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BACKGROUND OF THE INVENTION

Fluidized bed coking (fluid coking) is a petroleum refining process in
which mixtures of heavy petroleum fractions, typically the non-distillable residue
(resid) from fractionation, are converted to lighter, more useful products by thermal
decomposition (coking) at elevated reaction temperatures, typically about 900 to
1100°F (about 480 to 590°C). A large vessel of coke particles maintained at the
reaction temperature is fluidized with steam. The feed is heated to a pumpable
temperature, mixed with atomizing steam, and fed through a plurality of feed nozzles
to the fluidized bed reactor. The light hydrocarbon products of the coking reaction
are vaporized, mixed with the fluidizing steam and pass upwardly through the
fluidized bed into a dilute phase zone above the dense fluidized bed of coke particles.
The transition between the dense bed (dense phase zone) and dilute phase, where
product vapor is substantially separated from solid particles, is hereinafter referred to
as the phase transition zone. The remainder of the feed liquid coats the coke particles
and subsequently decomposes into layers of solid coke and lighter products which

evolve as gas or vaporized liquid. The solid coke consists mainly of carbon with
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gravity. The gas phase undergoes pressure drop and cooling as it passes through the

cyclone separators, primarily at the inlet and outlet passages where the velocity is

increased. The cooling which accompanies the pressure decrease causes condensation

of some liquid which deposits on surfaces of the cyclone inlet and outlet. Because

the temperature of the liquid so condensed and deposited is higher than about 900°F

(about 480°C), coking reactions occur there, leaving solid deposits of coke. Coke

deposits also form on the reactor stripper sheds, and other surfaces of the fluid coker

reactor.

The mixture of steam and hydrocarbon vapor is subsequently discharged
from the cyclone outlet and quénched to about 750°F (about 400°C) by contact with
downflowing liquid in a scrubber vessel section of the fluid coker equipped with
internal sheds to facilitate contacting. A pumparound loop circulates condensed
liquid to an external cooling means and back to the top row of scrubber sheds to
provide cooling for the quench and condensation of the heaviest fraction of the liquid

product. This heavy fraction is typically recycled to extinction by feeding back to the
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and unprggrlti%fe%%gy not be efficiently fluidized by the steam injected into the bottom of

stripper section and are subsequently carried under from the reactor section to the
stripper section where they adhere to and build up on the top rows of sheds in the
stripper section. Build up of deposits on the stripper sheds can become so severe due
to overlapping of the deposits on adjacent sheds as to restrict fluidization of the coke

in the reactor section above and eventually shut the unit down.

Fouling of cyclone outlets and scrubber sheds in a Fluid Coker results
in decreased capacity and run length of the unit, culminating in costly unplanned
shutdowns. The deposits are sometimes removed from the outlet of the cyclone with
metal rods and water jets at high pressure to clear the cyclone outlet area and to keep
the unit running. The effectiveness of this approach is temporary and unpredictable.
Chunks of coke may fall back into the cyclone body and interfere with cyclone
operation. The coke deposits must similarly be removed from the reactor scrubber
sheds, reactor walls and other areas of the fluid coker that become fouled. It is well

known in the art that providing sufficient cooling of the pumparound loop will help
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tenperatures of about 900 to 1100F (about 480 to 590C). In a Fluid
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zone in lch 1t”is further stripped with steamto recover entrained

vapor. Bgeansand firagéd irmpiartisisg swearnof hot (1100 to 1400°F or about 590 to 760°C)
powdered silica-alumina catalyst. The feed is vaporized by contact with the hot
catalyst, and the vapor decomposes catalytically into the desired products within a
few seconds, whereupon the solid catalyst particles are separated centrifugally from
the vapor by means of cyclone separators or equivalent means. The product vapor
passes through the cyclone outlets into a plenum chamber at the top of the reactor,
through a discharge nozzle into an overhead line, then to a fractionator where the
vapor is quenched and condensed in a zone similar to the coker scrubber described
above. The separated catalyst is introduced into a stripping zone in which it is further
stripped with steam to recover entrained vapor. Because the stripping steam is
typically at a significantly lower temperature than the spent catalyst, the catalyst is

cooled by the stripping steam to a temperature significantly below the reaction

temperature.

Run length or capacity of an FCCU may likewise be limited by
deposition of coke in the stripper, reactor overhead, plenum, nozzle, transfer line, or
inlet to the fractionator. Coke formation occurs where heat loss allows condensation

of heavy hydrocarbons which decompose to form coke. Deposit formation is further
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In both fluid coking (FCU) and fluid catalytic cracking units (FCCU),
there is a reaction zone in which the product vapor is in intimate contact with
particulate solids, known as the dense phase zone, and a dilute phase zone in which
the solids have been substantially separated from the product vapor or where coke
and catalyst have disengaged from the dilute (vapor) phase. The mass of solid
particles in the reaction zone is many times the mass of the product vapor, and in
both types of units the heaviest reaction products condense on the solid particles to
form coke. The dew point of the product vapor emerging from the reaction zone
(dense phase zone) into the dilute phase zone is essentially the same temperature as
the temperature at the transition from the reaction zone (dense phase zone) to the
dilute phase zone known as the phase transition temperature. In many FCCU's the
reaction zone is terminated by cyclone separators, and the dilute phase is the zone
into which the cyclone outlets discharge, typically a plenum at the top of the vessel

housing the cyclones.

What is needed in the art is an efficient, predictable, and effective way

to mitigate the formation of detrimental coke deposits in the dilute phase overhead
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zones of fluid cokers and FCCU's such as occurs in overhead equipment.

An embodiment of the invention is directed to a method for mitigating
the condensation of liquid hydrocarbons and subsequent coke deposition in refinery
reactor units wherein during operation of said units a dense phase zone comprising
hydrocarbon feed and a dilute phase zone comprising vaporized hydrocarbon
products produced from said hydrocarbon feed and a phase transition zone between
said dense and dilute phase zones are present, said method comprising injecting a
non-condensable medium wherein said medium is selected from the group consisting
of non-condensable vapors, gases, and mixtures thereof into said dilute phase zone,
to form an admixture with said vaporized hydrocarbon products wherein the dew
point of the dilute phase zone is suppressed while maintaining the temperature above
the suppressed dew point and wherein said dew point of said dilute phase zone will

be suppressed by at least about 5°F (about 3°C) below the temperature of said dilute

phase zone.

Practice of the invention comprises introducing a stream of gas or

vapor, typically steam, which is non-condensable at temperatures above about 705°F
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and F are stripper sheds.

Figure 2 depicts a typical FCCU. A = flue gas outlet, B = regenerator,
C = air injection, D = regenerated catalyst standpipe, E = spent catalyst standpipe, F
= feed, G = stripper, H = cyclone separators, I = plenum, J = Product Vapor outlet, K

= dilute phase zone, and L = dense phase reaction zone.

DETAILED DESCRIPTION OF THE INVENTION

It has been found that formation of coke proceeds within a few hours in
the condensed liquid phase at temperatures above about 700°F (about 370°C), but
very slowly in the gas or vapor phases even at significantly higher temperatures than
are encounted in fluid coking or fluid catalytic cracking. It has further been found
that the dew point of the mixture of fluidizing steam and hydrocarbon product vapors
in the dilute phase of both fluid cokers and fluid catalytic cracking units is the
temperature of the phase transition zone from the dense phase to the dilute phase.

Applicants have discovered that by injecting a non-condensable vapor

and/or gas into the dilute phase zone, the dew point of the admixture so produced by
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cooling of the product vapor by maintaining or raising its temperature, or another

means may be utilized.

An embodiment of the invention is directed to a method to mitigate the
formation of coke deposits formed in refinery units such as fluid coker units and fluid
catalytic cracking units during operation of said units, wherein said units have a
reaction zone in which the product vapor is in intimate contact with a mass of solid
particles such as coke or catalyst, said mass of solid particles being substantially
greater than the mass of said product vapor, and a dilute phase zone in which said
product vapor has been substantially separated from said solid particles in the
reaction zone. The method comprises mitigating the formation of coke deposits in
such refinery units, by injecting a gas or vapor such as steam into the dilute phase
zone of the said reactor unit, said gas or vapor being at a temperature at least about
equal to the temperature of said phase transition zone at the transition between the
dense phase zone and the dilute phase zone, wherein said gas or vapor is non-
condensable at temperatures above about 705°F (about 374°C), and wherein said gas
or vapor is injected in an amount and at a temperature sufficient to lower the dew

point of said dilute phase zone while maintaining the temperature of said dilute phase
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carried out continuously during normal
phase zone of the reactor at a temperature higher than the temperature of the phase
transition zone, hereinafter called the phase transition temperature. Otherwise, there
is a risk that the cooling of the product vapor, already at its dew point, will cause the
condensation of liquid which it is intended to prevent. Preferably, the temperature
will be at least about 1 to about 100°F, (about 0.6 to about 55°C) above the phase

transition temperature and, more preferably, about 10 to about 50°F (6 to about 28°C)
higher than the phase transition temperature. Lower temperatures than the preferred
ranges will be less effective against downstream cooling effects, and higher
temperatures will increase thermal decomposition of product components to less
valuable constituents. Preferably, the temperature will be such that the temperature
will maintain the temperature at the cyclone outlet at least about 5°F (at least about

3°C higher) higher than the phase transition temperature.

During operation of a fluid coker, for example, coke is laid down in
several areas of the cyclone and also in the scrubber section. Areas such as the

cyclone outlet are of particular concern since the deposited coke can restrict flow



operation of the refinery units. Preferably, the non-condensabl e nedi um
Wil be injected into the dilute phase zone of the reactor at a

t enper at wosn1lBesdzer t han the tenperature of the phase traRe€iritisen2898he,

herei nafter called the phase transition tenperature. Qtherwise, there is a
risk that the cooling of the product vgpar, already at its dew point, wl|
cause the condensation of liquid which it is intended to prevent.
Preferably, the tenperature wll be at |east about 1 to about 100F, (about
0.6 to about 55C) above the phase transition tenperature and, nore

pr ef er abhimatblyutequiringsysterutshaniows Likexsgtin dgopperptignof atthtidizele phase
transition tenpe

ture. . L t t t han .t he .preferred il
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the tenpgy ﬁlﬁffc?ent%'cbnﬂ&iﬂétcﬁb{ﬂehh@fIi@lﬁﬁﬂ?é@hubfvﬂﬁclﬁ héhargab tinecemincet at

| east about 5F (at |east abou 3C higher) higher than the phase transition
t enper at openinguwhery thpdiqaid rhadd atclevaied temiperaturies suEiciep to,cavske is | aid
down in several areas of the cyclgne and also in the scrybber section.

Ar eas suﬁmﬁaﬁmrﬁc@ﬁae@ﬁgt%ﬂh%g“ﬁa@e ol FSS ALY, OWO?F&{eaﬁchPSr?ée t he
deposi ted coﬁz? can restrict flow WO 01/36563 PCT/ US00/ 28985 -10 ultimately
requi ri nfP&¥¥em shut down. Li kewise, in the operation of a fluidized
catalytic cracking unit, the product vapor at its dew point is introduced
into the larger cross-sectional area of the fractionator, and the
acconpanyi ng expangincgmbediieng of dre mechalibfifersiastust effectoveland effinepd wag of
i quid, sonme of which adhere to the entrance opening,, where the liquidis
hel d at tolpreuenicakerdspoaitsthas ferm in rgftnery upits sudbas fluid cokers (FCU) an

fluid catalytic cracking units (FCCU) to facilitate longer run times and to maintain
throughput. Effective mitigation of coke deposits in areas of the units such as the
cyclone and cyclone outlet of a FCU unit and the stripper, reactor overhead, plenum,

nozzle transfer line or fractionator inlet of FCCU is achieved.

The coke deposit mitigation taught herein recognizes that coke deposits
form when products are condensed or are in the liquid phase. Coke deposits form at
a substantially slower rate when the reactor products are in the gaseous phase. Thus,
by maintaining the reaction products produced in refinery units in the gaseous phase
in the dilute phase zone, prior to quenching, coke deposition can be easily mitigated
thus preventing coke deposits from forming on reactor surfaces that can become

plugged necessitating unit shutdowns.

The invention involves suppressing the dew point of the dilute phase of
the reactor products while maintaining the temperature above the reduced dew point.
To accomplish this, a non-condensable medium which may also be referred to as a

diluent medium is injected into the dilute phase zone of the reactor unit. Typically,



formati on of coke deposits. The buil dup of coke restricts flow and
decreases capacity. An enbodi nent of the nmethod offers a cost effective
and effi eweotzepady to prevent coke deposits that formin rrefliusepgsshit s
such as fluid cokers (FCU and fluid catalytic cracking units (FCCU) to
facilitate longer run tinmes and to nai_nqgain throughput. Effective
mtigation of coke deposits in areas of the units such as the cyclone and
cyclone outlet of a FCU unit and the stripper, reactor overhead, plenum
nozzle transfer line or fractionator inlet of FCCU is achieved. The coke
deposi t thetdamaunitof naugindansakle medivoyinjecsed vildbe doktcargepridiacsssary ton when

products are condensed of .are in the |liquid phase. ke sitsoforrmat a
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coke deppsiddnibieaneManeasil by ificticdatesh-cbhdensabR1ABE NS cakbe Selporeidt s from
form ng on reactor surfaces thdt can becone plugged necessitating unit

shut downgonT fer exaraple, steaimvetwobed Bydrocadonninerthgas¢eang aninturss thereofli | ut e
phase of the reactor products while maintaining the. tenperature above the

reduced dbevtgron Ren-condengablipy vead heipin meansghatBisgupdivm &1 LE[PE2h may
al so be referred to as a ,dil ugent i i S JNoeGt intq the dilute phase
zone of V#ROTA AGMBPTafpfics .abe)?E%‘I'tl W%‘i‘ﬁ%Ggsﬁg%ng 8985 -11 the
amount of nan-gondensabl ' .0 ' t JGEBesary to
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about 5 e % non-
Any alternative means which can accomplish this will suffice and may be used alone
or in combination with the non-condensable medium being employed to raise the
temperature of the product vapor. For example, scouring coke can be injected into
the unit to maintain or raise the temperature of the product vapors. Other means

known to the skilled artisan could also be employed.

As used herein, the dilute phase, the transition phase and dense phase
occupy the dilute phase zone, phase transition reaction zone, and dense phase
reaction zone, respectively. Thus, injection of the non-condensable medium into the
dilute phase zone necessarily means injecting the medium into the dilute phase.
Those skilled in the art readily appreciate such terminology and its

interchangeability.

The preferred amount of non-condensable medium will normally range
from about 1% to about 50% by volume of the product vapor and, more preferably
from about 5% to about 20% by volume. Lesser amounts than the preferred ranges

will be less effective at reducing the dew point, and greater amounts than the



condensabl e nediumw ||l be injected. Non-condensabl e nmedi uns can be
selected from for exanple, steam recycled hydrocarbon, inert gases and
m xt ur eswodlogsers. The term non-condensabl e as used herei PcTEa0IR8eTat t he
mediumwi || be a gas or a vapor at tenperatures above about 705F (about
374C). Though the non-condensabl e mediym can be used to nmaintain or raise
the tenperature of the product vapors in the phase transition zone other
met hods may al so be enpl oyed. Any alternative nmeans which can acconpli sh
this will suffice and may be used alone or in conbination with the

non- congeefeatederangds will beinmereaopllp e drovide pad sebsaguently spparatediremghet he
product vapor. For ex?npl , .scouring coke can be injected into the unit to
mai nt ai fesired gpEENencEAling fiture of the product vapors. Qther means known
to the skilled artisan could al so be enpl oyed. As used herein, the dilute
phase, the transition phase and dense phase occupy the dilute phase zone,

phase transition reedrkbly, #PAuidbekdeiendhasfdensgBletrhediuaPRel be
respectively. Thus, injecfion of the non-condensable mediuminto the

di l ut e pieséucdniate duedibae iphysaearesabaviedbe itop of the derde bedianddbeldn the | ut e
phase. Those skilled in the art readily appreciate such term nol ogy and
its. intyclongrighed®ility. The preferred anount of non-condensabl e nedi um
will normally range from about 1% to about 50% by vol une of the product
vapor and, nore preferably from about 5% to about 20% by vol unme. Lesser

anmounts than the : i b | H duci ng the
dew point, and gr?g?gérﬁg h%ﬁﬁ%%%hg%doﬁgag%gﬁg&yﬁs\% r5%985 -12

pr ef er r ggtro@N@RASineé tHe Plenumref thostisel housingtheleeaatat cebareyumns whislepar at e
from! h;lenum the reaction products are discharged from the cyclone outlets. Alternatively,
the non-condensable medium may be introduced anywhere downstream of the
primary cyclone outlet. If the unit configuration allows the stripping gas from the
spent catalyst stripper to mix with the product vapor between the primary and
secondary cyclones, the non-condensable medium may be introduced into the
stripper as long as the spent catalyst is not cooled in the stripper as is typical in the
current state of the art practice. If recycled hydrocarbon is to be utilized as the non-
condensable medium introduced to the stripper, it is preferable to inject it into the

dilute phase zone of the stripper to minimize hydrocarbon carryunder to the

regenerator.

In the course of performing the instant invention, one skilled in the art
can easily monitor with existing or installed thermocouples the temperature of the
dense phase zone, the phase transition zone, or the dilute phase zone. It is preferable
that the products, immediately prior to being quenched, are at a temperature above
that of the phase transition zone. Preferably, they will be at a temperature at least
about 1 to about 20°F (about 0.6 to about 11°C) and, more preferably, about 2 to

about 10°F (about 1 to 6 °C) higher than the phase transition zone or the phase



desired comercial products. Preferably, in a fluid coker, the

non- condensable mediumw || be introduced into the dilute phase zone above
the top eWooimseense bed and bel ow the cyclone inlets. PrREITAS002§985i n an
FCCU, the non-condensable nediumw ||l be introduced into the plenumof the
vessel housing the reactor cyclones, i.n3a which plenumthe reaction
products are discharged fromthe cyclone outlets. Alternatively, the

non- condensabl e nmedi um may be i ntroduced anywhere downstream of the

primary cyclone outlet. If the unit configuration allows the stripping gas
f r om t hetragyitipn tempenajwe. Mpintpaing hinhighgy tempasature eervees happroditween t he

i Fgéﬁcié‘pdqrrﬁ%ﬁé’ﬂ%ﬁ@ GeR Bl SR B RS KRR B RS ARE ME cool ea |
reoyol e i RARTRER LY BECRLe HEp)stE, TR, BERoR Qnd e Rl °

i ntroducgfich @stdeo pievieRPeie protutisvaposfesmbkbeling Wit BEbof i tempenireevhet | ut e
phase zone of the stripper to mininize hydrocarbon carryunder to the

r egener ainjected sudththat dunsiatains pler feorparagire hEtherrsaetar cyelonaoutat prasductki | | ed
in the art can easil

nitqQr wiith existj or installed thernmocoupl es the

t enper at YracteFparpi@re Hgﬁ% a t1dpa OPhébﬁ%@sét‘?gg i ki &%Lhi%]ﬁ‘?-f,tﬁa? e
di l ute phase zone, it i,s pref I that the products, imediately prior
to being emﬁ%tl%%lf)fg}eeplbqsgéleapgﬁ%%r%qnﬁfe above that of the phase transition
zone. Preferably, they will be at a tenperature at | east about 1 to about
20F (about 0.6 to about 11 C) and, nore preferably, about 2 to about 10F
(about 1 to 6 O hlgthercasbali ahC@Uasdtds prefamsibie trat feeomcondensablese WO
01/ 36563 PCT/ US00/ 28985 . L.

medium be injected at a temperature such that it maintains the temperature of the

product vapor at the plenum outlet or the temperature of the fractionator inlet at least

about 5°F (3°C) higher than the temperature of the riser outlet.

One skilled in the art will readily recognize that the non-condensable
medium can be injected into the dilute phase zone of the FCCU by injecting into the
cyclone outlet plenum chamber, the product line upstream of the fractionator inlet or

in some configurations the catalyst stripper where steam stripping occurs.



- 13 transition tenperature. Maintaining this higher tenperature ensures
that product vapor is above its dew point and mnimzes the risk of liquid
condensawmot/®86d subsequent formati on of coke deposits. MPOITER0MRSEIPS t he
non- condensabl e nedi um when used to prevent the product vapor from
cooling, will be of a tenperature whenjg4injected such that it maintains the
tenperature of the reactor cyclone outlet products at a tenperature of at
| east about 1 to about 20F (0.6 to about 11 C) higher than the tenperature
of the phase transition zone. In the case of an FCCU, it is preferable that
t he non- €bAdM8abl e nediumbe injected at a tenperature such that it

mai ntai ns the tenperature of the product vapor at the plenumoutlet or the
tenperature of the fractionator inlet at |east about 5F (3C) higher than
the tenperature of jt hexrd : I ﬂ -ards W ﬂ'ly
recogni ze t hat thelhonécfgﬁ grﬁ]ggg}]ghgerlrte%grﬁ:ﬁk%da{irﬁ Seétlﬂ)r{f letlgléltdiwdgb%rga %I ute

phase zojgd Shbded@emEdkedepobitidatintefinéyarehbter uaits Wiieeeiptddrtig Gp&aaton of
chanber, the product |ine upstreamof the fractionator inlet or in sone

conf i gur sdid emststahdensatphhgeszomt camprsinghydeosirbemiesdransha djutecphass zon®

01/ 36563 PCT/ US00/ 28985 . - 14- AIMS:, 1. A meth f .mtigati h
condens atPBRATISNG YaporFed é&P&F Rrodygts I%rﬁgg%?fﬁgﬁfnoé% @ybg‘?ﬁ?%{;g? &;‘?F%i n
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vapor i Z%ih)ﬁ%tﬁearcaﬁgrm@%&ai@@ﬁ@ﬁ%naém&%@dm hattaERCRid aRdiuand a

phase transition zoné betweéen said dense and dil ute phase zones are

pr esent, is selected from the group consisting of non-condensable vapors, gases, and mixtures
thereof, into said dilute phase zone, to form an admixture with said vaporized
hydrocarbon products wherein the dew point of the dilute phase zone is suppressed
while maintaining the temperature above the suppressed dew point and wherein said
dew point of said dilute phase zone will be suppressed by at least about 5°F (3°C)

below the temperature of said dilute phase zone.

2. The method of claim 1 wherein said non-condensable medium is
non-condensable at temperatures greater than or equal to the temperature of the dilute

phase zone.

3. The method of claim 1 wherein said non-condensable medium is
selected from the group consisting of steam, hydrocarbons, inert gases and mixtures

thereof.

4. The method of claim 1 wherein said refinery unit is a fluid coking

unit.



said nethod conprising injecting a non-condensabl e nmedi um wherein said
medium is selected fromthe group consisting of non-condensabl e vapors,

gases, angloGisésdgses thereof, into said dilute phase zone,pdBu§sigosan
adm xture with said vaporized hydrocarbon products wherein the dew point
of the dilute phase zone is suppressed jqthile maintaining the tenperature
above the suppressed dew point and wherein said dew point of said dilute
phase zone will be suppressed by at |east about 5F (3C) below the
tenperature of said dilute phase zone. 2. The nmethod of claim 1l wherein
sai d non-condensabl & ndtieunethed of steisohadreseiblseidatefinerypenitisiadhidr eat er
than or equal . to the tenperature of the dilute phase zone. 3. The nethod
of cl ai meataliftis @@pkdg Wihon- condensabl e nediumis sel ected fromthe group
consi sting of steam hydrocarbons, inert gases and m xtures thereof. 4.
The method of claim 1l wherein said refinery unit is a fluid coking wunit.
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refinery unit is a catalytic cracking unit. 6. The netho

wher ei n gikcted @b acomgensatel at leasdabout Sto abgur d0OEF éabaut thefrpeabout £5°4) | east
about 1 to about 100F (about 0.6 to about 55C) higher than the phase
transi t i bigheottkan the phase transisi@ngong] ai m 1 wherein at | east about 5 nole %

of non- condensabl e nmediumis injected.

7. The method of claim 1 wherein at least about 5 mole % of non-

condensable medium is injected.

8. The method of claim 4 wherein the temperature of said non-
condensable medium is selected to maintain the temperature of the reactor cyclone
outlet at least about 5°F (at least about 3°C) higher than the phase transition

temperature.

9. The method of claim 4 wherein the fluid coking unit includes
cyclone inlets and the non-condensable medium is introduced into the dilute phase

zone below the fluid coking unit cyclone inlets.

10. The method of claim 5 wherein the temperature of said non-
condensable medium is selected to maintain the temperature of the reactor cyclone

outlet at least about 10°F (6°C) higher than the phase transition temperature.

11. The method of claim 5 wherein the fluid catalytic cracking unit
includes cyclone outlets discharging into a plenum and the non-condensable medium

is introduced into the plenum below the fluid coking unit cyclone outlets.



8. The method of claim4 wherein the tenperature of said non- condensabl e
mediumis selected to maintain the tenperature of the reactor cycl one
out | et awd @asselabout 5F (at | east about 3C) higher than Pog/Usaes3985
transition tenperature. 9. The nmethod of claim4 wherein the fluid coking
unit includes cyclone inlets and the_ngn-condensable nediumis introduced
into the dilute phase zone below the fluid coking unit cyclone inlets. 10.
The nethod of claim5 wherein the tenperature of said non- condensabl e
mediumis selected to maintain the tenperature of the reactor cyclone
outlet at |east abd2t Thrmesw)d of ¢glabm 1t whereimeaighidese trapsitionjzene contains

tenperature. 11. The t.hod of ,¢claimb5 wherein t.he fluid catal ytic crackin
uni t i reoguesVARATE GRS WIRPIBidineR T aRGFIIPIF M, SEPRIRE fioks R k

non- condensabl f.um;: S qintr i ] he - fluid

coki ng Lfm’fs[u{:ey@leg%gﬂoﬁjle% g .319%9%# %g%‘lggu g@l"? &@0&35@%@ ér%glsgllge The net hod
of clai %&lpg%hﬁé Bf $AH Hroiast & abbRIRI shiPPhARENSANIALdIfe atledWbbuvAP® s and
wherei n sard non-condensi bl e nmedi um scouring coke or a mxture thereof is
i nj ect ed(EF €0.6eopd°aY) abeve tHe plrisetansiomedanedemperatugg. se the tenperature
of said product vapors in said phase transition zone at |east about (1 to

20F (0.6 to 11 C) above the phase transition zone tenperature.



