1 SCRUBBER FOR FLUI D COKER UNI T FI ELD OF THE | NVENTI ON

[ 0001] The invention relates to fluidized bed coking, a thermal cracking
process used in the refining of heavy petroleumoils to produce | ower

nol ecul ar wei YREIUO¥IEr boi i ng range products. BAG(G?QﬁElﬁUéifﬂgﬁﬂi@sV NVENTI ON
[ 0002] Fl ui di zed bed coking (fluid coking), including its variant, the

Fl exi coki ngTM process, is a pyrolysis prdcess used in the petrol eum
refining industry in which heavy petroleumfractions, typically the
non-distillable residue (resid) fromvacuumfractionation, are converted to
lighter, nore useful prodWiRUBBEY FOR FLYIDCONKER UNIE! evat ed reaction
tenperatures, typically about 500 to 6UUC (approxinately 900 to 1100F). In
fluid coking, the heated heavy oil feed, mxed with atom zing steam is
admtted throggﬁ%ﬁgﬂgﬁﬁikjgﬁaaﬁa Nozzles to a |l arge vessel containing coke
particles fl ut ' Steafrrano—ai nt ai ned at a tenperature high enough
to carry out the desired cracking reactions in the reactor section of the

vessel . The feed conponents not imredi ately vapqrized coat thlg coke
par i cl es and 04T s bSq TeRpTn aduemipabided Gof pbing. gt tegmil cRgRBEand

|'i ghter produ (&l I ; AR hidHhEiSlowat elbidBuxarW t h
the fluidizi nBfﬁfﬂ%gghrﬁﬁ‘%%@mﬁ%ﬁg?%?@’*?%roug'h%?ﬂ‘ed %Igﬁgﬂﬁfl Ui gi{bz?g&bed of
coke parti cl eseighhrlowghbaliphmsege prodnsist i on zone into a dilute phase zone
above. The solid coke consists mainly of carbon with | esser anmounts of
hydrogen, sulfur, nitrogen, and traces of vanadium nickel, iron, and other
el ement s deri ga@KGROUN® OrecHranNvERITIONe fl ui di zed coke is continuously
wi thdrawn fromthe reactor vessel, steamstripped and circul ated through a
burner, where part of the coke is burned with air to raise its tenperature

from about 509)0%9] abqili 38 Ched coking (fluid coking), including its variant, the

Flexicoking™ process, is a pyrolysis process used in the petroleum refining

industry in which heavy petroleum fractions, typically the non-distillable residue
(resid) from vacuum fractionation, are converted to lighter, more useful products
by pyrolysis (coking) at elevafed reaction temperatures, typically about 500 to
600°C (approximately 900 to 1100°F). In fluid coking, the heated heavy oil
feed, mixed with atomizing steam, is admitted through a number of feed nozzles
to a large vessel containing coke particles fluidized with steam and maintained at
a temperature high enough to carry out the desired cracking reactions in the
reactor section of the vessel. The feed components not immediately vaporized
coat the coke particles and are subsequently decomposed into layers of solid
coke and lighter products which evolve as gas or vaﬁorized liquids which mix
with the fluidizing steam and pass upwardly through the dense fluidized bed of
coke particles, through a phase transition zone into a dilute phase zone above.
The solid coke consists mainly of carbon with lesser amounts of hydrogen,
sulfur, nitrogen, and traces of vanadium, nickel, iron, and other elements derived
from the feed material. The fluidized coke is continuously withdrawn from the
reactor vessel, steam-stripped and circulated through a burner, where part of the

coke is burned with air to raise its temperature from about 500 to about 700°C.



2 (about 900 to 1300F.), after which it is returned to the reactor vessel
to provide heat for the coking reaction. [00031The m xture of vaporized
hydr ocar bon products and steam continues to flow upwardly through the
di | ute phase WP 2UP&¢7i cial velocities of about 1 to 2 ﬁé??@gm'@Fﬁéecond
(about 3 to 6 feet per second), entraining sone fine solid coke particles.
The gases then pass upwards out of the fr2actor section of the vessel

t hrough separator cyclones into a scrubber section. Mst of the entrained
solids are separated fromthe gas phase by centrifugal force in the

cyclones and afguf SHONBA0H QG whitd i€ kCrRAgedkoRheBRclor vedtel tepreeide

fluidized bed by gravity. The m xture of steam and hydrocarbon vapor is
di schar ged fr beatférghegeingiecaotion.et and quenched to about 370-400C (about
700- 750F) by contact with circulating oil in the scrubber section of the
fluid coker vessel. The scrubber is equipped wth internal sheds nornally
in the form o{000a)er tRig rhixtoe ofvapdrined hydiceabonprodusts ans $tearaceniemigs act

bet ween the ascendi ng vapors and the oil ssing d f.r.om i { but or
above the sheH%SOWHBWE g‘f?ugg’e'g\?\@ﬂﬂtetﬂ%seﬁq éﬁpﬂﬁﬂaﬁ)ﬁ%‘%@%ﬁ %q%lh?ly%?l and
the ascendi ngntaBOp& sREN @6Sut308!d Rt Rir skdvadh @ntryRRRY Sonafindsddiinioks
condensati on of the heaviest fraction of the vaporized product.

A
de- ent r ai nnenpargielss.i Bire gaseaitivn pashvpweIdsrt0f the svACtRESealv el thievElds with
addi tional wagh, ol IsCe 5.3 Cé?%g{léesol a g&rﬁf)l%érggétﬂfn. 6 Sdn@BRAYAnddSolids

de- ent r ai nnent " d¢ B ntral nhent device acts to renove entrained
heavy oil dr opleedeparhtednfréhehy @pophasenidy tentdfigal foree vapr sydlomasiead; aret i s

inmportant to the qualit f the final coker gas 0i.l. duct tha

de- ent ai | nent reﬂ‘é@?‘gg‘lg“l‘%hﬁlﬂ 015{6&0“361&3?% tﬁttge gg’ksg ﬁ???‘i:gg‘iggr%avd{yh?ﬁg

i mpurities whigh faty K€ireRhd AlyBRFaMYn WABoPRSELdMrgéa mRsA thdiepolynbhtland
solids and |liquids separated in the scrubber section pass qut at the bottom

of the scrubberd geothesitotabout PP GUAROUtTER-ARATTOHYCIInEAsH &ti@sCi‘@?Bﬁﬂéﬁsed
[ quid to an external. ool ol @nd gk b@cblis R Ofrk endBes dligbie

scrubber sect eavy fraction 1s typically recy to extinction
by feedi ng bagkhtiftetrfae sliddyindimelty id3theefdrm eddtverted Adner, Vbslaped eldmeenty, esent

f | h inth | at the bott f th . ubb tion.
[ 0004] FI ui d cHidasgiats coiad bebsen dhrotpepidbe saramand Wealberrpedoir By, 1o

a distributor above the sheds. The contact between the high boiling circulating
oil and the ascending vapors provides cooling of the hot vapors and promotes
condensation of the heaviest fraction of the vaporized product. A de-entrainment
section is also conventionally provided above the sheds with additional wash oil
provided from a distributor located above the de-entrainment device. The de-
entrainment device acts to remove entrained heavy oil droplets from the vapors
and to cool the vapors further; it is important to the quality of the final coker gas
oil product that the de-entrainment device should not accumulate coke particles
and other impurities which can be entrained by the passing vapors. Heavy oil
and solids and liquids separated in the scrubber section pass out at the bottom of
the scrubber section to a pumparound loop which circulates condensed liquid to
an external cooler and back to the top of the sheds in the scrubber section. This

heavy fraction is typically recycled to extinction by feeding back to the fluidized



exanpl e, in Mdern Petrol eum Technol ogy, Hobson, G D. (Ed.), 4th Edition,
Appl i ed Science Publ. Ltd., Barking, 1973, |1SBN 085334 487 6. [0005] The gas

phase undergoes a pressure drop and cooling as it passe _i.he
cycl ones, priWéFPW@“%ﬁ7the inlet and outl et passages mhé?%ké§§&®%%gcity

i ncreases. The cooling which acconpani es the pressure decrease causes
condensation of sone |iquid which depostBs on surfaces of the cyclone inlet
and outlet. Because the tenperature of the |liquid so condensed and
deposited is higher than about 500C (about 900F), coking reactions occur

there, | eavi ngedflattibroapesbitsndf bplesent Earkeevelaplasirs i the poof atrthe bottdrne
scrubber sheds, the de-entrai nment device and ot her surfaces. |In

particul ar, f@ﬁﬂ‘ieﬁ@mb?ertsﬁ%“%’e- entrai nment device, nornmally a grid,
restricts the open flow paths in the grid and eventually | eads to flooding
and black oil entrainnent. A poorly operating scrubber can readily lead to
poor product {68H] ty Ruidomkidy & amsestetlished peatessnaphist désgribed bhpBy, for

and. “in Uhe cRUnr. BolioddaPeeput: TrkroPinchiray CoPr G cin BNEF (ho

coker product gppli&BskiftetrabP 1! BRfkidd) 19PIMISBNEGI3BAURB 6. particul arly
catalytic units such as hydrotreaters in which netals such as vanadi um and

ni ckel can poison the catalyst and entrained clay solids plug catal yst beds

and cause hig SS r.on. e \ [ : i t he
scrubber shed OQ%E Oﬁ%gﬁ%sdﬁ@*é%8@%%%%%%39%%®?638¥gﬁgéﬁggvgggt%qgg%ée IS
coki ng of heathyoughl thentydomesd primatilie as ahelbiblet asdcoutlen fagsaghe whegh gael ocity

gas flow fromthe cycl one utlet[.s. The heavy conmponents in the oil carried
U from t he SHIERN! gates: e ealiBsotiFh fesppmpanics the pressre 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
highei‘ than about 500°C (about 900°F), cdking reactions occur there, léaving
solid deposits of coke. Coke deposits also form on the scrubber sheds, the de-
entrainment device and other surfaces. In particular, fouling of the de-
entrainment device, normally a grid, restricts the opeﬁ flow paths in the grid and
eventually leads to flooding and black oil entrainment. A poorly operating
scrubber can readily lead to poor product quality since this is determined in part
by scrubber operation: heavy ends which contain metals, Conradson Carbon
Residue (CCR) and, in the case of tar sand operations, fine clay solids, can enter
the coker products, leading to problems in downstream units, particularly
catalytic units such as hydrotreaters in which metals such as vanadium and
nickel can poison the catalyst and entrained clay solids plug catalyst beds and

cause high pressure drop.

[0006] One pathway by which fouling of the scrubber sheds and of the de-
entrainment device is believed to arise is coking of heavy oil entrained in the
scrubber section by the high velocity gas flow from the cyclone outlets. The

heavy components in the oil carried up from the sheds impact the de-entrainment



4 device and then becone coked as a result of high tenperatures prevailing
in the scrubber. At the end of a run, this fouling can be so bad that the
de-entrai nnme jce loses its effectiveness as a cont [ce . it
fl oods, and 2§Pg§§h%§%£y conponents fromthe circulating%gﬂgﬁ¥%®3mghe
product stream This problem noreover, becones nore severe as the degree
of fouling increases and the gas flow padsages beconme progressively
smaller, the gas flow in the de-entrai nment device then becones
correspondi ngly faster and entrainnent into the product fromthe unit sent
t o downst r eamdevicd and thentbétdme icokddeseresylebf highttéraperaGib\aRYai kg THEe
| NVENTI ON [ 0007] W have nom/f?und that the rate o& fqéling in the scrubber
8%t

section of a PfubeercdXdhe o P ey, Has fuding <an 5§ s _ Paprasumeny reduce
the |ocal gasaboGidy iRletdlfivais 80T QilaPliedlascR flodal NhdSaldPREavgect | on
of the unit. IT the velocity of the gas jets fromthe cyclone outlets is
reduced, entr apmpemntsofromhéhe icirculhting of wid thes prastioc steans. This pradlem,ow
becones nore even and the tenperature s reduc by i apr

bet ween t he hEICTHHSD gmgﬁgﬂl?%éevc%%fis k‘her eﬁfe:ft(?tﬁf&u%% E%éé;a\é?%%&d;\%?g%she
sheds. These BRlfpRsageaYettind pogtsivelytshfilles, Thdgasbdwin tHedsharhimaedti on of
the scrubber, the objective in either case, being to reduce the | qcal gas

vel ocity in tHeviee thasblacomencoripsnondingly §3stsd andcentHMEE 1B Fs RRRFRTHi ty of
the entrainne - LR nideM @ b AGSrhddy reducing the
extent to mhi@hn{ﬁghﬁgfggéggé&?%on1t %gt§éﬁoﬁes §§%g%s the sheds, two
benefits result, fouling of the de-entrainnment device is reduced and
entrai nnment of,,Gi{L t o (o) sheds into the product streamis
reduced. Reduéfug t eeégfggﬂgégﬁi u.ﬁ?ﬁe circulating oil also has an

addi tional benefit: as the efficiency of the de-entrainment device is

i nproved, the amount of naterigl if ne er to work .is reduc%d and,

ds i
as a result, IW0EI | &Yehavepowdaysd ey t%egﬁ%gzﬁ%gwsgnﬁ%%@b&&ﬁ%\?éw in the
product. 5 [QQRZ] AGLR"HiGad Be rBG1RA BTEbvidMECHENIONto FAGESHR Bealldi® fl uid

coki ng unit

velocity of the cyclone outlet gases in the scrubber section of the unit. If the
velocity of the gas jets from the cyclone outlets is reduced, entrainment of the
circulating oil is reduced as the gas flow becomes more even and the
temperature is reduced by improved contact between the hot gas jets and the
cool circulating oil passing over the sheds. These baffles may be located either
in or below the shed section of the scrubber, the objective in either case, being to
reduce the local gas velocity in the scrubber, mainly in the shed section where
the majority of the entrainment to the de-entrainment device takes place. By
reducing the extent to which the hot gases from the cyclones bypass the sheds,
two benefits result, fouling of the de-entrainment device is reduced and
entrainment of circulating oil from the sheds into the product stream is reduced.
Reducing the entrainment of the circulating oil also has an additional benefit: as
the efficiency of the de-entrainment device is improved, the amount of material
it needs in order to work is reduced and, as a result, lower levels of heavy oil

contaminants may be achieved in the product.



conprises a reactor section, a superinposed scrubber section, at |east one
separator cyclone having its gas outlet conmunicating with the scrubber
section and dlrect Jgas flow fromthe cycl one outl et tj.onal
direction abdﬂ?ZWRQ% Entral axis of the scrubber sect|o£9T%S%&%ﬁ%ﬁgd
section above the gas outlet of the cyclaone, baffles are | ocated above the
cyclone gas outlets to inprove the unlfoﬁnlty of the gas flow profile in

t he scrubber by reducing the velocity of the gases fromthe cycl one gas
outlet in the region of the scrubber wall. [0009] According to a preferred
enbodi mrent of the invention, the baffles Iocated in t he shed section of the

scrubber conprise upstandi ng perforated plates ted a eri phery of
the scrubber $008]on Aerordingde thearegemt PEERON 9“? ’Eq’lém? bﬁf‘ﬂﬁ(’lﬁflgt

interior wall Gk I d nr gn &pr @mggéfg)édmogagt fleRW dnlr ough
t he shed secti onphﬁA§ eg@;‘[?(%%éiﬂg] i% t he acl%grrpasinyl ngr drawi ngs: Figure 1 is

a sinplified sasmsaxexsexcﬂomrtmhm@ isggasmudet conunidatogkwitly thensorubber geptien2 i s a

partial secti on vi ew of fhe.scrubber, sectjon of bber
Rih & desent Al Hirgiiineges oo 08 PR aranBioUlEfh Sroionst tiefRE GoRthl
partial view @fnitdd@xis e thesRatbbenseefion ahtl Wisted Sd¢Eon Sb:dw:tlbegawdtl@t bﬂﬂhfel es in
the shed section to reduce gas velocity. DETAILED DESCRI PTI ON 1[001&1]6The

present i nventyadend, sbadflps iaratocatado abovs ghec 6XsloRg @AT tauitletshiq TPBOVE,
uniformity of the gas flow profile in the scrubber by reducing the velocity of the

gases from the cyclone gas outlet in the region of the scrubber wall.

[0009] According to a preferred embodiment of the invention, the baffles
located in the shed section of the scrubber comprise upstanding perforated plates
located at the periphery of the scrubber section to reduce the gas velocity in the
region of the interior wall of the scrubber and produce a more uniform gas flow

through the shed section.
DRAWINGS

[0010] In the accompanying drawings:
Figure 1 is a simplified cross-sectional diagram of a fluid coking unit;
Figure 2 is a partial sectional view of the scrubber section of a fluid
coker scrubber with a de-entrainment grid above the shed section; and
Figure 3 is a partial view of the shed section of a fluid coker scrubber

with baffles in the shed section to reduce gas velocity.

DETAILED DESCRIPTION

[0011] The present invention is applicable to fluid coking units, that is, to

petroleum refinery process units in which a heavy oil feed is thermally cracked



petroleumrefinery process units in which a heavy oil feed is thermally
cracked 6 - in the presence of a fluidized bed of coke particles which
supply the heat uired for the endotherm c cracking r ke
particles are 83ﬁWﬂﬁﬁghsly wi t hdrawn fromthe bed and p$§?&§£@%%%§2ted in a
separate coke burner vessel to raise the tenperature of the particles which
are then recirculated to the reactor ves8el, as described above. Coke is
also withdrawn fromthe unit as a fuel coke product or, alternatively, may
be sent to a gasifier to be converted into refinery fuel gas, as in a

EI exi coker f Icgﬂ qlecgigsfyg;gtig\j E ﬂlﬁalzlg{} O@ES@H chiye Exmomk/bsbkhﬂch Rapphr tie head

ngi neeri ng Conpan igure 1 shows a co ln unit wth

react or vessereqﬂége M@§@Png_lea€6?fﬁe&°g‘ﬂ Haﬁlcg AIE Sﬂr\lfg’r‘l‘f’flgﬁal
manner by cokg;wy absgxr mlthec Mdtpah‘fy %&Qtéﬁkﬂ%%eﬁﬁl&@ dRRE blifleP Sedsélam t he

fluidized bed a oca In reactor 10 to burner vessel 11 by way of a
st eam st ri pperaiskSthe tEiapctramué af thegparticids inthichoare éharr resirpelateddodbk eeastort i cl es

from burner vessel tQ reactor p hea to the fl | bed.
Coke may be w¥EXiel %&FSF?W frer ‘3@S‘§€fso‘€ }{dﬁ £ UGyt af% IIZ%O%F to
pass to the gﬁl%dfxbte(fr Qlfterﬁatﬁ}e?%'rﬁﬁkﬁé séHiitd aQasiier ﬁﬁk@cdﬁﬁ@ﬁé@ﬁn‘m@éﬂb&@tl on
gases pass out throu stack 18. "100131The reactor vessel conprlseg}51

| arge, cyli ndfueéeﬁas,vem@la Wilexicakes fawd solmgt weih| as figenised | by hixeenie

reactors fro bou ter and up to about 30m high. Heavy
oil feed V\nthrrkgcﬁﬁmih nﬁa g"fe ?csg{lp% oduced into the vessel in the region

13 of the fluidized bed, only one inlet 16 being shown for clarity although
in the actual unit rrultlplelnlet .arr ed.aro ndth reac el may
be provi ded tﬂ)%éﬁkur &igug Lihevey F‘nqs‘ﬁ}g ﬂgmge‘é’ﬁtrw oaé%a&f’é Vets%goltoh rd?rél
cracking (cokpigir VERE i 9nonh@l&l Ph A6 chilventivhdli deshdpasy bokabethdatual3 and
the products fromthe bed pass up into the separator cyclones, twy of which

are indicat ed0<atdu2014awhlcbltak®o¢qké pestidespfom; e dhudigph Pad et lacatiomd 3 dhcl ones
t dtoth 2 2
Vapor /1 fquid rettap<ofandifistd J3 BE R UL Bellh PRy 48, AledRg e

pass 1 nto scr Sec the vesse
superi nposed ahve Pe@birh®heated coke particles from burner vessel 11 to reactor 10 to

supply heat to the fluidized bed. Coke may be withdrawn from burner vessel 11

through outlet 17 either to pass to the gasifier of a Flexicoker unit or as coke

product. Combustion gases pass out through stack 18.

[0013] The reactor vessel comprises a large, cylindrical vessel with its axis
vertical; typical units have reactors from about 4 to 12m. in diameter and up to
about 30m. high. Heavy oil feed with additional steam is introduced into the
vessel in the region 13 of the fluidized bed, only one inlet 16 being shown for
clarity although in the actual unit, multiple inlets arranged around the reactor
vessel may be provided to ensure bed uniformity. As described above, the
thermal cracking (coking) reactions take place in fluidized bed located at 13 and
the products from the bed pass up into the separator cyclones, two of which are
indicated at 20 and 21. Solid coke particles separated in the cyclones are
returned to the fluid bed through cyclone diplegs 22, 23 and the vapor/liquid

products pass into scrubber section 25 of the vessel superimposed above reaction



7 section 19. The gas outlets 26, 27 of cyclones 20, 21 exhaust into the
| ower portion of the scrubber section through the outlet snouts of the

cycl ones. Typicall one to six or nore cyclones will b vi ded. dependi ng
on the size o‘fVOtzPl@X’%PﬁVt. [0014] A nunber of sheds typi cal%FyUg%?O???%”?orm of
inverted U shaped or inverted V-shaped sections is arranged above the
cyclone gas outlets, with one indicated-By 28. A distributor 29 |ocated
above stripper sheds 28 is fed with circulating oil as described above to
cool the ascending vapors and to renove at |east sone liquid fromthe

products passkdgiofuy. f TRENghNButléts 26! DT AfyclouEd 20, BIL ekleaushntep el imter
fractionati on and recovery section (not shown). Conventio

. ally, g
de- ent r ai nmenporient el thanisembbers sesiian vkEEd; theqpaist oMt OFstL? dﬁ'&ﬁ’é‘ﬂs'above
t he sheds but s .ofdt - L NG f iRl shdnvii 8leisdle gFashed
down fromtheT lfgl?&’roglgg(ﬁ%%%mgg%?g El?}é‘és;\ﬁlo&r dsto pagbs dén\i%ver t he sheds
to be picked the unitom t he scrubber pool 29 with the circul ating heavy oil
streamto be withdrawn through Iine 30. [0015] Figure 2 shows the scrubber
section in greater detail with the like parts nunbered as in Figure 1. The

cycl one snout Foo?i@]z 277 RiugiveH @8 sHRdd ERallpein’ aclhan Setiveasd Uibimpeder
scrubber section 25 as outlets of the cyclones are caonventionally

. Th
directed tanginveited Nyshagefgjswiens i amangsd phprretheviclone @2poBlP8e VIR 88s for
on-stream cl eani nged\t/% t he suj t%@rﬁ{&%sl gﬁg(g?g?s‘%egtgggé}%ggg 88 ?%@?,%tgct ed in

the sane direltion avoi'd direc |rrpg streamw t
scrubber i nt e¢inallgingnsll sudasatibéddtenve es eoslahebiscehdingivapdrarnge t ednggvesat

rotating flow pattern is induced in the gas flaow in the scrubber tion.
The scrubber SHEFOMSE! %éroflhgﬁecpéf’@‘&f)ts B?Sg‘ngﬁﬁgmglebli}nﬁﬁﬁ%%g%o?m{e?2 sverse
support beans;,3g, gfﬁd‘ﬁ@t frdichhO6A MR decbRrpaédioR(ndthBowap S€bnventigeillyt he
sheds. The sheds 28 are arranged in verti cal Ily-éspaced l evels with at | east

five levels ode-sheaiumoit] |seggionpwishiitleei wasb il diggtbytortip dagated, abqvs then
levels are tyﬁ{eﬁé" Ib'ut ;l-shgmjctpe%dﬁgrlnst&lrelcgy&rﬂxrg for shﬁpﬁc?&at Sflterial washed down
from the de-entrainment device is allowed to pass down over the sheds to be

picked up from the scrubber pool 29 with the circulating heavy oil stream to be

withdrawn through line 30.

[0015] Figure 2 shows the scrubber section in greater detail with the like
parts numbered as in Figure 1. The cyclone snouts 26, 27 protrude up from the
reactor section into the scrubber section 25. The gas outlets of the cyclones are
conventionally directed tangentially relative to the scrubber wall to provide
access for on-stream cleaning with suitable tools. Because the outlets are
directed in the same direction to avoid direct impact of the gas stream with the
scrubber internals and mutual interference of the discharge jets, a rotating flow
pattern is induced in the gas flow in the scrubber section. The scrubber sheds 28
(one indicated) are supported by means of transverse support beams 35 which
run from wall to wall of the vessel. under the sheds. The sheds 28 are arranged
in vertically-spaced levels with at least five levels of sheds will be provided in

most cases; from five to ten levels are typical. The shed distributor 29 is located



-8 above the shed section with its connection to the circulating oil feed
provi ded from outside the vessel. De-entrainnment grid 36 is positioned
above the she Jts own wash oil distributor 37 ag out si de
t he vessel & zw%h%;round wash oil circuit fromthe do&%g?%§HW&:8m
fractlonator [0016] The rotating notion inparted to the gases fromthe

cycl ones assists in separating liquids f8omthe vapor products of cracking
but as noted above, it also tends to entrain liquid fromthe sheds and
carry it up into the de-entrai nment device where it undergoes coking
reactions andabaueses sh@ilbdction wAllss colircgastd thewimralatiagr oif femkpropadetli cl es

in the gasfromthe cycl ones and carry it up to the deyvice 0 W t
entrai ned oi | fromneutgide tha vessell ildprinmen B@ﬁég ig PRREORTH %ﬁoge%e l&%él

internals of Gjg l%scrgabv%shss LdiGR@RF3735pafh &P Wofn Blisidicnel @sdicuper at ur es

prevalllngthere er oco ing reactions which formcoke fouling deposits
on the inter nahmpamemewaﬂi biy cirhiet Somubbdowstiedin frastiondter.de- ent r ai nnent
device. Entrainment of the circulating oil and the consequent tendency to
foul the de-entrai nnent device tends to increase with increasing gas

velocity int Eﬂl%]:r Ub[l?ﬁrroﬁﬁﬁ% inftion iRphitdiDto thd gdses front MBdgcloned aisisBdse gas
vel ocity as the size of the flow p assages in the de-entrai Egnt sectl on

decr eases andseperatingdiqpisiyifiony theememry vas af graeking BaiRsHpt VEAiElS8op
phenonmenon. [ DG4/ léb‘%ﬁt?ﬁxg'lf@ué ?rg é;p&i%ﬁ? Ahd ic }fgrl{ 'ug Nntol (€ @echdai@Memat tern

in the scrubber section is nor e un| t he use of upstanding,
general |y ver t¢vied whaxfefﬂtezadwgdm caking reattienssireldcasset fowhingf Alse, dieraabber .

The baffl es are preferably |ocated.t vvard her of the secrubber
section wher ellPHEMFHEHTY 60K PABHS %H’e %@ég?qu‘fyﬁ C@%éﬁ tér)lThe

central , axiajpcSg&LtOMIMg Wit LHEHIAEET0il. S wn@feexhabieﬂ h@ixtis fthee tefid haffles.
[0018] F| gure 3 shows a sinplified diagrammtic, partly sectioned VI ew of a

flui d coker sagcubivdate oadhe uﬁewkswfttheswbbqwcm%w |28 @. resHk of et high

question has temperatures preva1hng there, undergo coking reactions which form coke fouling

deposits on the internals, especially the scrubber sheds and the de-entrainment
device. Entrainment of the circulating oil and the consequent tendency to foul
the de-entrainment device tends to increase with increasing gas velocity in the
scrubber section. Fouling, in turn, tends to increase gas velocity as the size of
the flow passages in the de-entrainment section decreases and so, the fouling

tendency is a self-feeding negative loop phenomenon.

[0017] According to the present invention, the gas flow pattern in the
scrﬁbber section is rendered more uniform by the use of upstanding, generally
vertical baffles under or in the shed section of the scrubber. The baffles are
preferably located towards the periphery of the scrubber section where the
rotational component of gas velocity is greatest. The central, axial section of the

scrubber is preferably left free of baffles.

[0018] Figure 3 shows a simplified diagrammatic, partly sectioned view of a

fluid coker scrubber section with the baffles installed. The unit in question has



9 six cyclones wth gas outlet snouts one of which is generically
designated 41, arranged in a circle at even intervals around the central
axis of the unit. The scrubber sheds 28 (one designat ed ?f[ﬁzoﬁ‘sf/(foaﬂ?ed in
vertically- sp‘é{%?i‘wlme"“é"l S, supported by beans 35 running Franaverse y to the
sheds to the side walls of the vessel to which they are fixed. In nost
cases, at least five levels of sheds witP-be provided, typically fromfive
to ten levels. The baffles are in the form of perforated pl ates 45 fi xed
vertically towards the outer periphery of the scrubber section, preferably

in the outer gjgdiydlonB@kfithodastdiftles 88duitOBne dhevhixaf ifslmeﬁcailyf des@latﬁrdnﬁi/]enl ently
on top of selected sheds but may alternati vel% addl%l on he Lrlhged to
the support bempneed Phaf elfde Ry evemnteryals |asaungy eﬁS%‘ir iBheal s ik and

are at | east ?cq{l{)de\f sﬁh @%geqoﬁg cfe?xg%gt%d}j'afeeﬁ}rh%%doﬁm C%l@illﬁﬁﬂce&Q&él§ ow in

t he scrubber across t rection of” rotational gas
fl ow or, altesumbiteéby baairﬁs ab mgmmg amgaybxaellywoalmer geds tmélecnldeemﬂil&)@f e gas

flow at their respective. |ocatjions. al i t he
vapor flow t oWesseidoMiclbpy pee %?f rgit Ha ’%‘@?Wﬁ%%f [T"‘l% eqveglyp%m 'hg ﬂz%ér eat er
Cross-sect i onglo#feB2 il ?gﬁofﬁhﬁ‘?@ tb Nen V&RY. WHel bszﬂ@yV,aré)lilo\thalfﬂ@l afnor e
uni formvel ocity distribufion. For maxi mal effectiveness i ndﬁrom)tl ng a

uni form gas I‘)¢r@walpd@ﬂat¢5e45 fined mmmlestom@dﬁ e putes PeHRBIY o4 dhey quyb%ﬂrt hough
a quasi -radi al uaS| rda al I c r in
A the biSeHpm, pr fe{aﬁ)? g}? 0 %ﬁglﬁ 851? 0 ﬂ’?eﬁse%ﬁf)ﬁ iR & QT ar€FR

Fig. 3, onger shed is ra aI or
nearly so wheg@dgnichgy bﬁftbb e)fCH&ldchﬂ steds bet m&eﬂtematwt:b drefrt addition be

quasi -radi al, quasi -chordal to | ocate the baffle
i medi at el y b&Keio the SupRagt ey oérfe eF%é ﬁ"é}i}’ %@Sﬁ%@?f Odleflﬁgrttﬁ? Eragﬁde of
the bottom shgd ;3 }bgﬁcﬂ'a}ﬂ)bﬁé’r@erséth}x%%g%QWbMtaﬂanélfgﬁs sloweini thy s@hbtidhe

fouling problem the nunber of vertically-separated levels of baffles may
be varied unt (ile. erst ccanpintsht aqrn@u@edinfegmn af rotatignad gae dowoon Rlematyslyd

extent. Ot engﬁg \Aééej)f\éﬁr %l}%lﬂ%rly % os? (%[1? bcﬁietchgﬁ d Esh%o%\hedq t?l@ﬁt l'eg Hive bel ow

it will be fo & nunber of baffles a any one
level may be Mgafi@d. AtEOsngnt belpbeo &adtnedttthefvaf)@Lﬂlomgowardiﬂleceetrcmﬁnt ered

or expected in the unit. As shown, four baffles X ed Wlthl ccess in
meeting the Og)]eéé{qbb%r, thereby providing a greater cross-sectional area ough W

vapor will flow, providing a more uniform velocity distribution. For maximal
effectiveness in promoting a uniform gas flow profile, the baffles should be
aligned radially although a quasi-radial, quasi-chordal alignment is also effective
(for example, in Fig. 3, the baffle on the right hand side of the longer shed is
radial or nearly so whereas the baffle on the shorter shed to its left is quasi-
radial, quasi-chordal). If it is desired to locate the baffles immediately below the
shed section, they may be fixed to the underside of the bottom shed support

beams.

[0019] Depending on the severity of the fouling problem, the number of
vertically-separated levels of baffles may be varied until entrainment-induced
fouling is reduced to the desired extent. Often, however, one level of baffles in
the shed section or below it will be found sufficient. Similarly, the number of

baffles at any one level may be varied according to the extent of fouling



[ 0020] The baffles may be made of solid nmetal plate but it has been found
that plates which permt a portion of the gas flow to pass through them
are, in fact, better at achieving the desired reducti OnPk?/Ugﬂ)B Oggpal
velocity: sol VA2UWH{S&Yf orate) plates tend to induce turbulence towards the
core region of the scrubber which is undesirable in terns of orderly flow
patterns and wash effectiveness. Plates Mith gas flow apertures fornmed in
them on the other hand, permt a portion of the gas to flow through the
baffle with a reduction in velocity as the coherent wall-bounded j et

produced by t BgcoaRRHd QUsdpRERd IS tiiH efit P8 howhyfour baffldsangebe usgbwithet s
broken up into a series of smaller jets which dissipate over a shorter

di st ance t hansudeess|inmpsting glerppiectivet . I n principle, baffles formed of grid
or mesh material simlar to a small aperture grid mght be maximally
effective but since the grid or nesh apertures would thensel ves be subject
to fairly rap{20pul iTig, baffieymai lbe made obsatil inytabplateabieriedanbesn favadsi npl er

plate with relatively | arge apertures i.n the The a r Vi in the
form of perfoftt PBIRS V&‘F‘%ég’?mé’ﬁéﬁé),m‘éq Bh %%?[?F%VY t%P“Béé%%ﬁgﬁPé@,argﬁnmy be
provided in thef oL oft 2éttving Ale AlesRENabintSioh Sint Eothisenal welotigr sofidsnal | er
solid plate baf}l es arrayed close to one another with gas fl ow E&S ages

bet ween t he i fidipeifdued) plhtas déend thindutatebulease Favaids Hsgede SE8ODML-YPde with
vertical gas fl assages Or.on.top o e, t i t fl ow
Ol}%ﬁg \é@_cg 8 unde 19% 1€ Ja {errﬁgeofa&ﬂgﬁfa oM LR ZAD ﬁ@z{sh

passages. [ 00T} evice may be ricated of the
mat eri al s conygadtivenak. Phitest Witls gaeflvweperties feredph theny omrtbe other hynd,

avai l abl e grids from such sources _as Sul zer, andKoch-QGitsch.. T .
de- ent r ai nmenPeiFEL} Brtiog Oﬁmslt?/ﬂewgfquﬁgtﬂé%b%geé{" 0 Igdpgs %éfgﬁolchtﬁ such
as Mellagrid g tIEéJE(%}EF?IErWQI-B%n&HerQEfﬂ(ﬁ_@ecpﬁijkthé@%owumﬂdt:@ﬁs darysed], for

exanpl e, Mel | apak, apak Plus or | exi pac (Mel | agrid, Mell apaEj gnd
Mel | apak Pl usThng the dawanrviporofet Selhreken yp imceR| saes @f rswpdlehIRtS oWhic

Koch-d itsch).,. [.0022] | n_sunmar i tk S i L
par 1105 1 n ¢ iSRRG PR SHOBT CHaRECRuphRalsly IR EIE MY LTS e
j ets from t hefgitel osregodtdremsstamchtered udmiltneo \nebmali tapersfiret gred wajgbt bel ow,

resulting in a nore uniformvelocity profile and tenperature distribution
across the schanedlypifeotive byt siges the gg&otrgnqSﬁ Jpgre é‘éq}{l/&lg?qmsg YR Snment

and fewer hot ($pot §, Oty REi@Fuing thBy it ABERAHANY b Ealugéd overithe finipldrng.
plate with relatively large apertures in them. The apertures may be in the form
of perforations of any shape, e.g. circular or rectangular, or may be provided in
the form of slots. An alternative is to use a number of smaller solid plate baffles
arrayed close to one another with gas flow passages between the individual
plates. The plates may be arranged side-by-side with vertical gas flow passages

or on top of one another with horizontal flow passages.

[0021] The de-entrainment device may be fabricated of the materials
conventional for this service, for example, commercially available grids from
such sources as Sulzer and Koch-Glitsch.  The de-entrainment device is
normally constituted by a grid type packing such as Mellagrid or Nutter grid but
structured packings may also be used, for example, Mellapak, Mellapak Plus or



- 12 - CLAIMS: 1.In a fluid coking unit conprising (i) a reactor section,
(i1) a superinposed scrubber section, (iii) at |east one separator cycl one
having its g com‘rum cating with the scrubber s d..di recting
gas flow fro?n\%f’%gm}g%’té f'one outlet in a rotational direct ?gtﬁUggo% ‘gqcentral
axis of the scrubber section, and (iv) a shed section above the gas outl et
of the cyclone, and (v) a de-entrai nmert!lsecti on above the shed section,

t he i nmprovenent conprising upstanding, generally vertical, perforated
baffl e plates aligned at |east partly transverse to the rotational flow of
gas in the shﬁﬁxaﬁet(mlagﬁdtMeIIWkLmhleMeﬂqmﬂd Rins atxotradentraks 9€ Sulaer) gas
outlets and located in the r gg |2ﬂ as flow path in the radially outer
portion of thél eé‘&a%ﬁ%c}en?é!éf)? ch- ’tfr?él ‘Tegion of the scrubber walls to
redirect the vapor flow towards the central, axial portion of the scrubber
section and with the central, axial portion free of such baffles, to break
the vapor floi2a]o dnsemiraryoicesrding & theepresans invapiignebaffles imteotheit y of
the gas flow profile,in t scru e i C f gases
fromthe cycl 67 g ony Akt e Eﬁer aﬁef’ﬁg& Vaeg ﬁr?aﬁl&% {P’g?étgorﬁ R ﬁguggtrgubber
section. 2. And kddiude mkwdn@:myrﬂﬂﬂaa@amdﬂlm fesultih@iinm Indra u\Mﬁoﬁh veheity
de-entrai nnent section conprises a de-entraj nne rid.. .3, Afluid coking
uni t accor di ngrofide anchiemperatre\dhstaputgn gegess th "siﬁ‘f&lﬁg vihigh, b‘hf‘ﬂ"er?‘g?sénal i gned

radial ly w thLeqpaRS off RnfriGnl SndFeddtohot GPBRIGT t1REEHd With a consequent

reduction in fouling.



4. A fluid coking unit according to claim1 in which the perforated baffle
pl ates are fixed on the top of sheds in the shed section. 5. A nethod
according to claim1 in which the perforated baffle plates are fixed to
beanms whi ch support the sheds. 6. A nethod of reducing fouling in a fluid
coking unit conprising a reactor section, a superinposed scrubber section,
at | east one separator cyclone having i-tig-gas outl et communicating with the

interior of the scrubber section and directing gas flow fromthe - 13 -
CLAIMS:
I. In a fluid coking unit comprising (i) a reactor section, (ii) a superimposed scrubber

section, (iii) at least one separator cyclone having its gas outlet communicating with the
scrubber section and directing gas flow from the cyclone outlet in a rotational direction about
a central axis of the scrubber section, and (iv) a shed section above the gas outlet of the
cyclone, and (v) a de-entrainment section above the shed section,

the improvement comprising upstanding, generally vertical, perforated baffle plates aligned
at least partly transverse to the rotational flow of gas in the shed section of the scrubber
section above the cyclone gas outlets and located in the rotational gas flow path in the
radially outer portion of the scrubber section in the region of the scrubber walls to redirect the
vapor flow towards the central, axial portion of the scrubber section and with the central,
axial portion free of such baffles, to break the vapor flow into a series of smaller jets to
improve the uniformity of the gas flow profile in the scrubber by reducing the velocity of the

gases from the cyclone gas outlet in the radially outer portion of the scrubber section.

2. A fluid coking unit according to claim 1 in which the de-entrainment section

comprises a de-entrainment grid.

3. A fluid coking unit according to claim 1 in which at least some of the baffles are

aligned radially with respect to the axis of the scrubber section.

4, A fluid coking unit according to claim 1 in which the perforated baftle plates are

fixed on the top of sheds in the shed section.

5. A method according to claim 1 in which the perforated baffle plates are fixed to

beams which support the sheds.

6. A method of reducing fouling in a fluid coking unit comprising a reactor section, a
superimposed scrubber section, at least one separator cyclone having its gas outlet

communicating with the interior of the scrubber section and directing gas flow from the



outlet in a rotational direction about a central axis of the scrubber
section, and a scrubber section above the gas outlet of the cyclone having
scrubber sheds, the method conprising interposing upstanding, generally
vertical, perforated baffle plates which are (i) above the cycl one gas
outlets in the rotating flow of gas in the scrubber section above the
cyclone gas outlets (ii) aligned at |leagg-partly transverse to the
rotational flow of gas and (iii) located in the rotational gas flow path in
the radially outer portion of the shed section in the region of the
scrubber V‘@l!lth?% if @ rBth o lredtidf ABBRY cdnbi@Misi QWIS FIBBCRBELE af@AlLAlbberdXi al
portion of the scrub section and wth the central, axial portion free of
such baf f | esstign abws the ea!a@utl'c‘o Ofaﬂ@aiyclwhe hmapg)rscrﬂbhvwsmd@otha r@@lﬂqde@son@ﬁrlsmgal | er
jets to inprove.the orm e} C

section b;rh)] rg usf:nlgngﬁl P %LJ[ %tgaéééal??'a]'e ggg Iat dfl\{)%}ﬂgmaaege‘gm from h%’ldgpc “one
gas outl et Sycidmetgbeomtaﬁh althtyrcmam@rﬂqmomt ga@nn dfe whﬁbesmectbineabos@mbwgdone gas A
met hod accordin or at ba f e S fixed
on the topostanabert ety Gornt B§roidhtliag herori G Benl m e
in which tie rpefidral gisstbwaidhlie tl adigBy adter }ﬁdrﬁ@dof Be lsmcm ﬁhhhémgﬁtﬁlréf the
sheds. 9. A fluid coking unit conprising I|ndr|cal {ess

g W th
upri ght ve@?ﬁ@&bwﬁkW@s&hHﬂH§VﬁH§V%P5ﬂﬁwﬁéﬁﬁpé eé§8??6ﬂ“m'@?¥?Hm§8?863@r

Section SupeipaPQEEsh AT \etHe QB! ax3f pbHiA ,free Iowgachsaﬂaﬁwsq)més 65 @Sk
having their inlets in the reactor section, passi ng downwardly in

the react othe sesriflow intec sgries dumabergets srmpo b wg%wmtth of the cacilampefiisiet i on
and di Spost(ﬁg %t%b r s@gt'fong@st ﬁg&é\%ft}{eolmatt@ﬁal% olcf‘& %{ 't}Q: Qasésoﬁé’lh' tﬂ@%%/clgﬁer tion

about the cen axis rubber secti on, section I'n the
scrubber senkwomﬂandhdhomﬂmuhamgaiﬂuumhébswbﬁumhe cyclones (v) a

de-entrai nnent section above the shed section and (vi) upstandi ng generally
vertical, perforated baffle plates above the cyclone gas outlets in the
rotati onal 7.9as Alnwhqwetchoﬂdmgtthelaﬁram ialvhychodit @erfgatet! ibafflegilattshee sikedlos det | on
and al i gned a% ast rtly transverse to the rotational flow of gas in the
scrubber s®BOf #i tpggwﬂé%¥mPhe vapor flow towards the central, axial
portion of the scrubber section with the central, axial portion free of

such baffles, to break the vapor flowinto a series of snmaller jefs to
i nprove th® unifdneihed agsprding tyglain (6oify Which Ahe. pesfasptpd gaiffls rlpfes aier itdete by

reduci ng qggmggmgﬁkh%%gﬁrég%dgases fromthe cyclone gas in the region of

t he scrubber section 10. A fluid coking unit according to claim9
in which the de-entrainment section conprises a de-entrainnment grid.

9. A fluid coking unit comprising a cylindrical vessel with an upright vertical axis and
having (i) a reactor section, (ii) a scrubber section superimposed on the reactor section, (iii)
separator cyclones having their inlets in the reactor section, diplegs passing downwardly in
the reactor section and gas outlets communicating with the scrubber section and disposed to
direct gas flow from the outlets in a rotational direction about the central axis of the scrubber
section, (iv) a shed section in the scrubber section and above the gas outlets of the cyclones,
(v) a de-entrainment section above the shed section and (vi) upstanding generally vertical,
perforated baffle plates above the cyclone gas outlets in the rotational gas flow path in the
radially outer portion of the shed section and aligned at least partly transverse to the
rotational flow of gas in the scrubber section to redirect the vapor flow towards the central,
axial portion of the scrubber section with the central, axial portion free of such baftles, to

break the vapor flow into a series of smaller jets to improve the uniformity of the gas flow



11. A fluid coking unit according to claim9 in which at |east sone of the
perforated baffle plates are aligned radially with respect to the axis of

t he scrubber section. 12. A fluid coking unit according to claim9 in

whi ch the scrubber section includes a circulating oil distributor above the
shed section for distributing circulating oil over the sheds. 13. Afluid
coking unit according to claim9 in whi-dh-the scrubber section includes a
wash oil distributor above the de-entrainment section for distributing wash
oil over the de-entrainnent section. 14. A fluid coking unit according to

claim9 i npafileChn &B%o@ﬁﬁér%fk@@i?fﬁe' RlitgtFIh@ ket ifppat tHRNcykfe teaP iPthesheds
in the shed section. 15. fluid coking unit according to claim9 in which

t he perf or BeEH ohferscabpiracdionayadsf i xed to beans whi ch support the sheds.

10. A fluid coking unit according to claim 9 in which the de-entrainment section

comprises a de-entrainment grid.

11. A fluid coking unit according to claim 9 in which at least some of the perforated

baffle plates are aligned radially with respect to the axis of the scrubber section.

12. A fluid coking unit according to claim 9 in which the scrubber section includes a
circulating oil distributor above the shed section for distributing circulating oil over the

sheds.

13. A fluid coking unit according to claim 9 in which the scrubber section includes a
wash oil distributor above the de-entrainment section for distributing wash oil over the de-

entrainment section.

14. A fluid coking unit according to claim 9 in which the perforated baffle plates are

fixed on the top of sheds in the shed section.

15. A fluid coking unit according to claim 9 in which the perforated baffle plates are

fixed to beams which support the sheds.



