrity Weebesyigstdog of operation The design of the clo (val ve)
"seal ing system be such that the coke that is built-up oﬁH?@§@%§§%4s-si de

of the closure nenber surface during the coking operation can be cleanly
sheared off during the valve opening The closure nenber conponents that
are exposed to the coke plus water mxture be sufficiently robust to resi st
the erosive nature of the coke water m xture The closure nenber nechani sm
be capable of controlled opening from Lre fully closed to fully open

position. Surfaces of construction nmatetials that are exposed to the

* feedstock or to the reaction products should be resistant to such species
as H2S, H2 and traces of HC under specified tenperature, pressure, and
concentration < aiglesof antechanicabdessgrofudtithar it den imdthstandcthettemgemandecool i ng

- water under specified conditions. [00291 The drum cl osure/di scharge
throttling systemcyenginhergntdnidelayed cokenepesgtiansnvithout losialg ssaling duty use.
Non-limting exanpl es.include single-slLide slide valves, a dual-slide slide
val ves, bal | val v&#UCEHDQAYH & HL ‘?/fg@,er%\“%dge-vw t hi n-wedge val ves, ram

| , d d | ! . V\D. / ; MY / -
operat ed- o t hore miUAT YR Reo i P et e Nl lr e BRPE R ot cal 1y
operated then it \tﬂ?hlimli’@p#é@ﬁﬁ]E%Qﬁth&%ht fm@elﬁf’é?}lééii% gﬁgft&g@ﬁﬂ{ou‘?a” be

| ocated at a locatfon renote fromthe coke vessel. nmean that it
losing sealing integrity over years of operation

( o The design of the closure member (valve) sealing system be such that
the coke that is built-up on the process-side of the closure member
surface during the coking operation can be cleanly sheared off during
the valve opening

e The closure member components that are exposed to the coke plus water
mixture be sufficiently robust to resist the erosive nature of the coke
water mixture

e The closure member mechanism be capable of controlled opening from
the fully closed to fully open position.

o Surfaces of construction materials that are exposed to the feedstock or to

( the reaction products should be resistant to such species as H,S, H; and

traces of TICl under specified temperature, pressure, and concentration

ranges; and to traces of chloride icon in cutting and cooling water under

specified conditions.

[0029]  The drum closure/discharge throttling system can be any suitable valve system
for such heavy duty use. Non-limiting examples include single-slide slide valves, a
dual-slide slide valves, ball valves, a knife valves, a wedge-within-wedge valves,

ram valves, and wedge plug valves.



will still be |located at the site where the coker vessel is |ocated, but not

on the coker process uni%‘-itself. The system can be automated by any

convent i onaWo 265813706 For exanpl e, any suitabl e one or noreCEHENR0#0GEI be

| ocated on the vessel to sense such things as tenperature, pressure, coke
| evel in the vessel, and coke discharge rate. It is preferred that at | east
one of the sensors be an acoustic sensor, especially the sensor that senses
the I evel of coke in the vessel. When a predeterm ned threshold reading is
obtained by the one or nore sensors a signal, either wired or wireless, is
sent to the controller equipnment to openypr close the closure menber at a
predeterm ned rate. The norphol ogy of the coke within the coke bed can al so
be a neasurenent for a sensor since the degree of |ooseness of a coke can
be one of tﬂﬁﬁbictors in d%$erninin the rate of opening of the closure
nmenber. Of e, Ppraptedgither manyaliyanautogipdicallye ighe shgeBuSonat ed system
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these criteria is a valve nmanufacture nn and Jansen Inc. and is

descri bed asildstillbglbeatéd acthetshte Qiighe canchiliet vediebisviabaed, bifiuth oa thal ve
systemis disclosed in U S. Patent Nos. 5,116,022. A single slide variant

i s di scl osedolgreracesganitAtself, TheSyseat eant bd\eutondit@H By 889 convartiemal he use of

athrottling blin ate val ve for_ discharging coke from a del ayed coker.
Al three o e@ﬂ%sgog%ﬁaélﬂﬁlg %{}Yesqlw&@r%%&@erwnéphcqwbq akediethe Ya5882]  The
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that the val ve cannot be vertent
especially the sensor that senses the level of coke in the vessel. When a

predetermined threshold reading is obtained by the one or more sensors a signal,
either wired or wireless, is sent to the controller equipment to open or close the
closure member at a predetermined rate. The morphology of the coke within the
coke bed can also be a measurement for a sensor since the degree of looseness of a
coke can be one of the factors in determining the rate of opening of the closure
member. Of course, there will be a manual override of the automated system in
case of an emergency. The controller equipment can be any suitable equipment,

but will typically include a central processing unit and appropriate software.

[0031]  One such valve currently available that meets these criteria is a valve
manufactured by Zimmermann and Jansen Inc. and is described as a "double disc
through conduit gate vaive". Such a valve system is disclosed in U.S. Patent Nos.
5,116,022. A single slide variant is disclosed 5,927,684. Also, U.S. Patent No.
6,843,889 teaches the use of a throttling biind gate valve for discharging coke from

a delayed coker. All three of these patents are incorporated herein by reference.

[0032] The closure member, which for purposes of this invention will also be

called a “valve” actuation and control mechanism must be reliable and have



~opened during the live-drum portion of the coking cycle. This valve is
throttle controlled so that one will be able to relfase the coke fromthe

coke drumved 2evsi1609¢rolled flowrate. It is preferred t r&06% 0128 be
~drained fromthe substantially free-flow ng coke, but that it be drained as

"a slurry. The throttling action is controlled so as not to be so rapid as
to pull a vacuumon the drumduring the coke water discharge step. The
valve is throttled at an effective rate of opening, which effective rate
that will allow the discharge of coke at a rate of 50 tons/hr to 10000
tons/hr (50.8 My/hr to 10160.47 My/ hr),]3pref erred from 100 tons/hr to 5000
tons/hr (101.6 My/ hr to 5080.24 Mg/ hr);"-and nore preferred from 200 tons/hr
~to 2000 tons/hr (203.21 My/hr to 2032.09 My/hr). [0033] Figure 2 hereof is
a representation of an alternative discharge throttling systemfor renoving
subst ant i dbtlingraad-inteolvichmgankehanisms suctiehatythd vableecannes delinadveitgutle 2 shows
- the bottom section of the vessel 1 containing a head 100 closing off the

aperture pensé dspngdhe byedrempostien of thaoking exgley ddivvalvaisduaitige pi pes
200 whi ch h t ai di sch d thrott]i tem 30 d i bed f
Froure 1 Gorouedshinghdhe wrtouaede sdamenns ks ERMR e tals Tuthae scnar ge.
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as descri bpgk-figtvilt BokE bht tHaekeRf drafiddriseranial TwRtlBrott&iSaGrm iee added at
strategic locations on lines 200 to help clear out |ines 200. [0034]

Pressur e icenttodledsoms diot tonbe sdreapod astd pypldrtviaomimfort the drym dunmig thetoplecal |y
b((av 15 to 80 psig (103.42 to 551.58 kPa). This wil|l allow volatiles to be
renoved ovaendsaharessiepnilihevalveos dhmttisdptiaagitsciivgrats off opemengivititbyer head

will be b en _780QF to. F (A15. 56C t0.454. 44C) , [ t dr i-nl et
W be udTIeTibragdeptmubaiowths ddonar Skt & fise 87 sbSonf & Hild
tons/hr (50.8 Mg/hr to 10160.47 Mg/hr), preferred from 100 tons/hr to 5000
tons/hr (101.6 Mg/hr to 5080.24 Mg/hr), and more preferred from 200 tons/hr to
2000 tons/hr (203.21 Mg/hr to 2032.09 Mg/hr).

[0033] Figure 2 hereof is a representation of an alternative discharge throttling
system for removing substantially free-flowing coke from a delayed coker vessel.
Figure 2 shows the bottom section of the vessel 1 containing a head 100 closing
off the aperture at the bottom of the vessel. Coke is removed via discharge pipes

( 200 which each contain a discharged throttling system 300 as described for Figure
1 hereof. It will be understood that more than two such discharge pipes can be
used. Feed can be introduced into such an alternative vessel either though head
100 or through feed entry line positioned above head 100 as described for Figure 1
hereof. Supplemental water jets can be added at strategic locations on lines 200 to

help clear out lines 200.

[0034]  Pressure in the drum during the on-oi] portion of the cycle will typically
be 15 to 80 psig (103.42 to 551.58 kPa). This will allow volatiles to be removed
overhead. Conventional operating temperatures of the drum overhead will be

between 780°F to 850°F (415.56°C to 454.44°C), while the drum inlet will be up to



935F (501.67C). The hot feedstock thermally cracks over a period of tinme
(the ™"coking tine") in t}ﬁe coker drum liberating volatiles conposed
primarily oko:2sdnsear bon products, that continuously risgctsadehssie coke
mass and are collected overhead. The volatile products are sent to a coker
fractionator (not shown) for distillation and recovery of various |ighter

products, including coker gases, gasoline, light gas oil, and heavy gas oi
fractions. In one enbodinent, a portion of one or nore coker fractionator
products, e.g., distillate or heavy gas oil my be captured for recycle and

conbined with the fresh feed (coker feed,, conponent), thereby form ng the
coker heater or coker furnace charge. In addition to the volatile products,
del ayed coking of the present invention also fornms solid coke which has
bul k nmor phol ogy such that at |east 30 volunme percent is free flow ng under
the force o#3GFGM p7UC). ki bet feedstotlo theemally 008K cAer ahperodrgfitane (heof t he
on-oil cycle, steamis typically injected into the coker drumto _enhance
the stri ppi f@ksig W@ﬁ@rlnrﬁ%%%@r b ltbesaiingDitlpinlgs sompesed prinpsilngl steamis

fl d d t h, t he bed . ke i h d d
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then drained through the inlet Iiné, the drum deheaded, and co%e renoved
after drillgasgs, gasolnd)ilght paeed uarl hemvergas eilsfradtionshdn pmacntwelinfent, e
present invention water is either drained fromthe coker vessel prior to

t he di schar@itien of ore obmeIskeker Bactiongterproducty; eehdisydlate of heawigastathti al Ly

free-flowng coke as a,slurry. If water is .draine efore. discharging the
coke, the cli%8¥3’Fé“~aPr€1%‘b Orirgc%ﬂﬁﬁﬁﬁ CPH&‘“@WHEHQ‘? gregléfqeéﬁ{c%% eEo drain from
t he vessel, | I jal t, O
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to the volatile products, delayed coking of the present invention aiso forms solid

coke which has bulk morphology such that at least 30 volume percent 1s free

flowing under the force of gravity or hydrostatic forces.

[0035] At the completing of the on-oil cycle, steam is typically injected into the
coker drum to enhance the stripping of vapor products overhead. During steam
stripping, steam is flowed upwardly through the bed of coke in the coker drum and
recovered overhead through a vapor exit line 7. After the vapor products are ()
removed, the drum is cooled before the coke can be removed. Cooling is typically |
accomplished by flowing quench water upwardly through the bed of coke, thus
flooding the coke drum. In conventional delayed coking the quench water is then
drained through the inlet line, the drum deheaded, and coke removed after dnlling

with high pressure water jets. In the practice of the present invention water is

either drained from the coker vessel prior to the discharge of coke or concurrent

with the discharge of the substantially free-flowing coke as a slurry. If water is

drained before discharging the coke, the closure member is opened just enough to
allow water to drain from the vessel, but not so much that will allow a substantial

amount of free-flowing coke to be discharged.



WO 2005/ 113706 PCT/ US2005/ 016834 -15 [0036] In one enbodi nent of the
i'nvention the bottom portion of the coker vessel is“/designed and fabricated
to be direwtdywoseskesd to the drum closure/di scharge thr gichlighspy&sem
whereas in another enbodi ment, particularly wuseful for retrofitting

exi sting coker vessels, a bottomtransition piece, herein termed a spool,
is interposed between the vessel bottomand the drum cl osure/di scharge
throttling systemand pressure-tightly sealed to both. In either of these
two enmbodi nents, a preferred feature is that the drum cl osure/di scharge
throttling systemis pressure-tightly sealed to either (a) the coker vessel
or (b) the spool piece. Preferably the pressure-tight seals will wthstand
"pressures within the range of 100 psi (689.48 kPa) to 200 psi (1378.95
kPa), preferably within the range of 125 psi (861.84 kPa) to 175 psi
(1206. 58 kPa), and nost preferably between 130 psi (896.32 kPa) to 160 psi

~(1103. 16 kP nd t hereby. pr.ecl ud subst anti al |eakage. of jhe coker vessel
Contents i W43 noqmmb%me@ipgﬁhwm%qﬂ tf&tbq‘f@%@pgm%ﬂhaﬁgggr bet ween

900F and 1 482. A . | b e spool preferably
has a si degggsjé:a} Esu(feéiéég #ﬁ%ﬁ%‘éﬁ@%‘&ﬁ%tﬁ e g QQA\AE(IT gitl{eh%mm)dr ocar bon feed
line, or | 'cﬂféﬁre/dii%cﬁérg@%}%ﬁliﬁg@g%ﬂ{,%ﬂleréﬁq?a?a]noﬁfé% eRIRRERMent, ‘éﬁ[ﬁu’la&!]y
substantially reduces™or elinmnates the dangerous and time consum rig
procedur e abefobfutiregofittthgienistll ogkalaleaseds] acloktim vasstion, pied¢d)hisreiender i ng

t he decoki ng procedure safer for personnel to performby insulating them

f r om expos igreeds spned, isfintemosed betwery hekegssahibgtiopy sk thegirameam scal di ng

Factors,  ClASuRy GEUHTEF AFGHITE M e ThAS LR OB el GrbOshdn Bl A ¢ ha
cubst ant | et e AR, 01O AP GBI i Sl
process deggbttiag shaesi B prfaledlticha) 4688d 8 BRher (a) the coker vessel or (b) the

spool piece. Preferably the pressure-tight seals will withstand pressures within the

range of 100 psi (689.48 kPa) to 200 psi (1378.95 kPa), preferably within the

range of 125 psi (861.84 kPa) to 175 psi (1206.58 kPa), and most preferably

between 130 psi (896.32 kPa) to 160 psi (1103.16 kPa) and thereby preclude

substantial leakage of the coker vessel contents including during operation thereof

at temperature ranges between 900°F and 1000°F (482.22°C to 537.78°C). In

embodiment (b) the spool preferably has a side aperture and flanged conduit to

which the hydrocarbon feed line, or lines, 1s attached and sealed.

——
’ .

[0037]  The present invention substantially reduces or eliminates the dangerous
and time consuming procedure of heading and unheading delayed coker vessels,
thus rendering the decoking procedure safer for personnel to perform by insulating
them from exposure to tons of hot, falling coke, high pressure steam, scalding
water, mobile heavy equipment and other extreme hazards. Among other factors,
the present invention is based on the conception and finding that substantially free-
flowing coke, in a aqueous slurry, is safely and efficiently removed from a delayed
coker vessel by the closed system process described herein, which includes side

entry for the feed to the vessel and a pressure-tight seal between a closure housing



entry for the feed to the vessel and a pressure-tight seal between a closure
housi ng WO 200-5/ 113706 PCT/ US200-,/016834 -16 for a vessel bottom
aperture. TH® ¥YLF® menber, whi ch opens and cl oses at aPCTalsooshiae: r at e
using a throttle mechani sm preferably i ncl udes automatic and renote
operation of a closure nenber, such as a valve, located at the bottomof the
coker vessel rather than unbolting and renoving or swi nging away a "head" as
in the prior art. One aspect of enabling the process of the present
invention is introducing the heated hydrocarbon feed to the coker vessel at
a location above and lateral to the cokeg. vessel bottom and the drum

cl osure/discharge throttling system in conbination with the above

menti oned pressure-tight seals. [0038] A preferred enbodi nent of the present
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previously nentioned, the slurry is formed when quench water floods the hot

coker drum toker m@dhm@ept}ramﬁﬁﬁﬂmﬂgmdmmvmg odswnﬂg&ﬂ%ﬁmmat'ﬂ&adbkﬂn drum
in conventional del ayed coklg‘g bef ore coke renoval e _present invention
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unit throughput, “dependi ng upon other unit bottlenecks. [0039] There are
generally three different types of solid del ayed coker products
[0038] A preferred embodiment of the present invention is additionally based
on our finding that coke removal in the present process is advantageously carried
out when the coke is a substantially free-flowing coke, preferably a substantially
free-flowing shot coke. It is more preferred that the coke be present as an aqueous
~ slurry in the coker vessel prior to its removal from the vessel. As previously
mentioned, the slurry is formed when quench water floods the hot coker drum for
cooling purposes. The water is drained from the coker drum in conventional
delayed coking before coke removal. The present invention is contrary to (7
conventional wisdom in that the quench water is allowed to remain in the coker |
drum after cooling to temperatures less than 200°F (93.33°C), preferably to less
than 150°F (65.56°C), and allowed to form a slurry with the substantially free-
flowing coke. By skipping the traditional drain step, and discharging a coke water
fluid, significant savings in cycle time may be achieved. This translates to higher

potential unit throughput, depending upon other unit bottlenecks.

[0039] There are generally three different types of solid delayed coker products
that have different values, appearances and properties, 1.e., needle coke, sponge

coke, and shot coke. Needle coke is the highest quality of the three varieties.



‘that have different val ues, appearances and properties, i.e., needle coke,
sponge coke, and shot coke. Needl e coke is the highést quality of the three
vari eti es. wdQoahi37¢k13706 PCT/ US2005/ 016834 -17 Needl e ¢pk Sz&Wths% rt her
‘thermal treatment, has high electrical conductivity (and "a l'ow coefficient
of thermal expansion) and is used in electric arc steel production. It is
relatively lowin sulfur and netals and is frequently produced from sone of
the higher quality coker feedstocks that include nore aromatic feedstocks
such as slurry and decant oils fromcatal ytic crackers and thermal cracking
tars. Typically, it is not fornmed by de]l ayed coking of resid feeds. [00401
Sponge coke, a lower quality coke, is mdét often formed in refineries. Low
quality refinery coker feedstocks having significant anounts of asphaltenes,
het eroat ons and netal s produce this lower quality coke. If the sulfur and

nmetals coNeedle doke| oporefiot@h thapnh aeatedr, Barhipk elsedcdl Qontibeivign@ahdct ure
-of electrodes for the alumnumindustry. |If the sulfur and netals content

is too hi ghlowkenflidient afdhermalexpensioetinkisfused in Fleetriaane steghpnegnctioke”

b ocesses, Tuis 1Y HY ppananBhand B naras Jofuaub BoRuers (nel gredehe
[ tion, wil.l,tynicall ich . duced
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drilling agdmeRiddl ddciht bECRBR] Oy iberslhkeRUnRPMenhll SackiRBshierBisly,
conplicates the process by mcreag,l ng the cycle tine. fOO 11 There |g al so

anot her cokés nabhfgemedsy ddleyddesbiing adrésid frdst i on coke” and refers to a
coke having a norphol ogy between that of sponge coke and shot coke or
conposed of m xture of shot coke bonded to sponge coke. For exanple, coke

that has a |y sponge-|i ke, physi cal appearance,,  buf w th evjidence of
smal | shot [0 ieri)oaggi(:ﬁkwglog‘%m@ A<OkS Somapleofighigmied n refineres.

Low quality refinery coker feedstocks having significant amounts of asphaltenes,
heteroatoms and metals produce this lower quality coke. If the sulfur and metals
content 1s low enough, sponge coke can be used for the manufacture of electrodes
for the aluminum industry. If the sulfur and metals content is too high, then the
coke can be used as fuel. The name "sponge coke" comes from its porous, sponge-
like appearance. Conventional delayed coking processes, using the preferred
vacuum resid feedstock of the present invention, will typically produce sponge
coke, which 1s 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.

[0041]  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.

[0042]  Shot coke is considered the lowest quality coke. The term ““shot coke”
comes from its shape that is similar to that of BB sized [1/16 inch to 3/8 inch (.16



[ 00421 Shot coke is considered the | owest quality coke. The term "shot coke"
cones fromits shape that~s simlar to that of BB sized [1/16 inch to 3/8
inch (.16 W® 288313168706 PCT/ US2005/ 016834 -18 cmto . 9%cmmidzodxahibsss Shot
coke, like the other types of coke, has a tendency to aggl onerate,
especially in adm xture with sponge coke, into |arger nasses, sonetines

| arger than a foot in dianeter. This can cause refinery equi pnent and
processi ng probl ens. Shot coke is usually nade fromthe | owest quality high
resi n-asphal tene feeds and nakes a good high sul fur fuel source,
particularly for wuse in cenent kilns ang.steel manufacture. There is al so
anot her coke, which is referred to as "transition coke" and refers to a
coke having a norphol ogy between that of sponge coke and shot coke or
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gravity of hydrostatic forces. Preferred 1s at |east 60 vol percent, nore
preferred imoatssingaaobRhs Bhureopeiceniallymade froef theledestspality agdt 95
vol une percent, gart icularly substantially all free-flow ng coke. Wen on
60 vol ume Tgeincwsphalgene fgeds aid makes & good higheak furi fyelmousem partpadanly forar | y
when only 30 vol une rcenf of, free:fl ow cake is present, 1f.1s
breferred thgin chBen KIS S pRg BURGRBRTE. of Hekds FIRQROLEE Cokk Bhickis coker
drum so th ' b L: Yol l.ur.r i1f.h: ther .
coke (sponglgférlfegct gPdlSI ?Iggh'? @g%rogﬁea rﬁ?fhe&'ltﬁea %’oe%@ﬁay%qé‘%}ﬁrpgﬁo%ﬁ?eg\gg%@ed v
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in a coker drum Can be drained in less than 30 m nutes through a

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.

[0043]  Any suitable technique can be used to obtain coke that has a bulk

morphoelogy such that at least 30 volume percent of substantially free-flowing

under gravity of hydrostatic forces. Preferred is at least 60 volume percent, more
preferred 1s at least 90 volume percent, most preferred is at least 95 volume

percent, particularly substantially all free-flowing coke. When on 60 volume T
percent or less of free-flowing coke is present, particularly when only 30 volume j
percent of free-flowing coke is present, it is preferred that the free-flowing coke be

at the lower section of the coker drum so that it can be discharged as a slurry with

water before the other coke (sponge) is drilled from the drum. The term “free-

flowmg” as used herein means that 500 tons (508.02 Mg) of coke plus its

interstitial water in a coker drum can be drained in less than 30 minutes through a
60-inch (152.4 ¢m) diameter opening. One technique is to choose a resid that has

a propensity for forming shot coke, such feeds include Maya, Cold Lake. Another
technique is to take a deeper cut of resid off of the vacuum pipestill. To make a

resid that contains less than 10wt % material boiling between 900°F (482.22°C)



"60-inch (152.4 cm dianeter opening. One technique is to choose a resid that
has a propensity for form ng shot coke, such feeds_include Maya, Cold Lake.

Anot her  tywehiisAysesS to take a deeper cut of resid off gfy v ym
“pipestill. To r?ake a resid that contains |ess than | O/vt)?(g/o/{rjra g‘r/?lg?wboi l'ing

"bet ween 900F (482.22C) WD 2005/ 113706 PCT/ US2005/016834 -19 and 1040F
(560C) as determ ned by H gh Tenperature Sinulated Distillation. Another
preferred nmethod for obtaining substantially free-fl ow ng shot coke is the
use a suitable additive. In an enbodinent, the additive is an organic
soluble netal, such as a netal hydroxigde, acetate, carbonate, cresylate,
napht henate or acetyl acetonate, includinmg m xtures thereof. Preferred netals
- are potassium sodium iron, nickel, vanadium tin, nolybdenum manganese,
al umi num cobalt, calcium mgnesium and m xtures thereof. Additives in the
f orm of spexl H¥O K45 60°4]) lay dpteemantd bnHigh Tampgraturessimuareddistilation. For such
- additives, the refiner streamnay act as a ,s?l vent _for the additive, which
may assi stAnﬁth@harf'Je%%mtw Heobtainme substapakiy frepflowmeadet cokriistthges
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fractions {j-8¢.a fiE6fal ﬁ};?rsJﬁ(gﬁq gé&téﬁéﬁ%&onﬂ%ﬁ?@%ﬁ?@?élgpﬂth%atretb‘? addi tive and

the feed can be acconp ing a Ion containing additive
speci es (i mgumdm_@naft_@,eiﬂcrwdmg irxerdshhbreodt Prefbiryd aitilsiabe poGBsiGRECi €s) into
the feed. [0044] In another enbodinent, the netal s-contalning additive is a
finely gradndnsobndivkelhvanddigh, soymabddanem, menganeseahlumsnem, abbaf, hi gh
s:{.}rface area, or a fine particle/seed producing addjtive. Such_high surface
afea nat erGX¢IIM, MALNGEIUN apdmisiurechersod afedities 18 dhaform ef eegigéer fines,

carth, ol VS I REhR e A e AR B H B S TSR SN ho |1 ke.
The addi tiyRSn{RMyaRt #58dolvent for the additive, which may assist in the dispersing the

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

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

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

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

species (including feed fractions that natura]iy contain such species) into the feed.

[0044] In another embodiment, the metals~-containing additive is a finely

( ground solid with a high surface area, a natural material of high surface area, or a
fine particle/seed producing additive. Such high surface area materials include
fumed silica and alumina, catalytic cracker fines, FLEXICOKER cyclone fines,
magnesium sulfate, calcium sulfate, diatomaceous earth, clays, magnesium
silicate, vanadium-containing fly ash and the like. The additives may be used

either alone or in combination.

[0045]  Preferably,.a caustic species is added to the resid coker feedstock.
When used, the caustic species may be added before, during, or after heating in the

coker furnace. Addition of caustic will reduce the Total Acid Number (TAN) of



either alone or in conbination. [0045] Preferably"a caustic species is added
to the resid coker feedstock. Wien used, the caustic species nmay be added
before, duriWg206f1P¢er heating in the coker furnace. AJBCT/USIODH168RUSE i C
wi |l reduce the Total Acid Nunmber (TAN) of WD 2005/113706 PCT/ US2005/016834
-20 the resid coker feedstock and al so convert naphthenic acids to netal
napht hanates, e.g., sodium naphthenate. [00461 Uniform di spersal of the
additive into the vacuumresid feed is desirable to avoid heterogeneous
areas of shot coke formation. Dispersing of the additive is acconplished by
any nunber of ways, for exanple, by sol ubpgd.i zation of the additive into the
vacuumresid, or by reducing the viscosity of the vacuumresid prior to
mxing in the additive, e.g., by heating, solvent addition, use of

evices. may aeanpobyelreriosk dnd ARG e Snpfinchic S tn el popHisentics

[0047] Metal g-freeg: i an also be used in the practice of the present
i nvention toé’gﬁtsgl&rllﬁgq{sahh{sﬁt%gﬁﬁ ally free-fl ow ng coke during del ayed coki ng.

Non- limting exanples of netals-free additives that can be used in the
practice of the present invention include elenmental sulfur, high surface
area subst an{00#o] y atifdra: dispesakef thd addgivehinasthei vaeubnl desid feedas desirable
cel lul ose, ground coals ground autQ tires. _Additionally, inarganic oxides
such as funetp avaid betesegengpunaneas ahshaigoke formatin. desspering oh Hieaddiayain

ilicat b ddi ti . 00481 Overbased al l d al kali
carth ot ol - SORTRAG DA QP AHBHEE P oGBS TR BHIREPY BT Rt ho

01 1 =i sper si BruPs 8 TREy AEAE AR et FegRBRRRNG MseOu R pPIC SMRLESR e o
nore of the haAbt @WnRAn@ e tieCadklitied, RNE By h@AtinE, XbIeas addiEbaOhe of

organometallic agents, etc. High energy mixing or use of static mixing devices

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

[0047] Metals-free additives can also be used in the practice of the present

invention to obtain a substantially free-flowing coke during delayed coking. Non-
limiting examples of metals-free additives that can be used in the practice of the

present invention include elemental sulfur, high surface area substantially metals-

free solids, such as rice hulis, sugars, cellulose, ground coals ground auto tires.
Additionally, inorganic oxides such as fumed silica and alumina and salts of Y

oxides, such as ammonium silicate may be used as additives.

[0048]  Overbased alkali and alkaline earth metal-containing detergents are
employed as the additive of the present invention. These detergents are
exemplified by oil-soluble or o1l-dispersible basic salts of alkali and alkaline earth
metals with one or more of the following acidic substances (or mixtures thereof):
(1) sulfonic acids, (2) carboxylic acids, (3) salicylic acids, (4) alkylphenols, (5)
sulfurized alkylphenols, (6) organic 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



. alkaline-earth neta

- (1) sulfonic acids, (2) carboxylic acids, (3) salicylic acids, (4)

al kyl phenol's, (5) sulfurized al kyl phenols, (6) orgahic phosphorus acids
charact er | b | east one direct carbon-to-phosphorus |inkage. Such

- organic ph%§p08¥ﬁz&hcids i ncl ude those prepared by theI'T@§?WFﬂﬂ“8f an

‘ol efin polynmer (e.g., polyisobutene having a J WD 2005/113706

PCT/ US2005/ 016834 -21- nol ecul ar wei ght of 1000) with a phosphori zi ng agent

such as phosphorus trichloride, phosphorus heptasul fide, phosphorus

pent asul fi de, phosphorus trichloride and sulfur, white phosphorus and a ,

sul fur halide, or phosphorothioic chloride. The nbost commonly used salts of

such acids are those of calciumand negresium The salts for use in this

. enbodi ment are preferably basic salts having a TBN of at |east 50,

preferably above 100, and nost preferably above 200. In this connection,

TBN is detlﬁm@m%ﬁvdelrgkﬁmmy%hvﬂ b@os@ﬁ-&%&sgg%%?% Qgchcég%gd%?ﬁsﬁm al kal i and

surfactants a isclo I ng application

filed conatichlenideyplivaphvhisthepndatiidy pketphurndpentEhiiias3hdspROARZI049) , which
is also incorporated herein by reference. [00491 O her suitable additives

usef ul f ortrichlovide agd syl funevhits pledplorst andsaibalfierhallel gr phesphbrashiolyg coke
The. ot y el TheTRstomyBpRb1i5a0 SHHT i ToIARATe oot Qhgalguprand
ol yoxyet hyl ene; 0 r | ene.. - po vet hyl ene .- /6! I | ene
Copol yher TS el SR B Ve i R R i B BB VR P BRRER ene
al cohol, - el-nyhestes LATS0 olcahhBlyA R0t Al 7P BRlfeidbly ARIWCAKPARYL ene
et hyl ene ed al cohol o po

al.cohol , lam ne tetra-al koxyl af yoxypropyl ene

- pol yoxyetdoythenmra T8Nt deengingtiih cesrdhhes @ath. ATTRI PO2SIERBC Owgblstiive wil |
preferably have a nol ecul ar wei ght range of 1000 to 30,000, nore
alkali and alkaline-earth metal surfactants are disclosed in a co-pending application

filed concurrently herewith under docket number GJH-0535 (P2003J049), which is

also incorporated herein by reference.

{0049]  Other suitable additives useful for encouraging the formation of
substantially free-flowing coke include polymeric additives and low molecular
weight aromatic compounds. The polymeric additive is selected from the group
consisting of polyoxyethylene, polyoxypropylene, polyoxyethylene -
polyoxypropylene copolymer, ethylene diamine tetra alkoxylated alcohol of

{ polyoxyethylene alcohol, ethylene diémine 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 1000 to 30,000, more
preferably 1000 to 10,000. Such additives are disclosed in a co-pending
application filed concurrently herewith under docket number GJH-0528

(P2003J049), which is incorporated herein by reference.

{0050]  The low molecular weight additive is selected from one and two ring
aromatic systems having from one to four alkyl substituents, which alkyl

substituents contain one to eight carbon atoms, preferably from one to four carbon



preferably 1000 to 10, 000., Such additives are disclosed in a co-pending
application filed concurrently herewi th under docket nunber GIH 0528

(P2003J049) woMrioshi137ee i ncor porated herein by reference. [ QRMsd&1kaW

nol ecul ar weight additive is selected fromone and two ring aromatic
systens having fromone to four al kyl substituents, which al kyl

substituents contain one to eight carbon atons, preferably fromone to four
carbon WD 200-5/113706 PCT/ US2005/016834 -22 atons, and nore preferably
fromone to two carbon atons. The one or nore rings can be hononucl ear or
het er onucl ear. By hononucl ear aromatic rijjgs is nmeant aromatic rings

contai ning only carbon and hydrogen. By }‘? teronucl ear aromatic ring is
meant aromatic rings that contain nitrogen, oxygen and sulfur in addition to
carbon and hydrogen. Such | ow nol ecul ar wei ght additives are disclosed in a
co- pendi ng aqpk, aak more prefardblydnomronertoltywolrareva stomsn dee oz éemoneitngs

G&JH 0527 (P2003J049), which_ is alsg incorporated herein by, reference.
100511 Anot Ifap bsrhamaenusieas ob baterppicler. thehgmnesusiearn HORRICIHNESIS @nlse of a

coke chute bolted and pressure-tight sealed to t ottom of the closure
housi ng. - TiHEBRlE BResRPERMIPE oY AREhFErdelna e RS far Al

t hr oughout Lid E I : I i i J e
rempved o Ths ek SrSEAOARRERRE OV Ren "ER Ehard L ST haABORTST
preferred erdagsb®it hydrobénliSirch! loW eocalah wtdgltioitidititesi die dRchssedigatdoght | y
sealed to the bottomof the closure housing and flows directly to a coke +
wat er hol di mgndargkappiichfion filisl eaicuniestly ystesvith tihderadicketimumbeueddR0Z3k| e
tinme 'can be reduced to a point where the m xture has cooled to barely bel ow
the boili ndPBBQNO‘l&ﬁ,\Mb@gﬂ% algp angarporRd s BY (feRBeer nixture is flowed !

to the holding tank or bin where further cooling water addition can take
pl ace. This has the effect

J0051]  Another preferred embodiment of the present invention is the use of a
coké chute bolted and pressure-tightly sealed to the bottom of the closure housing.
The chute, which preferably remains attached without removal throughout
repetitive coking/decoking cycles, assists in directing coke removed from the

coker vessel to a coke receiving area.

[0052]  In another preferred embodiment, a fluid-flow containing conduit is
pressure-tightly sealed to the bottom of the closure housing and flows directly to a
coke + water holding tank or bin. Using this system, the coke drum quench cycle
time can be reduced to a point where the mixture has cooled to barely below the
boiling point of water, and the hot coke plus water mixture is flowed to the holding
tank or bin where further cooling water addition can take place. This has the effect
of partially decoupling the coke cooling time from the coke drum cycle time, and

allows shortening of the coking cycles.



-of partially decoupling the coke cooling time fromthe coke drumcycle tine,
and allows shortening of the coking cycles. WO 2005/113706

PCT/ US200 B 3 CLAIMS: 1. A process for producin re j hg coke
-whi ch hasqggl]ozu‘ zr'rﬂ"li)}??phol ogy such that at |east 30 vol urgcﬁgg@gﬂﬁ%ggsf

‘substantially free-flowing froma del ayed coker vessel, which del ayed coker
vessel contains: i) a bottomportion defining an aperture through which
coke is discharged; ii) at least one inlet feed entry line positioned above
said aperture; and iii) a drumclosure/discharge throttling system having a
cl osure nenber and being sealing attached to the bottom of the coker vessel -
and covering said aperture; conprising:2&) ensuring that the closure nenber
of said drum cl osure/discharge throttling systemis in the closed position;
b) feeding a heated residuumfeedstock to a coker vessel through one or

nore feed lines, which feedstock is one that is capable of producing coke
that has a bul k norphol ogy such that at |east 30 volune percent is

subst ant i alJlVATME:- f | owi ng under the force of gravity or hydrostatic forces
in the coke drum or one that will formfree-flowi ng coke with use of a

sui tabl e additive, under del ayed coking conditions; c) maintaining the coker

e e oy o o S S S RSl e
SUDSt oot ASR LRI ey | RV DAL SBE PR PR e P
g;j |C 1?in:) i gr col@¥ ResRNtwigich eldyed cbkem e Cci@aink:lif a HoldM poHidneIEHiAY an
. aperture through which coke is discharged; i1) at least one inlet feed entry line
positioned above said aperture; and iii) a drum closure/discharge throttling system
having a closure member and being sealing attached to the bottom of the coker
vessel and covering said aperture; comprising:

a) ensuring that the closure member of said drum closure/discharge
throttling system is in the closed position;

b) feeding a heated residuum feedstock to a coker vessel through one or
more feed lines, which feedstock is one that is capable of producing
umemmhmabdkmmﬂwbgwmmmmaﬂwm30wmmwpmwm
is substantially free-flowing under the force of gravity or hydrostatic

( forces in the coke drum, or one that will form free-flowing coke with
use of a suitable additive, under delayed coking conditions;

c) maintaining the coker vessel at delayed coker conditions for an
effective amount of time thereby resu]tiﬁg in vapor products and a
bed of at least 30 volume percent of substantially free-flowing coke;

d) removing at least a portion of the vapor products overhead;

e) quenching said bed comprised of at least 30 volume percent of
substantially free-flowing coke with steam and removing additional
vapor products overhead;

3] introducing water into said coker vessel to cool the bed comprised of

at least 30 volume percent substantially free-flowing coke;



vapor products over head; K) i ntroducing water into said coker vessel to cool
the bed conprised of at I'east 30 volune percent substantially fr.ee-flow ng
coke; WO 200&1#a3110606¢PCT/ US2005/ 016834 -24 g) throttlingpeparRz@aiotkss! osure
menber in a controlled fashion to allow a controlled discharge of coke and
water fromthe coker vessel; and h) collecting the coke discharged fromthe
coker vessel. 2. The process of claiml| wherein the feedstock is fed into
the vessel at least two |locations at the | ower section of the coker vessel,
but above the aperture where coke is discharged. 3. The process of any
precedi ng clai mwherein the closure nenbgy is a valve selected fromthe
group consisting of a single-slide slide“valve, a dual-slide slide valve,
ball valve, a knife valve, a wedge-w thin-wedge valve, a ramvalve, and a
wedge plug valve. 4. The process of any preceding clai mwherein the drum

cl osure/ di schar g&) t hrthnofctfmg@p@y stidnlpsire mersubtrainisl eitradled fpshige ty allow

assenbly. 5. The process of .any. precedi cl aim wherei n the val ve has at
| east one steam purgé Q?E‘EHQ?gé!S%‘%'ﬁ‘@e f([}g’g§§n6fw%¥ﬁ§/£r8%@§@fﬁﬁrEq’séf’lmaﬁﬂerei n

the drum cl osurehdi sc . i 4 I t y a

hydraul i cal | y- po&grvedggggﬁénrﬁtmg%%g% dﬁ@%@??ﬁ‘?@‘?@%@&%@gsgyst em or by a
manual | y powered system 7. The process of claim| wherein the control of
the drum cl osure/di scharge throttling systemis automated. 'WD 2005, 113706

PCT/ US2005/ ®16834& he-pibeess of claim 1 wherein the feedstock is fed into the vessel at least
two locations at the lower section of the coker vessel, but above the aperture where

coke is discharged.

3.+ The process of any preceding claim wherein the closure member is a valve
selected from the group consisting of a single-slide slide valve, a dual-slide slide
valve, ball valve, a knife valve, a wedge-within-wedge valve, a ram valve, and a

wedge plug valve.

4, The process of any preceding claim wherein the drum closure/discharge

throttling system is 2 double block and purge valve assembly.

5. The process of any preceding claim wherein the valve has at least one steam

purge means.

6. The process of any preceding claim wherein the drum closure/diséharge
throtthing system is actuated by a hydrauhcally-powered system, by an electrically-

powered system, or by a manually powered system.

7. The process of claim 1 wherein the control of the drum closure/discharge

throttling system is automated.



- 8. The process of any preceding claimwherein the drum cl osure/discharge
throttling valve is controlled by one or nore input_4ignals fromthe coker

drum t hat yw@sddsMad66 @ signal in response to predeterm nggSgd0ha g for one
-or nore of process tenperature, pressure, |evel of coke i1n the drum and

‘coke discharge rate. 9. The process of any precedi ng claimwherein the
opening and closing forces ( of the drumcl osure/discharge throttling
systemare nmeasured in relation to the percent closure of closure nenber.
10. The process of any preceding clai mwherein the coker feedstock is
bl ended so that the total dispersed rretzsl s content of the blend will be
greater than 250 wppm and the APl gravity will be less than 5.24. 11. The
process of any preceding claimwherein the coker feed is a vacuum resid
that contains less than 10 wt.% material boiling between 900F (482.22C) and
1040F (560@) as THetpescesseflaby pteESDIr(gHlgim tvdepanahe drinbichosuad/ddcharge
. Distillation). 12. The process of any preceding claimwherein an additive is
used to ai thrplingaalveds sariretedby s8R or smrsinpHEdigialafronethetcoler doim teat

percent of substantially free- flow coke. 13.. The process of .an

D ccedi ng. EFSYAT ARLEBI i IRBOSRAC T PLetPa Bt el Boiny A PIE & Papre g PEHRSP st ng
of netal s- Wl L4 , = E inkng: i.tiyes, overbased
al kal i and?egﬁé%%ﬁ}ﬁg’%erg%ghé’é%r é)(ﬁagg%qﬁgﬁ %u\%ggﬁagékggésrcﬁgfﬂeaﬂgé'ti ves and | ow
nmol ecul ar wei ght aronatic additives. -26- 14. The process of any preceding
claimwherein the additives is an organic soluble, organic insoluble, or
non- or gani 8. m s@hblpeccess af any pricadmgngama dilterain thérapening aed fchasing forter t he
formati on of substantially free-flow.ng coke. 15. The process of any

pfecedi ng 6f mqﬁmeleswef%échaﬁwmr@ﬁhw 8ysieratiare yeeapured In relation to the

percent closure of closure member.

10.  The process of any preceding claim wherein the coker feedstock is blended
so that the total dispersed metals content of the blend will be greater than 250
wppm and the API gravity will be less than 5.24.

11.  The process of any preceding claim wherein the coker feed is a vacuum
resid that contains less than 10 wt.% material boiling between 900°F (482.22°C)
and 1040°F (560°C ) as determined by HTSD (High-temperature Simulated

{ Distillation).

12.  The process of any preceding claim wherein an additive 1s used to aid in the
formation of coke comprised of at least 30 volume percent of substantially free-

flowing coke.

13.  The process of any preceding claim wherein the additive is selected from
the group consisting of metals-containing additives, non-metals containing
additives, overbased alkali and alkaline-earth surfactant additives, polymeric

additives and low molecular weight aromatic additives.



selected fromthe group consisting of sodium potassium iron, nickel,
vanadium tin, nolybdenum manganese, alum num cobalt, calcium nmagnesium
and mxtures thereof. 16. The process of any precedi ng clai mwherein the
additive is an overbased alkali or alkaline-earth surfactant selected from
the group consisting of. (i) sulfonic acids, (ii) carboxylic acids, (iii)
salicylic acids, (iv) alkylphenols, (v) sulfurized alkylphenols, and (vi)
organi ¢ phosphorus acids characterized by at | east one direct

car bon-t o- phosphorus |inkage. 17. The process of any precedi ng clai mwhich
the water introduced into the coker vessel in step (1) is retained in the
vessel to forma slurry with the free-fl "ng shot coke. 18. A process of
any preceding claimin which the coke and water is discharged fromthe
coker vessel as a slurry.

14.  The process of any preceding claim wherein the additives is an organic
soluble, organic insoluble, or non-organic miscible metals-containing additive that

is effective for the formation of substantially free-flowing coke.

15.  The process of any preceding claim wherein the metal of the additive is
selected from the group consisting of sodium, potassium, iron, nickel, vanadium,
tin, molybdenum, manganese, aluminum, cobalt, calcium, magnesium, and

mixtures thereof.

16.  The process of any preceding claim wherein the additive is an overbased
alkali or alkaline-earth surfactant selected from the group consisting of: (1) sulfonic
acids, (i) carboxylic acids, (iii) salicylic acids, (iv) alkylphenols, (v) sulfurized
alkylphenols, and (vi) organic phosphorus acids characterized by at least one direct

carbon-to-phosphorus linkage.

17.  The process of any preceding claim which the water introduced into the coker
vessel in step (f) is retained in the vessel to form a slurry with the free-flowing shot

coke.

18. A process of any preceding claim in which the coke and water is discharged

from the coker vessel as a slurry.



