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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 ﬁ'aétionation,_ 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 transmon between the dense bed (dense phase zone) and dilute phase, where-
product vapor is substantially separated from solid particles; is heremaﬁer referred to -

. as the phase transition zone. The remainder of the feed liquid coats the coke particles
and subsequently decomposes into la'yers of solid coke and lighter products which

~ evolve as gas or vaporized liquid. The solid coke consists mainly of carbon with



-2 lesser anmbunts of hydrogen, sulfur, nitrogen, and traces of vanadi um
nickel, iron, and other elements. The fluidized coke is circul ated through
a burner, woersssggart of the coke is burned with air to péei/BSookkdzs
tenperature from about 900F to about 1300F (about 480 to 704C), and back
to the fluidized bed reaction zone. They i xture of vaporized hydrocarbon
products and steam continues to flow upwardly through the dilute phase at
superficial velocities of about 3 to 6 feet per second (about 1 to 2
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pressure &%‘Pﬂ’gggéi{%ﬁ%gsﬂﬁféﬁéaﬂ}%ﬁngwd acfiouzenewhi ch deposits on
surfaces of the cyclone inlet and outlet. Because the tenperature of the

|l iquid so condensed and deposited is higher than about 900F (about 480C),
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product. "Thi s heavy fraction i's typically“recyc I'NCT I f eedi ng
back to t #yclone 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, leavin g 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 qu;:nched to about 750°F (about 400°C) by contact with
downflowing liquid in a scrubber vessel section of the fluid coker equiinped 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



WO 01/ 36563 PCT/ US00/ 28985 -3 fluidized bed reaction zone, but may be
present for several hours in the pool at the bottom of the scrubber vessel
and t he puny@md86se | oop, allowing tine for coke to form poriushepgssst on
shed surfaces because of the elevated tenperatures. Feed is injected

t hrough nozzles with atom zing steamint-the fluidized bed reactor. The
feed conponents not i mredi ately vaporized coat the coke particles and are
subsequent |y deconposed into | ayers of solid coke and |ighter products
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t hat bec oné“H’BGT gg_?lop pm? grq,gélﬁ?equen y carried under from the reactor section to H‘ne :

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



. known in the art that providing sufficient cooling of the punparound | oop
wi Il help WO 01/36563 PCT/ US00128985 -4 -mnim ze fouling of scrubber

sheds, butwo hi/®sé3echni que does not affect the cyclone op¢t/8§008sRRs. Fluid
Catal ytic Cracking (FCC) is another petroleumrefining conversion process
i n which heavy oil, typically the highest boiling distillable fraction, is
converted to gasoline, diesel and jet fuel, heating oil, liquefied

petrol eum gas (LPG, chem cal feedstocks, and refinery fuel gas by

catal ytic _deco i+ion.at .,.simlarly elevated tenperatures of about 900 to
1100F (abd‘&‘P"&%c}?’%ﬁ%‘éﬁcf"q"ﬁr sfhedfy bl s Secn{one 80%})%‘2?19&%5‘ cyelopecy) . the
heavy oil oufiedares, typically m xed wth steam and sprayed into a rising

stream of hot (1100 to 1400F or about 590 to 760C) powdered silica-al um na
catal yst. The feed is vaporized by contact with the hot catalyst, and the

vapor deconposes calal.yid cally.into t esired products within a few
seconds, whereupon Fﬁ%‘¥§8ﬁ'?5ﬁl%%gf’9§@§g?ﬁ o r%F@glaeEﬁﬁ‘d'F P centrifugal |y
from the cyaRQSioRYpro®aS M Which HehR i1, TPPRER e esewliﬁghﬁphaﬁréans-- The
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t he top offfactiensiggenvarted to gasolige, diesel sndhjet feelhwating oilpliquediedpeavteaad | i ne,
then to a fr } s e t.he apor | uenched .and .,condensed in a zone
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i nt r oducedinhildrfy @etitbd RATHERE S hBo6 fo 1100F (guéﬁth%b 103HOEP M th
steamto recovér entrained vapor. Because the stripping steam1s atypl cally
at a si gniFluid Gatdlyti¢ Cvankingipic (BEOUS, th heavyheil faed id typivallly ysiked with cat al yst
is cooled by the stripping.steamto a terrferature significantly bel ow t he

reaction SERRANISPIAYSd KGR Tistngstream okhgl {2190 togk409RF prabeutdO0ite HEW e be

limted b 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 vépor
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



deposition of coke in the stripper, reactor overhead, plenum nozzle,
transfer line, or inlet to the fractionator. Coke formation.occurs where
heat | oss awbowssselondensati on of heavy hydrocarbons whi chcrestopgpese to
form coke. Deposit formation is further WD 01/36563 PCr/US00/ 28985 -5
aggravated by entrapnment of entrained cagal yst particles in the condensate.
Deposits are nost likely to occur where flanges or other heat sinks

provi de surfaces below the dew point of the product vapor. Deposits nmay

also format the.inlet to th fr i L. Wh . nsi ogl i ng. of the
ot _pr oduc edpared il tutebaloifof S AR ohRIS IR DRHERAT RSHE The
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react or overhead and the fractionator. In units limted by conpressor
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cracki ng unipidsubsegieht cokt Hemsatiod. Thekoké baifdupaesrics fluw afid inbfeaggsoduct vapor
is inintimate contact with particulate solids, known as the dense phase

zone, and apresshrg dropibgteeendheraagtofaverhead and the fagtionaiere Inanifs hmited Myt i al 1 y
ted f th t ‘ . e .
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the reacti qfarefige érnd 6BAY nin, #RE nidyaulmarofeqhire prentataretorvaphnnedind in  both
types of units the heaviest reaction products condense on the solid

particl es tshutdogmm coke. The dew point of the product vapor energing from
the reaction zone (dense phase zone) into the dilute phase zone is
essentially the same tenperature as the tenperature at the transition from

the reaction zone (dhnbeth fluideoking@CUparnd@uiddataljtic qickieg anits(FOCHY) as t he

hase transition tenperature. . ny FCCU s the ., . .
P there is a reaction zone in Whlgh gx% p¥o&:uct vapor is 1n 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



.reaction zone is term nated by cyclone separators, and the dilute phase is
the zone into which the cyclone outlets discharge, typically a plenum at

the top oWwa6Besadssel housing the cyclones. Wiat is neeplertusoonsdse art is

an efficient, predictable, and effective way to mtigate the formation of
detrinmental coke deposits in the dil ut-e phase overhead WO 01/ 36563

PCT/ US00/ 28985 -6 equi pnent such as fluid coker cyclones and acconpanyi ng
surfaces and in the overhead dilute phase zone, plenum discharge nozzle

and overhegg:, || f,f | wWid ' -units to ayoid | oss of
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| i qui d hydrocarbons and subsequent coke formation at tenperatures in the

range of &#ghticrmkingunitsdopveiddess ofFrpeityamionpensivashutdowtng. ut e phase
zones of fluid cokers and FCCU s such as occurs in overhead equi pnent. An
enbodi nent of the invention is directed to a nethod for mtigating the

condensat SOUMBMARYJQOF THEINVENTPORE and subsequent coke deposition in

refinery reactor units wherein during operation of said units a dense
phase zone conprising hydrocarbon feed and a dilute phase zone conpri sing

vapori zed hydrocarb , .sai d _hydr rbon feed and a
phase transition zoﬁg e'g{gtg gfé'lggrlﬁOggﬁgﬂg%ngé{’vgﬁQﬁ%‘sﬁﬁlgthﬁg@remit%@g %
present, sendénsaionost liquiphydrbegbon @i subgequent e domitnAfttenpadiue Wher ein
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vapors, gisthe rangepfiabeut FQSF e dt (abews 394Pd telFPORC) inrthe dilntenghaset o f or m
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t enper at ure above

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 lea_lst 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



t he suppressed dew point and wherein said dew point of said dilute phase
zone Wi ll be suppressed by at | east about 5F (about 3C) bel ow the

t enper at ur evobymsésd dil ute phase zone. Practice of the ippedobsydsssONPri ses
i ntroducing a streamof gas or vapor, typically steam which is

non- condensabl e at tenperatures above abhout 705F WO 01/ 36563 PCT/ USOOR8985
-7 (about 374C) into the dilute phase zone to forman adm xture with the
product hydrocarbon vapor. |f another gas is used, it will be

- d bl h he dil h
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the dense phase react on zone ase transition zone, and d phase

reaction zeqlmltdmsyeaﬂerﬂmhyheﬁlutelﬁﬁase%ne E4 are feed injection ports, and
F are stripper sheds. Figure 2 depicts a typical FCCU. A = flue gas outlet,
B = regenerator, C = air injection, D = regenerated catal yst standpipe, E

= spent CaﬁgFEPb%@@ﬁﬁ’IWOFI%mQREﬁ stripper, H = cyclone

separat ors roduc apor outlet, K = dilute phase zone,
and L dense phase reactlon zone. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 1|t
has been found that on of cok rpcee in a f w houy s_i t he
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terrperaturey an aré encounted |anU|d coki ng Uld cata yt|c

cracki ng. and (hb.se phaseireactivoaoné,gespdctiveiyt Ei, i, B;g\E.;Iam fcedari_;ed;thm purts; ur e of

fluidizing sdt}‘eam ndpekll)égré)car bon product vapors

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 cokiﬁg 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



.in the dilute phase of both fluid cokers and fluid catalytic cracking units
Is the tenperature ofthe phase transition zone fromthe dense phase to the
di | ute phaasoisésml i cants have di scovered that by injectipeErdsoorsoss

non- condensabl e vapor and/or gas into the dilute phase zone, the dew point
of the adm xture so produced by WO 01/86563 PCT/US00/ 28985 -8 the nedi um
and dilute phase will be below the pre-injection tenperature of the dilute
phase, and condensation and, hence, coke deposition, will thereby |argely

be prevepted. . Thus Jhe. non- ca %ens ble medi,umis a nediumthat is
non- condeﬁ?a’ﬂ?‘gumaﬁddt Sibep EWéQ Eéf’ﬁgﬂw Re-yeeigntempgature of the dilgte phase
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non- condensabl e nedi um w e injecte conditi’o icient to
prevent cprevenigdoThusdhenerdoendensgble mediunhis a madinin thatispoasendeamsableand t o
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serve to prevent cooling of t'he product vapor by malntalnihg or ralsing

i ts tenpeeenditiens syfficientth preventcondingmf thecproti¢tivapor inthe ealisitiomphdseof t he

I nventjion_is di rtected to a meh{]od to m'ti?al%e tge formgtion of coke

deposi ts THINARY tP aiRam-QnTais the tempgrafirg Of thie produetvaporsn the phages | i d

- catal yti Cranisiedtl AfheWbblif] HH4HOAN20 PR [oliP0.69C 8 8bslitUnPEFabWath& JF &l d units
have a reaction zone in which the product vapor Is in intinmate contact with
a mass of phase transitien gong. cEhesnoncansiensable medivat miay stself servel toprevent  sol i d
particles_bein ubst ant.i al | reat.er than. t he mass of said pr.oduct vapor,
and a di |‘iﬂ°§‘“§% °E’Sﬁ%"ti‘ﬁPQ\’%‘?%ﬂ‘aEﬁ?‘ngﬁ?’cSﬁ’aH’tg W igmpeRire I aRotheb st ant i al | y
separ at edmtadthapbeluiRtddd particles in the reaction zone. The nethod
conprises mtigating the formati on of coke deposits in

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



such refinery units, by injecting a gas or vapor such as steaminto the
dilute phase zone of the said reactor unit, said gas or vapor being at ' a
t enper at ur gyglyAldgst about equal to the tenperature of sptfuis
transition zone at the transition between the dense phase zone and t he
di l ute phase zone, wherein said gas or.gapor is non- condensabl e at

t enper at ures above about 705F (about 374C), and wherein said gas or vapor
is injected in an amount and at a tenperature sufficient to |ower the dew
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about 10F (difference of about be used. The above operation is

carried outd:ﬁ‘mehcmoﬁnhwbﬂ?ﬁ); moge mtﬁzrably ab frastztboot ] (FF (differende oftabputini t s.

Preferably on-c ble nediumw ] ‘be in ,ecte into the dilute
phase zone® 'Ilnlg’er‘égg tgﬁ Ve QREFAHANIE Grezie Ofhequtinygys Yﬁ‘@"f‘gﬁ‘ﬁﬁf‘at ure of

the phase 4 eﬁe‘i@t | $fHRE &Py ulify, € nafter called the phase transition
t enper at ur erW| se, tHere is arisk that the cooling of the product

vapor, already at its dew point, will cause the condensation of Iiquid
which it is intende ent. Pre era I the t er.atu e at
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about 228 hi gher than the phase transition tenperature. Lower
t enper at urteansitiearzonhcheseipserrcalied 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

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



. ranges will be l|less effective agai nst downstream cooling effects, and

hi gher tenperatures will increase thernal deconposition of product
conponent V@ 81/36868s val uabl e constituents. Preferably, thertsopssature will
be such that the tenperature wll maintain the tenperature at the cyclone
outlet at |east about 5F (at |east abo@g- 3C higher) higher than the phase
transition tenperature. During operation of a fluid coker, for exanple,
coke is laid down in several areas of the cyclone and also in the scrubber

section. C [ nakticul ar. concern since
he. deposti el Stulie 3 Sent Al G, ke e buBaiin FRA R S055™ (10
ul timat el yatabaici oracking usit,ahe produciovdpor b itsedvs Soint 18 iathedRRE imtbitREaferd
fluidized catalyti f cracking unit, the product vapor at its dew point is

i nt r oducedrasersectional prea of the Balep and diaccampanying exparsicacedodingtcen,  and

t he acco ' ' ' | Gl gndense droplets
of 11 qui e Sumrf toERCAS: Baplor o s, et vt Sert  GRROFRSGEC 1 qui o

i s hel d abpelingavhetetisiiquidishicts abelbvited Rpipetameavefficidndtgedusen of coke
deposits. The buil dup of coke restricts flow and decreases capacity. An
enbodi rrenforB?a“PHé’fr?BE?laﬁp%ﬁ%eTBe huiddypr of coke astricts Hay aptrdecreasas way to

pr event Cgéiﬁ:ﬁ?p%i ts that formin refinery units such as fluid cokers
(FCU) and urd catalytic cracking units (FCCU) to facilitate | onger run
times and to maintain throughput. Effective mtigation of coke deposits in

areas of the units guch ag, the _cyclone and cyclone outlet of a FCU unit
and the stripper, ré‘éEF’(yPSW rEtis methed afers qrosyeliectivg asd efficientovay

fracti onajPsrel et ok W ' Lk e bPALLGN taught
herein r ec(%érﬁi zes t ﬁa?s: (;cggkje 335‘%5’21“? )séﬁgerymﬁs gﬂﬁama%fte@(ﬁb&% and
 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 ﬁhase
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,



form when products are condensed or are in the liquid phase. Coke deposits
format a substantially slower rate when the reactor products are in the
gaseous phawe.01/36863, by nmi ntai ning the reacti on product gcpusebzess i n
refinery units in the gaseous phase in the dilute phase-zone, prior to
guenchi ng, coke deposition can be easilkyimitigated thus preventing coke
deposits fromformng on reactor surfaces that can becone plugged
necessitating unit shutdowns. The invention involves suppressing the dew
poi nt of t |l S f {. [ ' ' | ni.ng the
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non- condensahbetheridiwiointvfahe dilite phase doe tebesrleast abo@tS°R (abbut3eybelowdi um
is injected into the dilute_phase zone of the reactor, unit. 'Fl;l)é})i cally, WO

01/ 36563 Pdcie tsmupsratyrmesf the dluteabass zope. JyRicalndd leashaoutS anelg* Apact ed wil |

be that anount, negcessafy. . t h e | . | e zone
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be injected. Non-condensabl e nedi uns can be selected, from. for exanple,
steam recybhedarmn papsendansableap used heseip neangthet theypediviwilbbs a gasera t er m

Topor oat ot Shpo e EE S AR sHBA sk nokt 74585 HHBath e ¢, 97 ©F @
vapor at te abou abou (O 0] t he

non- condensil @naBskab® AédluRecan PR Aist Pt Mbintai Or Riiselthe Sanpdigutesmaeat ure of
the product vapors in the phase transition zone other nethods nmay al so be

enpl oyed.  p& aparp in theehassmansiti n i i ce an
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scouri ng CcQfen eambiatiomveditBe nbmondenbablemetivnobeing Bipldyedito rgiksSthet he
tenperature of the product vapors. O her neans _known to_the, skilled

arti san cou¢mperatue obtheprpdusy ¥apor. 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



. As used herein, the dilute phase, the transition phase and dense phase
occupy the dilute phase zone, phase transition reaction zone, and dense
phase reag6bisgsxzone, respectively. Thus, injection of poeuserssssndensabl e
mediuminto the dilute phase zone necessarily neans injecting the nmedi um
into the dilute phase. Those skilledipn the art readily appreciate such
termnology and its interchangeability. The preferred anount of

non- condensabl e nediumw || ‘normally range from about 1%to about 50% by

vol ume of the product . or and,,, nore pr.eferabl from about.5%t0 about
oy vartigel rous il e i RimetieE afi Sty i RePgle Smhe oo
ef fecti Veegired 6iHAIcAGak ftBdlgyy poi nt, and greater anounts than the WO

01/ 36563 PCT/ US00/ 2898 -12 preferred ranges will be nore costly to
provi de and subsequently separate fromthe desired comrercial products.

Preferably, in a flui kKer . ot on-condensabl e diymw Il . be

i ntroduced into thi’.r%f%ag&e' ?‘ugggﬁé)%ﬁ{él@%%%c? nf@ggwgl%wﬂﬁge bed and
bel ow t hgnirSanideanfito thE Bflste pRa®f Rhaabive the 16 of Beldenid Wed i efs\ s abl e

medi umvm?l be introduced’into the plenumof the vessel housing the
react.or «ycloordsletsi nt o whi ch plenumthe reaction products are di scharged
fromthe cyclone outlets. Alternatively, the non-condensable nedium my be
i ntroduced anywhere downstream of the primary cyclone outlet. If the unit
configuration al | owseftfadlys id APPCCY, dsndn-SshdeifablSRedfuntRilfbyst stripper to

mx with the product vapor between the primary and secondary cyclones, the
non- condédntsadiced ietditherplenymind theivessel housing thoreaptor cyelpngspinto adhi¢tong as t he

spent catp?‘l:%%% tﬂesregaﬁoncﬁ'&lil?c% itrre] dtigyﬁarsgtecri ifPo% Eheac%lcio%eto\(xﬁie s?‘lAl{er}anth%ly,

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 catdlyst 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



current state of the art practice. If recycled hydrocarbon is to be
utilized as the non- condensable nmediumintroduced to the stripper, it is
preferable woalnaéssezt it into the dilute phase zone of theCBUSIORESs t O

m nim ze hydrocarbon carryunder to the regenerator. In the course of
perform ng the instant invention, one sHBkled in the art can easily
nmonitor with existing or installed thernocouples the tenperature of the
dense phase zone, the phase transition zone, or the dilute phase zone. It
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w1 be at vapbeipboes its dewipoint and minimiués the tisk abhiquid 20hddnsitioti affil 6 t 0 about
11 C and, nore preferably,_ about 2.to FFg,bout 10F (about |1 _to 6._C) higher
than the prabeequentfermatinn offoke deposils. Brefersblipthsmonesondensableumedipmgoss - 13
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condensat i dnjeeted suchithaeiy nerintaing thetemperavire ofkiee r@agtoscycionesutleeprduyts t he

non-condensabl e medi um . when used to, prevent the prod vapor from

cool i ng, - wi?t p teyBpEEAtUEE ?%@sﬁﬁm‘ﬁq%ﬁéhgm&% E&éé"% 1@'%11@&%%% ns the
t enper at ur | et products at a tenperature of at
| east abou?e’ﬁf)?%{bg%éﬁ?ﬁ?gés%%ﬁ@ a %’ut 11C) higher than the tenperature
of the phase transition zone. In the case of an FCCU, it is preferable that
t he non-condensabl e dium be ipnjected at _ a tepgperature sych at it

mai nt ai ns the temer%@?éWOf@Hﬁéﬁoﬂﬁﬁﬂreﬁéﬁ? ﬂleﬁ’@nrﬂ(’é‘HE'l‘ﬁ fﬁlet or the
tenper at ur ¢, o, h R ifkael boy Lt Sduch ihdt RARkint=ARAHE 1epipdrtine S @Rer than

t he tenper Z’%%ﬁ%ﬁ%?léjﬁger?ser uetr?et. u&we sﬁtﬁﬁl ggﬁ?&n the.%rt vﬁﬁ readily
recogni ze tphaduct Yaponatithe piehems attlet 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.



medi um can be injected into the dilute phase zone of the FCCU by injecting
into the cyclone outlet plenumchanber, the product |ine upstreamof the
fracti onatpasosgéed8t or in sone configurations the catal ysirrssosepper where
steam stri pping occurs. WO 01/ 36563 PCT/ US00/ 28985 -14- CLAIMS: 1. A

met hod for mtigating the condensati omgpf |iquid hydrocarbons and
subsequent coke deposition in refinery reactor units wherein during
operation of said units a dense phase zone conprising hydrocarbon feed and
a dilute Wone conpri sing vaporized hydrocarbon products produced
fromsaid ‘arbon feed and a phase transition zone between said dense
and dilute phase zones are present, said nethod conprising injecting a
non- condensabl e medi um wherein said medium is selected fromthe group
consi sting of non-cbndéas®ttiod foapmn@tmg&b%eqn@n@tlmmfdmsi hydrecarbéns i nt o
said dilute se z S m.an adm xt

ycr ocar band BHBEGE Sakedionion R deieR AFtop Pl wharss (e adhonef | <
suppr essegzm%hh 8 deRiPIRLO Lo dodpris IR RbeHBorpRRY Ankl faeuxmuoﬂ;a%é %6& dew

poi nt and ereln sal dew poi nt" of "sdid dilute phase zone W |

suppr essedoinpnsungIvep&nze&iﬂmdrocmrbmydumpmducwoma&bxd:omb@n hﬂd dilute
phase zone hod of condensabl e, mediumi s

P e or o fadBipbask gty e PR saia el it GteE oG A& RE IR, ot ur o of

the di | ut gaidRRAREd ESMfrisiRg 1rﬁ€tﬁldﬁﬂiﬁtﬁﬂcd?nfdeﬁéa%léﬂlédmﬂﬁﬁvﬁbﬂhr§§d1&i medium
non- condensabl e nediumis  Selected fromthe group consisting of steam

hydr ocar bmlecl&deﬁ'omgh@ goupeansisting ofgwn-candenssble vapory gasas arsbimisturesai m |
wherein S?herco I Seh COklaIaﬂuxture with said vaporized

into 'said dﬂu{e phase zoneI E) f%
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.

L



unit. L L~~~ 1~1"* ~ L WO 01/ 36563 PCT/ USO0/ 28985
-15- 5. The nethod of claim1l wherein said refinery unit is a fluid :

catal ytic cywothegs unit. 6. The nmethod of claiml wherei np&disSoor2s98s
non- condensable mediumis injected at a tenperature at |east about 1 to

about 100F (about 0.6 to about 55C) highker than the phase transition zone.

7. The nmethod of claim1l1 wherein at |east about 5 nole % of non-
condensabl e nediumis injected. 8. The nethod of claim4 wherein the
tenperature of said n-..condengahl . redium. s sel ected tq [ ntain the
temperature of the rgggctg?eW@Péﬁgﬁlﬂgﬁl‘%}?“ﬁ?‘SF‘@a@ﬁn%d’Bftlgg%(“é‘ﬁ | east
about 30 mafﬂ?ﬁicérgémnéhﬁitphase transition tenperature. 9. The nethod of

claim4 wherei™h the fluid coking unit includes cyclone inlets and the
non- condensabl e nmediumis introduced into the dilute phase zone bel ow the

fluid coki it inlets. .10. The method of claim 5 wherein th
terper at ur o of sai o fon- TREGREERA 6 B QTS a0n: R IRPRUGHIS e

t enper at ur gpftel 3fa t@ASMrE A R0 E01R Tt Bboritt1 0D EboEPE o l@&ut@@é%\:%hi gher
than the phase transition tenperature. 11. The method of claimb5 erein

the fluid dagheryhandhe phaseitrapsitiontzon¢.ncl udes cycl one outlets di scharging

into a pl enum and t he non-condensable nedium is introduced into the plenum

bel ow the fluid coking unit cyclone outlets.
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.

I
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The nethod of cl'aim1 wherein said phase transition zone contains product
vapors anwoMisssssn sai d non-condensi bl e medi um scouri ngeaTaksso/zR985a M Xt ure
thereof is injected at a tenperature sufficient to nmaintain or raise the
tenperature of said product vapors in gl d phase transition zone at | east
about (1 to 20F (O. 6 to 11C) above the phase tranS|t|on zone tenperature.
LEEE=3 ity 1agr rerrrnnt s,

12. The method of claim 1 wherein said phaéc transition zone contains
product vapors and wherein said non-condensible medium, scouring coke or a
mixture thereof is injected at a temperature sufficient to maintain or raise the
temperature of said product vapors in said phase transition zone at least about (1 to

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