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| MPROVED PROCESS FOR PRODUCI NG LONER OLEFI NS FROM

HEAVY HYDROCARBON FEEDSTOCK UTI LI ZI NG TWO VAPOR/ LI QUI D
SEPARATORS 5 Field of the Invention Thi s

invention relates to the processing of a heav
WOIPEEAPEbn f eedstock to produce | ower ol ef i RST/US2007/064599
Background of the Invention A conmopn process for
manufacturing lower olefins is through pyrolytic
cracking of 10 saturated hydrocarbon feedstocks
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cru cru I ons contal nin
f fesidpung apegrstragtiveh g'ameq cost sthpdpoigt, they do not make good feedstocks for

pyrolytic cracking, because they do not completely vaporize in the convection section of

traditional pyrolytic cracking furnaces.

A recent advance in pyrolysis of crude oil and crude oil fractions containing pitch is
shown in US 6,632,351. In the 351 process a crude oil feedstock or crude oil fraction(s)
containing pitch is fed directly into a pyrolysis furnace. The process comprises feeding the
crude oil or crude oil fractions containing pitch to a first stage preheater within a
convection zone, where the crude oil or crude oil fractions containing pitch are heated
within the first stage preheater to an exit temperature of at least 375°C to produce a heated
gas-liquid mixture. The mixture is withdrawn from the first stage preheater, steam is added
and the gas-liquid mixture is fed to a vapor-liquid separator, followed by separating and
removing the gas from the liquid in the vapor-liquid separator, and feeding the removed
gas to a second preheater provided in the convection zone. The preheated gas is then
introduced into a radiant zone within the pyrolysis furnace, and pyrolyzed to olefins and
associated by-products. While this is an improvement in the overall process, there are still
limitations in achieving higher yields of more valuable products due to coke formation in

the convection section and vapor-liquid separator at increased separation temperatures
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convection zone, where the crude oil or crude oil
fractions containing pitch are heated 25 within the
first stage preheater to an exit tenperature of at

| east 375C to produce a heated gas-liquid m xture. The
WORUAE1% wi thdrawn fromthe first stage prBfEhi287/06459

steamis added and the gas-liquid mxture is fed to a
vapor-|liquid separator, followed by separating and
removing the gas fromthe liquid in the vapor-I|iquid
separator, and feeding the renoved gas tqQ a second

pf'% P AT RIS O e fre costhvia dieireiass sgstion offhe furmace where
ppyableas akks@hse.i S then 30 introduced into a radiant

zone Wi hj . pyrolysis furnace,. and rol yzed to

o or i s Sl GisBeed e il maeD o W ire i s i pror o
| thpmey emakivg 1o olefilscbyolimting it steaireins, firttndtee, sapeeheating the vapor,
limgatians 1n achieving.higher .vields of, npre .
P8 sta SR Pl o, BtdS, 26 Tifess i apparenty
cdiregted td werely aaporionion ntiheawypgas oil§ pying ag epbpaint of atgit 1005° prior
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4 R8s 3/} B RAGS pRcPEREGRS and system for
vapori zing heavy gas oil prior to thermal cracking to

ol ef i r¥hat rypeeded w5 APy adiprocess it A the peopomical grocessing of a
SEHAGY ARBbdaMGn FRBstRNO 'produce lower olefins in higher yield, without causing

unacceptable fouling or coking in the convection section or the vapor-liquid separation
equipment.
Summary of the Invention

The present invention relates to a process for pyrolyzing a portion of a heavy
feedstock in order to provide a more economically attractive feed for the manufacture of
olefins. This is accomplished by first separating an unvaporized portion of said feedstock
containing undesirable coke precursors and/or high boiling pitch fractions that cannot be
completely vaporized under convection section conditions of a typical pyrolysis furnace.
The process that is claimed comprises:

a) feeding the feedstock to a first stage preheater provided in a convection
zone of the pyrolysis furnace, and heating said feedstock within the first stage preheater to
produce a heated gas-liquid mixture,

b) withdrawing the heated gas-liquid mixture from the first stage preheater and
combining it with high temperature steam in a first vapor-liquid separator,

c) separating and removing the gas from the liquid in the first vapor-liquid
separator, heating the gas in a vapor phase superheater provided in said convection zone to
a temperature of about 450 to 700°C, feeding all or the majority portion (typically greater
than 60% by volume) of the heated gas to a second vapor-liquid separator, and the
remaining portion into a radiant zone of the pyrolysis furnace and pyrolyzing the gas to
produce olefins and other pyrolysis products,

d) withdrawing the liquid from the first vapor-liquid separator, and heating the
removed liquid to a temperature of about 425 to about 510°C by combining it with (i) the
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5 and flashing in a second mxer the liquid fromthe
first mxer. Such a process is apparently directed to
nerely vaporization of heavy gas oils having an end
vﬁglnt of about 1005 prior to pyrolysis crackll%]of t he

BWIHPY, and is not directed to creating fTUS2007/064599
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f ur nader examglerfanlight feedstocks ?‘é‘e‘iﬁ’%@cﬂt“’W‘Fh AhVER ﬁglv cpodg oil or
smagecoameakh&ataesﬁngleocyaroﬁa i&CﬁldﬂathlS a;bﬁdd Gé&Gndel regiv@dly low cyclone
t hdr awi n
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vap@blel uhqu pdy swepaycaanerls néedert iongyotdhteghy &gdsmk aempgporres in the
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VehpRihreQleathNWHAE %&eetq’o&?ﬁoﬂecboﬁceﬁﬁé‘fqﬂéjpféﬁmﬁvénhﬁms @specially

separator, and the remai ni ng" portion into a_radi ant
1&?5%‘“16? lntarﬁiéﬂ%fwm‘senshlslutﬁﬁafa@urs ﬁﬂutwnsmﬁ nepreadily ayailable or
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d% W t hdr awi n he |iquid fron1the flrst v%@o %
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V\Isletct?on(tl) )ventyrl&gh temperatures so that a sufficiently high cyclone temperature can be

achieved for maximizing vaporization of the desired hydrocarbons in the cyclone.
Essentially, superheated vapor produced by heating vapor in the convection section that
originated in the 1% cyclone is used in place of dilution steam or used to supplement
dilution steam.

Typically, to achieve commercially acceptable pyrolysis furnace on-stream times,
wide range boiling hydrocarbon feedstocks that contain pitch such as black condensates,
crude oils and reduced (e.g., long residue or short residue) crude oils cannot be directly

cracked in pyrolysis furnaces without first removing the pitch fraction. By incorporating
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majority portion of the vapor fromthe first
vapor-liquid separator after it is further heated in

sai d superheater in the convection zone and opti onal ly
Wi th ||; addi ti onal superheated steam and feedi
WYR&%AHBIed streamto a second vapor-|i qui o"CT’US20 064599
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temperature dilution steam or t he anmount

diubest 9f She compnghion Bank jbryopd éemnethé@en%g'é%d !Ptcrng distilling unit
achuaehageous to use two cyclones to avoid heating of
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hydr ocar bon tocks t contain such as
bfmbadingeghefchesinyengve process that utilizes two vapor-hqmd separators and a single

cracking furnace for heating the heavy hydrocarbon feed and for pyrolyzing the light

fraction of the feedstock vaporized in the vapor-liquid separators.
FIG. 2 is an elevation view of a vapor-liquid separator used in the invention.
FIG. 3 is a schematic diagram employing a single vapor-liquid separator according

to the prior art.
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crude oils and reduced (e.g., long residue or short

residue) crude oils cannot be directly cracked in

pyrolysis furnaces without first renoving the pitch

fraction. By incorporating one or nore high
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Further inhibition of coking is obtained by limiting the temperature of the heating
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FIG 2 is an elevation view of a vapor-I|iquid

separator used in the invention. FIG 3 is a
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dilution steam. It is possible to use low temperature steam (meaning steam having a
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Further inhibition of coking is obtained by limting
the tenperature of the heating surfaces and all other
surfaces that the liquid fractions that pronote coking
cone into contact with. The optinmal tenperature at

WA UBE crude oil and/or |ong residue feedd{Ei2047064599
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feedst ock 1 nside the tubes of first stage

pinefE dang residya fggdeodk of theafirstotage mﬁﬁtergéﬁ@@af fxjerpgl &g pgolysis

aﬁuﬁa@@nﬁﬁd&ﬁ%lfdo'wu%% QF thk ARPsthgd PefbtRer] F@WRT, WhIOMGH2I ot
tubes u tothg ngeratur at which [t exits t

f fefdped i is prefested thatg raixing;npzzle A2 be uped o, mix the st ??E’a”é‘ﬂplé‘f?ef?%“k

t mmoa;trm&da@ addrmm mpui bf @iberhdated ilitih s&tuﬁgEA to the vapor
ection,zone, Tubi

t f th
oPEBETE o B R P R e, REporowine
atmnuhb albwﬁdtmmnr egpmm:ums sqriotl barddis ddways gibbeeits dew point and no
. : ) | ' .
g Rh'of U, el of BRI of B alfBe ool e Bt of
prepivelat and theZiowestwgnbpd ticul arly |inmited. The pressure
Wi o e of [BURREARAL & o b BERCLAldoK 1 hlihinne

range o Sl g- rtf nor e er ab from about
6@[6118011 wsgageougw@ FWith prespect ﬁmfhﬂﬂhpn stgampit eﬂa@ferséw aider at 2

&ﬂeQBo&fméX%ﬁ‘erat&@ BEE Shbid/oil MdfoPRng REIG YeeRBEE lhéh@ured

he furnace and to assist in the vaporl zation of
i’td't‘,ﬁ ifieFton b (reasyrs thatfhe dilytion 8asidess nobeqnigise. gorg preferably at

f 14590 26 abdvdlink Wiihi®Bil GFori16ngl r8fldde FeddbiBekf dhnpsifre amns linjection
commonly to one or nore portions of the feedsto

heedRt A8C RERYOT ahyitiomess ol BReRlarly Bt e P‘&tl%HefFﬁPléﬂ S'efﬁ@em to

C ARWERTebtdA osg;cd wide B@ge gf iﬁbtfs@blyﬂd;]vs rsztdéf g@ﬁ]?a] gislmlogrgles pressures

enpodi nts rj er eed. .0 i.Lutjion.

Caef B LRe ST e ionsgoni gt Ok s WG et gt TiabBpsie

[ (Mt&azlﬁmarf irst stage preheater. Any gas can be used

whi ch [ apor at i t he cru o] nd/ or

g 7E% SERASR e NBR Ak o bl e SRR fhdior A0 B

esdt ie mrem| ampugt|up o algsi 35 & 1.0 kgss biaddamsier hg oahztlrocarbon feed being
' j.ni I i S

(oL ottt S0 W b g ftlcn Ll GRS BRAKaLl B0 of

s$tpam shpulg gotfbe das thakes of sttang pdr lig.iof hydgeradan feed

di | ut 'ﬂ@ 5&&@4_?% OF‘%L ’co ﬁé’n{srﬂqeg'ﬂs h&ﬁ(&’&%ﬁ@ M the first

nat ur al further as i n feedst ock
eﬂfﬁﬁiféieaﬂab he gdjestedi hymop‘ﬁﬂhf@a@e @&W‘BE Uﬁ?}ﬁﬁp@ﬁ%ﬁ? dbp qyaptyy of
a typical light pyrolytic furnace feedstock such as

et hane, propane, refinery off gas, and vapori zed

gasol ine or naphtha. Preferably, the dilution gas is
dilution steam It is possibje to use |ow tenperature
steam (nmeani ng steam having a tenperature of at | east
149C (or 300 F), which may or not be superheated
steam or even water if steamis not avail able. The
anmount of dilution steamor water added can vary

wi del y.



10

15

20

25

30

In an optional but preferred enbodi nent of the
invention, a feed of dilution steam5 13 may be added
to the crude oil and/or |ong residue feedstock in the
first stage preheaW at any point prior to the exit of
WRRMGAYY quid mixture fromthe first stage HSrE¥RYPEpeS
but preferably at the position in the preheater tubing
just prior to where initial vaporization begins for
the purpose of insuring an annul ar rom;reglne i's
qU|ckIy obtained in the preheater nDre erred
CRGER! FEn St et ind C PRy obonilel TR RLS LR gesm
Oiddefﬂ-@ tiRIbalde bil biAg 160 Sésihie feb BRER hﬂﬁé(ﬁl@lfsta@hﬂ'eﬁdatbﬁ 12.

Fur nadBef oy oy B SRR Tk b Ref gl e g

pn@imsa:tmre iFisrwiharapmviftinl ehe dirsiGege grehanten dirougbding rlédo miting

t yi;'o % 9n ttothaﬁvtg. G h?\éls ts%%f(a%? [ZZ§ : ’ﬁle%éfol? %q&ié @%é}ra%é ves the
amtuh \apchucct pmhonamfahm trudsf oibandéor famg tresitiug) ifdedit wlwh lstve@maws And
E:thd H&B% &H& ﬁgs 5frll?e Jrhn{esc;ll zﬁxﬁﬂgﬁ) %ﬁa@ﬂﬁe febcgui'lg: vapor-
seBar at or Erto ensure t h vapor flow ng
1Bquich sephrator] ovnkst #t&aﬁ@%ﬁm énshiding aseyelone PEPRFAIRK & %enmftwaygr a

aﬂQ:Yl@na'uEﬁ‘ dgfé@! (Bﬁlnhﬁhly aRE AherRHERSALIRN TRE vApdf. Bqutf Sdphiritor

on the walls of pi pi ng connecting the vapor outl et
ofan{R 60@65'811 sﬂaaisepawép i fegd Wherein dierieprt grits the top ofitfe separator
t SHAARS AdulidseexR fihel WO IF el RPUrGSS of 6 toplenly Foed WkbH8In the product
sufficient to maintain the treaﬁg$ a gaseous state.
S

VHSE it Bi5810¢ of tBe SFPRTRIPT PP Bt preferably added
at a 28e t\aﬁﬁ&iﬁgﬂfﬂ Wepar@BOvrdiig térepepuira tis) swfficiént t (b emainitaid ethe

oi | and/or resldue fee ck nme

B, or e A TG LU SR B MBSO B3 D 28 Gisferably
N@tthif @ﬁdmgs ef 4008¢ & :m)ei enab;hpbrarth &%ﬁ;&m&maabey@uadamy any
crude o0il _and/or I resi due % ge gl}wt eﬁrggﬁg ature at ¢
t freans, rfp%!mgoﬁiﬂﬁa% ePrPéfa ey il yguse o
Nexter hédt @xdharige ahd/od uyadcredamg ﬂiﬁelﬁﬁeeaftﬁ'e ahﬂfgr ﬂmf a‘,ﬂtm mm@
trg{?agxlgrlog%k% Ct : O ﬁ%vegrhao% gagﬂl?g U1 para dSt gei:sgnbfeh PnVYJS
cPud®osi b 3’8&jmonndl 6,682,348 s dem flisdabetes Clte aleebwmdwmorattddeby
r%:eg&fgf 70-400 psig (4.8-27.6 Bar). It is

desirable to add dilution steaminto the first stage
pr ehedt dhe arefiiod edbofivente the wporized jgases rfrasmthenfirsu yapopliquid

agég%topﬂﬁar& fher fd 1k 8 5?3)0?%18%&%13@ &Y th& EbnvQbiof Yk QP@E ys1s

fed to th Iant section, although highe
r fenage i ri ingErat, thpeRIPRIAEES) of thenuresndig 2 bypic E@Peé%{ﬁ? of

S E}sw @Izvn@ to b%mkﬁﬁal {eRp&tatire 2Rt kS cecd 673 € AR pBRION k@ thetream

érocar bon The percent agxe of, vapori zed
C t

Afdh Brcerirag: A Pl PG Rink ST B P § HERY 1 Bpted, for
PegiperatuRs cofi obte @d:bhlﬂ/@dr IjaicCsRperiter, td thgserd stage rehaark 21

| nI et t @ ,rtgtgt‘irh‘(’%’r H ﬂﬁr:{’gé'lil of %? %ep 1%%%{2; tﬂé lséjperbeater is

quneﬂhe ate&dccﬁld |vh|1$dr-(h@u16 tsqamoaddeaﬁh Lines Bheand BUJE deisired, a small

nd/ O¥ éIr;a%s s0 %e&deggqthe Ica Iun a‘\:?lrl]le fels{ﬁp%}hegéﬁaga line 45. The

r msjoul p@tuﬁreddm opbr i axel et theeliguisioll 5t fmnpﬂlgdwd@eaepamor 20ina
r i

s t ag br lé‘% J@ )ﬁny ?mn nﬁizi?l I% 4{15?%%}? {%&W tlIe ﬁlﬁtlng nozzle

eater-“th
described in US Pat. No.6, 626 424 should be used.
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5 nozzle 42 and then to a vapor-liquid separator 20.

The vapor-Iliquid separator renoves the non-vaporized
portion of the crude oil and/or long residue feed,

which is withdrawn and separated fromthe vapori zed
Y22MINP1% he crude oil and/or |ong residue fREHUSHHL64599
vapor-1liquid separator can be any separator, including
a cyclone separator, a centrifuge, or a fractionation
devi ce commonly used in heavy oil processing. The

vapor ui d separator 10 can be configured to acce

si de é‘h?ﬁ %ff”r%"é‘a&a»ﬂalflé?m%w Epumlangy et lipsheppilin o
Sﬁspaf ahpalsamd a Helohicqgpafore XAl tehidteliint ﬁﬂ’lﬂl@fsecbhkﬁ vapor-liquid

arator, or a top entr feed rein t
o SBRRAL T rior® shifongits b G PN bl RS BATRUEE, prpven
Fhigher Boiling point$ tdependung) oa theqypecbfsf&paom omale vapbt-lgid mixure

o PR B e i 5 B0 ool P RO S S ob PR B oo
5R58ucy ﬂ@ftenmmnye QBthwﬂlqnhd feavihg the aengad m@oﬂ@@@ separBOO@pidly.
TR@COYC@:&W, alqhﬂ\% %@@%&Wa@ﬁ%%hup@aﬁ%ﬁﬁ%ﬁ ﬁg ftaﬁlﬁ?a% of the

means, 1 ncl'uding adjusting tenperature o

f licuiskletyineg the sseandiyapor-liavid separatoy Althouglt ang wype of wessehmay be used
enGHRIVE He 3iqRid Hof thO¥cdddGhEAHGRY s éﬂsto} SR ﬁfeﬁh&i & ROLQHfical
flow of the dilution steamroute
piirametd, logpted prsiginpast the Wd\ﬂ&%ﬂlﬂwﬂcfﬁﬂ’dm@efﬁéﬁm BYIPgsg and to
demebi tb@ﬁém;p&at\ﬁ% ifatis drmsat a@)u?’gﬁ)P E3enigd g@me@:ﬁl%a@é%ﬁed to be a

whi ch di scl osures_are hereby incorporated
10

 BPEsEieTher h0 SRHICHN SMGME P HBEE SR YAl ke R 1o addion,

V@p @ercmzaaﬁp@aﬁ,ea sbpa@or biA@ bé ddshedvd ﬁ@fde-’eht%‘;_ﬁy@ioﬁe&ﬁ&f #BbP butlet
In

2 e the ed to a_vap er heat er
%ﬁ@‘ﬁé’ fRop e %ﬁ@n gidef ’Fﬁ’é‘hﬁﬁﬂ?jﬁ 9‘@1 ILmRy {PEAIRAKAL; Hbglfofompyytment
i fo£ reecisiag trhelqmemeﬁahng e Atedifbica @psreaNeshel @neteilcythd pikch. In

t t L, A27G 1 i t t t
v 5 BRRAI BoShimit ucnt e GO P A0 e e o
tjmtncsmielldiemtdelonmmed mahe &dm wbdwmathabe &twrﬂamldﬁ: cathg iy and
t
VoSt of Bl Rl SbGREE Balhif oYl R o
211qWCbm!9ehq3ﬁ9P of tyq drymtabovs| thef kiquisl levehwia papray ripm ﬂhrr mledfrecycled
t RRiSdah 8RIbE RRUIAS BLL ind RS BARARBheH asdlmsmsﬂl nhgmhﬁesed just

second vapor-liquid separator 35 via Il nes

| peloyethe perfnce of hniquid lgyed it vasor omdba qmlyneaqbw lberemcfmm

tanénhg el drA LA %éh\dbxﬁ ﬁtdaqhé YRR R by vdje%uw B §]t§all AR of
30 major portion of e vapor is mxed wth [1quid

1%1P$1‘P<°<9fﬁdtdﬁeﬂoe9@% Ad lr%% Poatpemorzef theydrgmgpopie H& sa@z sipgto form
ADvapSy Barri¥h ¥driebn RRZEIR acithe QBlos €d, but preferably the

m Xi n n?zzle described in US Pat . 6, 626, 424 shoul d
be usdge liquid producyf? fram the secqpd aaﬁorﬂlﬂ‘aﬁ sepasaion, éwlbwa%y fed
b eRthedh keaidud BC( gt driaoker\GAMIbe hied U dfusRplblcaatiag corhpoﬁent

it ma 0 _be cyclonic separator. As the intentio

of 1 hanEaliaiee o RE A ot BB T el GOt me
cﬁmp@qmmh$amnmhammﬂ&mbmhomhmagmﬁoeﬂfeche&&]bhanmaaaﬁuany
$£nflfgc\e£§ om gl?orma (911' ]Jtﬂlhlg g\l}ﬁ gl nt tdae<ﬁ 0;[] advgngﬁﬁ,e 18 thal V\bheyvp pogized
t mmqum lpavimgzthefyrst heorﬁimmﬂrsbpaadtorfl&)readllyubqongecbm the
t , 0 e

J&@ong?n}g d&@&h se]%alg]au')r ang qlsgﬁﬁﬁelésln%l a]ﬁ] e Secgﬁ: damount of dilution
v%%@?mjefteﬂﬂn@ the franess @nnvecam getjon anct@ssd e nlifipe 2% tejpromets the
Stab&dMidrSofUSBodeRts rvﬁﬁﬁ' Y a1 RHME PoidRess Ql%lrsgb ol R6m the liquid
tenperature of the liquid |eaving the second
vapor-liquid separator. Although any type of vesse

may be used to receive the Igquid fromthe second
vapor-liquid separator, it is preferred to use a
vertical 10 drum 44 | ocated underneath the second
vapor-liquid separator for that purpose and to contro
the tenperature in this drumat about 320 C which is
general ly accepted to be a tenperature where no
S|gn|f|cant anDunt of thernal cracking mﬁll take

o S o - . o e
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20 liquid can also be introduced back into the drum
through a distribution ring i mersed just bel ow the
surface of the liquid level. Hot vapor fromthe

éd one above is prevented fromentering the drum and
YOAEAL®YY on the 320 C liquid by injection BfVESAEGA6459
flow of superheated dilution steam43 into the top
portion of the drum above the spray ring to forma
vapor barrier between the drum and the cycl one. 25The

o o B G FEIonEy e ORIy O Repocess BV i sopb e e to the

F%onm{raporelfquﬂ s€jkeadr iO1n tﬁaﬂmgheoﬂmam &slume fpeteént of the heated gas

bl e 0 adv ant a a
o B¢ PRGN o0 soed B e YT S el e Bpeg of 0
t H@vcﬂumesper@ha Jkhe piftnig gad omaits apmmm of ot doetponents in the liquid

; .
< PP Fieticfe o P e S Bt (M on B OB Bt snd e
a@ﬂcmsttb@etq ‘@P@Itfatat idwer (eapenaiupes dn Bmctpdaptsmn way thahlewering the
T GiedateO6 a lshBid! Qehpbida: F]lh&lé L PR ol lBo‘i’luf a SSRE" b RardeS. By
readi |y recovered I n € second vapor-Iliquid separator
aPxmizingoge pmennt of mnmgmaélte Tedqired GPITRINE derpReFturg Pf the second

divdpaf-liqiik Seh&adr is HhifiediRE ahd hQokdiRlyf :Hé p@s&slnlgom&ﬁé fdRRation in

section are used as a_lifting gas to pronote

v B &7PBhyapesrTionid SERFFRURS icAogmigmi4ed: r%ﬂlrﬁfvrﬂﬁbﬂvwﬁzﬁeﬁsmtrg two

| @4pSr- ﬁtiﬁtl’beﬁaﬂﬁ&s fig it dN6wd he uapér lehﬁ@/thélﬂrsi \l‘h@orfl[qhﬁitseparator to
ccl@g The portion of the heated gas fromt e
E"p Fpsadeatty 3 %aéedt’ﬂ “E%‘é’“%%&%‘h%?c%%p%ra Yidgy Eﬁ“ée of temperatures
s ﬂpﬂﬁ@,ttms capﬂnhm td eh,elemdaig@amfy Hogh t&.ﬁ@eramiem&hmme Riipoetiquid
- S5rRGR e GSeH B b0 BBk Oy PRd SRR R gl s tan
059(DC fodt thediql.mléeqmg trerfirst vimehqlndl fepargtogas pr onot es

vapor | :

oy oduet U bt the AT DGBL R chidfipl £ Bt ARADES e
| Progysss. e ropdugh aéleseamnallmdmwomsl agenbelon SAY Cobyv@p@f iaAerge
aﬁm&fﬂ\.’v@f hituﬁé'r@&r %%lﬁﬁerdtt&e '6}"943 s%ﬁd SAINELYEY sép'ﬂﬁﬁor c:an be held

omerlng pressure of a Sln | e conponent

ahPiSHy lint‘Cht lawwmn MG ﬁﬂbﬁ@mplee‘lﬁa& S ipper- then e first vapor-

MBidTkephrd@r fsPiPerdid® un375Qb 4bd tt, iOseBHA vapdiBqhi@ GePara®f could be
t enpe the sec or-liq

ratji.n ure_ of d va

E‘E&’r“‘é‘t 1Bre r@gﬁ]oﬁﬁ{% 9 é%oq’gn dhe Fegt afn%wf ‘ﬁéhep%@’&g Bfmor-figrid

ofeparaise Mlpbmlic@my bdtwddd dbbe 4%0TDHEl td/stpmc V{Ii]lﬂﬂ]dwgr temperatures
{ ri t

o PR R S P NP HEF e Tapiae oftee gy °Fy " 29
al | O\AS['hb ieatedagpeaam/dag miktmg ckinethé second vappoliquid @parator via line 38
SE)RI%E ea}te% q_hé EEBS QP? néalyan‘?olﬂlg orf Iaﬁl?t[o%%te 4t1 hﬁ'ne nmixtare is
convectron se 0O a w eratures
anWﬁg@WOMM|mhca;ert2@ apd i h@t;ted adaqmnélssaghplghﬁater as it
: Liaui
; SR ke s SREQ0GH B0 Mol MM SREBE B R ulle. 1
b secard yage mrebeatst 21.daessupdrensted SBOD s migwrerinflly P(?D*Faéﬁd to near

| 82vétnB1oWhe rithre VAR R¥lch | stgfiticht SRS Qicking and asSHME&R coke
t he purpose of the second vapor-l iquid separator is to

r %fii’e%owaﬁsrpreb%aaerlwogﬂtociﬂrom d feedsubssavsativ flewsip fisgadiant
N§schaEH B Bdugh e POUfkeSoleng pPsly QM’fu'i&Q@wBéte the QadRbushylirdéddfons
amount _of |ift t he tenperature of the ecand
vHBé’P"OFyIZﬁﬁOQO‘%*J%g-F‘g?%?“%%’nb ”ﬁ\@wlnﬂ%#@ Speh line 23
| Dyyadal infed Rendpfafares kdthe eXREPIeEioATDSze Qovk G¥RL, andaCRadi P82°C at
first vapor- 20 liquid separator is operated at 375 to
400C., the second vapor-1liquid separator could be
operated in the range of 46Qqgto 480C. The range of
operation of the second vapor-liquid separator will be
typically between about 460C up to 500C with | ower
tenperatures being preferred to mnimze coke
deposition or fouling of the equi pnent. The heated
steanigas m xture exits the second vapor-liquid
separator via line 38
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25 and is superheated by the addition of a small

amount of dilution steam41. The m xture is then fed

to the second stage preheater 21 and is heated in the
second stage preheater as it flows through tubes

Wozpud 7&79 conbusti on gases fromthe radi ant %%W?%W’OS?S‘”
the furnace. In the second stage preheater 21, the
super heated steamgas mxture is fully preheated to
near or just below a tenperature at which significant

f edst ock cr in |atedc e 30 d ition,
| FrEERE T MARGY Moot OE Ay Mo Rk e U C aid S8, t
s plofegueidkiny of Ioﬁg\mi sﬂloﬁt Bigairt Meledlilds 1S Rt inGlBcullir tieighti@kXins, ie.

oS8 ving e abfior el o 74 el 25 s Pl e ormnce

agsinds, dtie ake gt ﬁmﬂdutbt sthylze! progyledee biitartieracleentdae Ohyglogen, and

| 3, T iy t. t enperat u tQ.. r adi .

o iy ng SR 6t ikt DAL Yol bt B LY e i e

egltedommeml: empuc&,f tepicdlly yrarging| fecars 1 5 %6 B Wt %nithsadipat the weight of the

p?ﬁ;ﬁ)ﬁieﬁ%eﬁs tween 760C and 860C, to pronote cracking
ort chain nolecules to | ow nol ecul ar

wei ghﬂ%elmqemof the cinvegtierf jinhibith opken formaticpowithin e vapor-Hiquid

t P @RID oA 3P arfd in B Glage ﬁéheﬁgr Al ?é(ﬁﬁmﬂn QLYisd Be heating
furnace include, but are not limte yl ene,

pFBsTagas SribIn the firs(age Brebesiss shclurfages Wside e vapgfduid separators and

rraas&m@, aﬁﬁe@hps@emﬁsﬁﬂ@seasnadmgdﬁéue&bﬁ, pandeni ¢, and
aromatj c product s, Ethgﬂ ene is the predom na

pr oduc®™! ﬁFaE%W %&“@P&M@cfﬁc’%’éﬁ WP%“t"b‘ﬁ%‘é‘& sgftjon
t hiemwhxgk&) afd proddesapains 1@ hyfodgidsityodthcking the hgaEh@arbons of the
coke, fornati.o

Qces n ti [ h|b|t

A PRTRR Rt obe e Yo i i & B A e mtecutr
t veighti cifins sucage ebyleire ptopylerizland bytadient i The ddwey olw@o-rictngroduct
tgﬁse"s]elﬁ;(ﬂ Bgrolytic cracking furnace 10 through conduit 23. As stated above, the

pyrolytic cracking product comprises lower olefins but includes other derivatives.

As these terms are used herein, the light fraction comprises those hydrocarbon
compounds that may suitably be used as feedstock for traditional pyrolytic cracking
furnaces that are capable of vaporizing and pyrolytically cracking liquid hydrocarbon
feedstocks. Such hydrocarbon compounds are generally those hydrocarbons that have
normal boiling temperatures, meaning boiling temperatures at 1.0 Bar of less than 590°C,
more preferably less than 537°C, and are liquids at normal feedstock pressures required at
the inlet of the first stage preheater. Feedstocks that have been derived directly by
fractionation of crude oil and that predominately contain components with lower normal
boiling points are usually more paraffinic in nature and tend to be better hydrocarbon
feedstock with higher yields of lower olefins for pyrolytic cracking furnaces than heavier
teedstocks derived from crude oil that contain components with higher normal boiling
points. Also these feedstocks with lower normal boiling points can be easily processed in
traditionally designed pyrolysis furnaces.

The pyrolysis furnace may be any type of conventional olefins pyrolysis furnace
operated for production of lower molecular weight olefins, especially including a tubular

steam-cracking furnace. The tubes within the convection zone of the pyrolysis furnace

11
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10 surfaces within the first stage preheater and
surfaces inside the vapor-liquid separators and
associ at ed equi pnent upstream of the second stage
preheater. Pyrol ytic cracking furnace 10 defi nes
WORMEIY ¢ cracki ng zone (the radiant sect i Br/B2047g4399
furnace) and provides neans for pyrolytically cracking

t he hydrocarbons of the vaporized fraction of the
feedstock to thereby yield a product rich in | ower

nol ecul ar 15 wei ht oleflns such as ethyle

pPBHYE BFBsed 2 bt in Boruic] GRAY SGRBFERDS F‘H‘tg"ﬁ‘rf%ﬁ tipgle
PP&S 66thé fe@cm&y &@dugﬁ th@ csﬂvééﬂf)h Bghel Wit nﬁeﬂetme fdadsiaeq inay be split

conduit 2 st ated above, the C. crac
RSl st PR SAEE e o ey S igh b R B with U-
dBdnidy, at imwESe fed to a sindk fediqass comprited amanysedgmmbes intercolwected

R Ui obehoP T SRR Rl R R PRl R TR BE B

pytagel prétiegterc rlarefniablg B0 fifsti stagecirehetthais camprised phirecor afore single

PP bl DAL O 1 bl Eyefiof A B, pulels fomace, e second
g mmuea}tertmnysaéso lhy d single piso asmulkiple pisa benkipd pied bub preferably is a

BLER4] B §F 2k 18, Gt Mg BTRAEY ik e e, of

ah:eimeiattmmasapg PRkl itf i cinimeiesd. prie oBis rRseferresly embadimest, the
t B&irvbdtib® ko ffol RAtidd 4dtvapdrBfhg o@rtlﬁ:hﬁ@isﬁ:ﬁk coTaRiEsst D6kde passage

t hat have been derived directl Fﬂ? onatj o f

c PRYERE 9B Pr oy bewks throneh e 34 o8 c'é‘s‘h?lé °Eiﬂﬁ‘§&’ﬁ@ﬁ‘t stock

vvnt)hs hVEhuIBgE Pk bmlférlsﬁ&ﬂﬁ&(ljﬂgtos mg b@:gbhﬁ@f&hel fed8@EIthat is to be
nd to be bett

finic in nature a r h ca
P Banlytodon o AR e P aton, o ey Surgre iy B RS or
yéaﬁhymne eapef faar ihia §irsk vaposli@sd depamo eiatthueasactﬁ bl shomke may be

d | that Ll ]
IR R AR SR s e SRb B4R oROBR” BTl o] ey ave

weedvbral oweof toles.mal  boi | i ng points can be easily

procesgeg dd) nif: n% acGicJ‘t% g{ﬁé L%esd(%%egfﬁ%gsn% géh)fzﬁérsdnd in tubmg

f ur naces si s furnace e an
oﬁmmsm@mépcméhq ﬁem.ptqa@rlg@ e fapophguad W@P‘ﬁt@dﬂ‘ﬁ élrleaf

p(f&&h‘&to‘f M Ldde! oﬂvﬁﬁlomh$fé's'ih§er feliRiod How sBdutd e selected to reduce
ubul ar steam cracki ng furnace.

THe resislscs tigheroh fhe ligwd aidighemperasire soipgheptesifiense e prrpetegcoke

f ifrMagR onBY hReduffaRd 86 he Svalls. D AR Kappiopri 4k Bfeat ’?elocny will also
paraIIeI or the tubes may be arran%ﬂg for a

D FaoisiofHEon Sh b LR o gHoTe EURG B r g g gud gpovide
t bﬁ‘ﬁméﬂt Rhicar fdde 4t @mdﬁﬂnﬁﬂ«hmutgeo it of HMiigizs eheatepdsition of

| o BARR B0 oD oh oo} Y o Pul el e e

f edes q;fahaesﬁm:qge pshmeofedmnlye steroficietfortnati@sand deposition, there is

i nterconnect ed

e e b

f ratestof seka gelufmaahnean & dmlﬁn@fle vighyof thetehiea *metgs treqyireopats needed
DLPRE  (LuEETR Syl A AL A, e

pywépyﬁﬁgnY@WM&ﬁ@nghe second stage preheater may al so

be a_Sophéndfs Sectog 14 ehit Bl a0 n R ocObockCe R sage

preferably is a mul pass bank so that its

p PEBHRE ds hitke t‘séd’tﬁ é‘éﬂ C@msnttort@ gping dprclanisihe o pRegerred
h%EQEREND @P ShePASSHiBE thd iMd40 Nelodityl & e Bhidd 28 hnd/bh Idnpirésidue
preferred enbodi nent, the convection zone for heating
and vapori zi ng of the f eedst ock conprises a single
passage having one or nore banks through which all of
the crude oil and/or Iong residue feedstock flows, and

a multiple pass bank for superheating of the portion

of the feedstock that is to be pyrolyze.d in the

radi ant section. In addition, a separate superheating
bank is used for 15 heating the vapor fromthe first
vapor - I|qU|d separator. Vvthin each bank the t ubes
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To further mnimze coking in the tubes of the first
stage preheater and in tubing further downstream such
as the piping |leading to the vapor-liquid

separator(s), the linear 20 velocity of the crude oil
WRMYAPEhg resi due feedstock flow shoul d bePSHPREYIAE4599
to reduce the residence tine of the liquid at high
tenperature as higher residence tinme pronotes coke
formation on t he heated surfaces of the walls. An

appropri.ate |near velocity wll pro

£ Btk i cdenced iy igepting a 3math grapunt, ﬁ? 3@&1%“3?%@ ithegfepdstock

t ubenseennd GFaRe REIpuRipOAnd Geiostd fehing wittih uetfﬁa rstagqsrsleaei ot Reny
0

vvaII f the tu revent
ot Prirel A R slole BORAE At e G Smberers o fecmge o
oﬁnchhrudg residueaipatisiock, |tl&l’rg:ldcitﬁ bflthe féedahivtighClie tidbeOingiBasedeTo

f:%‘[%gw? ﬁlflSé ete:t grlllgﬁxtaa]g p SI E)F ngtg‘% %g ge?igcy (S:I%Htag 125 tt “CI)after or

ornmatron PEES
r esgresagifon| therecight withe edspock @hrm&h preerfirit stakapreticgedmbaschut larger
b%M&Eg WP he beneficial rates of coke reduction

beglnto imnish in view of the extra energy .
requi riememys cogmereidl tdefiptinpyralysts fureatss obR madiantt pestion  tubes

S h&hBlate SHHLIER TR Serd 3-9 H&kd H0ESH @d&‘&l&%ﬁ%@oﬁhose tubes.
hlggher 30 t han optinum vel ocity range. One neans

dhednyeptipmpreyiides fof dhegireheating apdeeracking of e erydg @ikaad/or
t ®nf heidhd fe&]sto‘éﬁ 0L RGIREREBEe Vithold Hadig b thﬁdd%&%@fmﬁEWfor

nventional p [ mechanjsm In a preferred
o 5B ERFEgT o F RYEEHAT S&?Ponteﬁ‘gwmnﬁé% mere PHE thgn Gy furmace
t Weuld biheeyiei Havamddeehutlcnm il Gdbrcty eondfuet&desaeaaltmg ﬁeatment in the
enhanced. b uid wate

{
AR RoR g Uik MR B BHoR fhe Preetiofdrgony perod s
patilenst mdnngmuhyradtahﬂseamonhmﬁmdst stage preheater, or at
taﬂy p(ﬂl gr.tlo ?%ngf)&ﬂné% Epl!hg mtVQH%OIl tfglg' Eon‘?écggne segﬁo%nﬁ%} Gfe debbked
e liq vaporizes in the crude ol l andl or
| @ngregelm schedulpdiondis taoa:f(equerttm as/reipoeil ta}ad oOf noteent froeedfrequent than
LB thqhbnkf‘ et itPRGiah"GERAS G okidd I \étg ‘céﬁvé%n%ﬁfs%‘on is

only smal1l quantities of water are neeyg
odezskeﬂtﬂ/a \'itia‘i“@t“:}’oﬂlt leng Sqtines dengetomone peeieralilyy fipm @t lepsh 6 to 9 times
f RAES HRE knel AN Qbbb SecBhﬁ§ fchsduRd emaa}eﬁge&t thing HORS conPittion

| arger armunts can bhe used conmner cj al

oreERan e D] eica Of e furmeee may e oA e gD BRe PLBElading

aeaéwatcab@mg ub failew eﬁtou?ahﬂ ﬂ&bvm&w%a?geEpréitgﬁt;&otbe dirktsidd ﬂhwf the
a eCoKIl n erat.ion of those_t ubes focess .o
ST, e SR S ing 0P BE Ao 4 T, e e S SachRs g

ofrom the lsd:end) mhgeamdbieetrer ﬂﬁn@atE(EStbﬂm&lr fogedet witikflawn toathe radiant

slrnac 0 hut .down
P rnp e Rt 0N DR e Tt R
s ect i dm ﬂe@mbpdrmnms desyribed heremf them ig & flow toh dilvtion s@ane that enters
oS AL SE AR oI AR BB g s
t ttt@sprehatert eerqhy sersdisatiog thet{tow crf\ﬂémqn@wamttmeteeme@tmdm a
%é 2 Abdut!is0PE {d ”R)g d §lth1) %‘)tduggtﬁﬁéhtp mleg)ﬂﬂ bgﬁse'tlngu rheatin
ra ant section run peri n anot her e I men
othe dijatiqnrajeapt is gmeferrad o @sniny ét theovperizatianodf heartyefsedsiogks where
%etfﬁqomm@eﬁﬁay t@&,esfﬁtt%ttgo ?Q-h&?e? lafe 1hited B‘g BRI Yut@Ral

required, and in no event frequent
f feBBeraHRyeayfred | anipimise &hl’fe‘seétﬂoi(%ﬁlﬁpa%%@ ttlg firspytege PreApALSF.
the convection section is decoked at a frequency at

| east 5 tinmes longer, nore preferably fromat |east 6
to 9 tinmes 20 | onger than the radiant section decoking
schedul e. Decoki ng of tubingsin the convection section
and radi ant section of the furnace may be conducted at
the same tinme by including valves and piping to allow
the outlet of the first stage preheater to be directed
into the second stage preheater and by putting a fl ow
of steamand air into the first stage preheater. From
the second stage preheater the heated steamair

.
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25 section of the furnace and decoke it along with the
first and second stage preheaters. In the
enbodi ments descri bed herein, there is a fl ow of
dilution steamthat enters the convection section in
W38 heat i ng bank, preferably between th%CW§2§?7’0“599
and second stage preheaters t her eby superheating the
flow of dilution steamto a tenperature within a range
of about 450C to 700C, al though hi gher tenperatures
can be used. Su eat i of 30 the dil on steam
o1 of ot 85 A SRR of He RyenignBienind B o  added 1o
f meﬁ&t aaderahbadreubeapdor Batvbannhd ilpeibefedni he ﬁrsnsthga@reheater of
st _stage preh er are limt ymaxrnumtu
St Rt G e A g e iy R e 4 s ezt 4
delptmm wsedh toi proradeuriiforns tiquid werdnguf diecatiing walls at the mixing pyint.
anot h .
a1 ut o Las LA e BeedyPulb BN e LA gt wing
t whits<20m anlintst I%éqnmemng He ingsaning grsilineid fmixture 14 e vépor @et 16a for
SRR REARS g6 BUEF 13:06F diitht P LARERRAAS. Closel
tapgor?(frqur z é f e

dOVVnSt rea separ ator via a m Xl ng nozzl
Aspagsd fepmm, the dnlet Sldgy ist by B desving grlwralityrof vages 2Pavseeced n@uraﬂfthe
t AR RRInE0LF WRIELS 28 brefe®ly Bloté 13GheRl Héa:eséhﬁﬁj‘e@ml Afe {nBoming

Fig. 2, the preferred vapor -l iquid separator

c%ﬂlﬂ% guixtgre Jd dsirperrel, Phylagking & Do aroxias! e %tthelfzra 2 gpd, in
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| PG S ?‘e I’%’é’ ‘"f%ﬁ ©f Hﬁgr Ve Pﬂ‘t}j 15?1’ ‘*FC'F %ﬁ “H“‘Bh g‘?@“‘& g walls
Chaazeinpletslp asxeedi +ithQiguit lasd dedlesing B{é&ate Sf ﬂ' nhu;bev&ﬁmg,auy tudting of

calit d nf
o it 85 AR SR U ST SR oL PRBRREE o
| mngaﬂetelﬂwaettec'r breldlmmcm lngm]iyegha flowsdaval tm gaterisuefacedf hsb 25 due
E%R&gﬁfeﬂc B¥eSB AR e (flgm{r he 11{3&%&'@@1 &?{Mée dr'fio BB the
I'n particular, he vanes aforcing a
pmmrnmmﬁ thofwall4¥9a. A gldit &Wa@@dﬂtﬁe diftal efrkof tieyhtlp 23eand 4ids in forcing

OMf W(ﬂira}{s Bﬂé’rﬁf)% ﬁﬁ%uﬁé@élﬁéce%@ ﬁ're (Bilb ﬁfht@ theHr M or Iof lﬂy \vglls 20a by

separ at or 20 t her eby keeping t s 20a co ely
weppstipedtid Haud iggithe Sﬁfﬁlﬁlgdféﬁqfe% “r'ﬁ@er P%Of’rcét&@ vegor- lﬂ‘Fld prREgTator

PLE@XENkd 1 G 203 H¥rwesKihé) filcD 1 4at 1@ hib 1595 laidIweting bi'Be WodrbSof walls
20a. Lj kew sed t he ogt er surface of the hu%% ég i's

3 s dhengasrlifid e A4 epers the) \apgreiapid fepasticli the, fiqid 15 is
| trmspc@ted ﬂwafwafd,‘l atkedps Quwwma\ma wiethe e 25 Swashbd el I@&uclssuhf not

5 due uf fici ent fo port the_liqguid
e TR AR RS Ty S8l o ous e
i veper-liquid saﬁarﬁtbteZO\mbuk@ ﬂﬁ(l@mdAumk il Fat A@Ebofﬁnletrmuﬂad 26 isipeovided

G50 08 D G5, S FREEIR g e

Ze'poted to mnrrqwewe iteppexgfuret thlecowmglcsllezeehml}d Bepdeilwingglowasirgam

i The,
{2 bty Yl S b6, e REAORE beP Ao i
b@fﬂ%@ﬁ Gwiener design is poplied ffgthy, prsfepsd tn@ceaﬂ efmbediment that drcorpprates
| RloSfahMiqR séf&lat!oé tﬂ@ﬁozﬁ& d6h& Habonly i %ie@ed%d@#dbﬁe are not

enters the va 1|qU| separ at or 20.

i e inyihe G5t £¥ n%r Shpidesien F*ﬂcektbeép‘gouﬂ%ecmr Rﬂg g‘éﬂ’& second
t fRlohdl yaddrenaAs el otigh BRpBRSs anl possiBly dRlisfgGIND $:ecotnh @nstable.
f rmation of coke on thelir surfaces. The liquid 1

YaPr Rase L quiery the;yanoroytlef duct s b‘&‘&?é‘rpofnr Hsi s B‘&}e&l%
20 through the liquid outlet 15a. A pair of inlet
nozzles 26 is provided 25 bel ow the vapor outlet tube
16a to provide quench oil, typically recycled pitch
that has been cooled to a nog-reactive tenperature for
cooling collected Iiquid 15 and reduci ng downstream
coke formation by ensuring surfaces underneath the
nozzles are well irrigated with liquid. Wen this
cyclone design is applied in the preferred process
enbodi ment that incorporates two vapor-liquid
separators, the nozzles 26 are used only in the second

L, ~~N 1T " . o Y
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The di stance of the hub 25 extension bel ow the vanes
25a was picked based on estinmation of the liquid drop
size that woul d be captured before the drop had noved
pore 5 than hal f way past the hub 25. Significant
VOFHIPE wi 1| be stream ng down the hub 25 PEHUPEOHE599
observations with an air/water nodel) and the presence
of a 'skirt' 25b on the hub 25 will introduce liquid
droplets into the vapor phase well bel ow the vanes

nd coll ctlon w .l | continue_ bel owthe skirt 25b
o?lmiﬁa Sgoupis e ernapee | %‘ﬂﬁeﬁa@agﬁﬂg‘l‘ﬂd&fdﬂ RFipspany figud 15
asutwirdiytonesd thesepdistoraualld 262, t ube 16a. The hub Skl rt 25b
was si.ze Y} lefromtehub 5 as cl ose
e podTEyeteRe e bl Priion bSE B yiten 5oyl Sk on
aemﬂi@r of vigdgyuidkitorf dizethdo @loald be hgtured/tefdra bk droprhad meved more

v t b t 20% rare ar

7 BAE i 0y ol 25 ERRGIPIAR! 13 APH o B B 5 25
v fhased opBhserationshveth adelivdivdter modefh peti the) prebenanef 20fskitth2sh on the
WPV ip @ A G Lfb 4P arBt ke O o B viid 250, ana
r eflggtiog wil wmlmbeéo‘bftheesk@i | of bty 25 é\aﬁetogbﬂpmnawﬂ swighef the

| SapeS Rfhs it QfovE QT RROLER bk P64 MBrePHuB SEAL ZﬂbrW§ere@% move liquid
T&@Hcalllé*% ft he heated stream 14 fromthe first

2 iclostf RpSitle toathpiopyalh ¥R yidontgeduging the qrea for
i Sapepm A6w ®lowi thdd aswaaé neme @dnee i2bait KOR pRdcBeiMuitet, &Hoﬁlem%
and mxture is routed to

ed vapo ui d
vglﬁl&m*fﬂ ftaﬁﬁa@ %?ﬂatl’sfwd% ﬂ‘%%?’ésef‘h% R YORR PRy Y “detats
afegarmag simeg exdhmﬁarhtemmﬁdmedsmmrate@r No.i6@32, 8516 wHidh is he@by
ui d brepnved via 20 line 74 to an accurmul at or
rurnt? IR& pitch is renoved via line 76.
AI t hom3nelatestmhmlse of driingle G3elotdvepdraomendad usedfooéongiation to

7B ik A BE CHIAY. 9 SATURNFE SRR AR BN TR
3@0@@#& neealo d avherg itis comhatad w1§cspp¢rmateﬂudquuoai sfermvig e 71,
bQJdt B hQfedt Jasorqf B iRt & REutd PR 4 o‘f,astrv R ufdf éégaxa&oyze WhaR the

iquid level via a spray ring t vapors

| ﬁa‘tkﬁ‘é"%?%‘ e Teeorereshang degva th"gsel’ﬁémb‘é’t llrmﬂ32 E"ﬂfblﬂqut‘hé femoved via

Cied png aﬁ'a@tﬁﬂ:uﬂt&mﬂrﬁ‘ &5,| dnfldhepitcR iSRRoVeddIP Y 78 fAlthough not
glgerhe géteamlsm ected via line 78 into the

BF hhgse GhSRReRPTaY Rich GuirTne: Hetcarretition e rndamsath the
Whiche fslrapidly waweado a ﬂoxctenuﬁwe fempézaﬁfet offab@wsﬂmctbls) @ntroducing a

<t Frege i B8 o betRinl oS it VR AE e sbmg e

t hpidly el eiaa spry eng Ub@rdvbm hofi vapats i thescyelohd fra R eing the bottom

ng er n bet n the o
S5 RP bk Rebf VB GRTA55L AP RREE, L %
slineggrintp the veper ehasmbavet sprae n‘ng int the dcemglgoniran szmg €lows upward
P | V. o e
PSSR g0 BREAREEh BB AEGHLL Sheblc sy
Finispted via dino?7 into thenyapers leaving Hy cysilope |t<1:ens@e the wixtuig ipwvelt ghove

f i BRpSnYR @x{tﬁ‘cdnheduﬁg ?Eﬁk g&w@éﬁ%@&@%ﬁé LrﬁQhet é&c(ﬂﬁ QELE freheater
ol efins, exit furnace i'n |ine .

The Ecr%ner' ﬁwﬁt is &ptedade linsdd teldhespgopd éfﬂsemr%hé?tﬁrsané fexits the

t étﬂv@ﬁ@ﬁ@&tdn}bf e GhrRdce 41 viaiROsiemit of Mqﬁéﬁ@ﬁ&' £. From line 22
variation a nodi fi cations are possible ﬁ t hose

< Pt PO egion. B i T7Rer AP A HAles RELRORYCER fogpuce
aslefing) wHidhexit iR feaapen ofe 28he descri bed i nventi on and
appended clains. CLAIMS 1. A process for vapori zing

and pyrolyzing a portion of a hydrocarbon feedstock to
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ol efins, and separating an unvaporized portion of said

f eedst ock contai ni ng undesirabl e coke precursors

and/or high boiling pitch fractions that cannot be

conpl etel y vapori zed under convection section
\‘,(8%79?73% of a typical pyrolysis furnace, sBfHUS2007/064599
process conprising: a) feeding the hydrocarbon
feedstock to a first stage preheater provided in a
convection zone of a pyrolysis furnace, and heating

said f h?ck to a Iet tenﬁerature of less than
405 C. Wi HS DVRRLoR % ?% Aereritst RSy of B phTERgRye Pryferred
h aabcmﬂnegaseakonmle chrigiiot! dutl eodifipatiohd 43€lpaavible Gy thos: skiziad Bdhe art.

sI| tur fromthe first stage p
el PR BB e i sesbt B e ebrord Bybgn wnd

th@emdemnsd strean1to a first vapor-1liquid separator,
c) separating and renoving the gas fromthe liquid in
the first vapor-liquid separator, heating the gas in a
vapor phase superheater provided in said convection
zone to a tenperature of about 450 to 700 C., feeding
60 to 100 vol une percent of the heated gas to a second
vapor-liquid separator, and the remaining portion into
a radi ant zone of the pyrolysis furnace and pyrol yzing
the gas to produce ol efins and other pyrolysis
products, d) withdrawing the liquid fromthe first
vapor-liquid separator, and heating the renoved |iquid
to a tenperature of about 425 to about 510 C. by
conbining it wiwth the majority portion of the vapor
fromthe first vapor-liquid separator after it is
further heated in said superheater in the convection
zone and feeding the streamto a second vapor-liquid
separator, e) separating and renoving the gas fromthe
liquid fraction in the second vapor-1liquid separator,
feeding the renoved gas into a radiant zone of the
pyrol ysis furnace and pyrolyzing the gas to produce
ol efins and ot her pyrolysis products, and f) renoving
the remaining liquid fraction fromthe second
vapor-liquid separator. 2. The process of claim1
wherei n pyrol ytic cracking conditions include a
pyrol ytic cracking tenperature of fromabout 700 C. to
about 900 C., a pyrolytic cracking pressure of from
about 15 psia to about 45 psia, and wherein the
gaseous fractions are exposed to the pyrolytic
cracking conditions within the radiant zone for a
pyrolytic cracking time period upwardly to a maxi num
of about 10 seconds. 3. The process of claim1l wherein
said vapor-liquid separators are centrifugal vapor-
liquid separators. 4. The process of claim1l wherein
superheated dilution steamis added to the heated
gas-liquid mxture fromthe first stage preheater in a
m xi ng nozzl e.
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5. The process of claim1l wherein said hydrocarbon
feedstock is selected fromthe group consisting of
| ong and short crude oil residues; vacuum gas oil
heavy gas oil; <crude oil; deasphalted oil; oils
derived fromtar sands, oil shale and coal; SMDS
(Shell Mddle Distillate Synthesis) heavy ends; GIL
(Gas to Liquid) heavy ends; Heavy Paraffins Synthesis
Clpkindsict s; Fi scher Tropsch products; hydrocrackate; and
m xtures thereof. 6. The process of claim1 wherein

1.t he A proRessabrigpofikinkRad p ﬂivyz%g £5RH of b MPUEJEbER FRAGkock to
ol&fAROknd éeﬁh‘ﬂagn ﬁﬁ’@lfﬁéf Flzéds GEbi BF Sld 1B dRtoBR b HMing undesirable
coké Hﬁ%ﬁl@&t‘d ﬁ'a{c‘f’ioﬁsoﬂl%f QAnan?e §5nﬁ£b g; aporized

q | u
gg&rr Eﬁve ﬂlSHJ S Ct e% n(%) exceed t#}?}f&%l \E\ﬁ%@{] cause mcess
UI d.

pro%@f ﬂ%n&S Fl(yad gclf ﬁg a%e % fovided in a

I i qél ‘a"eF ?%ﬂ: F? ‘? Byﬁ png s, %135 joutlet

14«3 ueR {*ﬁat g‘wﬂrm db? rftstg erelaeat%9 PEpfijice a
CHRLESTIGULERELHE: t he separ ator. 8. The process of
b) ¢l aMithgrapriag dhe hegted; gppliquid unixtits fram ghec diigt stage preheater,
vap&Pmbingg ig withhigh tegrperature steamolnidelgediog thet compbunedtstream to a
of tﬁé%twemn lneel sepeta®®B0 C. by adj usting the tenperature
¢) and s¢fasatiagwod tenofvirg the ghetore dhalliquid irothe $itw aapadidaili eparator,
t he heatipgitie fasdnl atvapdriphasesnpertieataaovillédjini sdidwepedcaib®one to a
9. Tdmepepniaeasfsaboflit 430iaTV@ Ve f&idingt 60Etd e0MeslaimerRrdent of the
t he hesteddpah t6a Sdcohd Ghipdt-IRARAEphtor] endChetreMhings pftion into a
ad] wslidnd Gokd 6f the A6y finse :Idﬂepflrbl%ihg RN ﬂorygoane olefins
secgmﬂmﬁaqg&m&g u&gpar at or The process of
d) C| alnGraWisy 1513 frdrf Uhd ﬁr?t'm 5[1@ Ql%i Qeating the
Vap%m&v’eg fatdré o'i' 9(’) mbmlng it
pr o@ﬁtﬁ%hé) §; g h vaR)/ fﬂ) he r(%ttvagf)r- iqu or after it
ik “qﬂh amﬁﬁ?awmog Z°B%8““ﬁ§“$‘ﬂ he stream
I i q ke Qr' ﬁeéparq second vapor-liquid
a a P% ahi f%mo‘rlﬂa gess femqhe dicahiractipiondh Spgpad vapor-
£ of JRUIS 6RO feering theo Femaved @n Rl Fadiapbzaechl heppyrolysis
and furnase sod myeolyging theagns e rosign @ledins fapé @the pkrolysissproducts,
Theat ocess of claim 1l wherein steam and/or |iquid
f) wat mmavingthel eunaining Heuifl dradserofrémale tehend vapet-liquad séparator.
first stage preheater and/or after the inlet to the
2. fi r $he ptoaes of chiadt wheréin pyralgtic ¢racking caisttons Ghadedet &/ pyrolytic
cratkiag perepeatusy of fHoas abaN70ONTIr © svat Jobe O ®Wykdlyiid) cracking
prebduge 8N fromadbolil OIVpEia b ABeut IFSPHIA, Afd Wiiet(l tﬂ’éaéals&)us fiettions are
expbB&l RS @ee pfroBkic Cdradkin B colMticHs Nwithifl Uhél WBART zdne iﬁfi‘leﬁymlytlc
cratléing Rfelped ﬁ]ﬁ@@l‘&/%ﬂrxx?axﬁhﬁﬁito'f%bétlﬁé‘é@oh@s control t

tenperature of thé steamto between 530 and 700 C.

3. The process of claim 1 wherein said vapor-liquid separators are centrifugal vapor-
liquid separators.

4, The process of claim 1 wherein superheated dilution steam is added to the heated
gas-liquid mixture from the first stage preheater in a mixing nozzle.

5. The process of claim 1 wherein said hydrocarbon feedstock is selected from the
group consisting of long and short crude oil residues; vacuum gas oil; heavy gas oil;
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crude oil; deasphalted oil; oils derived from tar sands, oil shale and coal; SMDS (Shell
Middle Distillate Synthesis) heavy ends; GTL (Gas to Ligquid) heavy ends; Heavy
Paraffins Synthesis products; Fischer Tropsch products; hydrocrackate; and mixtures
thereof,

6. The process of claim 1 wherein the temperature of the liquid removed from the
second vapor-liquid separator is adjusted to a maximum temperature of about 320° C. to
control the stability of the liquid, such that the time-temperature history of the liquid does
not exceed that which cause asphaltenes to precipitate in the liquid.

7. The process of claim | wherein the amount of remaining liquid fraction from the
second vapor-liquid separator is adjusted such that enough liquid is left to wet and wash
the surfaces of the separator.

8. The process of claim 6 wherein the temperature in the second vapor-liquid
separator is controlled to a temperature of between 460 and 500° C. by adjusting the
temperature and the amount of superheated dilution steam added to the liquid feed to the
second vapor-liquid separator.

9. The process of claim 6 wherein the temperature in the second vapor-liquid
separator is controlled by adjusting the temperature of the liquid entering the second
vapor-liquid separator.

10.  The process of claim 6 wherein the liquid removed from the second vapor-liquid
separator is rapidly cooled.

11.  The process of claim | wherein high temperature dilution steam is added to: a) the
vapor outlet of the first and the second vapor-liquid separators, and b) the liquid outlets of
the first and second vapor-liquid separators.

12. The process of claim 1 wherein the total amount of dilution steam added is
between 0.25 and 1.0 pounds of steam per pound of feedstock.

13.  The process of claim 1 wherein steam and/or liquid water is added to the
feedstock at the inlet to the first stage preheater and/or after the inlet to the first stage
preheater in order to increase velocity in the preheater tubes, and ensure that the flow is
in the annular flow regime, ensuring wetted walls,

14.  The process of claim 8 wherein liquid water is added to the high temperature
dilution steam to control the temperature of the steam to between 530 and 700° C.
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