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fouling of equipnment used in thermal conversion

processes such as FLU D COKINGtm and

FLEXI COKI NG(tm . Acoustic energy is used to

acoustically agglonerate fine msts created during the

coki ng process. The aggl oneriated m sts are then
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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 deposits on coke circulating in the thermal cracking unit and on various process
equipment such as reactors, heat exchangers, reboilers, transfer lines, cyclones and
fractionators. Subsequent thermal conversion of the condensed vapors converts
them to coke. The process whereby coke is deposited on process equipment is

known as fouling.



be shut down and periodically cleaned to renove coke
deposits. C eaning nay be by nechani cal neans, such as
w@e@gioysg2or by spal ling/ steam spal ling., wher ebgT/UB®06/004007
unit tenperature is raised and | owered through severa
cycl es causi ng coke deposits to break up due to
differences in respective thermal expansion
coefficients. Spalling may be foll owed by steam
injection at high tenperatures. Fouling has been
addressed by the addition of2chem cal anti-foul ants,
use of scouring coke and by control of process
condi tions such as residence tines and tenperature
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d#gﬂ' (i &BasUPH %§ES such as coal dust, fines from

i nternal conbustion engines and fly ash to make the
particles larger and thus nore susceptible to
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a;tggﬁomerated 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.



aggl onerate the fine aerosol particles created in a
thermal conversion process w thout the need for

W@ epangdeesg t he aggl omerated particles from t heRCTYUOR®06/004007
fines created in the thermal conversion process.
Accordingly, there is provided a nethod for reducing
fouling fromaerosol msts resulting fromthermally
cracki ng heavy petrol eum feeds whi ch conpri ses
thermal |y cracking the heay% petroleumfeed 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
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[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.



[0008] The thermal cracking of heavy petrol eum feeds
occurs in processes such as del ayed coki ng,
woe@boemkd ng, catal ytic cracking, FLEXI COKI NG(2en/Usavd6/004007
FLU D COKINGtm). Preferred thermal cracking processes
i nclude FLEXICOKINEtm) and FLU D COKING(tm). Heavy
petrol eum feeds include heavy hydrocarbonaceous oil s,
heavy and reduced petrol eum crude oil, petrol eum
at nospheric distillation bottons, petroleun1vacuum
distillation bottons, or reSﬂdUun1 pitch, asphalt,
bi t unen, other heavy hydrocarbon residues, tar sand
oil, shale oil, coal, coal slurries, I|qU|d products
_E&AIIGEDfBESﬂRH?TI(DNL@FdEHEJINVENEHBNS i ncl udi ng
coal liquefaction bottons, and m xtures thereof. Such
feeds will typically have a Conradson carbon content
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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.



Vapors fromthe coke drumare sent to a fracti onator
where they are separated into product cuts based on
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renmove renai ni ng hydrocarbons. Coke is renmoved from
the cool ed drums by mechani cal means such as a drill
or by using a hydraulic systemusually conprising a
multiplicity of high pressure water jets. [001 1] The

preferred FLEXICOKINGtm) or FLU D COKINEtm) is based
on fluidized bed technol ogy "devel oped by ExxonMbbi |
The fluidized bed coking unit can be any conventiona
fluidized bed coking process unit and its specific
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CKINGtm, a heavy feedstock, such as a vacuum
residuum is fed to a coking zone conprised of a
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bu urned off in the heating zone. Hot seed particles

fom t he heat i ng zone are returned to the coking zone

as regenerated seed particles, which serve as the

primary heat source
[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



for the coking zone. Solid particles are separated
from vapor products in a cyclone. Vapor products are

W b@e/osset to a fractionator. [0013] In a PCT/US2006/004007
FLEXI COKING(tm process, a third major vessel is added
to gasify the product coke. A coking reactor, a heater
(vs. burner) vessel, and a gasifier areintegrated into
a comon fluidized-solids circulating system A
material streamcircul ates continuously between a
reactor and a heater. I\/bre's()gécifi cally, a feed stream
is fed into a fluidized bed, along with a stream of

hot recirculating material, Fromthe reactor, a stream
integiates) imtmg conaon Suidirediselidspiraatingsistamy s mwterial stream
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FLEXICOKINGEMqrotess moraally codtarecaboed 98%0 ef)thecﬂeed) metals and has

a volatile content of 2 wt.% to 7 wt.%.

[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



so-cal l ed "seed" particles, having an upper |evel
indicated at 16. A fluidizing gas, e.g. steam is

wa@evsnesed at t he base of coker reactor 10, threeS2006/004007
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 of 0.5 to 5 ft/sec (.15 to 1.5
m sec). The feedstock is heahpd to a tenperature
sufficient to cause a portion of the deconposed feed
to forma fresh coke, or carbonaceous nmaterial, |ayer
on the hot fluidized particles. The solids are
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product coke. [0015] The pressure in the coking zone
is maintained in the range of 0 to 150 psig (101 to
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may be recycl ed to coking ) )
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



reactor 10. The coker conversion products are renoved
fromthe scrubbing zone 34 via line 36 for

wo e@edBRati on in fractionator 40. In fracti oneCDUS2006/004007
coker conversion products are fractionated into |ight
streans such as naphtha and renoved through |line 42,
internmedi ate boiling streans such as |ight gas oils
and renoved through Iine 44 and heavy streans renoved
as bottons through line 46. Acoustic generators 38 are
pl aced around coker 10 such t®at they are | ocated
between the top of the coker bed 16 and the entrance
to cyclone 30; the dilute phase. The acoustic
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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



to 80 mcron range, they will be separated in the
cyclone. Droplets greater than 20 m crons have an
w0 psegised probability of colliding with dry seCT/tiS2006/004007

particles to formlarger 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 size distribution, the sound (acoustic) waves
are in the frequency range from 600 to 20,000 Hertz
(Hz), preferably from 3,000 t%-10,000 Hz. The sound
intensity, which is a neasure of the acoustic energy
transmitted to the aerosol mist, is in the range from
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relative to the flow ng particles of aerosol mst is
such that the sound waves penetrate across the colum
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tHéPetfmPRjetfiutd §fthe 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.



[0018] In a Fluid Coker or Flexicoker, the vapor
products above the fm di zed coke bed include aeroso
wWOonR®bm9363uch msts are carried by the vapor predius®06/004007
and deposit on equi pnent where they collect. These
deposits may foul the equi pnent |eading to equi pnment
down tinme. Such fouling is normally handl ed by
i ncreasing the operating tenperature of the dilute
phase above the reactor bed to Iimt the anount of
physi cal condensati on and rd~dTy the surface of the
particles. This, however, is acconplished at the
expense of yield loss due to secondary cracking. This
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Lanci ng of the cyclone snout area occurs at about two

mitvonhavarags siab.s Thist redueesthe andust of Bekmicsar nyisiparticles
Transducer dev_iaf (s), b

oSl oS ) BELEen L e 0k PO BR o AL
delp%gﬁé N9%teribP IR PSS! SWARSATRY & dftahsBYcdrid) RBthdtScoustic
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.



transducer(s) to produce standi ng sound waves capabl e
of coal escing the subm cron particles in the aeroso
won®@b/ogdseve t he coke bed to particles in the re€mEsSmwbe/004007
10 microns average size. This reduces the anmount of
submi cron m st particles entering the cyclone inlet
and subsequently condensi ng on and form ng coke
deposits on interior surfaces. Wthout the use of
transducer(s) or other acoustic producing devices,
coke deposit formation may +htrease at an accel erat ed
rate with tinme on streamover a systemwth the
acoustic produci ng devi ce such that deposits would
drerma&se i n thickness and build pressure drop
“Tequiring increased frequency of |ancing and an
eventual shut down of affected units. Use of standing

sound waves after_ unif turparound is a eferred,.
met héd of Adethoddler sdusing e ﬁ‘éFntaﬁ’éo%’i migtgdeglting from

operatin et ween | i : .
B0 KRB MBS RO T b BB Phracking the
héi\%é@ﬂdwulﬁrﬁ% i (RS MAY cRRKIR @Hftd prRUBCYbRE coke fines and

co I ses thermally cracking the heavy petrol eum f eed
viporgprodectsebntaiiagiasmsohitist] andsulgectng thleerapon peoduicie s

and vapor products containing aerosol mst, and
cenibjnieg pergsehaisi dp asopresdfacousisnenaray syuifiaende capsest

taq a source.of. acoustic.ener utficient to, caus .
agglgmsreian phat lgrSt spmealihe agrobistid ah agBlonfitafedmprticles.

form aggl onerated particles. 2. The nethod of claim1

wherei n thermal cracking of heavy petrol eum f eeds

occups i nThe mhethdd G6kkimol waetdie ficenlab cracRinglbhemtypetroleum
of any pr_eced&gg cl ai m wherein the heavy petrol eum

feede dscursiin aflashCakieorr wElestnokebnt ent of at |east 5
w . %

3. The method of any preceding claim wherein the heavy petroleum

feeds have a Conradson carbon content of at least 5 wt.%.

4. The method of any preceding claim wherein the Fluid Coker or

Flexicoker is maintained at a temperature of from 454°C to 649°C.

5. The method of any preceding claim wherein the aerosol mists are

agglomerated to form particles sizes in the range of from 20 to 80 microns.

6. The method of any preceding claim wherein the acoustic energy is in

the frequency range from 600 to 20,000 Hz.

7. The method of any preceding claim where sound intensity is in the

range from 90 to 60 dB.



4. The method of any preceding claimwhherein the Fluid
Coker or Flexicoker is maintained at a tenperature of
wo e@ads40C t o 6490C. 5. The met hod of any preR€dURZP06/004007
cl ai mwherein the aerosol msts are agglonerated to
formparticles sizes in the range of from20 to 80
m crons. 6. The nethod of any precedi ng cl ai mwherein
the acoustic energy is in the frequency range from 600
to 20,000 Hz. 7. The nethod of any preceding claim
where sound intensity is i n-4Re range from90 to 60
dB. 8. The nethod of any preceding clai mwherein the
source of acoustic energy is |located on the Fluid
CokeB. or Fhexmethéé of bey pezedmgcsikien whegeianhe sowye lofaeoustic
inlet. 9. The nethod of any preceding claimwherein
eRRygy dsracatesomtheddyid Gpker erddesiseker batwern ewoker hed and a
cqoke qrticles and returned to the coker bed. 10. The
Cﬂ@?ﬂ%glg? any preceding claimwherein the acoustic
energy is in the formof a standing wave.

9. The method of any preceding claim wherein agglomerated aerosol

mist coalesces on circulating coke particles and returned to the coker bed.

10.  The method of any preceding claim wherein the acoustic energy is in

the form of a standing wave.



