WD 2006/ 093624 PCTI US2006/ 004007 -1- ACOUSTI C AGGLOVERATI ON TO REDUCE
FOULI NG | N THERVAL CONVERSI ON PROCESSES FI ELD OF THE | NVENTI ON [ 0001] This
invention relates to a process for reducing fouling of equipnent used in

t hermal conversi on processes such as FLU D COKI NGTM and FLEXI COKI NGTM
Acousti c engggYosmeidsL£d to acoustically aggl onerate finepipgksosbdafat €d
during the coking process. The agglonerated m sts are then carried al ong
with the circulating coke instead of depositing on coking equi pnent.
BACKGROUND OF THE | NVENTI ON [ 0002] FLUI D COKI NGTM and FLEXI COKI NGTM ar e
thermal conversion processes in which heavy petroleumfeeds are thermally
cracked to formcracked vapor products and solids. Qher exanples of
processes which enploy thernmal conversi'on reactions include del ayed coking,
catal ytic cracking and visbreaking. In FLUD COKINGTNIand FLEXI COKI NGTM
the thermally cracked vapg . D| C3 cyclones to
separate coke fines_ené DA
Some of the vapor f Y L] K ! ydI®posits on coke
circulating in the thernal cracklng unlt and on various process equi pnent
such as reactors, heat exchangers, reboilers, transfer |ines, cyclones and
fractionators. Subseouent t hermal conversion of the condensed vapor s
converts tHdBLAYGIOKEE INVENDHINS wher eby coke is deposited on process
equi pnent is known as fouling. WD 2006/ 093624 PCT/ US2006/ 004007

A

[0001] This invention relates to a process for reducing fouling of equipment
used in thermal conversion processes such as FLUID COKING™ and

( FLEXICOKING™, Acoustic energy is used to acoustically agglomerate fine mists
created during the coking process. The agglomerated mists are then carried along

with the circulating coke instead of depositing on coking equipment.

BACKGROUND OF THE INVENTION

[0002] FLUID COKING™ and FLEXICOKING™ are thermal conversion
processes in which heavy petroleum feeds are thermally cracked to form cracked
vapor products and solids. Other examples of processes which employ thermal
conversion reactions include delayed coking, catalytic cracking and visbreaking. In
FLUID COKING™ and FLEXICOKING™, the thermally cracked vapors are
typically passed through cyclones to separate coke fines entrained in the vapors and
then through a scrubber. Some of the vapor formed by thermal cracking condenses
and deposiis on coke circulating in the thermal cracking unit and on various process
equipment such as reactors, heat exchangeré, reboilers, transfer lines, cyclones and
fractionators. Subsequent thermal converston of the condensed vapors converts
them to coke. The process whereby coke is deposited on process equipment is

known as fouling.



-2 [0003) Fouling is a major operational problem because foul ed equi pnent
must be shut down and periodically cleaned to renove coke deposits.

Cl eani ng may be by nechani cal neans, such as pigging or by spalling/steam
spal I'i ng, wh¥xi9p6e%B&4 unit tenperature is raised and | oneCEUSII YN

several cycles causing coke deposits to break up due to differences in
respective thernmal expansion coefficients. Spalling may be foll owed by steam
injection at high tenperatures. Fouling has been addressed by the addition
of chem cal anti-foul ants, use of scouring coke and by control of process -
conditions such as residence tinmes and tenperature differences, e.g., super
heat. [0004] Acoustic aggl omeration is baged on the use of sound to
agglonerate snall particles in the mcron and sub-m cron range present in
aerosols. The thus agglonerated particles are nore susceptible to
conventional [QP3} at Foulidgeisnnajoe eperatioinl droblsmalbecmse fouled eqaipaiedt inust | | ke,
and to the return of agglonerated particles to the reactor phase. Acoustic
sound waves abeshw dewpand periedically pleaned torremevesokedanesits.nbleasinggnay be fi ne
particles. This, i,n turn, results in nore.frequent collis{.ons Jn ich as

| east sone o?bx Wgclﬁ’ﬂ%i& ﬁ%ggsﬂl‘ﬁéﬁs? e DY 5P tramm ﬁ%aﬁhﬂ%tr"{’]i‘%f’%%. ®The
overal | eff eGiniPfenipRfitiieli§ rdisPdniBveted thoupllisberhN &R dadSing 3bké ﬂé@sﬁb ze of
the aerosol to lafger values. Acoustic aggloneration has been applied to
particles in tgdseak gudie toatifferencesingespertivethefmalaxipatsiom abeffictentsst i on

engi nes and f ash to th arti,cles larger and thus re sysceptible
Co convent | orSalGagmas b dollewed hy Beet insCton SUER 1RRere s, eiog Ses
PCTI US2006/ 0G40} ddardssed by the addition of chemical anti-foulants, use of scouring coke and

by control of process conditions such as residence times and temperature

differences, e.g., super heat.

[0004] Acoustic agglomeration is based on the use of sound to agglomerate
small particles in the micron and sub-micron range present in aerosols. The thus
agglomerated particles are more susceptible to conventional separation techniques
such as cyclones, filters and the like, and to the return of agglomerated particles to
the reactor phase. Acoustic sound waves are used to increase the relative molecular
motion of the fine particles. This, in turn, results in more frequent collisions in
which as least some of the particles stick together forming larger particles. The
overall effect of acoustic treatment is to shift the median particle size of the aerosol
to larger values. Acoustic agglomeration has been applied to particles in gases such
as coal dust, fines from internal combustion engines and fly ash to make the
particles larger and thus more susceptible to conventional separation techniques as

noted above,



SUMMARY COF THE | NVENTI ON [ 0005) The present invention relates to the use of
acoustic aggloneration to agglonerate the fine aerosol particles created in
a thermal conversion process wthout the need for separating the
aggl oner at edyBafdslosdcss fromthe coke fines created in t@%Thﬁ?f 4007
conversion process. Accordingly, there is provided a nethod or reducing
fouling fromaerosol msts resulting fromthermally cracking heavy
petrol eum f eeds which conprises thermally cracking the heavy petrol eum f eed
in a thermal cracking unit to produce coke, coke fines and vapor products
containing aerosol mst, and subjecting t he vapor products containing
aerosol mst to a source of acoustic eAérgy sufficient to cause

aggl oneration of at |east sonme of the aerosol mist to form aggl onerated
particles. [0006] In another enbodinment, there is provided a nmethod for
reduci ng f osMiIY A 2R lOR ! 31C
petroleumfeeds in a Fluid Coker or a Flexicoker which conprises thermally
cracking the heavy petroleumfeed in a Fluid Coker or a Flexicoker to

produce co k@goﬂo K eTfl% ?f'e%eﬁ'lﬂxécﬁﬁ%ﬁ%la%% %@g%@%&@sﬂc Q%S?O?ﬁé}ﬁﬁ%l} fg st.

subj ecti ng e ‘coke nes and vapor pro ntal ni aerosol mst to a

source of agolshératerthe Tl a8risbl partitles tRatedUf @ thaehl CoRVatioAPredesat | east
sonme of the aerosol mst to formaggl onerated particles, and passing the

coke fines witkowdhoneqst fon sepasatingthe agglomerajed pamicles &orp the ¢akedineso  a
oot G SRR GO LRl LR R s, S
0 PGB T o) Bl i

ene(r gy. WO

petroleum feeds which comprises thermally cracking the heavy petroleum feed in a
thermal cracking wmit to produce coke, coke fines and vapor products containing
aerosol mist, and subjecting the vapor products containing aerosol mist to a source
of acoustic energy sufficient to cause agglomeration of at least some of the aerosol

mist to form agglomerated particles.

[0006] In another embodiment, there is provided a method for reducing fouling
from aerosol mists resulting from thermally cracking heavy petroleum feeds in a
Fluid Coker or a Flexicoker which comprises thermally cracking the heavy
petroleum feed in a Fluid Coker or a Flexicoker to produce coke, coke fines and
vapor products containing aerosol mist, subjecting the coke fines and vapor
products containing aerosol mist to a source of acoustic energy sufficient to cause
agglomeration of at least some of the aerosol mist to form agglomerated particles,
and passing the coke fines and vapor products containing agglomerated particles to

a separator and separating coke fines and agglomerated particles.

BRIEF DESCRIPTION OF THE DRAWING

[0007] The Figure is a schematic drawing of a FLUID COKING™ process

containing transducers for generating acoustic energy.



-4- DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0008] The thermal cracking of
heavy petrol eum feeds occurs in processes such as del ayed coking,

vi sbreaki ng, catal ytic cracking, FLEXI COKINGTM and FLU D COKI NGTM
Preferred theoowmk/aoessacki ng processes include FLEXI COKI NGROTARZPos/AM4097D

COKI NGTM  Heavy petrol eum feeds include heavy hydrocarbonaceous oils, heavy
and reduced petrol eumcrude oil, petrol eum atnospheric distillation

bottons, petrol eum vacuumdistillation bottons, or residuum pitch, asphalt,
bi t umen, other heavy hydrocarbon residues, tar sand oil, shale oil, coal,
coal slurries, liquid products derived_prn1coaI | i quefacti on processes,

I ncl udi ng coal liquefaction bottons, and m xtures thereof. Such feeds w ||
typically have a Conradson carbon content of at least 5 w.% generally
from5 to 50 w AL, es| due  see ASTM Test D189-165.
Preferably, CHelafedRESCRIGIIONCIY JEMINVENLIONN (resid). [0009] In

del ayed coking, heavy feed is sent to a coke drum The feed is heated to

t he coking point wherein the heat is supplied in a furnace and t he heated
feed is theipo008]r odhedherimal chrekingkef Idavypabslewmifbals' euddan peodesse sheli t he
coking reactions is provided. The coke druns are usually run in Earallel SO

that one dr ua$ delayasecoking, vishseaking; icatglytici arecking, FEEIC ™ and eaned
dependi ng on CLBERNaAY ProfBra he R PR et B B SIS G K NN Ao
dependi ng on 1€ nd efre It s in
the feed. De E?g TR0 ' Egﬂ?ﬁ}’ to be
coked is hea?e toG?EZNE:Goki r%&?g%%ﬁ?lgtﬁﬁir@dﬁg]uﬂg? 1'n tﬂ-gc%rgﬁré%cﬁggsum unti |
a sol i d mass oiif, heakeandreducadkpetroleur endiewil, peiaplens dtmosplidrie distidiat@dnum ar e

sent to a fractionator where they are separated into .
bottoms, petroleum vacuum distillation bottoms, or residuum, pitch, asphalt,

bitumen, other heavy hydrocarbon residues, tar sand oil, shale oil, coal, coal
shurries, liquid products derived from coal liquefaction processes, including coal
liquefaction bottoms, and mixtures thereof. Such feeds will typically have a
Conradson carbon content of at least 5 wt.%, generally from 5 to 50 wt.%. As to
Conradson carbon residue, see ASTM Test D189-165. Preferably, the feed is a

petroleum vacuum residuum (resid).

[0009] In delayed coking, heavy feed is sent to a coke drum. The feed is heated
to the coking point wherein the heat is supplied in a furnace and the heated feed is
then introduced to the coke drum where the residence time for the coking reactions
is provided. The coke drums are usually run in parallel so that one drum can be
used for coking while the other drum is being cleaned of coke. Delayed coking
produces sponge coke, needle coke or shot coke, depending on feed and reactor
conditions and the presence of additives in the feed. Delayed cokers do not
typically use cyclones as the feed to be coked is heated to the coking temperature
and held in the coker drum until a solid mass of coke is formed in the drum.
Vapors from the coke drum are sent to a fractionator where they are separated into

product cuts based on boiling points.



product cuts based on boiling points. WO 2006/ 093624 PCTI US2006/ 004007 -5
[0010] The full drumis steaned to renove renaini ng hydrocarbons. Coke is
renoved fromthe cool ed druns by nechani cal neans such as a drill or by

using a hydraulic systemusually conprising a nmultiplicj | pressure
wat er jets. WQ¥B¥99P6%he preferred FLEXI COKI NGTM or FLUI JW&%@ based

on fluidized bed technol ogy devel oped by ExxonMbil. The fl uidized bed
coking unit can be any conventional fluidized bed coking process unit and
its specific configuration is not critical to the present invention. Both
FLEXI COKI NGTM and FLUI D COKI NG' use simlar coking reactors. FLEXI COKI NGTM
includes a reactor, heater and gasifierS-while FLU D COKING' includes a
reactor and burner. [0012] In FLU D COKING', a heavy feedstock, such as a
vacuumresiduum is fed to a coking zone conprised of a fluidized bed of

hot solid paggirg] esTheFulplhim isRédndtilolrelo?s remaliiie HRPocksehs! Tokeigd to as
seed coke. The feedstock is reacted in the coking zone maintained at
t enper at ur esreiroveti drama theecovleddiomsthy mechapRicalteans such@d adrill ordsyigingiyg i n

conversion pyoducts which include a,vapor_ fractign, and coke, which coke is
deposi t ed onﬁlf‘ﬁ%‘ﬁé‘iﬁ)ﬁ?@é“ﬂ@ﬂﬂ’ﬁé’ww tiplicity © B&E DEESOEE WAL IS t he
coked-seed particles is sent to a heating zone which is maintained at a
tenperature higher than that of the coking zone. Some of the coke is burned

off in the [90a1] NngThe pruferred FEERUCORING™™as IO COKING™ Rbaged'én ar e

returned to the coking zone as regenerated seed particles, which serve as
the primary flaidized bed dechnplogytdewelopéd by ExsonMobidl The flidized bed coldngenibr at ed
from vapor péa%db%catngr ciorlllvgntlc n%k fbtdized bed coking process unit and its specific
( configuration is not critical to the present invention. Both FLEXICOKING™ and
FLUID COKING™ uge similar coking reactors. FLEXICOKING™ includes a
reactor, heater and gasifier, while FLUID COKING™ includes a reactor and

burner.

[0012] InFLUID COKING™, a heavy .feedstock, such as a vacuum residuum,
is fed to a coking zone comprised of a fluidized bed of hot solid particles, usually
coke particles, sometimes also referred to as seed coke. The feedstock is reacted in
the coking zone maintained at temperatures is the range of 850°F to 1200°F (454°C
to 649°C), resulting in conversion products which include a vapor fraction and
coke, which coke is deposited on the surface of the seed coke particles. A portion
of the coked-seed particles is sent to a heating zone which is maintained at a
temperature higher than that of the coking zone. Some of the coke is burned off in
the heating zone. Hot seed particles from the heating zone are returned to the
coking zone as regenerated seed particles, which serve as the primary heat source
for the coking zone. Solid particles are separated from vapor products in a cyclone.

Vapor products are then sent to a fractionator.

[0013] In a FLEXICOKING™ process, a third major vessel is added to gasify

the product coke. A coking reactor, a heater (vs. burner) vessel, and a gasifier are



Vapor products are then sent to a fractionator. [0013] In a FLEXI COKI NG'
process, a third major vessel is added to gasify the product coke. A coking
reactor, a heater (vs. burner) vessel, and a gasifier are WO 2006/ 093624
PCTI US2006/ OW6@006/098524 | nt egrated i nto a common fl ui di zed pgahusdsvs@ddoeul ati ng
system A material stream circul ates continuously between a reactor and a
heater. More specifically, a feed streamis fed into a fluidized bed, along
with a streamof hot recirculating nmaterial. Fromthe reactor, a stream
containing coke is circulated to a heater vessel, where it is heated. The
hot coke streamis sent fromthe heater_t(o a gasifier, where it reacts wth
air and steam The gasifier product gas, referred to as coke gas, contai ning
entrai ned coke particles, is returned to the heater and cool ed by cold coke

fromthe reactor ctgwgrovi de a rtion,.of the reactor heat requirenent. A
return stredBicgrate 2 serman; d-sglids ¢ireulating sysienh cAeateraliieads ¢ he
remai nder of :th . i s ' . t is used
to generate %#Eﬁm%%@%gﬂ?@ﬂ%g eam%gfr %%Eor@?%g&%%b@gggg?%ﬁsgpggrﬁ% Coke is

cont i nuous| ystregidy Gl intoaflulilized e hlohig wWitlea Peda@® of Biterediditatingddmbtériaf, t he
product coke) fromthe FLEXI COKINGIM process normally contains about 99% of
the feed netkzpm thedeactor, a gireasm gontpiningeakens ciseulatedo wheater vegsehavhpmoit4] For

i n the Fi guns DR ohgthet pokhafeeh s BCom bR BeReto @ pastipr ROl Botas oo
foll : : t ' ' | 12 t
coking. zond ys PHASRER: THEEME pRUBEER Mg hnaRE ght Tonkdiife L, 17 e

bed of sol i dutrained soke partielts, seetdinedao thecheater ahd\coolzddy coldeskd fumlthe

i ndicated at 16. A flui dizing gas .
reactor to provide a portion of the reactor heat requirement. A return stream of

coke sent from the gasifier to the heater provides the remainder of the heat
requirement. Hot coke gas leaving the heater is used to generate high-pressure
steam before being processed for cleanup. Coke is continuously removed from the
reactor. The purge coke (about 0.5% of the product coke) from the
FLEXICOKING™ process normally contains about 99% of the feed metals and has
a volatile content of 2 wt.% to 7 wi.%.

[0014]  For illustrative purposes, a fluidized bed coking process unit reactor is
shown in the Figure. In broad terms, the operation of a coking unit proceeds as
follows: a heavy hydrocarbonaceous chargestock is passed via lines 12 to coking
zone 14 of coker reactor 10, which coking zone contains a fluidized bed of solid, or
so-called "seed" particles, having an upper level indicated at 16. A fluidizing gas,
e.g. steam, is admitted at the base of coker reactor 10, through conduit 8, into
stripping zone 20 of the coking reactor in an amount sufficient to obtain a
superficial fluidizing velocity. Such a velocity is typically in the range 0of 0.5 to 5
ft/sec (.15 to 1.5 m/sec). The feedstock is heated to a temperature sufficient to
cause a portion of the decomposed feed to form a fresh coke, or carbonaceous
material, layer on the hot fluidized particles. The solids are partially stripped of
fresh coke and occluded hydrocarbons in stripping zone 20 by use of a stripping



e.g. steam is admtted at the base of coker reactor 10, through conduit 8,
into stripping zone 20 of the coking reactor in an anmount sufficient to
obtain a superficial fluidizing velocity. Such a velocity is typically in

the range Ofw&zﬁwtﬁ«szﬁ ft/sec (.15 to 1.5 nisec). The femesiotosioneated to
a tenperature sufficient to cause a portion of the deconposed feed to form

a fresh coke, or carbonaceous nmaterial, |layer on the hot fluidized
particles. The solids are partially stripped of fresh coke and occl uded
hydrocarbons in stripping zone 20 by use of a stripping WD 2006/ 093624

PCT/ US2006/ 004007 -7 gas, preferably steam and passed via line 24 to heater
(not shown) which is operated a tenpera?ure from40C to 200C, preferably
from65C to 175C, and nore preferably 65C to 120C i n excess of the actual
operating tenperature of the coking zone. A portion of the stripped coke
may be bur negas; preferablyfsjeameand pasged viertinet24 totheatar (nodishomyny which isnd r emai ni ng

£00551 Tho pPedEn & embemtite SR AP CR2U0C, partershin Bt RSl TGS 5 1o
150 [ 1 ' j 34
330 kpay ) | b el 63 to RAPCIR ARG of e Kordl OfErathe torhfled Bt fhel 54 1O

cycl one inl egoldfl kdte? A pueiond thy sitippedEolef méyBe bRitled 3o EQREY Beatt O renove
entrai ned sol ikglggwhi ch gre returﬁﬁe’lgﬁ%o t he c%ki ng zone through dipleg 28.

The vapors | squisempnts of thesroking zonsugpd remaining soke may boaecycldw todbe celrng

i nternal head %not a}%v\ﬁ% separ at iqrffg reactor and scrubber and into
scrubbi ng zoffSeHE WILHIgwi a3 g LG9%& coking reactor. If desired, a stream
of heavy materials condensed in the scrubber nmay be recycled to coking
reactor 10. The coker conversion products are renoved fromthe scrubbing
zohe 34 [0015] The pressure in the coking zone is maintained in the range of 0 to 150

psig (101 to 1034 kPa), preferably in the range of 5 to 45 psig (34 to 310 kPa).
Conversion products from the coking zone are passed through cyclone inlet 30 into
cyclone system 26 of the coking reactor to remove entrained solids which are
returned to the coking zone through dipleg 28. The vapors leave the cyclone
through outlet 32, and pass through an intemnal head (not shown) separating reactor
and scrubber and into scrubbing zone 34, at the top of the coking reactor. If desired,
a stream of heavy materials condensed in the scrubber may be recycled to coking
reactor 10. The coker conversion products are removed from the scrubbing zone 34
via line 36 for fractionation in fractionator 40. In fractionator 40, coker conversion
products are fractionated into light streams such as naphtha and removed through
line 42, intermediate boiling streams such as light gas oils and removed through
line 44 and heavy streams removed as bottoms through line 46. Acoustic
generators 38 are placed around coker 10 such that they are located between the top
of the coker bed 16 and the entrance to cyclone 30; the dilute phase. The acoustic
generators preferably penetrate the outer wall of the coker reactor and any

refractory that may be used to line the coker reactor.

[0016]  Acoustic generators generate acoustic energy in the form of sound waves

to agglomerate fine particles present in aerosol mists over coker beds. Such



via line 36 for fractionation in fractionator 40. In fractionator 40, coker
conversion products are fractionated into |ight streanms such as naphtha and
renoved through Iline 42, internediate boiling streans such as |ight gas
oi I s and r enp¥edoddesaasigh |ine 44 and heavy streans renoviEti/es200s@0100TS
through line 46. Acoustic generators 38 are placed around coker 10 such
that they are | ocated between the top of the coker bed 16 and the entrance
to cyclone 30; the dilute phase. The acoustic generators preferably
penetrate the outer wall of the coker reactor and any r.efractory that may
be used to line the coker reactor. [0016] Acoustic generators generate
acoustic energy in the formof sound wave8- to agglonerate fine particles
present in aerosol msts over coker beds. Such WO 2006/ 093624

PCTI US2006/ 004007 -8 aggl onerati on can be by coagul ation with other fine
particles to figglomertionican pabyicohgdation With otlay finetpacticles foformdgger particl es
with the net result of an increase in the nedian size to_ a |arger val ue.
Acoust i c aggl Patticles pohy epasulatinzoyithvlarger pasticlgs withithe petrgsilt pinn Wereagemn

bove t he t op s UL i £ B8RSR Hhbcltt AediBfetioin of abedodfimey Hif pefiy o>
dry solid pagfinkti6s of & paiticlasizes hﬁ?ﬁ&ﬁé&%ﬂ%ﬂt&tﬁnﬁﬂ the Ridty IfheqHIBeavy

and sticky liquid film "droplets of heavy liquid ranging fromsubmcron to
appr oxi mat el ypl@@e abavecthe topotthe chketrbedanddhe extpancs tatht wione, theat ad dsy eam

deposit on suictidgueiaies, lid BeickorepEieaiut  Burially Aot Fony BRLTHRBIENS

| te t | Mol yale - - t f
cofe. By aggl onsOBIBAl ey P RN thndite HUREHBRHERR & depidibatliClo foRE. 1T
range, they wahpe,bsdscneontvaspotsandtpenykdatstistedn o (Heivy lfuiddpldihinthad

to 10 micron range are the most likely to deposit on surfaces in the coker/cyclone,

so it would be desirable to agglomerate these droplets in order to remove them so
that they do not form coke. By agglomerating these heavy liquid droplets to the 20
to 80 micron range, they will be separated in the cyclone. Droplets greater than 20
microns have an increased probability of colliding with dry solid particles to form
larger particles having the combined mass of the droplet and the particles. This is

an aid to removal in the cyclone.

[0017] For the present particle size distribution, the sound (acoustic) waves are
in the frequency range from 600 to 20,000 Hertz (Hz), preferably from 3,000 to
10,000 Hz. The sound intensity, which is a measure of the acoustic energy
transmitted to the aerosol mist, is in the range from 90 to 160 decibels (dB),
preferably from 120 to 150 dB. The duration of the sound waves is for a time
sufficient to cause the desired degree of coalescence of mist. This is typically in the
range of a few seconds and depends on the operating conditions within the coker
unit. Generally the residence time from the top of the bed to the cyclone inlet is in
the range of 5 to 10 seconds. At a given frequency, it is preferred to use higher .
acoustic energy. It is preferred to adapt the sound wave frequency, acoustic energy

and the geometry of the coker system to achieve a standing wave condition. The



m crons have an increased probability of colliding with dry solid particles
to form larger particles having the conbi ned mass of the droplet and the
particles. This is an aid to renoval in the cyclone. [0017] For the present
particle si ' Lhution, the sound (acoustic) waves a requency
range fron1éﬁbﬂ?§&%8g000 Hertz (Hz), preferably fron13,0g fuﬁﬂm%%ﬁ%go Hz.

The sound intensity, which is a neasure of the acoustic energy transmtted
to the aerosol mst, is in the range from90 to 160 deci bels (dB),
preferably from 120 to 150 dB. The duration of the sound waves is for a tine
sufficient to cause the desired degree of coal escence of mst. This is
typically in the range of a few seconds % nd depends on the operating
conditions within the coker wunit. Cenerally the residence tine fromthe top
of the bed to the cyclone inlet is in the range of 5 to 10 seconds. At a
given fr equeqgintalibn be sqitdl Bf@defafivt &P iWtig partRFAUTdefosBBlistYs such 1 S
preferred to adapt the sound wave frequency, ustic energy and

geomet ry of thut thedoand syavees penetratecatiressethe caluamdififipwing pactivlel ¢f aemso]l‘he WO
20061093624 PCT/ U32006/ 004007 -9- orientation of sound source relative to
the flow ng PHk i eesguadgm@a mgay be orignigd prrpepdisnlar fe thedlowingco

Gener ot o s ey i el o8 anblePAcAfe P barp@RdiPlla Bl iflel kol 0™

oriented at galufiin! EhetFpy of ScdusAozamrMen fia§Wednylof aRariety &f coninélefillyl ow ng
colum. The type of acoustic generator may be any of a variety of

conmer ci al | y availabid soind genenatbrg suchraattomsduersh sisens; aimbothse electromaguetis, ai r
hor ns, el ect rorra netic devices and the like. [0018] In a Fluid Coker
or FI exi cokefOmE 8“9%5&?"5'% ctts above the fluidized

{

[0018] In a Fluid Coker or Flexicoker, the vapor products above the fluidized
coke bed include aerosol mists. Such mists are carried by the vapor products and
deposit on equipment where they collect. These deposits may foul the equipment
leading to equipment down time. Such fouling is normally handled by increasing
the operating temperature of the dilute phase above the reactor bed to limit the
amount of physical condensation and to dry the surface of the particles. This,
however, is accomplished at the expense of yield loss due to secondary cracking.
This does not provide adequate fouling control. Such fouling leads to the need for
periodic cleaning and shutting down of the coker units. An example of such
cleaning is by high pressure water lancing which is used to limit the pressure drop
increase across the cyclones. In the present process, agglomerated aerosol mist
coalesces on circulating coke particles and is returned to the coke bed. This
protects downstream equipment such as cyclone internals, transfer pipes and

fractionators from particles that could lead to fouling.

[0019] The following non-limiting example is based on modeling studies and

illustrates the process of the invention.



coke bed include aerosol msts. Such msts are carried by the vapor products
and deposit on equi pnent where they collect. These deposits nmay foul the
equi pnent | eading to equi pnent down tinme. Such fouling is nornally handl ed
by increasi nYO 20p&09342dr at i Nng tenperature of the dil ute phespushayRidoe
reactor bed to limt the anount of physical condensation and to dry the
surface of the particles. This, however, is acconplished at the expense of
yield | oss due to secondary cracking. This does not provide adequate
fouling control. Such fouling |eads to the need for periodic cleaning and
shutting down of the coker units. An exagple of such cleaning is by high
pressure water lancing which is used to f'fnit the pressure drop increase
across the cyclones. In the present process, agglonerated aerosol m st

coal esces on_circul ating coke particles and is returned to the coke bed.
This prot ecEXAMEIE r eam equi pment such as cyclone internals, transfer

pi pes and fractionators fromparticles that could lead to fouling. [0019]
The following non-limting exanple is based on nodeling studies and
i11ustrates fgpRopr OPePRI®@Cokéedd ic@linitWPopElafibR 8204 eqlitddSeMes/ 004007
_10_ EXAMPLE [0020] A Fluid Coker during typical 1nitial oOperation usually
requi res wat lncingeathegydlane smeutareh everysbomonthse d.areiag of theccyvborensmout anci ng
of the cycl one snout rea occurs, at about, two non nterval s after running

no
for about on@r€§EOSFurs atg awe@aonabmte@e@)aﬂséﬂmg%%@Lewea@ar-and cycl one

e " . . :
acoonpl o st BEEHe) paSebh i oDt BUEE RO RN RRRAER S e
capabl e of cogligeerdldbéthees LFings 0 Transducers accomplish this by tuning the '

transducer(s) to produce standing sound waves capable of coalescing the submicron

particles in the aerosol mist above the coke bed to particles in the range of 10
microns average size. This reduces the amount of submicron mist particles
entering the cyclone inlet and subsequently condensing on and forming coke
deposits on interior surfaces. Without the use of transducer(s) or other acoustic
producing devices, coke deposit formation may increase at an accelerated rate with
time on stream over a system with the acoustic producing device such that deposits
would increase in thickness and build pressure drop requiring increased frequency
of lancing and an eventual shut down of affected units. Use of standing sound
waves after unit turnaround is a preferred method of unit operation to extend the

periods of operating between lancings.



particles in the aerosol m st above the coke bed to particles in the range
of 10 mcrons average size. This reduces the anpbunt of subm cron m st
particles entering the cyclone inlet and subsequently condensing on and
form ng coke deposits on interior surfaces. Wthout the use of
transducer (s) or other acoustic producing devices, coke deposit formation
may increase at an accelerated rate wWipn. tinme on streamover a systemwth
t he acoustic produci ng device such that deposits would increase in

t hi ckness and build pressure drop requiring increased frequency of |ancing
and an eventual shut down of affected units. Use of standing sound waves
after uni tCEAMSBround is a preferred nethod of unit operation to extend the
peri ods of operating between |ancings. -11- CLAIMS 1. A nethod for reducing
fouling in equi pmrent downstream of a fluidized bed coking zone of a
fluidized lbed pemictheuforcelusige dnilinghiavequipraent | dowmabtzenth éd florkieddpedone and
an outlet by way of a cyclone systemfor renoving entrajned,_ solids and in
whi ch the cycl aﬂ@nwgﬁ%m% iasHE‘Gtﬁe ded rstiplsiim FRIRE BRI IegEe E Griiedied i n

aerosol msts f Ll a6 ki Igh : i ses
coking a heavycgggggpgié#¢ggéﬁﬁﬂl?ﬁeaflufgﬁggﬁgggﬁﬁggﬁiﬁgﬁégﬁgmg%m?ﬂe uni t

and to produceolidkand iookeclf theesclandsystepors subigetkiorfgulmeoidaotigusbdroplielsi ng an

aerosol mst of liquid.dreplets 4n,.t i lyte phase,over the fluidized bed
and bet ore ¢ he 1t aPBIoristy RBEGE hut e ni it B sty OF ks
products cont aicbkifg athRgvSit@sim M8 in the Muldied el bEinp RaseofttBe Bnib oM ©€ Of
acoustic energy |ocated between the coking zone and the inlet of the

cycl one syst empredyce sekse cekisgfinnrend varas coicking predusts copipining an perosal imyeli d
droplets in theraghasRbph $ wh AR TR AA)ePIR TREELd bedUhd vdffPinglise! & the
the cyclone system, and subjecting the vapor products containing the aerosol mist
in the dilute phase to a source of acoustic energy located between the coking zone
and the inlet of the cyclone system, to cause agglomeration of at least some of the
liquid droplets in the aerosol mist to form agglomerated liquid droplets in the
aerosol mist that coalesce on circulating coke particles which are returned to the

fluidized bed coking zone.

2. The method of claim 1 wherein the heavy petroleum feed has a Conradson carbon

content of at least 5 wt. %.

3. The method of claim | wherein the fluidized bed coking zone of the fluidized bed

petroleum coking unit is maintained at a temperature of from about 454° C. to
about 649° C.

4. The method of claim 1 wherein the liquid droplets in the aerosol mist in the dilute
phase are agglomerated to form particles sizes in the range of from about 20 to

about 80 microns.

5. The method of claim 1 wherein the acoustic energy is in the frequency range from
about 600 to about 20,000 Hz.



aerosol m st that coal esce on circulating coke particles which are returned
to the fluidized bed coking zone. 2. The nethod of claim1l wherein the
heavy petrol eum feed has a Conradson carbon content of at least 5 wt. % 3.
The met hod of claim 1l wherein the fluidized bed coking zone of the fluidized
bed petroleumcoking unit is maintained at a tenperature of from about 454
C. to about 649 C. 4. The nmethod of c{aim 1 wherein the liquid droplets in
the aerosol mst in the dilute phase are agglonerated to formparticles
sizes in the range of fromabout 20 to about 80 mcrons. 5. The nethod of
claim1 wherein the acoustic energy is in the frequency range from about
600 to abdut 2@heamthed of dgim & wherran thetaseestie feneneyitmim thitfermeioh astiediagoust i ¢
energy is in the formof a standing wave.



