; ope3eAX4AU| (6T4; A+1 A VAPOUR/ LI QUI D SEPARATOR 22 July 2004 The invention
relates to a vapour/liquid separator which can be used for separating a

m xture of hydrocarbon and steam The concept of a flowthrough cycl one,
for separation 5 of solids or quuid§ froma carrier gas, is well
established in the literature. The present invention relate§§¥w§5@yyse of
a vapour/liquid separator for separating a m xture contai ning drocar bon
and steam which separator 10 conprises: a vessel having an inlet for
receiving a vapour/liquidanRapoer/aIbubnl sezked g hin t he vessel at a
position below the inlet wherein the hub supports a plurality of vane 15
elenments at its near end for centrifuging the mxture as v the mxture
proceeds throug ; o a L autlet o . at .the distant end of
the hub for vvit?ﬁ%&ﬂn‘géﬁﬁéogagégrgegﬁas"g 0 Rﬁﬁ?eoq%&pﬁg‘élgr SAPETE %% sel ;
and 20 an owtlieth |@oatied bebawrbhe sepReEr 10w letm o1kt Ber 8Yidg d ek, qui d
phase of the nmixture fromthe vessel. Further, the present invention

rel ates to &°FetHfdE%or separating the vapour and |iquid phases of a

m xture 25 of hwelro nd.St e 0 I.SLAg steps.of: flow ng the

m xture throughiﬁﬁ%gﬁ%le%1gfgg %eggéﬁ;ggéﬁﬁbgféggan%@ Pkt GFE 3 s of
a céntrifugerl cedtiets air theqhedd €nomois theriesselzs,flowmiwgiihe liquid
phase down the I1's of the 30 vessel; AMENDED SHEET 22 July 2004
directing tRECERIGPNShdse tofal Hcahebuffet pipe for the vapours:

The present invention relates to the use of a

vapour/liquid separator for separating a mixture

containing hydrocarbon and steam, which separator

10 comprises:

a vessel having an inlet for receiving a
vapoui/liquid mixture;

a hub located within the vessel zt a position below
the inlet wherein the hub supports a plurality of vane

15 elements at its near end for centrifuging the mixture as
‘the mixture proceeds through the vessel;

a vapour outlet located at the distant end of the hub
for withdrawing the vapour phase of the mixture from the
vessel; and

20 | an outlet located below the vapour outlet for
withdrawing the liguid phase of the mixture from the
vessel.

Further, the present invention relates to a method
for separating the vapour and liquid phases of a2 mixture

25 of hydrocarbon and steam comprising the steps of:

flowing the mixture through the inlet of a wvessel;
centrifuging the mixture by means of a centrifuge located
at the head end of the vessel;

flowing the liguid phase down the walls of ths

30 vessel:
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directing the vapour phase fromthe vessel and to neans for further
processing; and 5 directing the liquid phase fromthe vessel and to neans
for further processing. The vapour/liquid separator according to the
present invention can separate the vapour and |liquid phases of a :
hydrocar bon and steam m xture, such that-only the vapour 10 $fjeaBhhs fed
and processed fditertidgwhber apouthehdesi growdfrd hen sepallatops feyasur e
that all p@ﬁ@;@ég&ﬁﬁgted surfaces in the separator, except at the vapour
outl et pipe, are (et ted and washed by the nonvapourized liquid portion
of the feed. Swiifmoetimettihg tS5pensupdsasthairdio okevedepasi Lhangeccurs

whi ch could eventually lead to Iu% i.ng of the separator. Wth the

surf ace- wel'ting pre éﬁ??ﬁ€e5oRFﬁ§? gﬁ@ i temperature in the separator
carb be increased deeyongy t figet YRhGaH bhikk EddH tedk becavse 9f 4t hg coking
concern), thus 20 achieving a deeper cut into the feed and enabling the
recovery oR€aNSalqs FReEReBNPEPCEEEiNGed as vapour for further downstream

processi ng. OnepROSS] Leat | e ury/ liquid separator
is in pre-processing %%?Pg%%??nénggﬁfbﬁeg?c%%ﬁ%}%xg&{l%oﬁﬁ%ﬁgﬁ?’es),
hrm;le spegl m&amltyo_an Ctﬂref&ﬁensa:gaﬁgaoit:]hesvegmucrr adcbrllpjm,%lbaygéjsﬁsﬁl gag the
ydr ocar bo th steam at_nhi enperature, .t hen chanically
sgggratingﬂﬁégiﬁfgbéiggFé;&f#%pl%ﬁﬁtgggégéﬁqgngﬂgﬁ;g éi;ﬁ%%g;?PaHfdd

S rator sbr i@n appoité Zavdefdetheactdciimn 2 Iste
further downstream rocessed in the radi ant tubers of a th%r mal

be
pyrol ysi s FOradle P S i tRRAE 2 hoh- $aPotre2Es &hsdr Bilon RamtiabEY heavy

hydr ocar bonst seeh sas fided) whi Ghe a8 85808021 edxaRgCalt %i% b@@ coker,
cat cracker, or other residue 35 processi ng units for turt %rocesa ng,

or as fuel PUBLet2PIpR.y A 4hk Rk FoR nRHCWESbEdwdIY STobteaimabl e in the
pr esent 'nV&ﬁ&hQ@zEBrhﬁ%ﬁ%ﬁg%ﬁ%€§%€?58ft g?s?%gbgeﬁggggég Jggﬁigesent

vapour/liquid separator. e-1n pe of vane desig d%cording
t °a speci§reusabodhmintnoofcake depresehoni aventrowhiich esnded al |y wel |

suited for i i nance_of uniformfilmof, irrjigating
liquid on ?i%EF%%g?kaﬁgggfﬁgggﬁﬂ%féﬁ%% kY pBﬁF/FFaﬁF8t§5bar§L6?? ? vane
portion ofsthfagapeetilinguiptsaparai@rcdVingsotHenglbeh Rempasaniror ovi des
a very snmpoth 1iller odynam.c accel eratjon and %p' n to the incomng gas/liquid
M xture necess ?ys?éagé‘ﬁioéi/é:% SepEr et T o %‘PYPE%?’?@F aWG’HQﬁ%‘ pressur e

| oss. The Mimmet desightest beddinre dstingueshedgbyohta Jndck £8fi; St agnant
zgﬁes which 15 wul d | ead to areas of coke deposition. In addition, unlike
c

vent i o SHERAt PalfeeRery Mpd nbr | dhe Eepdr andr snakilénat ydical |y
feature agﬁdﬁﬁgiyagfﬁﬁqufagrifﬂéﬂtfaﬁnoﬁrt%%pfegaﬁﬁgngaggﬁﬁ.gﬂﬂ? itself

is conprised of a series of 'vane el enents or ades which are 2
r esponsi bl Fher nParephgeamumdcsaasdaig+i fugal force to the inconing

gas/liquid m 3 h N 'GI T G 1 f_the_inlet,,sectipn of

t he vapour/li ﬁf:’%%g%g?g%%r spgratéf%r%é%iny, htg{egp%‘g?%?ﬁé L8RFAY &t rdi ng
to the 25 dapsmion tartihepreomricessinskisdvel ehefinat plhatdifst=ant end of
t hub for. directin li_qui d phase of the.m re_in _an_outward
d??ection25&%#%r%%1%ﬁgaﬁﬁﬁagﬁ&qfoﬁgﬁftﬁﬁ?%&ﬁ%%g%ﬁytﬁg 9g§§épﬁ 7S

separ at or cidcosikary toatheri plemntioby WiBliRy Hefeyabbyapehudesdreans

| ocat ed init?ﬁ vessel Eegmegn the inlet and the near end of the hub for
control | i K¢ TheS t2TPr 8bI 3EP8n tEARESHLAAR nd D (PREMARIGRELES the nixture

enters thiseg@rdtend tee ABd-Fabberanathe huyui fraction by this
vapour/liquid separator so that only the vapourizable

30 fraction of the feed is fed further downstream to be
processed in the radiant tubes of a thermal pyrolysis
furnace. The liquid, non-vapourizable portion contains
heavy hydrocarbons such as pitch which are separated and
can be sent to a coker, cat cracker, or other residue-

35 processing units for further processing, or as fuel.
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22 July 2004 The separator can further include a screen over the distant

end of the hub for preventing any coke within the interior of the hub from

falling therethrough. Further, the separator can include a skirt |ocated at

5 the entrance of the vapour outlet for directing any liquid in an outward

direction and away fromthe entrance. Preferably, the hub(ﬁzéjﬁh§§wgrator
vVesse

according to therprgs j ' [ a Lakly .in the . The
10 vapour outlet is p?gkgﬂg\é{ay%%a? e"za%%a‘%*sgagﬁaﬁﬂré di'st RERFOYE t he

hub. The vapeueRFigoi fumbharmersethiresdde skpasaetrotcand it had ageor di ng

to the pre Lavept] i eferably a m xture_ containing _hydrocarbon
and stean1%§§§% %¥ ?5F§B§4g;é§%§i%Fé%fés?¥bai%FaBPiﬁﬁBﬂer&?%ﬁkﬂﬁﬁﬂe
process in @& pyzoeysesifor racemhich taya bepesedivi bAbbRG MRAESOH the
|nv§nt|on}#§(%egt|§ an gLevatLonaI Vi ew, : artl¥ in section, of a

vapour /| i qii'd” s&par ab Or & E8r dity TR 1 W ehei dnsuibedrfer Fhies a pl an
view of Fl Gréatfbl addi hadnpemspre ige draw f n Ly of the
vapour/liq iq$§ﬁ$ara?or o? Eig. 2. The heé%%tgﬂrs géﬂgré§e§5?§§%§§5%heavy

natural gas R0 cEhRot-nbe Tradostiziasamast typi vaboeriyienéd25 furnace
convecti on ssRfiDpeondi tions. They are normally renmoved by distillation,

and only the lighter, vapourizable fraction fromthe distillation is used

as ol efin pl anttfectsne Thertéed prlepaeatiagowt A @fidiséphtrangrof f the

h y ends _f ; fi ant._feed 3Q require additional capital and
o;;%ati ng gg&:ﬁ?&_ﬁh}}? gér(gs{éﬁ;g g%ﬁ%?gttugrgﬁ’& 0Ly | FWPPEi ntegrate the

heavy end sepachtiaon stepcedtbathenf ead ppharhed efhsectidoniRf the nodified
ol efins fur ac ﬁ'aLkﬁwﬁn only the vapourizable fraction of The heavy feed
to enter tHe iWﬁQE%ﬁ% BFCRREAFYr h&Qc & CIA R eriah eSeparatibbhity 4

22 July 20e4ftieifdrash dhe hydrgeacbapeWr bl sdi Iyt e@g% .Lenperature
hi gher thaEu%EE%F%y,icarly ach?evableein asvagggiﬁggﬁ%nn %%% , results

in a highe S i%el ehadebyi Ltbelagkr odovsdhraghans: d@ienswiplant f eed
th&n 5 thakopugeover r t S i.Gh. .vacu di stillation colums,
o R0 dhroughs Q? abpm Bpgésﬁtld%'lﬁﬁiﬁé%ﬁquﬂﬂ

thus reducing the yields of the [ower va eavy ‘en S is
achi eved t iRdifR &omorerdoidmal vapouentigli énseyartater cesicgre according to
&

the present.ipyeRtiQn. +Lha. v | guj eparatar, can 10 be operated over
a wide rang%bo teﬁ%e?éﬁ%s%gééi%oﬁgi%69?560-5%‘@1?)'. a@F‘?“"i‘%r%ﬁ‘ﬂdi tions
are det er ninédtbyplatcept ahlpes cojemingyvetha deaer ed seemparaldsnprange. The
convection_sect | .Qf ical olefin pyro]ysis furnace can be nodified
such t hat ﬂgagyg%géggcgF%%%”F%éﬁgéq%PE%ngﬁebiéﬂeaiP@éFPyaF@ t he cracking
f@Pnace. Heaspohpdbaearfoon ifngealst ime! 4den 0868t 8dne49e 4@l o gAY, nat ur al
gas liqui dﬁ I ong and short, resi dues which contain heavy tail-end

hydr ocar bons® t hRFTARFo 85 WddHpt el Xt yEep ord PREdthadentisemal operati ng
condi ti onsc2Bcumfeiehbe eEAd iGN Seddomoh 88 hel 15 oRYAlYssS fur nace.

'separator. .
Preferably, the apparatus separator according to the
25 invention further comprises a skirt element at the
distant end of the hub for directing any liquid phase of
the mixture in an outward direction away from the hub and
toward the walls of the vessel.
The separator according to the invention further
30 preferably includes means located in the vessel between
the inlet and the near end of the hub for controlling the
recirculatien and splashing of the mixture as the mixture

enters through the inlet and falls on the hub.




Referring nowto FIG 1 which is a schematic view of an ethyl ene furnace
10, the heavy hydrocarbon feed 11 enters through first stage preheater 12
of the convection 25 section A of ethylene furnace 10 at a tenperature of
140 C (2B5 F) and at a pressure of 21 bar (300 psig). A small anmount of
dilution steam 13 (saturated steamat 8 bar (100 psig)) is fgth&t;@Oahe
convection sec %l%n rehea%e}r__ tuge uU{ggil Lt ILs heated to a tenperature 30
rangi ng from 3335485 B50F 000" A LAF R8T prBSSUEE & IS Haro{9h- 8BS psi g) |
at whi ch pdiBtahhe grikes hyle ogar bosrapdestaamnist drsy f@skd RbOtRin the
vapour /i quig separ a%gr 20. The _va ouril i, qui d separator 20 renoves the
non- vapour F2E8TpEM iTh G&e oRuP hEX A xER Ay BEoERERGH IIUPIBS and st eam 14,

t he nOﬂ-VaIOO_UrFﬁ@@lﬁ'éﬂm@hé%gﬁéﬁﬂtér ¢%tQHE§W@ea%d§5§B§f@P§9a%é9 Lhe
ful |y vapourize hydrocarbon 16. Dependi ng on the heavy hydrocarbon feed 11,

di ff erent BRBcBISFEG R hefreshemyapeusnptbyel. Tore dasmirinedmpyrtion 16 is
SapoeduChiLYGheR L HOLDAMENELZRI O XBE Lhay) Ul Ghd he Bvelr ocarbon

vapour 16 m Xes wt eat ed steam 0 héat "the m xture 19 to a
t enper at urenbfagke--566 C (950-1050 F), external to the furnace 10. The
m xture 19is{,h§% heat.ed further. i n_the second_stag ortion 21

h
of the convectfdi 0 %eetq oA 1ngtcﬁ% %f%ﬁgaﬁ‘?BFy%icpgofeliﬂ%Ta{’aﬁit‘gotl&%d i's

subsequentpyefedti Aherdhei gadi patlseptddnaBia22 yofint kP si S Fwe nace 10
V\/ﬁgre t he hg/dr ocarbon mxture 19 is thermally cracked. The conditions of
t B hydr ocEF BORF s AT Xt TrRF SRR 16 19eabhtdr axéaldty #fe thour/1i quid

separ at or @0s@sgtdependsnty 0 {lis, hﬁ?é/yvéygﬁfggﬁ.?g%t @84 1k P t4,8s,

with the preference that non-vapourized |1 qui are present (between
2-40 vol % btef eeHarpteferagsl ynetipd @agordingt tohthenpeesantsur f aces of the

depost t1 on BeoThe BT Ao st wie S raor B AR EReRG MR RAALE, o,

(or volt ocindhomt®apourizable liquid 15) can be controlled by adjusting the

di kut | t d,rati d.flash t f_the 25 h bon/ st
M3tur o 14 THEGapbur A% GuiPEaR A GFF 30 ORSL TbRH=REr B hem (o

separati omwirdhe birgdietsl3mnd prapdursilks phasese okhi AR hkgshemuddyg e in
such a manner, that coke solids tend not to formand subsequently foul

ei ther the&" S8 sEparBFEFSRF dPYaTE Pnst r eam equi pnent (not shown). On

account of itsprel api velsy 260Gk taeRSr Yaldwn, pd ber vet hedawalibn,
vapour/liquid separator 20 design can achieve a higher tenperature flash
than that 95 & ¥3pPREV Liasddmsenide ted @RroTHiRg cEpethpngnvratissovery of

azhi gher 35 vqﬂgyyigegsf%a%hggnv%@wo%ftnggpqg_11 for further 6
FIG; 4 1is a perspective drawing of the vane assembly
of the vapour/liquid separator of Fig. 2. |
The heavy ends of crude oils and heavy natural gas
liquids cannot be vapourized under typical ethylene
25 furnace convection section conditions. They are normally
removed by distillation, and only the lighter,
vapourizable fraction from the distillation is used as
olefin plant feeds. The feed preparation step of
distilling off the heavy ends from the olefins plant feed
30 reguire additional capital and operating cost.  The
present apparatus and process allow to integrate the
heavy end separation step with the feed pre-heatex
section of the modified olefins furnace, allowing only
the vapourizable fraction of the heavy feed to enter the

35 cracking zone of the furnace. Furthermore, the ability
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22 July 2004 downstream processing. This increases the fraction of

hydr ocarbon feed 11 which can be used for produci ng hi gher val ued products
23, and reduces the fraction of heavy hydrocarbon liquid fraction 15 having
a lower 5 value. Referring nowto Figs. 2 and 3, the vapour/liquid
separator 20 is shown in a vertical, partly sectional view i ‘gjl)gzoc% and in
a sectional §8 d-aalevrhie EydroGarFhe wapbudiliugdich sepssmtet 20 conpri ses a
vessel havi ' t.14a for.receiving fhe incomng

hydr ocar bon/%%t an%%dxﬁseuﬁgf%Q?PatgggoE%agu V%f‘cfggyf(?r Er"‘é‘i‘:‘?f%g“ﬁ hé vapour
phase |6 an¥aguimyuicd wer | €40A58CT prrdbukesi i BheilgHs df Phaseod 50 £ O ose

to the inle 43 1 s. a hub .25 having a plyrality of vanes 25a spaced around

15 the ci rcr&rl%%er%errlllcczjée 0 lu"t HE Tz%‘?%?g?aram 9X€Ifé§§ fo-aHe fgrr nekeest t he

inl & 19a. ’Ehatva:@e:oamdﬂ%ﬁcsu%}hoﬂ\lﬂe n@fﬁo&bﬁéﬁl‘:{i R erspective view
on/ steam m xture 14 is dispersed by

of Fig. 4. The i"iﬁ,om'%ghg:y rocar )

spl ashi ng oft*Efené&t Uiy iR P5re@icing 2bepartsilcid af the t he vanes
25a forci ngiawper kR eOfh o | i s se . of .t h L.t ur 4 qut.wardly
toward the walls 20a of tﬁﬁvapour%%i d %%b%r% orgc?&étvﬁélree ithg t he
wal |'s 20a cBRAPreErELRIwatERed M iy dd) s eparat gr edest gng aarprediigng of the
interior of¢fhe 2Qa... Likewise, the outer surface of the hub 25 is
mai nt ai ned 1 n apglg%%ﬁgt g?vev%\ie%ﬁlderﬁ' collflnl t‘hﬁ"lo%fl}'glﬁilﬁfh FEPHFET A2 | ows
do# the ouberoperhsed ofveltula 28 chuerdroyd nefif fémbeph tHoeEes o ¢ .t aspOr t
the liquid 4L§2i 3 c?sbagg \HI tnE, the suyrface of hub 25 to the interior of the
30 wal I's 20502 A SkiPPU280% uFr oun@@ i) Gonshet pns harruBezsrmided ds in

forcing anybyisutdptaBnepeskesgdewr ke QU8 8le S W ER5E,9 e 25 to the
interior of the walls 20a by deggosi ting the 1iqu e ratatd §\%H?‘|ei'ng

vapour. The uppErepoPRVERtePn: Reckdssud ifqiiybids sephefior pgooilysfis | ed in
at 20b betweermibe &ahebeldBd? £ied2 sy 2344 eaék& *‘A’gdﬁgc g, alLd metting of
PR At g

the interior of walls 20a as_the vapour/l1qui glrlsfFﬁ
vapour /| i quiah sepafadofizecthy the thiequird ckd rigs fummrsper t eHedownward, it

keeps the de ht nd, prevents.5 the formation of
coke on thgﬂdig%%:glg. I%‘ gsl Fgﬁr?“gd%g%%%#ﬁ es 1 g a‘?}fﬁndh%?ﬁ’s t he
vapour /| i quiatwephreasrl2Quitispudibnghanki ghicd towtd etddda. widi@ri r of inl et
nozzl es 26 | vi,ded bel ow the v ur outlet tube 16a to provi de quench
oil for cocﬁq%n%%éﬂ}?eec?}éd{i%il FHi 59%0&%%98&%%&%@?%@%0% formati on
The vapour quiwgsiestkl entepsutheedapaterodblak 1deele rHia @& ééﬁdﬂggﬁﬁt poi nt,
166, exits.at outlet 16a and groceeds to_a vapaurizer 1.7 for further
treatment prior ¥ & BhIerF Yt HiecraoRaft &BcPilEhiBs2 PO Hyrol ysi s
furnace 10faxrsdwwn 15 in FIG 1. A skirt 16b surrounds the entrance 16¢c to

t he vapour duc\%}éﬁ 6 and aids in deflecting any liquid 15 outwardly toward

t he separator THGE TRV E IGA Youhisehl és eols¢hdmatic earewl @sti c and
met al - modelan2@ tuSing e oFn a0 84 T d refidied Jn

| aboratory. In ?%le_col d-f I%yv t est’ nodel ﬁé‘%ﬁg ggg%t??%lﬂlbq%g} afesee%g'lﬁati on was
so ef fecti 8 ERFE Heduduifiphasstags petkesbdral2t b waApO Wortksdteton and
viggual obsgpwati,an xshowed i ern% surfaces of the 25 nodel
vapour/ | i qui g%sgglarp'at or rel‘I | n%é(jhf\;%lfﬁ%??r a gdab SIReIAGWFE Q%w of the

i nconi ng | L4@i dCpHASS ORI arhbset surfesesurSush Riophd qa0er 248 d)s, requi red

to prevent limting coke faormation. The inportant data for sizing
i ncl ude vaﬁ%néfnl'lrg eo,ung:Dodée)réthVJa% %%%sjr?y@ﬂ:aﬁ?&erdatsé,ea@er@s‘?ty and
surface tefisbem dn@0alpsdpheckedas nEoMHa | SOAvEELR hhg R mance of

the air/water rmgel %n to estimate the drop sizes reporting to the
separ at or . PTRBSERFEt b‘g‘ﬁé ek ddorverhrat ot ene dt amPesR  uw@s 35 chosen

t 80provi derangahgulrabad 3l43quisd dOP EFHoB °F) at a pressure of
6~7 bar (70-80 psig), at which point the mixed
hydrocarben and steam 14 is fed into a vapour/liquid
separator 20. The vapour/ligquid separator 20 removes the
non-vapourized portion 15 of the mixed hydrocarbon feed

35 and steam 14, the non-vapourized liquid 15 being

5




22 July 2004 The vane assenbly sizing was determ ned and sized to give a
vel ocity through the vanes of 24-30 mls. In the current design, containing
twel ve vanes attached to a 25 cmdianeter pipe, the estinated velocity is
27 ms 5 through the 30 flat section of the vanes. This vane assenbly is

shown in Fig, 4. Position of the vane assenbly 25a relative b Jﬁlg‘% g)_i\t'rance
14a and " fi¥iFRgrarp ehd RergRchdE2oh Bresépadst @la}?@@lr\mrgw & by

conput at i onalafbuldodynaw.cs pid.mdeld g, dhe 1oLSD RS 1 fenpve areas of

potential recirculation to reduce C ng tendencre nal shape of
the head 20fes@slier Aedfeaendl Irowddss gty eanhénassmaly blee egas g@d.he wal | s

20a woul d renai Ligui d.t.hat S. pushed into_the I n_body of the
15 separ at or zdﬁh¥ﬁ29§§§?§ﬁ§g @PIFHé”hd%?Z%£e§T ﬁ@gﬁﬁnﬁgpb$g%héhvﬁﬂé§125a
was5pi cked Dasspooni esri/nrtkiean 10f, tihe WHipth doids opy&iadeaban Wawdhibe 6

captured before the drop had mpved nore than hal f way_ past the hub 25.
Si gni fi cant™928§ i Y igp\?j’:gleaﬂ:@dstsrt@éﬁ ng dewneak %HB 3 xtpEsed Dorko

observations miipe tieuakr bwatan-wedel ) angk§heopsesppce gk eangkigd' 25b on
the hub 25 will i ntroduce Iiawd droplets into the vapour phase well bel ow
the vanes 5% GHER26e| &Bti oRDw Mixdewia ik bel Bherhbeskidt £25her 2% hub

25 due to t cant bhue LI V?QHH{- | e utl et
t ube 16a. Tﬂﬁge hub gﬁ#rgtg% Rar%f}:gfag%g 0 rmlvéeﬁsl'?%uﬂg% ?E%m%f)hge%ggo 5 as
clble as poswittientd ofiethat ededdinis arodivsicutfurduceényOt hadadea f or

rarelr o PRI B e N e dpnen 2 B8 BerLaslioel
the vanes 2Haolysis furnace 10 where the hydrocarbon mixture 19 is
thermally cracked.

The conditions of the hydrocarbon/steam mixture 14 at

15 the entrance of the vapour/ligquid separator 20 are
dependent on the heavy hydrocarbon feed 11 properties,
with the preference that non-vapourized liquids 15 are

~present (between 2-40 vol% of feed, preferably 2-5 vol%)
to wet the internal surfaces of the vapour/liguid

20 separator 20. The wetted wall prevents coke formation and
deposition on the surface of the sebarator 20. The
degree of vapourization (or vol% of non-vapourizable
liguid 15) can be controlled by adjusting the dilution
steam/feed ratio and flash temperature of the |

25 hydrocarbon/steam mixture 14.

The vapour/ligquid separator 20 described hérein
permits separation of the liquid 15 and wvapour 16 phases
of the flash mixture in such a manner that coke solids
tend not to form and subseguently foul either the

30 separator 20 or the downstream eguipment (not shown). On
account of its relatively compact construction, the
wetted-wall vapour/liguid separator 20 design can achieve
a higher temperature flash than that in a typical vacuum
crude column, thus effecting the recovery of a higher

35 vapourized fraction 16 of the feed 11 for further




The di stance between the bottom of the hub 25 and the highest point 16c of
vapour outlet tube 16a was sized as 3S four tinmes the vapour outlet tube
16a dianeter. This was 9 22 July 2004 consistent with the air/water
nodel. The intent is to provide area for the vapour to migrate to the

outl et 16a w thout having extrenmely high radial velocities. é@ﬁ]f @(? gnce
fromthe entlrancdrkgem giradesvapour Bhbst ietrtubeslGhd Eider I ne of

t he hori zon ALK v outl et pipe 16a, S been chosen as
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outl et tubeTBXY PXETS&STBh LS z%r%$t%%% ant Pagiegp & ilsyersb on the
vapéur outletitighe 16a are sonmewhat arbitrary. It is positioned close to,
but below, the Lip and is relatively snall to allow roomfor coke to fall
15 between t he BEEEEXTHAC n2oa tEhdFid®. r?2 mpdeb. Dheavbpook /tiheusepar at or 20

bel ow e oubpekatuesb0ahaxeiean d aled by, coueergs outside the bounds

of this separator. l'ong as nothing i s don

the inl et l‘Gb,eWolnhElgut Eetanidjbm JEBaﬁect‘d'ne:srm:Qq:]sdmuirdehelﬂom@pa@t to
separati on i f ar eas_of concern invol ve _sections with
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i ngPde the melﬂeﬁdanaytnb&nile&pedla)rfdﬂ |ﬂeﬁﬂaJWir|i? neker i akok@ngppr oxi mat e
t he expect zone. The inside of the hub 25 i's another

5 | at
pot enti al ﬁ?%%ﬁ?égg ? % I Onﬁ%é‘%ee k%o ¢ FRRreRrfartletet 6ehéornl et 16c

to vapour QiLi@&tiﬂQetﬂa@avaéoﬁlrg@Hés@rﬂG fdwv PDeLLied! 80 Eau! dogoedl (such
as a closed check valve). For this reason, a cage or 30 screen

ei t her rodsioreatbngethaplifiiise Nise® 1hi s Glrsel bottheeyphett hdacoke from

growi ng, b | 6= h S (P 0 L9 chunk i's not
likely to :‘gallal{wg]seagégﬁggrgt ﬁgu\ftaar%el gEi ﬁzgra}ndéﬁge sié%‘t: 1%5083dt he
vabour out Iie tebecuBienencal of 3he hmaied' pmﬁbmﬁ@g«:bme te these
areas is p 2004 The ) ab _nodel_on ch, these design
%érégt sRe L2 &% Wit 33 iﬁ +?oﬁP88ﬂd|t|ons

rul es have r'Ted has been tested oV
as shown immﬁ#BMEéab@YOmn Bhe petrepecaniged WircamdH-rAbgm 6. atThke inlet and
wat er was t.ested. at Over all these conditions, |osses were

bel ow t he MmessUr eh:l“gﬁ%‘éarh?n\ﬁﬁf%amf Foid UEss oL 4 Hah Bt omensed (R¥ti nated at

0.03-0. 05 Bpd)adHinywesh i fige Ohebheenapatatoe Guier2valld 208, was | ess than
c lete. Streanmers of water ran down the plexiglass, with dry' 10 areas

b en. | RErRUIAT 1/RY vkl ®r VBBRSC AD8f IORFARH ar dRetien Qﬁ(ﬁhﬁjs wat er
the separ athrqm 9@1@@@ Y\Ern@*\’\’ﬁﬁﬂeﬂﬁﬁ:u@er %eo‘?xftu%rgﬁgﬁve 5 was ﬂ-é‘e desi gn

dMamIrMe /s at 0.2 bar, "or rate of
0.0D6 1/ cmwal ¢A§g§]pf the vapour/llquld separator 20 thereby

keeping the walls 20a completely wetted with liquid and
preventing any coking of the interior of the walls 20a.

25 Likewise, the outer surface of the hub 25 is maintained
in a completely wetted condition by a liquid layer that
flows down the outer surface of hub 25 due to
insufficient forces to transport the liguid 15 in contact
with the surface of hub 25 to the interior of the

30 walls 20a. A skirt 25b surrounds the far end of the
hub 25 and zids in forcing any liquid transported down
the outer surface of the hub 25 to the interior of the
walls 202 by depositing the liguid into the swirling
vapour. The upper portion of the vapour/liquid

35 separator 20 is filled in at 20b between the inlet 14a
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2004, ki . . the_separator walls 2 |
Coniroll ad pohd, B 98K :R Stlﬁﬂg%’%%ﬁe?ﬁ?c%%‘%ﬁﬁ% efpatalls 20a as
circunfer ent1>'—/]a4E Vﬁph)z,r/tlh@@chmirdesmgrﬁQoadtér@nﬁhghng@u&r/qw Jetter

i ) 1.ng the plant wash properties track
those of { ne>TREEbRBorPani £ WY TS (LS cpor 4F 6naPBR Pl dsiiauiznd | oner
liquid vol unis. kdées deskgwaddtsa d0aionat &l Imgyl95fxbg%gaagnldﬁggeq,¥ntosn a
wei ght basi s, ,and ‘higgi on a volunme basis, when conpared to the'lab.
However, theFabt 4BPfib4aR ?%oﬁé’&ené’r\/itél%}lr pTwbf 2¢es wi t Bhsepakatiidon Sat

' ' ken.
' d te & 1kgq0r st.he B, i ch data was ta
EEqUI13r§2 ?ﬁ?ﬁtgg%4SS§OLBelgfagggﬁggﬁglﬁgﬁﬁl&&%%ﬁgi%¥%?l or separating a

m xture contXRHATRI N df BctRBongANt het ddmuiid chutslepares ol ROPRELSEE: a
vessel havi gt idyel; 143k Egrpgggghéhn%éiOW'the vapour outlet

tube 16a to provide guench oil for cooling collected

10 liquid 15 and reduce downstream coke formation The vapour
phase 16 enters the vapour outlet duct 16a at its highest
point 16c, exits at outlet 16a and proceeds to a
vapourizer 17 for further treatment prior to entering the

radiant section B 22 of the pyrolysis furnace 10 as shown

15 in FIG. 1. A skirt 16b surrounds the entrance 16c to the
vapour duct 16 and aids in deflecting any ligquid 15
outwardly toward the separator walls 20a.

EXAMPLE 1
A 70% scale, cold-flow clear plastic and metal model

20 using water and air was tested and refined .in the.
laboratory. In the cold-flow test model, the
vapour/liquid séparation was so effective ﬁhat no liquid
phase was detected at the vapour outlet, and visual
observation showed that the internal surfaces of the

25 model vapour/liquid separator remained well-irrigated by
an active flow of the incoming ligquid rhase over these
surfaces. Such liquid coverage is required to prevent
run-limiting coke formation.

The important data for sizing include vapour rate,

30 density and viscosity. Liquid rate, density and surface
tension are also checked as a comparison with the
performance of the air/water model and to estimate the
drop sizes reporting to the Separator.

The inlet pipe size recommended (20 cm diameter) was

35 chosen to provide a calculated liguid drop size.




5 vapour/liquid mxture; a hub (25) located within the vessel at a position
bel ow the inlet wherein the hub supports a plurality of vane elenents (25a)
at its near end for centrifuging the m xture as the m xture proceeds

t hrough the vessel; 10 a vapour outlet (16a) |ocated at the distant end of
the hub for w thdrawi ng the vapour phase (16) of the m xture %@ﬂﬂb@&?
vessel ; and an outlet (15a) | ocated bel ow the vapour outl et % ¥

wi t hdrawi ng t he Thquwan@hmanﬂomesmm@neaér@attalamiaédvgwlalz?edU§<§> of a
separator accprding_t further includin irt element at the

di stant end $FVEhd Hﬁgof:dT%ydl Y9y B Y?ﬁ%‘f’dgghgéé:a@f M/ie Mxtire in an
outward di r elisanavagshice tdm tuin e #pupss %Qﬁeﬁ’a%lt%a%@il & 'IJ‘% vessel .

3. Use of a separator according to claiml or further inc udlng screen
over the di stantMeRBL ST HRE f dh9reviekns rgd anglesksywishiey ohis i nteri or

of [the hub friomiah! Lag ther @1@@%t%4 Bfe Obafle30PARALA AGEOrding Lo

any one of clains™1-3 further 1ncl |rt | beatad af % ance of
t he vapour(ﬁﬁ$%ﬁbiﬁrl§|ﬁ@@mmnqnmﬁLQ4qh4d in an outward direction and away

30 wher oi i 1 he FORSE-80 801 IFoRREn 19 THE L et t CARENERD LR 20

July 2004 - ertr#&ncelstiaf aaldse‘[fa.rlalmfg’acmﬁr@jﬁ nghé ot &pyhend abbCloa s 1 5
wherein the va our ut&st is axi, edy | ocated at the distant. end of the hub.

arator was gui by computational fluid dynamics
10 modeling. The intent was to remove areas of potential
recirculation to reduce coking tendencies. The internal

shape of the head 20b was formed to follow the stream
liqes of the gas so the walls 20z would remain washed by
liguid that was pushed into the main body of the

15 separator 20.

The distance of the hub 25 extension below the
vanes 25a was picked based con estimation of the liguid
drop size that would be captured before the drop had
moved more than half way past the hub 25. Significant

20 ligquid 15 will be streaming down the hub 25 (based on
observations with the air/waterx médel) and the presence
of a ‘skirt’ 25b on the hub 25 will introduce liquid
droplets into the vapour phase well below the vanes 25a,
and collection will continue below the skirt 25b of

25 hub 25 due to the continued swirl of the vapour 16 as it
moves to the outlet tube 16a.

The hub skirt 25b was sized to move liquid from the
hub 25 as close as possible to the outer wall 20a without
reducing the area for vapour 16 flow below that available

30 in the vanes 25a. As a practical matter, about 20% more
area for flow has been provided than is present at the
vanes Z25a.

The distance between the bottom of the hub 25 and the
highest point 16c of vapour outlet tube 16a was sized as

35 four times the vapour outlet tube 16z diameter. This was



7. Use of a separator according to any one of clains 1-6 wherein the
vapour/liquid mxture is a m xture containing hydrocarbon and steam 8. A
nmet hod for separating the vapour and |iquid phases of a m xture of
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| @BL0Y<&nGkePden dDUBL{da AP d0nce B @utside the bounds of this

separator. As long as nothing is done to cause liquid to
jet above the inlet 16c.to the outlet tube 1l6a, there

20 .should be no impact to separation efficiency.

Chief areas of coking concern involve sections with

‘vapour recirculation, or metal not well washed with
ligquid. The area 20b inside the top head may be shaped
or filled with material to approximate the expected

25 recirculation zone. The inside of the hub 25 is another
potential trouble point. If coke were to grow and fall
over. the inlet léc to vapour outlet tube 16a, a
significant flow obstruction could occur (such as a
closed check valve). For this reason, a cage or

30 screen 25¢ of either rods or a pipe cap may be used.
This would not prevent the coke from growing, but would
hold most of it in place so that a large chunk is not
likely to fall. BAreas under the vane skirts and the
skirts 1€b on the vapour outlet tube 1l6a are also

35 ‘unwashed’ and coke growth in these areas is possible.
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10 areas between In terms of 1/s water per cm of

circumference, at 0.06 1l/s water the separator walls 20a
were washed at a rate of 0.0008 l/cm.s. The design data
oil rate, 513 g/s at 0.2 bar, or 0.8 1/s would give a
wash rate of 0.006 1l/cm.s.

TABLE 1

Low Air/ High Air/ Plant

High Water ‘Low Water | Design Case
Vapour Inlet 15 45 ' 25
Velocity, m/s _
Vapouf Vane- 18 45 L - 27
Velocity, m/s
Vapour Rate, g/s 183 550 ' 5780
Vapour Rate, m3/s - 0.14 _ 0.42 0.82
Liguid Rate, g/s 283 63 519
Liguid Rate, 1l/s 0.28 0.06 0.79
g Liquid/g Vapour 1.55 0.11 0.090
dm3/s Liquid / 2 0.14 0.96
m3/s Vapour
1/s Ligquid / cm 0.003 0.0008 0.006
Separator
Circumference
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Assuming the plant wash propertles track those of the
lab, opportunity will exist to operate with feeds having
lower liquid volumes. The design data indicate a liguid
flow that is ‘low’ on a weight basis and ‘high’ on a
volume basis, when compared to the lab. However, the lab
10 model showed no visual problems with separation at liguid

rates below 0.06 1/s or above the 0.28 1/s at which data
was taken.
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for withdrawing the liquid phase of. the mixture from the

15 vessel.
2. Use of a separator accordiﬁg to claim 1 further
including a skirt element at the distant end of the hub
for directing any liquid phase of the mixture in an
outward direction away from the hub and toward the walls

20 of the wvessel. _

3. Use of a separatcor according to claim 1 or 2 further
including a screen over the distant end of the hub for
preventing any coke within the interior of the hub from
falling therethrough.

25 4. Use of a separator accerding to any one of claims 1-3
further including a skirt located at the entrance of the
vapour outlet for directing any liquid in an ocutward
direction and away from the entrance.

5. Use of a separator according to any one of claims 1-4

30 wherein the hub is axially located in the vessel.

AMENDED SHEET
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wherein the vapour outlet is axially located at the distant

end of the hub.
7. Use of a separator according to any one of claims 1-6
wherein the wvapour/licuid mixture is a mixture containing
hydrocarbon and steam.
8. A method for separating the vapour and liquid phases of a
mixture of hydrocarbon and steam comprising the steps of:
flowing the mixture through the inlet of 'a vessel;
centrifuging the mixture by means of a centrifuge located
at the head end of the wvessel;
flowing the liquid phase down the walls of the vessel;
direéting the wvapour phase toward an outlét pipe for the
vapours;
~directing the vapour phase from the vessel and to means for
fufther processing; and
| directing the liquid phase from the vessel and to means for

further processing.




