DELAYED COKI NG PROCESS Fi el d of the Invention [0001] The present invention
relates to a del ayed coking process and nore particularly to a del ayed
coki ng prwoessl/fsr1smaki ng a coke whi ch does not tend toPCmfusasme/our2ot he coke
pit or during subsequent transport and handling. Background of the

I nvention [0002] Del ayed coking is one of several types of process used in
oil refineries to convert heavy oils to useful |ighter products. In del ayed
cokers, trmm?gydbkm@pﬁobgs@eat ed in a continuously operating process
furnace to effect a limted extent of thermal cracking, after which it
enters a large, vertically-oriented cylindrical vessel or coking drum in
which the coking reactions take place. The term "del ayed" coker refers to
the fact tﬂé@‘#ﬂ@ebbﬁﬁﬁgnreactlons do not take place in the furnace, but
rat her are delayed until the oil enters the coke drum In the coke drum
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hydr ocar bons fl ow out of drum as vapor and are further processed into
fuel proddefame gtheiceltq it thﬂélﬂe@%b%éawa@ﬁ@@ ard bandliBgum until it is
alnmost filled with coke. When the drumis nearly filled, the hot oil from
the fur nacdagkgremndetthe Invention ean coke drum while the full one is
decoked. The decqokjng cycl e involves coolln and depressuring the drum
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refinery equi pnent and processing problens. Shot coke is usually made from
the | owest quality high resin-asphaltene feeds and nmakes a good hi gh sul fur
fuel source, particularly for use in cenent kilns and 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. For exanple coke that has a nDstIy sponge- I|ke phy5|cal _appear ance,
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WO 2011/ 005918-3 - PCT/ US2010/ 041290 coke or even sponge coke . The surface
area of sponge coke nmakes it possible for the coke to take up water during
t he quencwophaswsoB t he cycle so that i€-cools off rel aPCrAlSgo10/0uf200 M v;
conversely, the small size of the shot coke particles makes it possible, in
principle at least, to quench this product in an acceptably short period of
time. If, however, the process has resulted in a conbination of coke
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troubl esome in this respect since their heavy, dense, non-porous nature
tends to pf é'ﬁ%ﬁo fnake die Rlertrogasein Gf"PQSW’? B@n@??'a‘?rpﬁdft'?he lciskewriasylfiyeand so
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bar ges, coke barge fires. This |l emis exacer bated % the fact that the
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probl em [0006] Since a quenchable coke will cool nore evenly than dense,
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is still relatl velg dense but which is nore friable and usually is in
conpact, JrHADPEIECAIPEY- The coke is nore amenabl e to uniform quenching in
the drum and so can be cut and discharged with a reduced risk of eruptions
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i nvention, the delayed cok |\r]1$.31 process for a coke of inproved
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coke product is formed as a mass in th quenching the coke mass in
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crude is heated in a first heating zone, to a tenperature at which it is a
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heated resid is conducted fromthe furnace to a del ayed coking drumin a
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heat ed resjigh fefertid mittlirdB of Shotlcbkeboridea thga&advithespogs Sokeoked in the coking
drumw th the vapor products produced in the coking being renoved as

over head t[oodﬂFWAﬂomunefﬂﬁJéabf %o@@%@rﬁéhﬁh@b‘%nc@ﬁnt@ré@‘i%sgbﬁbrbl rétega tb hes coke
mass i S quenche in the d o Pﬂﬁﬁg guenched coke is cut and then renoved as

a quenched! denss qo(ljepli)x)l@@é |grp]geQﬁJtMmlt rﬁ%ﬂﬁnf'ﬁ’@é using very low gravity (heavy)

feeds such as those from tar sands and heavy oil crudes such as those from the
Orinoco Heavy Qil Belt in Venezuela. These dense cokes are difficult to process: they
are hard to cut out of the drum and do not readily form particles which can easily be
handled — frequently they form large, heavy, boulder-like lumps. A particular problem is

that their density does not make them amenable to quenching in the manner of shot



[0010] In the acconpanying draw ngs: [0011]] Figure 1 is an optical inage of
t he dense coke produced from processing a vacuumresid derived froma

synt het i cworodenofriem t he Mori chal sand” Peservoirs in a #erapeaonsieer unit .
[0012] Figure 2 is an optical mcrograph of a dense non-porous coke
produced froma vacuumresid derived froma synthetic crude fromthe
Morichal sand reservoirs with no additive. Detail ed Description [0013] The
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processing residual feeds derived fromthe | owest APl crudes, especially

those with an APl density below 10 and nost notably with feeds derived form

crudes of 9API or less such as feeds fromthe Mrichal and Cerro Negro

crude sources, both in the range of 8-8.5 API.



[ 0015] The del ayed coker feeds fromthe very heavy crude sources wll be
residual types feeds, that is, with a mninmal content of conponents boiling
bel ow abowiO 260Q0591general |y the feed wfr have an initi RCTHSR010/0¢1200i Nt 1 N

t he range of 525-550C (975- 1025F) or higher, an APl gravity of about 20 or
| ess and a Conradson Carbon Residue content of about 20 to 40 wei ght
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sel ected mainly on econom c considerations; ampunts in the range 20-50 v/v
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[0026] The results are summarized in Table 1 below Exanples 2 - 3 [0027]
The Orinoco resid was subjected to del aéed coking with equal vol unes of

wat er andwB2oARIosnapht ha (1.3 vol. percteént total relati PETIUS260100d29@dded to
the feed in the transfer line after the furnace. This resulted in a uni que
and unexpected granul ar coke that was nmechanically softer than the dense
coke of Exanple 1 although the coke density renmained at 1,041 kg/ nB. The

coke vol Ur\ﬁhé’neﬂ)r%ﬁééé%gt Resfd%@ldfe\é@s? d@rivier @orﬁahgﬁo\ﬁéﬁf@(w&ru%d egedhll ttﬁ‘os(éOkeEX

/bbl feed). [002 JT results are summarized in Table 1 below

No. Feed Ruthean Ay gansityaelew 100RPd nmbn@tﬁa'ywmrfeeft%i@é'vafémmtgvudes of 9°API

or less such as feeds from the Morichal and Cerro Negro crude sources, both in the
range of 8-8.5° API.

[0015] The delayed coker feeds from the very heavy crude sources will be residual
types feeds, that is, with a minimal content of components boiling below about 500°C;
generally the feed will have an initial boiling point in the range of 525-550°C (975-
1025°F) or higher, an API gravity of about 20° or less and a Conradson Carbon Residue
content of about 20 to 40 weight percent. In most cases, the coker feed will be a
vacuum resid produced from one the very heavy crude sources by the normal process

including desalting, atmospheric distillation, vacuum distillation.

[0016] The feed will typically be subjected to delayed coking by heating it to a
temperature from about 480°C to about 520°C (895 to 970°F) in a fired heater, usually a
tubular furnace, after which it is discharged to the coking drum through a transfer line,
entering the drum through a an inlet in the base of the drum. Pressure in the furnace is
typically about 350 to 3500 kPag (about 50 to 550 psig) but pressure in the drum is
usually relatively low, typically from about 100 to 550 kPag (about 15 to 80 psig) to allow
volatiles to be removed overhead. Typical operating temperatures in the drum will be
between about 420° and 475°C (790 and 890°F). The hot feedstock continues to
thermally crack over a period of time (the "coking time") in the coker drum, liberating
volatiles composed primarily of volatile hydrocarbon products that continuously rise
through the coke mass and are collected overhead. The volatile products are sent to a
coker fractionator for distillation and recovery of coker gases, gasoline, distillate, light
gas oil, and heavy gas oil fractions. A portion of the heavy coker gas oil present in the
product stream can be captured from the fractionator for recycle and combined with the
fresh feed (coker feed component), thereby forming the coker heater or coker furnace
charge. In most cases, the fresh heavy oil feed is introduced into the coker unit through
the coker fractionator, also referred to as the combination tower from its function to
fractionate the products from the drum as well as stripping light ends remaining in the
feed. The fresh feed normally enters the tower at a level above that of the drum vapors
to provide for direct heat exchange between the coking vapors and the incoming feed.
Low drum pressures and low recycle volumes are preferred for optimal operation with
the heavy feeds: pressures below about 150 kPag (about 22 psig) are preferred

although may existing units will be run at pressures in the range of 150 to 350 kPag



kg/n8 AT, C (Coil Qutlet- DrumlInlet) Coke vol/ Feed vol., nB8/n8 1 141
1041 15 0.31 2
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(about 22 to 50 psig). Recycle ratios (recycle:fresh feed) of from 1:20 to 1:4 will

normally be suitable.

[0017] The quenchability of the coke produced from these heavy feeds is enhanced
by injecting water alone or with a light oil into the coker feed after it has passed through
the heater. The water or water/oil can therefore be added at the heater coil outlet, in the
transfer line between the heater and the drum or directly into the drum itself or in
multiple locations. So, broadly stated, the temperature of the feed at the injection
location will typically be from about 480 - 520°C (895 - 970°F). This will be hot enough
to vaporize the water and light oil but complete vaporization will not normally take place
in the transfer line since the flow rate in the transfer line will normally ensure a short
residence time in the transfer line so that heat transfer to the injected droplets and the
resulting vaporization will be incomplete by the time that the feed/water/light oil mixture

enters the drum.

[0018] The water may be injected by itself into the heated feed or emulsified or
dispersed into a light oil acting as a hydrocarbon carrier to facilitate uniform mixing of
the water into the heavy oil coker feed. Minor quantities of a surfactant may be added
to promote mixing of the aqueous solution into hydrocarbon carriers such as naphtha or
kerosene fractions. Alternatively, the water and light oil may be mixed with a mutual

solvent such as an alcohol either as such or also with the light oil.

[0019] The use of water alone is sufficient to produce a perceptible improvement in
the quenchability of the dense coke but the water may be added with an additional
guantity of a light oil in order to promote more uniform dispersion into the rather viscous
heavy oil feed. Light oils which may be used may be naphthas or distillates. Napthas
may be light or heavy naphthas and will typically have an end point below 200°C and in
most cases below 150°C (300°F); the distillates which may be used will typically have
an initial boiling point above the refinery naphtha and an end point below 400 or 500°C
(750 or 930°F), in most cases below 350°C (660°F).

[0020] The total amount of water or water plus oil injected into the feed is typically
about 0.5 — 5 v/v percent, based on the volume of the feed, in most cases, 0.5 to 2 v/v
percent, For economic reasons, it will normally be preferred to limit the relative amount
of light oil to the water, relying on the water to effect the desired improvement in
guenchability although the presence of the light oil is preferred in order to improve the
uniformity of the final coke product. The amount of oil relative to the water in the

injected liquid will normally be from 10 — 50 v/v percent with the upper limit on the oil
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selected mainly on economic considerations; amounts in the range 20-50 v/v percent
will typically be adequate to promote a uniform structure and guenchability in the final

coke product.

[0021] The vaporization of the injected liquids in the heated resid results in a partial
change in the character of the coke, rendering it more granular and amenable to
guenching. A decrease in the temperature of the stream entering the coker drum is
achieved. Simulation predicts a nominal decrease of about 5-8°C (10-15°F) between
the furnace outlet and drum inlet in addition to the normally expected decrease between
the coil and the drum; smaller decreases are normally observed in actual operation,
typically of the order of 5°C (9°F) when using the amount of water or water plus oil
normally adequate to produce a quenchable coke. Larger decreases in the temperature
of the stream entering the drum may be achieved with the use of greater volumes of
water or water/oil with a correspondingly decreased rate of coking in the drum which
may possibly to contribute to the change in the character of the coke. Thus, injection of
the water and/or the light oil into the feed downstream of the heater provides a way to
control the drum inlet temperature and the rate of coking in the drum independently of

the temperature used in the heater.

[0022] The water or water oil combination can be injected into the resid flow through
the use of a refractory lined quill or by other suitable techniques. A coke drum bottom
inlet injector can, for example, be installed to produce an unobstructed jet within the
coke drum. High energy mixing or use of static mixing devices in the transfer line or
upstream of the heater may be employed to assist in dispersal of the additive fluid but
normally will be found more troublesome than a simple feed quill after the heater.
Uniform dispersal of the liquid into the resid feed is desirable to avoid heterogeneous
areas of coke morphology formation: locations in the coke drum where the coke is
substantially free flowing and other areas where the coke is substantially non-free

flowing are not wanted.

[0023] When the water or water oil combination is introduced into the feed in the
transfer line between the furnace and the drum, the injection nozzle or quill should
preferably be configured to deliver the liquid to the center line flow of the pipe / transfer
line. In view of the high temperatures prevailing in the transfer line, the injection nozzle
or injection quill is preferably provided with an insulating thermal sleeve to prevent
premature heat transfer to the injected liquid with consequent vaporization of the

solution within the nozzle before entering the feed stream.
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conpri si ng: (a) heating a petroleumresid feed derived froma heavy
crude hawoagoa/gsasity of 5 to 20API, t8-a coki ng tenpePaTNrse010/941200 520C;
(b) injecting a volatile liquid conprising water into the heated resid,

(d) coking the resid in a delayed coking drum from whi ch coki ng vapor
products are collected and a coke product is formed as a mass in the drum
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2. A process accordln toclaiml1 in which the resid npri ses an

at mospher i€ayy CU@@LRWI‘W tespg 'Sd@@t?k?'édj'fqu@ﬁﬁ'&r’FSGh?F?&E%'SF@aW Gi"q’ celffutet is3. A

pr ocgss aGHed el byt dbiHedl dBkihglif O hISENEE &f ERSadhitvee FiGREPI s e \GREIUM
resi
form of the conventional dense coke product — large lumps that in some cases, can be

as large as boulders when cut from the drum. Figures 2 and 3 show micrographs of
dense cokes. For a comparison between the dense coke structures shown in of Figure
2 and conventional shot coke and sponge coke, refer to the article by Siskin et al,
Chemical Approach to Control Morphology of Coke Produced in Delayed Coking,
Energy & Fuels, 2006, 2117-2124. The shot cokes shown in Figs. 3 and 4B of the
article show a relatively uniform, fine pattern of small voids in a mosaic structure with
small anisotropic flow domains (2 - 10 ym, 2-3 ym respectively) and the sponge coke of
Fig. 4A has larger interstices and flow domains in the 10-50 ym size range. The dense
coke of Fig. 2 has a structure in which the voids are small and not highly numerous. By
contrast, the coke produced with the addition of water or water and light oil is granular
and may be almost friable. It breaks up more easily when quenched and cut in the drum
and forms a product which can easily be handled and transported. Its density is usually
comparable to that of the coke produced without the water or water/oil addition, even
though the product is essentially free-flowing and can be readily removed from the drum
after cutting. The density retention is advantageous in that the denser coke will occupy
less volume in the drum, so permitting a greater volume of feed to be processed in each
operational cycle. Importantly, the coke can be effectively quenched in the drum within
an acceptable time span, that is, in a time comparable to that needed by a sponge coke
in the same drum. This, in turn makes it possible to discharge the coke with a greater
assurance that coke pit fires will not ensue and that the coke will not subsequently

inflame.
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a gravity of 6 to 15API. 4. A process
resid feed conprises a vacuumresid

a gr'a1\9i"ty of 8 to 10APCT/US2040/04120€SS
resid feed conprises a vacuumresid
crude having a gravity of 6 to 9API. 6. A process
according to claiml1l in which the volatile Iiquid conprises water and a

| i ght hydrmﬂng oil having an end point up to 400C. 7. A process according
toclaiml1l in which the volatile liquid conprises water and a napht ha

havi ng an [8025]P0ARt Ol b HERY Dl Beh dRFOEE $SsiRWRRT SHhEksE® by @dia)el dkinghi ch
t he vol atlle I'i quid conprises water and a naphtha having an end point up to

150C. 9. A Ysi9c 88s 8Acdef ditngiameten sremersial \%'I‘%ert"ﬁeWBI at p{eehqqthg. €one
conpri ses WRbEfatfB®f 285-295°C, a furnace outlet temperature of 486°C and a coking drum

temperature of 400-415°C. Using the heavy oil feed without liquid injection in the
transfer line, a fairly dense coke with observed jagged edges was produced. The coke
density was 1,041 kg/m*® and the volume of coke produced relative to the volume of
resid feed was measured at 0.31 m® coke/m® feed (1.94 ft* coke /bbl feed). The coke

was quite non-porous when observed at 60x magnification as shown in Figure 2.

[0026] The results are summarized in Table 1 below.

Examples 2 -3

[0027] The Orinoco resid was subjected to delayed coking with equal volumes of
water and 38 API naphtha (1.3 vol. percent total relative to feed) added to the feed in
the transfer line after the furnace. This resulted in a unique and unexpected granular
coke that was mechanically softer than the dense coke of Example 1 although the coke
density remained at 1,041 kg/m>. The coke volume relative to feed was 0.30-0.32 m®
coke/m? feed (2.2 ft® coke /bbl feed).

[0028] The results are summarized in Table 1 below.
Table 1

Ex. Feed Water, | Naphtha, Coke AT, °C Coke vol/
No. Rate, I/hr. I/hr. density, | (Coil Outlet- | Feed vol.,

m’/hr. kg/m®> | Drum Inlet) | m*m®

1 141 1041 15 0.31

2 150 1000 1000 1041 21 0.30

3 155 1000 1000 1041 21 0.32




distillate having an end point up to 350C. 400C 10. A del ayed coki ng net hod
conpri si ng: (a) heating a petroleumresid feed derived froma heavy
crude hawoagoa/gsasity of 5 to 20 API iH-a first heati N®CTAISR(10£061280
tenperature at which the resid is a punpable |iquid; (b) heating
the resid further in a furnace to a coking tenperature of up to WO

2011/ 005918- 12 -PCT/ US2010/ 041290 (c) conducting the heated resid
fromthe fapgee in a transfer line to a delayed coking drum (d)
injecting a volatile liquid conprising water into the heated resid in the
transfer |ine; (e) subjecting the heated resid in the coking drumto

coki ng and r emy jagyddGKHRPAELBE eSHplisingr oduced in the coking as overhead
and formng a quenc¥|abl e coke product as a mass in the drum ()

quenchi ng the C(ereed’mg% deﬁ‘roFehﬁ‘n r@%?drfbéd)déﬂvﬁg%% élhéeﬁjy' c‘ﬂu@&ﬂf&nr@é)gﬁé%y of
(g) renoving the quench coke product fromthe drum 11. A process

accor di ng Q@%%PHQQCPM”WWWW@ Y:8i9¢0f@ed conpri ses an at nospheric or

vacuum resid derived froman Orinoco Heavy Q| crude
(b) injecting a volatile liquid comprising water into the heated resid;

(d) coking the resid in a delayed coking drum from which coking vapor products

are collected and a coke product is formed as a mass in the drum;
(e) quenching the coke mass in the drum to producing a solid coke product.

2. A process according to claim 1 in which the resid feed comprises an atmospheric

or vacuum resid derived from an Orinoco Heavy Qil crude.

3. A process according to claim 1 in which the resid feed comprises a vacuum resid

derived from a heavy crude having a gravity of 6 to 15°API.

4. A process according to claim 3 in which the resid feed comprises a vacuum resid

derived from a heavy crude having a gravity of 8 to 10°API.

5. A process according to claim 3 in which the resid feed comprises a vacuum resid

derived from a heavy crude having a gravity of 6 to 9°API.

6. A process according to claim 1 in which the volatile liquid comprises water and a

light hydrocarbon oil having an end point up to 400°C.

7. A process according to claim 1 in which the volatile liquid comprises water and a

naphtha having an end point up to 200°C.

8. A process according to claim 1 in which the volatile liquid comprises water and a

naphtha having an end point up to 150°C.

9. A process according to claim 1 in which the volatile liquid comprises water and a
distillate having an end point up to 350°C. 400°C

10. A delayed coking method comprising:

(@) heating a petroleum resid feed derived from a heavy crude having a
gravity of 5 to 20 API in a first heating zone, to a temperature at which the resid is a

pumpable liquid;

(b) heating the resid further in a furnace to a coking temperature of up to
520°C;



12. A process according to claim 10 in which the resid feed conprises a
vacuumresid derived froma heavy crude having a gravity of 6 to 15API.
13. A prowessiiawsasdi ng to claim 12 i m i ch the resid fPeediscanprizees a
vacuum resid derived froma heavy crude having a gravity of 8 to 10API.
14. A process according to claim 13 in which the resid feed conprises a
vacuumresid derived froma heavy crude having a gravity of 6 to 9API. 15.

A process accorg) ng &ﬂd%tﬁg%é%édﬂed"ﬁﬂéﬁ@ floe tN@'fL%éééa i Ia0tthRSFEO Y S @S
water and a Ilght hydr ocarbon oil having an end point up to 400C. 16. A

process acleéng ﬁ@k'f‘@d&”&l m 10 i n which the vol at| | e I i qui d conprises water
and a naphtha having an end point up to 200C. Process according to
claim 10 i n whi€h tHeiewgag iveltile; Wﬁceﬁﬁﬁ?'”%é@t%f‘@r hgneadech &5t e Mfavi ng
an end poitpnsteplih® 150C. 18. A process according to claim10 in which the
volatile liquid conprises water and a distillate having an end point up to

500C 19. A prqgpss @%}é@fr@b ﬂ@ ﬂiéhté‘d fddl ﬂqlthbrbth'ng“ruhhl% dokiMgCAry #érn%vﬂf t he
drumis from 400 to 500C. process according to claim 11l in whi ch t he

resid feedh %ﬁﬁm%%lc%pr&%%?@ﬁﬂé’?q %o%%?ﬁqr%%qd@wpfr(}'éﬂ 3 qusREhaPleorPkeoco
Heavy O | %bdl#€as a mass in the drum

® guenching the coke mass in the drum to produce a solid coke product;
(9) removing the quenched coke product from the drum.

11. A process according to claim 10 in which the resid feed comprises an

atmospheric or vacuum resid derived from an Orinoco Heavy Qil crude.

12. A process according to claim 10 in which the resid feed comprises a vacuum

resid derived from a heavy crude having a gravity of 6 to 15°API.

13. A process according to claim 12 in which the resid feed comprises a vacuum

resid derived from a heavy crude having a gravity of 8 to 10°API.

14. A process according to claim 13 in which the resid feed comprises a vacuum

resid derived from a heavy crude having a gravity of 6 to 9°API.

15. A process according to claim 10 in which the volatile liquid comprises water and

a light hydrocarbon oil having an end point up to 400°C.

16. A process according to claim 10 in which the volatile liquid comprises water and

a naphtha having an end point up to 200°C.

17. A process according to claim 10 in which the volatile liquid comprises water and

a naphtha having an end point up to 150°C.

18. A process according to claim 10 in which the volatile liquid comprises water and

a distillate having an end point up to 500°C

19. A process according to claim 11 in which the temperature of the drum is from
400 to 500°C.

20. A process according to claim 11 in which the resid feed comprises an

atmospheric vacuum resid derived from an Orinoco Heavy Qil crude.



