WD 01/ 66672 PCT/ EP01/ 02628 PYROLYZI NG CRUDE O L AND CRUDE O L FRACTI ONS
CONTAI NI NG PI TCH The invention pertains to a process for pyrolyzing a

f eedst ockwoh1/essarle oi | and crude oil fractions contai ni ngpCpEPEIN2628 an

ol efins pyrolysis furnace. The production of olefins, in particular
ethylene, is 5 achieved conventionally by the thermal cracking of
petrol eum hydrocarbon feedstocks using natural gas |iquids, (NG's) such
as ethane or by using the naphPhROLYZHEE ORVDE rQEL i M8 produced from a

crude distillation col usRygRespt | REnAPPYEs AL IRSRNEFHS PEFSsuUre. Mre 10

recently, the trend in sone regions is toward designing crackers to
accommodate the use of heavier feedstocks, such as vacuumgas oils. These

heavi er feedst ockgy e BAWRKRE onf s.in_c tion section preheaters
and downst ream equi prent §§°80%§E5%§§§iFfoﬁ.8$§§%8§|%8F08¥§8E¥§ln9 a
t enper at ur es aeeth&oeki pfotcrikde eoddvecti emusectiidn firacst onst agatpiaheat er s

range from abgt 00-4 ' re onpl.etely_vapourizing the feedstock
within the c %%gétggnggeg F%E%Sogyfﬁi gg?y%Pééacgases such as gas oil and

vacuum gas oil, fThel bycdndtionpbét ellgf28syapaupbzitngulihe teagstaek is
externally as_it.proceeds toward.the, second, stage. preheaters through a m x
S W th eihPHaE S urbiPhe ade by EBT FRetrel” ATACHSBUGSS.

nozzle wth stperheat
U. S. - A-5, 580, g48rdilschorgsiracprboes sebastoraskiiBgnhowarguahi by sf eedst ock

such as a hea¥¥ nat.ur al %iﬁ"i uig, 25 which is En associated oil occurring
in smal |l quantifr&Es wiltNRL fé gPS uBti 6h"8ReglE PYoHTdas el a3phthe
process is descyhbediasfpreeesskngrbhactaedsback thuaughiathiifigtiost age

pr eheat er mﬁthlg t he convecgtion zone to a vapour- |liquid separator external
to the convectPol™ZoRBSAPLeRI3BPBERPNGRPRBECHLENPEAPERREAt efosReam a

second st age rdc¥®:0%] 66642tPeRAEEPA168R628cgions is toward designing

crackers to accommodate the use of heavier feedstocks,
such as vacuum gas oils. These heavier feedstocks,
however, foul tubes in convection section preheaters and
downstream equipment by coke deposition. Typical process

15 temperatures at the exit of the convection section first
stage preheaters range from about 200-400 °cC, thereb?
completely vapourizing the feedstock within the
convection section, or in heavy feed cases such as gas
oil and vacuum gas oil, finally and completely

20 vapourizing the feedstock externally as it proceeds
toward the second stage preheaters through a mix nozzle
with superheated steam as described in U.S.-A-4,498,629.

U.5.-A-5,580,443 discloses a process for cracking low
quality feedstock such as a heavy natural gas-liquid,

25 which is an associated oil occurring in small quantities
with the production of gas from gas fields. The process
is described as processing the feedstock through a first
stage preheater within the convection zone to a vapour-
liquid separator external to the convection zone after

30 being mixed with superheated steam, a second stage



preheater wthin a convection zone, and finally to the radiant zone. The
feedstock is cracked by separating and renoving in a vapour-Iliquid

separ at ow@opaisri on of heavy fractions fromthe first stBRQEEpPeoiaizemst er
section, and 5 subsequently returning the vapourized portion of the
feedstock to the second stage preheater before subjecting the feedstock to
pyrol ysis. ThETEHFESH dHe Y Fic8SiaE 1ap 3ane t ed ifigraldiage prheheat er

tubes are mai ptaiiRed wWdhin ayange suchd hat thesed ractd e f£ed
10 which woul d otherw se cause coking problens in theksﬁﬁggﬂﬁ§$%1f£§¥mfn

i quid state, BAFAVETEF déY %0 F@RPNE Kelgpico sepadsd colkd mp rictyl erfs hareryf ul |y
evaporated. TyRi¢ali S trrde e atyrgs S, Eﬂ% fin e er _section
range from 150aC- §50 C irn or der tlo avgit(?%]\?a ourh'lez‘_ilt?l{gr g?e&?%t?é fglop
genera?i ng fr&&biseeslantiyi i ethve niimlge $heTve nyas-ilziequipd mtiixtrurce etiet i ng t he
first preheatefo£8¢400% d eseri [ -, A-5,580,443 as W thin.a

ratio of 60/40 to 98}d 2. 'fjhi%sh%r %t% icjgl?l?gr? t%gléagjrlﬁ‘\ls%teeé1 Sy ©% Ogea&ﬁ’ibtjieé:%l&g
super heat ed dithgt ifeedsttemh do @ypoilysi20 b&hwedrntplee agxirte pokdt pofestshedf i r st
preheater sectj.qn.an rd.qQr..t try in a. vapour-|iquid separator., Once in
t he vapour-l&%&?&%sgggfgkg%F %ﬁggﬁe &ﬁ%&ﬁ§$§g§P§F€dgﬁﬁqHP&H%Fﬁ i ons are
renoved and diwdtchdnged damgm tsliehs yrhiemthowslei Ifealche ogas @Fus Her a&eleidon i s
passefd,t hroug as_25 delivery line, mxed.with superheated. dilution
steaﬁ?oagain,Qggggt%€H§€a§§g§IW§SFh€a¥580ﬁ8 P@h@ipg eMSh fh&hes ddbRg
preheater, thergakeps Heatldduip taatelemperat ractivsis keliawethe to

tenperature at _which cracking. is pronoted after which it passes into the
radi ant secti §A"8fd 3§ €F§€Q§@? FFew%HP&Yb§V68§Fﬁ§ﬁpe t 3 Ypreeds §xfideds

other than heawypenaturals gasnl it ¢S rihr pughea tRYr @k¥sisn Yanaee e the
manuf act ure oﬁ thﬁlggﬁéoDesirable feeds include crude oil or "'the |ong
resi due from tRE b&t 6f 18 ©Fd8& 38 6VPist ¥aBpHERZ NEolthfn CoBeude o

feed 15 derivednkkaming fractions within the tubes.
The gas-liquid mixture exiting the first preheater

section is described in U.S.-A-5,580,443 as within a
ratio of 60/40 to 98/2. This ratio can be adjusted by
the addition of superheated dilution steam at a point

20 between the exit port of the first preheater section and
prior to entry in a vapour-liquid separator. Once in the
vapour~liquid separator, the heavy unevaporated liquid
fractions are removed and discharged from the system,
while the gaseous fraction is passed through a gas

25 delivery line, mixed with superheated dilution steam
again, and then passed to the second preheater. 1In the
second preheater, the gas is heated up to a temperature
just below the temperature at which cracking is promoted,
after which it passes into the radiant section and is

30 cracked.

It would be desirable to process feeds other than
heavy natural gas-liquids through a pyrolysis furnace for
the manufacture of ethylene. Desirable feeds include
crude oil or the long residue from the bottoms of a crude

35 oil atmospheric column. Crude oil feed is derived from



2 WO 01/ 66672 PCT/ EPO1/ 02628 oil fields wherein 60% or nore of the
production extract in liquid formis a crude oil. A heavy natural gas-

| i qui d stweamnsd632 i n a gaseous or supercritical state in POFERsic2ezE, which
condenses into a liquid as it reaches 5 surface tenperatures and pressures.
Processing a crude oil feedstock or the Iong residue of a crude oil

at nospheri ¢ cOrdmt itHdsugher piyr AQRsior mrr?ad(ﬂi ghitﬁerpnqmlctmrp?mmﬁ
conditions desgri 1 -A 43 ;,and 5 i | r, at_a
tenperature r%%gilggﬂflrd;# 1@6 1’%.35@.150%8%10%0%11% a fi rﬂs%taqﬁfr tefhag,cgl*l nlg_%atsage, or at
any tenperat ufédaid FHLERR Hos e If raddsemsls idkelsyper codusieadoldtreg epriabl ens

remain in |iqui t glo S tJ | i_kel.y t.0, coke the tubes are
fully evapor a’t&e}%, %mlglaﬁ%ﬁbgqﬁéi@gg:v%{#gﬁjee%ﬂénb&e%péilu:léqé]tldt & Ilgcwe eacthes

t enperat ur es &urLagewttientpdredyr arataundalp rgas-uriegui d§ra:rc5e]smjmgle$seﬁgucﬂe58
C-350 C, insuftici f.r i of ,vapourized crude oil or long residues
are recovered?arleéfglg%ilsr%)acﬁ%] O%Q%&c?e&&% 106 ) i gggiar glﬂuéjeoloelfji n production
fromthese festdospblesic2@olherhédnoends @fyrolydd soifurandd engidgresirdue

cannot be vapauri under_ typi.cal o] efins pyrolysis furnace caonvectjon
section condi t'gfg“% se.%gsiﬁl\ler gg\?ﬁgcﬁﬁélsofdeéfﬁd%e%ilp ﬁncﬁa'l_@ﬁ&_'%@&'(ﬁé rardd
normal |y renmpiedpbytidiudtad laat iaonerprd atthe el irﬁlhﬂﬁ&lhng |1_25|atJbI°;@_f3r5$pt°|cons
from a distillation, nmost comonly the naphtha or gas oi ractions,
are u%@d as thé Pe%&rfsgr p&lei‘ﬁa%sl PY8irs OTpPantdy FRF®Haing &b on

preparation stapchotheskde ra@itisnand ilkeng resicduger eduwings Adtitdrnal

b ovi ded & pr EBELR P hiRGGT RS BUBBOSE! TaRGBPn S GO ATt i ons
cont ai ni ng pi teRe tBedsi®ek iarcaFudhef kRS pRYEeLYS Soldyngee conprising
feeding the C&Eggdggktgg%g%; %%%g%sglgtfgﬁgt&gng temperatures at

15 which heavy natural gas-liquids are processed,

150 °C-350 °C, insufficient fractions of vapourized crude
oil or long residues are recovered, resulting in reduced
yields of desirable olefin production from these
feedstocks.

20 The heavy ends of crude oil and long residue cannot
be vapourized under typical olefins pyrolysis furnace
convection section conditions. The heavy ends of crude
oil and long residue are normally removed by
distillation, and the lighter vapourizable fractions from

25 a distillation, most commonly the naphtha or gas oil
fractions, are used as the feed for olefins pyrolysis
plants. This distillation preparation step for crude
oils and long residue requires additional capital and
adds additional operating cost to the process.

30 There is now provided a process for pyrolyzing a
crude o0il and/or crude oil fractions containing pitch
feedstock in an olefins pyrolysis furnace comprising
feeding the crude o0il and/or crude oil fractions
containing pitch feedstock to a first stage preheater

35 provided in a convection zone of the furnace, heating the



containing pitch feedstock to a first stage preheater 35 provided in a

convection zone of the furnace, heating the 3 WD 01/66672 PCT/ EPO1/ 02628

f eedst oclwowt/bdem t he first stage preheater to an exit tePpPERIUMRES0f at

| east 375 C to produce a heated gas- liquid m xture, w thdrawi ng the heated

gas-liquid from the first stage preheater to a vapour-liquid separator, 5

separati ng andSrEREPICHg Widigadher dirthie sitipge ®riehealier \rapenr ekidui d

separator, andchgediaig lhe f eved gas 0 @ t%.G%%%ﬁ%fea%e HALeReal el
heating t np g

provided in the convection zone, further e tenperatur€ of the
gas to a tenpéfEidr lgbave t e thelwperiagutdeotheatedgge sexiituig tfhreml 0
vapour - | i qui dgepat at@r Rt QJUeing t-he pre _ i nt radi ant zone
of the pyrolysis furnacg,agﬁa% pyﬁol?ziﬁg Phg%gggg{gﬁgﬁéﬁiﬁgp§ﬁ %ggéociated
by- prodluct s. FhPagbdv-agprescesemoxinge theedatso fpooceds dilkmig ineshdue and

any crude oil L nt.al ni itch,, 15 The gcess of .the invention
al l ows one tov%gggkaqgépggg %?%rggogfu§gdoFF%€%ggtiéﬁsrggﬁygﬁnﬁﬁé %t éh

f eedst ock i nt eethedceteget parhranerobravpyed ysai shkucpacectwohheghehavi ng
to decoke the in _the convection zone_ an oner than the radi ant
tubes of a fuF%gggngﬁgafgnﬁf5é§ssegpefﬁ§ufﬁv %t%gﬁ 82Ceh@s 3 he capability
of an ol ef i nsefipematereo abloash taef eedptackuta beedh@fg@@UQQi@Ehg @heCr ude

oil fraction containing pitch) at _a higher tenperature (e.g. 480 C) that
is no(?generayﬁyouﬁathyéglge ?r?ﬁ8rbogpgﬁ§dBFl gv&%ﬁuﬁF P&ELEFagREN col um

25 under nor mahtoper akidigneondinki ofs thabpyto41816) rut-hgeebyanal | owi ng one
to recover a hi%ggr trac%’on of the grude oi crude oil fractions

: I or J
cont ai ni ng pi P¥hCa¥?vaPolre §86f P PoRLLPScRPAgaEROFhatrddPENPLRERETS -

transfer zone in Tnepﬁbgb¢$F§oE§éBa@§ntBénuégattbe§98@é§g Lhigygh 30
at nospheric or vacuumdistillation colums. The process of the”invention

al so has the A8Vaft'8gélef 2proCEsepngia fractions containing pitch.
15 The process of the invention allows one to feed a

crude oil or crude oil fractions containing pitch
feedstock into the convection zone of a pyrolysis furnace
without having to decoke the tubes in the convection zone
any sooner than the radiant tubes of a furnace. The

20 process of the invention extends the capability of an
olefins furnace to flash a feedstock (a feed of crude oil
or crude oil fraction containing pitch) at a higher
temperature (e.g. 480 °C) that is not generally
achievable at the bottoms of a vacuum distillation column

25 under normal operating conditions (about 415 °C), thereby
allowing one to recover a higher fraction of the crude
0il or crude oil fractions containing pitch as vapour
useful for cracking in the radiant heat transfer zone in
a pyrolysis furnace than that recovered through

30 atmospheric or vacuum distillation columns. The process
of the invention also has the advantage of processing a
crude oil or crude oil fractions containing pitch feed
without having to first subject the crude oil or crude
oil fractions containing pitch feed to fractionation,

35 thereby allowing one to process a cheaper source of



crude oil or crude oil fractions containing pitch feed wthout having to
first subject the crude oil or crude oil fractions containing pitch feed
to fractivomat/eewn; 35 thereby allowi ng one to process a chea@pepoisnusce of 4
WO 01/ 66672 PCT/ EP01/ 02628 feedstock in a pyrolysis furnace. Finally, the
| arge quantity of higher boiling fractions in crude oil or crude oi
fractions conf&PAPRGCH tEha wyrokey sheadrnageur alFigas llvi, qiibds Lawge t he

| nner sur f acesuahtbhe LUbes ghdin e 16oNYeaLkaRAZONG Al al L3Bl ¢ | | near
velocities under the operating tenperatures described herein, Ehereby
maki ng crude 6FRdgr cdludeagitiiopsacrndad niognraitehngupiltikk heswivt abl e f eed

and m ni m zi ng the,f grratien;af h.Lhi, e iQ ne tubes. 10
Pref erably, thg fegdsggck #g?lugé %%%tﬁggpﬁgg%%tSE?Eég%%i8% %geatPégéstock
whereih 85 wt i% &hel esnvettila zbaedstoskiwebllevapoerirzeecdbcldbfe€, and 90

wt.%or |ess h r il fe L L vapouriz t 400 C, each as
nmeasur ed accopgﬁﬁ% ?8%A§$%F%?§§g7$g§§8%§5 &rie egFﬁééegi ef&&lst ocks used
in the inventitbrrehavmakhadf olrlidei nglchar actieei stilcsrakacbns

characteri zati . th rrude oil _feedstock i.s asured, according to ASTM
D-2887: 85 mﬁ?gggggPégg %#%Fﬁeacfﬁagagﬁﬁ ggggs?ggkmﬁPFleéﬁgv BSuri ze at
350 C, and 90fwtrmétdpnl ess coket hethindehei koheedstoekzvhkl tuyapouri ze at
400 qx)Feedstockstj%hin he ovg r%n?e gf characteristics mnimze
coking within t heTfGbES2BEYr nE"EohFEEFT8Rk250 etiFPoAMoF 'S BYRBEYEI s fur nace

under the opetatengioaondi ti easddeseki hedrbenen. wihe wei ghtspgrcentage of
i ghter feeds%ogégéeg%Fh,as nost heavy natural gas i qui ds, vapourized at

R i
300 C, 350 C, FdldovappyhieRadtt ReOva ouﬁpgaﬁaoﬂteﬁ PhRel€sRi ng

fraction woul 8f the crude oil feedstock will vapourize at 400 °C, each
as measured according to ASTM D-2887.

15 Preferred crude oil feedstocks used in the invention
have the following characteristics. Each
characterization of the crude oil feedstock is measured
according to ASTM D-2887:

85 wt.% or less of the crude oil feedstock will
20 vapourize at 350 °C, and
90 wt.% or less of the crude oil feedstock will
vapourize at 400 °C.
Feedstocks within the above range of characteristics
minimize coking within the tubes of the convection

25 section of a pyrolysis furnace under the operating
conditions described herein. The weight percentage of
lighter feedstocks, such as most heavy natural gas
liguids, vapourized at 300 °C, 350 °C, or 400 °C is so
high that the vapourization of the coking fraction would

30 quickly coke the tubes within the first stage preheater
at the temperatures used in this invention.

In a preferred embodiment, the crude oil specified
for the feedstock has the following characteristics:

65 wt.% or less vapourizing at 300 °C, and



30 quickly coke the tubes within the first stage preheater at the
tenperatures used in this invention. In a preferred enbodi nent, the crude
oi | speciWwdedessinr the feedstock has the foll owi ng char acPeT/EBM/2628 65
Wt . % or |ess vapourizing at 300 C, and 5 WD 01/ 66672 PCT/ EPO1/ 02628 80
wt.%or less of the crude oil feedstock vapourizing at 350 C, and 88 w. %
or less of the crude "W8il% faedsavtiofnitiie boiude a1i UOERIstHdn a nore

preferred errbq;gsgggﬂti,zi Wy %8 dess, of the crude oil and |ong residue

vapourizes at 300 C, and 70 wi.% or’ | ess of the crude oil feedstock
vapourizes at 35@8Cwtarkd o0 1865 smeRtdre |egslofoithe ardmm i lwifEedsdock
wll vapouri o C. In a nost preferred enbodi nent, the crude oil
feedstock will have the follow ng characteristics: 55 w.%or less or the
crude 6i |l vapouri Zes aamoxrks B 3 reghergmditmetor | ess of the crude oil

f eedst ock vapouri t. 350 nd 75 W, % or l.ess _of the crude. oil

f eedst ock wil | vgjgzgrt?zc’e A l%o‘so‘sa&r Ztglerycﬁ:iucog O@‘ﬁufél IO SRS wi | |
have APl gravivapesirimets g0 tTgn a4l Long resi due feedstocks are the
bottonms of an atmpspheric distillation colum used to process and .
fractionate desal Tebd w%r'ddéjroi]ﬁssalo tgﬁn%ﬁ‘{}nﬁgmﬁefsdspf?cﬁi AGSHEr %21 over
bottons. This aat oplfer,i i stillation columm separates diesel, kerosene,

napht ha, gasoline, and _lighter conponents fromthe crude. Long residues
sati s?@ the abovd%spdci’ iogfatjieoﬁ*? por]%o% N ddd S arset qak mHe- 1

vapourize at 400 °C.

In a most preferred embodiment, the crude oil
feedstock will have the following characteristics:

55 wt.% or less or the crude o0il vapourizes at

15 300 °C, and

65 wt.% or less of the crude oil feedstock vapourizes
at 350 °C, and

75 wt.% or less of the crude oil feedstock will
vapourize at 400 °C.

20 Typical crude oil feedstocks will have API gravities
not higher than 45.

Long residue feedstocks are the bottoms of an
atmospheric distillation column used to process and
fractionate desalted crude oil, also commonly known as

25 atmospheric tower bottoms. This atmospheric distillation
column separates diesel, kerosene, naphtha, gasoline, and
lighter components from the crude. Long residues satisfy
the above specification for suitable feeds used in the
invention, and will also satisfy the following

30 specification:

35 wt.% or less, more preferably 15 wt.% or less, and
even 10 wt.® or less, vapourizing at 350 °C, and

55 wt.% or less, more preferably 40 wt.%, and even

30 wt.% or less, vapourizing at 400 °C.



invention, and wll also satisfy the follow ng 30 specification: 35 wt. % or
| ess, nore preferably 15 wt.% or |ess, and even 10 w.% or | ess,

vapouri ziw@oe666350 C, and 55 wt. % or | ess, nore preferabl pc/@arewe26s8 and
even 30 wt.%or |ess, vapourizing at 400 C. 6 WD 01/ 66672 PCT/ EPO1/ 02628
The pressure and tenperature at which the crude oil and/or |ong residue
feedstock is fed tiha hrdsdwte gind heemdarasturst age Wirietteattes druddieril

convection zo ' t ritic so | s the feedstgck js flowable. The
5 pressure genrhg}daqu;%oanr%e%egflr%urﬁ be?&%%%%‘ﬁ bjaerC?etr?or e pllr‘]g]fee:r&ﬁl@%)tq§ om 11
to 18 bar, anditte tsrpey gintgleafet hien Wraidsoroidctisorgenaial iy rom
anbi ent to bel QW tihce lf Isuoe 1 das E}e@%ﬁr a%ufr% in theS %gqufe%li on zgne where it
will first be%eeﬁeda, typicaqy§ro@é1)El S5 G er‘at&‘lﬂeflre ]Elotd
critical, altpoegisite waat-ddel Wesin ef i et SB-J9 a68SS iira fee
rate ranging fro% %000-50 OJIO tk OE{: crudead‘%ll and/ or |ong residue feed
il b fCobto M e il
urnace. Fi gureerudd idn i :
Figure 3 isga | an view of Fig. 2. Figure 4.is a perspectieve dr aw nguoef t he
vane 20 asser?%’lsyncﬁ“p[eﬁé"t\}‘atﬁo L | 5h{i PSS o e mhgre it piiddre 5 is a
schematic procasst lewHdiag@mQfpitaly Ansy S durracso Fgurehds a
schen?hi c process flow diagram of a pyrolysis furnace. 25 The invention is
>

descri-Bed bel F#HE 1% S &y (GTg- 1L Fidfdronhad tarv ulichishe steisdrradtle Heo
invention. It dehdu@t Re gidersd aad 4 haded e seang pfnd he-dvention may

i ncl ude 22,000-50,000 kg of crude oil and/or long residue feed
per hour.
Figure 1 is a schematic process flow diagram of a

15 pyrolysis furnace.

Figure 2 is an elevation view of a vapour-liquid
separator.

Figure 3 is a plan view of Fig. 2.

Figure 4 is a perspective drawing of the vane

20 assembly of the vapour-liquid separator of Fig. 2.

Figure 5 is a schematic process flow diagram of a
pyrolysis furnace.

Figure 6 is a schematic process flow diagram of a
pyrolysis furnace.

25 The invention is described below while referring to
Figure 1 as an illustration of the invention. It is to
be understood that the scope of the invention may include
any number and types of process steps between each
described process step or between a described source and

30 destination within a process step. For example, any
number of additional equipment or process steps may lie
between the vapour-liquid separator and the second stage
preheater, and any number of additional equipment or

process steps may lie between feeding the removed gas



any nunber and types of process steps between each described process step
or between a described source and 30 destination within a process step. For
exanpl e, veoyl/eaaber of additional equi pnment or process SPEDPEPOMEN26IS e
between the vapour-liquid separator and the second stage preheater, and
any nunber of di tignal equi pnent or process steps may |lie between feeding

the renpved gas ™o WO VEEEE P EPERZEY®T (& dihe owegrourtd iaqui d

separator as thedEUraegd %:@ehé@@&ﬁd(ﬁ@%ﬁi%ﬁﬁtﬁ) (the destination).
The ol efins pyrol)é7 urnace 10 is fed with a crude oil or crude oil

Sis f , ' . _ _
fractions contai nithg FH Teay v is ompacesildud f dedl Wi énterdmgld nt o
the first stagg1 preheal®s 2 oﬁr&&%vse%dn%ﬁ%g; @-itgrfdfe & lort ‘;?eedSt ocks
as eedst ock of e

are referred to throughout the specification _
i nventPon, butlqng e gisiuse fapthdrstayeninag indwy bhesifdustf eddsfeocks are

al so suitable Heegdst acks, phi Gl 1Ry M i li of ar..in conbination
with crude oi Ip]I%eee%stocks V\hfgr?e\% chu :Oo?ﬁ%q}éee%dst?éﬁge é‘jrlel r ef e_rred to.
Further, for doe@sticstkee atia jefanrask tariderstwbottt lidte eperof fienttiiem of

crude oil thr 0 i f.i,cat.i i.ncl ud cr.ude oi.l nd_ cr ude_ oi |
fractions 15 %ggtéallftrﬁetn%ecﬁ%ﬁo% Agchgegrldq?%gf:tg,ont’h%%stc&%e o H%_Z)e i nventi on

i ncl udes | ong Ungsirdi@ahdhatudeng rdyiattd desdstantai Birkg ﬂ;@&mﬂt%%q@rt )
crude @il is i a feedstock. The first stage preheater > in e
conve](:?i on Zg%s%tg!(:s%%(;%ﬁ{si 21}%:& gﬂﬁiﬁ v uk?aer?t B HGeST Wrerdl £ d natdMient s
in the tubes aréhheated prilmetadds tyckeomhecievwe healet bansfe fiemitshe

conbustion gas _exiti fr the _ radi ant section of the pyrolysis furnace.
Preferably, thHe frgé‘c% éﬂg@os' fgdllrtac 68 WCTU O VEELENGE 1t HE fideds$t &6k 25

wi || vapouri zenaler35@o0, tand Wrauy ot ilesokriie oanude Qulgnieedsteck
wll VapouriZ%p%%i%%%a%ﬁc%?%%é%%des crude oil and crude oil fractions
15 containing pitch. Accordingly, the scope of the
invention includes long residue and crude oil fractions
containing pitch whenever crude oil is mentioned as a
feedstock.
The first stage preheater 12 in the convection
20 section is typically a bank of tubes, wherein the
contents in the tubes are heated primarily by convective
heat transfer from the combustion gas exiting from the
radiant section of the pyrolysis furnace. Preferably,
the feedstock is fed to 85 wt.% or less of the feedstock
25 will vapourize at 350 °C, and 90 wt.% or less of the
crude oil feedstock will vapourize at 400 °C, each as
measured according to ASTM D-2887. In one embodiment, as
the crude oil and/or long residue feedstock travels
through the first stage preheater 12, it is heated to a
30 temperature which promotes evaporation of non-coking
fractions into a vapour state and evaporation of a
portion of coking fractions into a vapour state, while
maintaining the remainder of the coking fractions in a
liquid state. We have found that with a crude oil and/or

35 long residue feedstock, it is desirable to fully



measured according to ASTM D-2887. In one enbodi nent, as the crude oil
and/or long residue feedstock travels through the first stage preheater
12, it isveens@d to a 30 tenperature which pronotes evapoPal/Eeel/@b28
non-coking fractions into a vapour state and evaporation of a portion of
coking fractions into a vapour state, while maintaining the remainder of
the coking fr&HRGFR NS e 19 SilatedAgr Have frswidivehatradittiores cr ude
oi | and/or 35uhang, teshibie JRaSIOR g 1% iRl 1Al tadal Iy 8 VO
01/66672 PCT/ EP01/ 02628 evaporate the cr ude ol and/ or g residue
fracti ons whiPglehgatessp tig esldiig dm tied rftiadst asttage quragtheat er s, and

in addition, I al: S I,Gi ent| | evated to furth
cvaporate a portion of Y the Aros B 1L A R P Rl PEdddt otk
conpri8ed of fuhgcciros whilc anpl/emtlen kiersg dufe tﬂaaeadtstrilﬂaﬁ& idlja_nfphﬁsfeidﬁf

st age preheat LQr e t age ,prehe r. caki ng phenonenon
T the firet SEAgR stenelna HINATE A SR B U hen nru e Byt

mai nt ai ni ng asweges prfedeater Bhd/ve wald $eefonidhe theat ipggalhtelatt@&., S@l}ieo_ng as
the heatin rf.ace re wetted at ,a sufficient |iqui i near . velocity,
t he coki nggof %#r]%g% ?&r SO Y s tsfgldc.StTﬁ a9t ipﬁﬁlhe_ta«?r?ﬁertéfpﬁrselét whi ch
the crude oil sabdtantiladiy cdsiidueHeeledst mlinitd&ili%@@t;e@hmfétt @@rfﬂa&:l%t ot agg
15 preheater t he .convection._zone wll depend upon the  particular crude
oi | aﬁgl or lo f(f:fer %@ilg&e O%gé%’?t GER T OGmEEOESi on 50t HEPEr ESs (e brathey

feedstock in thefhicest arst age teieheatesurandithe peyil.aumanegaand operation
of the wvapour-Lliquid separator. In one embodi nent of the 20 invention, the
crude oi l andf’Srlog&ﬁé{'r Cd G FeguSfothose SHEAREESI A St RMPLEEdSt age

preheater to an exht opeApEnatur@cohtatrel @astn3Zh @hea@&ll%ﬂ%f 81Rr s&a;/%h_ﬂ y to

an exit tenperature of at least 400 C. In one enbodinent, the exi
t enper at ure of °PHerPéddstodReFABEMCknd Sf hegfted in the first stage
15 preheater of the convection zone will depend upon the

particular crude oil and/or long residue feedstock
composition, the pressure of the feedstock in the first
stage preheater, and the performance and operation of the
vapour-liquid separator. In one embodiment of the

20 invention, the crude oil and/or long residue feedstock is
heated in the first stage preheater to an exit
temperature of at least 375 °C, and more preferably to an
exit temperature of at least 400 °C. In one embodiment,
the exit temperature of the feedstock from the first

25 stage preheater is at least 415 °C.

The upper range on the temperature of the crude oil
and/or long residue feedstock in the first stage
preheater tubes 12 is limited to the point at which the
stability of the crude o0il and/or long residue feedstock

30 is impaired. At a certain temperature, the coking
propensity of the feedstock increases because the
asphaltenes in the pitch begin to drop out of solution or
phase separate from the solubilizing resins in the
feedstock. This temperature limit would apply to both

35 the first stage preheater tubes and all tubes connecting



25 stage preheater is at |east 415 C. The upper range on the tenperature of
the crude oil and/or long residue feedstock in the first stage preheater
tubes 12wa@oi/kasiz ed to the point at which the stability PET/ER@/@s28de Oi |
and/or long residue feedstock 30 is inpaired. At a certain tenperature, the
coking propensity of the feedstock increases because the asphaltenes in
the pitch beg® t® @ ¢h iawrlusting|tiid ompsrur gHase s eysaraata-dr.om t he

sol ubi |'i zi ng pesifsA 4 hand egdst ack, ' enperat ur {m t. woul d, apply
to both 35 the first s_tytage pr eheat er u%ﬁaltﬁedr%eIt%teubcgfsd%eononlelctal‘nnééog WO
01/ 66672 PCT/ BP0t/ @2eiglua)faasd stk nuiltidinn g heh & ivesio urt-d g e i ok teeparat or .

Preferably, the exit r fot h oi | [Qr, long residue
feedst ock within theﬁoﬁg?{kgattigg%(gre egltng %%f'sst ﬁ(ﬁeaf%%rae ]tyhanr? € and
nmost pPef er abitpapobOfor'€.5 than 500 C. Each of the tenperatures identified

above in the fir t reheater are neasured _as the tenperature the
gas-liquid mxtur gggt%t %i%ﬁg%aet r{ae%\;)eﬁsg‘l Nt Wi tll%er?%tlﬁgefdi rag)tovestlé]ggﬁ'ﬁr eheat er,
i ncl udi ng t he féxistt ety cofp tethe dftierrs ta rk0 metaage cpr elkeather .t Reeagiwzid g Hat

the tenperature _of .t he ., cr.ude oil_,and/or |l ong resi.dye f.eedstock inside the
tubes of the fir slthéltladggllﬁ{(rjceul’ﬁaeata %aclﬁle?ng"gs a%*v)’elpoé oﬁﬁ%qc%egéﬁ?e?s&% ly

ri sing, as thetegedereheaard/,orindnginesittide exfiltows tthiogugihe e Aatbes up to
the t erature_at which it 15 exits the first stage preheater, it is

desi rg le to ° g?upge%ﬁé?‘tte&rpe Cl?rgéllgtlntghéié'fi tt%ﬁortten@fertaﬁélrﬁ ft the age
preheater froorubde oanveecld/@r 20ne;. rAlsilhes&c@¥ist odkeNRi}ALES REIJL a
coke pronoti ngéf ]Ethti on and a non- coking fraction of the crude oil and/or

| ong residue EdSEEEK WHAISHETENEFGCAt 6HANAES & VGAS AplFaSE 1 nwi e
mai ntai ni ng t BeneeEnipden sahd hasceke pramRt i Bhagbion orgh radi d phase
in order to adequately wet the walls of
flows through the tubes up to the temperature at which it
15 exits the first stage preheater, it is desirable to
measure the temperature at the exit port of the first
stage preheater from the convection zone. At these exit
temperatures, both a coke promoting fraction and a non-
coking fraction of the crude oil and/or long residue
20 feedstock will be evaporated into a gas phase, while
maintaining the remainder of the coke promoting fraction
in a liquid phase in order to adequately wet the walls of
all heating surfaces. The gas-liquid ratio preferably
ranges from 60/40-98/2 by weight, more preferably 90/10-
25 95/5, by weight, in order to maintain a sufficiently
wetted tube wall, minimize coking, and promote increased
yields.
The temperature conditions within the first stage
preheater are suitably adapted to the use of a crude oil
30 and/or long residue feedstock, and are not recommended
for a heavy natural gas-liquid feed. Feeding a heavy
natural gas-liquid having coking fractions through the
first stage preheater at the process conditions of the
invention could evaporate the feedstock to its dry point,

35 and within days to a week could coke up the furnace
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all heating surfaces. The gas-liquid ratio preferably ranges from

60/ 40-98/ 2 by weight, nore preferably 90/10 25 95/5, by weight, in order to
mai nt ai nveo subderzi ently wetted tube wall, mnim ze coki npCT/&Ra/628m0t €
increased yields. The tenperature conditions within the first stage
preheater are syitably adapted to the use of a crude oil 30 and/or |ong
resi due feedstt(?g%%,ngaﬁdl drhe rRnvesddiRte fesd ifdy & Héwvypaiattundlengas | i qui d

feed. Feedi ng sauteidh NAtAEAli.gas-11quid having coking fractions through
the first stage %reheat er at the process conditions of the invention

coul d evaporate tHES eedRsagie 16 thie dhe fdinat, BB ameneiltcritedays ito a
week coul d cokgwip e furnage li_mt\éﬁdm&@l@ 7 %Syﬁp%t%gz%hé ;%bllnr%el n

the convection seCtion to the point ere a “sh own T's require Th
pressuPe Wi t hiskadife Bieistatsimde westesatldyy 1 thein rotr apayet |CT:E:JI4&r2!1yr];:!aﬂn t ed.
The pressure w.tAhi [ t-a reheater is generally within a
range of 4-21“8?%, E)Itr%?r%erfégl fefrrgbtl)‘ff—%r%o% =13 bar. In an optional but
preferred enbodi mémt agf e onadv éntti @ire farireed enfoodiimamitor ff Itihied,

preferably diluti . gas _1 d todhe crude ojl .and/gr |an
resi due 10 feé ézjteglc@lgoiglri tahfa% ’1E| rscj{}eggglglﬁrner%&lgr’ &S r?faﬁ%yntdld‘r”itdﬁ% to
the exit of tlg@sgds- maguibek middedr ed rom tdrede et asic@e ehkeatfidden a

nor e eferred e dinent, ..dilution gas 13 is added to the crude oil
and/ o?él ong %eeselﬁg’gé) rﬁgel&lstt&cek #&Trs;%hg%ﬁgrestprseﬁf & r Ette 46T PAIE BEIIAT 15
external to pywokye exfidr naceHeolyaeadd ofi dmaiikitairkl FFoandhe eRlrde Ng
equi pnent. The feed of dilution_gas is a streamwhich_ is a vapour at the

inj ection poi Rt2PRt &ERE S st a&emoﬁﬁeﬁ§§tf§ﬁreﬂn?“69§1€‘§l¥tbe used whi ch
pronotes the 2@levapor ataison 30fi snerdeckitd theacthemrs c-and ;& dyert i1ep of

residue feedstock of the first stage preheater at a point
15 external to pyrolysis furnace for ease of maintaining and
replacing equipment.

The feed of dilution gas is a stream which is a
vapour at the injection point into the first stage
preheater. Any gas can be used which promotes the

20 evaporation of non-coking fractions and a portion of
coking fractions in the crude oil and/or long residue
feedstock. The dilution gas feed also assists in
maintaining the flow regime of the feedstock through the
tubes whereby the tubes remain wetted and avoid a

25 stratified flow. Examples of dilution gases are steam,
preferably dilution steam (saturated steam at its
dewpoint), methane, ethane, nitrogen, hydrogen, natural
gas, dry gas, refinery off gases, and a vapourized
naphtha. Preferably, the dilution gas is dilution steam,

30 a refinery off gas, vapourized naphtha, or mixtures
thereof.

The temperature of the dilution gas is at a minimum
sufficient to maintain the stream in a gaseous state.
With respect to dilution steam, it is preferably added at

35 a temperature below the temperature of the crude oil
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coking fractions in the crude oil and/or |ong residue feedstock. The
dilution gas feed also assists in mintaining the flow regine of the

f eedst ociwo br/easgh t he tubes whereby the tubes remai n wet PeUEROIAD26280i d a 25
stratified flow. Exanples of dilution gases are steam preferably dilution
steam (saturated steamat its dewpoint), nethane, ethane, nitrogen

hydr ogen, nat dFEAStEEE "eapuFed atefilge ISt i9as @91 ndnd o cnapser ithed

napht ha. Pref ehablyy) uitherdiga iR 98t $ofidkeilsieON 3t-@a M-3R ;2 1R §f bRery. of f
gas, vapourized naphtha, or mxtures thereof. The femperature of “the

dilution gas P&l &hei sirgie oddf fliegidshocko trmpetraitiirehatsttheam in a
gaseous state;n3WEh JhesRect todiliution; [ I added at
35 a tenperat ﬁﬁé\é(ﬁteﬁ gw %e%}t;tenpqullgtlgtrael glfl Fﬁg%r Sgeea%l f&eﬁ%%&a%%ff 66672
PCT/ EFD1/ 02628hef dédsttdorn weaddeed saockhdunpjtéoni sangei Mitromo 1dAsice tohat

the dilution ggp dees Aok £OAGRISE. TRLEPHBHEREDLY S9Cechel ow the crude

oil feedstock tenperature j ection point. TyplcaF'diIution st eam
t enper at ures at 5Thkepdekgtiren odasiifeédsthogksj incthibonprahgeufinoiyl140 C to

260 C, nore p |y om_1 0_C.-The pressure.of dilution gas is
not particulaﬁﬁég%%?ﬁiFé3,qgu gfge%%gﬁgrggFflgﬁ BFci8nFE§8WaFP8ﬁFFﬁPQCtion.
Typi cal dilut lgpigad prhéssioes gaddedessutrke eddde abl the ctOdgenenaliky

10T e 05,81 8518, kel SE8! Lableatopadd, Ll ution gas Lo e
oil, preferably upttasOddsirkplef tgasdpetikgtabn gaydenebl taadforskong
resi due feedstock. 15 ternatively, a feed of dilution fluid 13 (the fluid
being inalif§ FgeoprﬁﬁkggeFid&i&Pg&?OBH s&f %ﬁyo g’&d 8d°tt gaghRe¢&r fide oi
feedst ock in blieckiutiet ostiagererekaat§r upatoany 3pai Ry BEI ghst peth@geyict of
the gas_liqUinghétggi and/or long residue feedstock.
15 Alternatively, a feed of dilution fluid 13 (the fluid
being in a liquid or mixed liquid/gas phase) may be added
to the crude oil feedstock in the first stage preheater
at any point prior to the exit of the gas-liquid mixture
from the first stage preheater. Examples of dilution
20 fluids are liquids that are easily vapourized along with
crude such a liquid water, or naphtha in combination with
other dilution liquids or gases. In general, a dilution
fluid is preferred when the injection point is at a
location where crude is still in the liquid phase, and
25 dilution gases are preferred when the injection point is
at a location where crude is either partially or wholly
vapourized. Preferably, the process, wherein the amount
of water added to the feedstock is 1 mole% or less, based
on the moles of the feedstock.
30 In a further alternative embodiment, superheated
steam can be added to the first stage preheater in
line 13 to promote further evaporation of the crude oil
feedstock within the first stage preheater tubes.
Once the crude oil feedstock has been heated to

35 produce a gas-liquid mixture, it is withdrawn from the

12



fromthe first stage preheater. Exanples of dilution 20 fluids are |iquids
that are easily vapourized along with crude such a liquid water, or
napht ha iwoeuoedsinati on with other dilution |iquids or gaBewEPOW26E8neral , a
dilution fluid is preferred when the injection point is at a |location
where crude '%1 n the h g% Egase dilytion gases are
preferred wheh th FEFggtpﬁﬁ D roﬁgh FBEa fondwkerFElyr gde is either
partially or mhdhkyctW§pﬁurazedpoﬁkei@q&thSepB@aEBQC§§Sa whgrehngthe
amount of water added %o t he fgedstock is.,1 mole%or |ess, based on the
mol es of the te8QsToBkXt8ESrn JRPUYERERTaligRAdt FoR2EAbOAI FemPVesupBeheat ed

steam can be addedapouthechi psitsbagerprrbeat8iei Bihi BRq}3t PoREONDL €
furthg{ evaporatiqgn of the crude oil feedstock within the first stage
e

preheat er tubB€SieHEetRRE, cFOdeholF VékAdrarR ARY Beearhbadedrew B85eproduce

a gas-liquid ﬂhllyr@apb&rh§e$‘Qﬁgéémﬁfffﬁg1&P@delgly[%9§&§§615
PCT/ EPO1/ 02628 first stage greheater t hrough line I rect y or

indirectly tor@Svapeuferfiqui hgepaparsrlhguadhaapagatas- chigoidanyxt ur e.
The vapour- | i gubgrsepar a&ﬁelaam@gee &peloﬂgnsaﬁgi’y bzed, p8é,§j£9£'f8 the

crude oil and/or long 5§ resid IS wt dramn and sepa Gted from
the fully va@éu@rié@céa§é§teﬁntﬁ@Vecﬁd@OmmbnémdﬁaedlDngheaesrduh feed. The

VapOQﬂy|IQUId §§E@£% 0K . CaRbe, BMr—ffﬁa%étgé aLnelpding gecgon agPﬁeﬁeavy

separator, a centri of & Fractionation Qevica: conron
oil 10 proces%@ngCCQPE aa@euentrqufdede@beaenm tha bepoonfegﬂtedtheo accept

side entry fe r BN h ator and the
liquids exit ?ﬁ%mgot %%1%$Sa¥%ggge%a§a or, fl %ggoﬁxeﬁt€9 g%étﬂﬂe?grn t he
pr oduct gaseshex$epaheterdeonfathepse@arﬁtﬁeedlﬁhaheluapmerp£©QUta

separator operating.temperatyre is. sufficient. to maintain the tenperature
of the gas-li%g%%g ex1€p€hg 31§e of éhe separator

15 The vapour-liquid separator operating temperature is
sufficient to maintain the temperature of the gas-liquid
mixture within the range of 375 °C to 520 °C, preferably
within the range of 400 °C to 500 °C. The vapour-liquid
temperature can be adjusted by an means, including

20 increasing a flow of superheated dilution steam to the
gas-liquid mixture destined for the vapour-liquid
separator as described in further detail below with
respect to Figure 5, and/or by increasing the temperature
of the feedstock to the furnace from external heat

25 exchangers.

In a preferred embodiment, the vapour-liquid
separator is described in copending application TH 1497
entitled, “A Wetted Wall Vapour-liquid Separator.”
Referring now to Figs. 2 and 3, the vapour-liquid

30 separator 20 is shown in a vertical, partly sectional
view in Fig. 2 and in a sectional plan view in Fig. 3.
The conditions of the gas-liquid mixture in line 14 at
the entrance of the vapour-liquid separator 20 are
dependent on the feedstock 11 properties. It is

35 preferred to have sufficient non-vapourized liquid 15
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m xture within the range of 375 Cto 520 C, preferably wthin the range of
400 C to 500 C. The vapour-liquid tenperature can be adjusted by an neans,
i ncl udi ngv@o1/6aeer easi ng a flow of superheated dilution stePeVEPO/2bIS
gas-liquid m xture destined for the vapour-liquid separator as described

in further detgil.  bel ow with .res t to Figyre 5,  and/or by increasi ng t he
t enper at ur e o@ettﬁqee%fne\eﬁd\gtogéflglfo ‘fﬁgchf%rﬁ?e?é% or%?né%& &P eat? 25 vols
exchangers. | mfa gheefferadad cejodiorendt dime ivaROW=1l i KhcSERA aty 1S
described in copendi icatio 7. entitled, "A Wetted Wall

a TH 149 ,
Vapour -1 i quid V§é’ﬁé‘\’r§?g‘rqﬁ% RSP r?gRN {RiF gettedipid, nefelirement
vapour - | i qui d i30 esepatatadr t20 decrshown dHe aMer tdicali s RaY IprsRGHd onal
viewin Fig. 2 and in a sectional plan viewin Fig. 3. The conditions of
the gab- | 1 qui G EOFEST O ABOL 4RO HHomRT dHcs ¥ faee wpdidre | i qui d
separator 20 akpadeperdent. orHheidpedstack Lbud iR itdreSor vd1s 3 5

preferred to have sufficient ngon-vapourized liquid 15 13 WO 01/66
PCT/ EPOL/ 02628 YePREEH 224G VoITbist ltHe ededst seintgaldfest 3y 2-5 vol %

of the feedstagl)stantet pherintaiinals i /acetistlo ding.a uapauly 4 d
separator 20. This wetted wall requirenent is essential to decrease the

rate of, if néCTpeEgéHre Ricdbe emmition damd xdepesiltd.on on the surface of

the sgparator 20ghfhe €8 ;Qf; 1 R RQWLLZat Lo 4( Qf % of — _
non-vapouri zabl e |iqui gg%%)r qé%ful%e co tarrél I é_:daby%leaS ?J&éteﬁnéle_trlﬂenén_dl | ution
st eant f eedst oPRrFatiso Sepd riltdsin oferpher dtigue dofl 5t kendgamplouguild phetswrse 14.

10 The vapour -4 gui.d r at. sGgri he rein ermts separation of
the Iiquid 15 %an H\?agggreﬁlg&gﬁgg%sq%o utéh?le%f %?ﬁlerﬁ %?ll?rte Cloﬁfes&c?ﬂl_ Smanner
t hat coke sol iads nateaddpwald dwedcro faadmsaivd esuleseqyerfichyl fattheei tther t he

separator 20 qr the dowast (el aW IR (AL RN Wot shown). on
15 account of its relatively compact construction, the
wetted-wall vapour-liquid separator 20 design can achieve
a higher temperature flash than that in a typical vacuum
crude column, thus effecting the recovery of a higher
vapourized fraction 16 of the feed 11 for further
20 downstream processing. This increases the fraction of
feedstock 11 which can be used for producing higher
valued products 23, and reduces the fraction of heavy
hydrocarbon liquid fraction 15 having a lower value.
Referring to Fig. 2, the vapour-liquid separator 20
25 comprises a vessel having walls 20a, an inlet 14a for
receiving the incoming gas-liguid mixture 14, a vapour
outlet 16a for directing the vapour phase 16 and a liquid
outlet 15a for directing the liquid phase 15. Closely
spaced from the inlet 14a is a hub 25 having a plurality
30 of vanes 25a spaced around the circumference of the
hub 25, preferably close to the end nearest the
inlet l4a. The vane assembly is shown more clearly in
the perspective view of Fig. 4. The incoming gas-liquid
mixture 14 is dispersed by splashing on the proximal end

35 of the hub 25 and, in particular, by the vanes 25a
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15 account of its relatively conpact construction, the wetted-wall
vapour-1liquid separator 20 design can achieve a higher tenperature flash

t han t hatw@ni/es6typi cal vacuum crude col unm, thus effectiPQI/ER@/2680very of
a higher vapourized fraction 16 of the feed 11 for further 20 downstream
processing. This increases the fraction of feedstock 11 which can be used

for produci ng*REGHBE 2y EPEES OFr Sdudts 23audAdPhedecés e theaction of heavy

hydrocarbon | ngsticdrbr agt berwhsdhgvicBgagdd ewer wkahyeooReher Ling %ﬁoﬁ
t he vapour-lqu|d separator 20 25 congrlses a vessel having walTls Oa an

inlet 14a for -1AEdE vergrekeri rofrhrgeqis kerping thet rRd1s420a vapour
outlet 16a fOEoﬂb&%%EUﬁgwE@%eﬂaHQQh Qﬁﬁﬁgdlgnange@rgb th %HE'%%t%Sfoor
a

directing the liquid se 15. Closely spaced ron1t e inlet ais a hub
25 having a pFérﬁPFt9r33@n§ﬂn@ané§Y2§Qk§p§c@d sheupdteméocei putrher ence of

the hub 25, ppefiesabby, Cl9§%e%9s%hetﬁ@doB%@Eeghr%Q%e'Q%E%P%4ﬁubT2% Vane

assenbly is shown nore clearl e perspective view o
i ncom ng gas- MRgptdingdxdiore $¢mpéeﬂeéyewsEHedycspHaShbngbgnatheqp&dX|nal

d 35 of th [ he .vanes .2 01/66672
ggT/EPOl?OZGZ%aQEgrg?ﬁgnglgggtBgﬁkggﬂthgqu¥ %8r5ﬁ85e055g ?R Rextre 14

out war dl y tomanduﬁﬁecmahtsfzmaeeftbhéraappurt thquﬂdqaeﬂanatmh Benth@ﬁeby
keepi the | etely id,and decreasing the
S0P 'o%i 1AST SRE.aRRTRSE &ey PiBkrRgrhr Hine! HHpE PEr oBr

rate of preventi any _ ( fie walls 20a.
leemnse thewaMﬂer295rfaBeskﬁrthESbubuEEOuﬁdsnahataisedllana egnphetel y

tted dit [.i qui.d ayer that f do the outer surface of
ﬁﬁb 25 382 ;OhOB gunggl ﬁg f6Pc§§r96n9r3H¥p£€ﬂufﬁQtFFaﬁP8riSdiHOEBntact 10

with the surfane ofitbubsabrheect be tntenupr 28f tbheheWahtsr20a. oA skirt 25b
f?;;ggg?feghggakftago ngyoéeéggltlgg %gea?gqgigslhgofgﬁglg%l??!ngquId
15 vapour. The upper portion of the vapour-liquid
separator 20 is filled in at 20b between the inlet 14a
and hub 25 to aid wetting of the interior of walls 20a as
the gas-liquid mixture 14 enters the vapour-liquid
separator 20. As the liquid 15 is transported downward,
20 it keeps the walls 20a and the hub 25 washed and reduces,
if not prevents, the formation of coke on their surfaces.
The liquid 15 continues to fall and exits the vapour-
liquid separator 20 through the liquid outlet 15a. A pair
of inlet nozzles 26 is provided below the vapour outlet
25 tube 1l6a to provide quench oil for cooling collected
ligquid 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
30 radiant section of the pyrolysis furnace as shown in
Fig. 1. A skirt 16b surrounds the entrance 16c to the
vapour duct 16 and aids in deflecting any liquid 15
outwardly toward the separator walls 20a.

The distance of the hub 25 extension below the

35 vanes 25a was picked based on estimation of the liquid
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the outer surface of the hub 25 to the interior of the walls 20a by
depositing the liquid into the swirling 15 vapour. The upper portion of the
vapour - | ivgabdeseseparator 20 is filled in at 20b between theTERVIER6BIa and
hub 25 to aid wetting of the interior of walls 20a as the gas-liquid

m xture 14 enters the vapour-Iiqui separator 20. As the liquid 15 is
transported do rscf,zezgﬁﬁqc R@é’gjsd&?ﬁe fwreshpefinre Hé e uir g5 hagbhed and
reduces, if netvept enend ssharhendior mady e f ke Adhei rgyyifaces,.  The

liquid 15 continues tq fall and exits the vapour- |iquid separator 20
th?ough the | il&Lﬂu&doJ’% S lis e Airgaming daftetthfome226(Hasgsk o ded

bel ow the vapaiifscaididlord tihe A dia: A e ihanCchp IOl A0l
collected liquid 15 and reduce downstream coke fornation. e vapour

phase 16 ent e he Skdgdur oft 198t trcthube 2 Satwiiltls ifingideste ddioidlée, exits

at outlet 16a@RIRAACAAS HAA vARRAIIERT. JeifiohhWit Nel. tgalment, prior
to entering the 30 radi ant section of the pyrolysis furnace as shown'’in

Fig. 1. A skiPPUekldaatdemdsiitide aamttiavee bifon dhchekivdp@db dict 16 and
aids in defl eglingsany,d |tq>wtq1e1%qncgit%vl\%'adl%iﬁrgm%r§d e ‘;a%%%rratl%r S\g/a:(lgcz 20a.

The di stance of the hub 25 extension ow t vanes a was pic _
based on esti m@Vieen tof thise duitduitd tuks WB=01/ 66672 PCT/ EPOL/ 02628 drop size

t hat uld be captwmire ef.gr.e.t dr ved nore.than hal f y past
the hup 25. Si gni ?&ga(rilgtu% Isi(%%%itdr}%) et %ggesnr%é)al%oﬁﬁ g&\%%%hgrﬁﬂ‘b\@s (based
on observati oy WSt kst lod osier lawatpers siidel Jtoartthet hatpresende zﬁaoﬁnia:hﬁﬁltl re'
25b on the hu i1l . introduce liquid droplets into th apour, phase

wel | bel ow th%eéglﬁ\g?gzggfé T8 G511 SR W I SEnerro 6_3’1 SR kil 25b
of hub 25 dueito thkee veortsi 2oed Swis la efraidid csapaurt:6,asbicit MOYesoke t he

i i ve liquid fromthe
outlet tube 1%%éa1 ogh%l%%bhigl%%e%5%£g¥ad%52%%a%0igDpresé%t at the

15 vanes 25a.

The distance between the bottom of the hub 25 and the
highest point 16c of vapour outlet tube 16a was sized as
four times the vapour outlet tube 16a diameter. This was
consistent with the air/water model. The intent is to

20 provide area for the vapour to migrate to the outlet 16a
without having extremely high radial velocities.

The distance from the entrance 16c of the vapour
outlet tube 16a to the centerline of the horizontal
portion of vapour outlet pipe 16a, has been chosen as

25 roughly three times the pipe diameter. The intent is to
provide distance to keep the vortex vertical above the
outlet tube 1l6a - not have it disturbed by the proximity
of the horizontal flow path of the vapour 16 leaving
outlet tube 1l6a. The position and size of the anti-creep

30 ring 16b on the vapour outlet tube 16a are somewhat
arbitrary. It is positioned close to, but below, the lip
and is relatively small to allow room for coke to fall
between the outer wall 20a and the ring 16b.

Details of the separator 20 below the outlet tube 16a

35 have been dictated by concerns outside the bounds of this
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hub 25 as close as possible to the outer wall 20a w thout reducing the
area for vapour 16 flow below that available in the vanes 25a. As a
practi cawomt/e@r about 20% nore area for flow has been peDEP@@déishan is
present at the 15 vanes 25a. The di stance between the bottom of the hub 25
and the highest point 16c of_ vapour outlet tube 16a was sized as four
times the vapoliPRIVE: t Ube 4B AR THiS depe tomastentiviid the

air/water nodglet Hivdtad 451410 28 provie @Jiﬁlaerﬁagjl’uﬁé‘?e?’é‘,p%efé) mgrate

to the outlet 16a _w thout having extrenmely hig elocities. The

di stance from¥¥etiéhtrame TRV thes srppiriomalficitabey 16a to the
cent erli ne of the diard Zontale HOTEdOmPooiROUT MGt RidR 83 A, been

chosen_as 25 roughly three tines the pipe dianeter. Intent 1sto
provi dé di st af@éPauyr Keepi 1dielaforarox aeme ol rafowelithavashad etitthube 16a -

not have it di hed { sty e [ l.ow path of the
vapour 16 | ea&?#gl%gut Ib%}é tu (%[ %dgn Selog)s%% ogr%%z’an stq% ?%a%fbet h%%?‘?- creep
30 ring 16b o®n He MaEsburiQutnate tigile tib @ mrmssiomshdthe ardpdatard/. It is
posi ti oned cl .t . hel th | p,and is relatively. small tg allow
room f or cokeqt%%lfrgiullbaq{)le%eme%rl\ﬁet'heefoﬂu elrns\?\i/aqdei %Oat%éené‘%\% T ity afébt%%t ails
of the separatrorte2dizel cwdiiel oytdiett t ublef ke 3mdrmave heerw diret atedl. by

concerRps outside t baund f this 16 WD 01/66672 PCT/ EPO1/ 02628
separ gpor. AsOIq’oenrgh%lsfe nlontr}]helstnglqcsqdaoﬁ’eaﬁoourcaod%tequi Juite P27 & above the
inlet 16c to tsHendutileeintt ulleowl Giystiherts orshaulldl kedur | paat 40 Separation

efficiency. Chi.ef areas aof caking caoncern involve sections with 5 vapour
recircul at i on,Cl(S’rSe?FetC%e t"%(/)ée‘ﬁq ‘vvasgql?erd t\%J‘cs’n Y955 d 2 R arda LS Thsi de
the top head ey bg shaped @ydd idd ed pigd dmd efdalbd & ARPY oxin®Y 6,ddiey
expected r eCinro%u lpai*teiv%r}ltz Otr%leé c-léhkee ifnrscjmdegrogwitn%e, r]]olflti): %v5ouilsd 6Illnooltdhen(ost of
15 it in place so that a large chunk is not likely to fall.
Areas under the vane skirts and the skirts 16b on the
vapour outlet tube 16a are also ‘unwashed’ and coke
growth in these areas is possible.
The gaseous vapourized portion 16 of the crude oil
20 and/or long residue feedstock 11 fed to the vapour-liquid
separator 20 as a gas-liquid mixture from the first stage
preheater 12 is subsequently fed through a vapourizer
mixer 17, in which the vapour mixes with superheated
steam 18 to heat the vapour to a higher temperature. The
25 vapour is desirably mixed with superheated steam in order
to ensure that the stream remains in a gaseous state by
lowering the partial pressure of the hydrocarbons in the
vapour. Since the vapour exiting the vapour-liquid
separator is saturated, the addition of superheated steam
30 will minimize the potential for coking fractions in the
vapour to condense on inner surfaces of the unheated
external piping connecting the vapour-liquid separator to
the second stage preheater. The source of the superheated
steam is a steam feed 18 into the convection section of

35 the pyrolysis furnace between the first and second stage

17



potential trouble point. If coke were to grow and fall 10 over the inlet
16c to vapour outlet tube 16a, a significant flow obstruction could occur
(such asveOoub@3ed check valve). For this reason, a cage PeT/EeoRms 25Cc of
either rods or a pipe cap may be used. This would not prevent the coke
from grow ng, in place so that a |arge chunk

buh m@uld hold nost of 15 it _ ]
is not |ikel yPEGRFAIELS -Ar eddCuridée ﬂﬁée@aﬁéf§k¢ﬁﬁsr@ﬁdapﬁe3§@hm9§ 16b on
the vapour ogtkebrbuvhe Loa ale tAleSdeatNWASRRGr RNGGOKS o YW, i) d hese
areas i s possible. The gaseous vapourized portion 16 of the crude ol 20

and/ or | ong r&é§PRGEEEGs OdcEhPL SEEG™ &t e SYBSEleatieguisdatsepar at or 20 as

a gas-liquid mxtyguethbo® thechhbsk oSt 388 anPheheat sk u125 %r.%urg%%quen“y fed
t hrough a vapourizer mxer 17, in which the vapour m xes w th superheated

steam8 to hBartifFeleagour g tachipghdher digdr shdre antheh2sildapeur i s
desirably n]X@Qfﬁﬁ%ﬁe%Qp%%h%QB%Qd%t%a%beUQQd%& sh%e%ﬂ%%%ﬁnéh%%o%%?t%%ream
remains in a gaseous state by lowering the partial pressure of the
hydrocar bons PAvt Reinfapéuthesivapeurhe Fapeweldyi tithg shperapaired iquid
separator is sabypatgd: ke addiyl ion gl supelheated sieam; ,3Q will m nim ze
the potential for coking fractions in the “vapour to condense "on inner
surfaces of thempahedteed rexgéngalfrpimpibgutodrdct’Cngot B60vaGour-1iquid

separator to the c p ter. .The saurce.of .t he superheated
stea&??s a stean1Fggdg%goﬁkgggghéggggvggtﬁgnpggcﬁfgﬁlgflggaFﬁé pyrol ysis
furnace betweertehsafli tst thrd pyecdydist dgenaté, WOg@1h66672 cBEE BRO1/ 02628

preheaters. The.flue gases. fromthe radi ant_section. preferably act _as the
heat i ng sourcga%grepﬁgfgasﬁﬁa FﬁgvepgﬁﬁgthWﬁé GPZENE Te&akhe: ysgd, but
super heat ed statés Suetablredstipenbeakeahist aapyrtienper dbdeesbageinot 5

particul arly |1 ited oh shech ohoend, and ahould Be. sufligienc to provice

15 potential around the inner surfaces of the mix nozzle.
The preferred mix nozzle as described in U.S.-A-4,498,629
comprises a first tubular element and a second tubular
element surrounding the first tubular element to form an
annular space. The first tubular element and the second

20 tubular element have substantially coinciding
longitudinal axes. Preferably, superheated steam is
combined with the removed gas prior to entry into the
second stage preheater. Therefore, a first inlet means is
provided for introducing the vapourized crude oil and/or

25 long residue or long residue feedstock into the first
tubular element and a second inlet means is provided for
introducing superheated steam into the annular space. The
first tubular element and the second tubular element are
each provided with an open end for the supply of the

30 superheated steam as an annulus around a core of the
vapour feed, the open ends terminating in openings
arranged in a plane, substantially perpendicular to the
longitudinal axes. The apparatus also includes a
frustoconically shaped element at one end connected to

35 the open end of the second tubular element, provided with
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dew poi nt of the vapour. Generally, the superheated steamis introduced to
the vapourizer mxer 17 at a tenperature ranging from about 450 C to 600
C. 10 Theaveoapewr: zer m xer 17 is preferably | ocated extePOBEPMN26T8e

pyrol ysis furnace, again for ease of nmaintenance. Any conventional m X
nozzle may be used, but it is preferred to use a mx nozzle as described
in US. -A-4, #98°89¢tuddredr @ mubistand iedd ve swilng 185 ngomerihi dlhear ound

the inner surfiaeestelaithe MxeNeAZl@e tThgIRRELALLRE 1l % 3077
described in U.S%—A—4,498,629 co rf%es a first tubular e ?%é%%%gﬁgya

second tubul ai™ &l EFERCPNY G A orhébi ssrongbiiukmlelremdrmend f gihm an
annul ar SpacefrEQ%d@oH%béTﬂ%“éﬂéﬁ%@?%qghe%?dh%@gnﬁegﬂngpggl%ﬂ%g%a%fe%%nent

have substantially coi nciding ongl tudi nal axes. “Pref uperheat ed

steam?s conBPPaEd 2@ tdﬁ?gtrﬁi@sr-errﬁ\h@d agasngeinentt o femt syt iighttd vt kg vesedond
stage preheat%Eus{Q%%%ﬁgk.ﬂgasﬂéﬁé %ﬁ%@%n@eg%%'hﬁ tBEOXI%%Qigorwhere .

i ntroduci ng t he vapouri zed ¢rude-oil and/or ﬁong resi dué or 1ong residue
f eedst ock i nt §heheuperdteattagh ftarare nemtist thrd faese pordentiset:hee aos tias t

provided for inte i r_.h d., steam,int e annul ar ace. The
first tubularoelgééggga%%o %%%gegg% F&Eu%ﬁ%le gn%n? gggmegﬁc% FSVYded
with an open madifdeinige tégppliypkooft keks80 foupetheat éd sheamias nazzarnul us

arou a core of vapour feed, .the open _ends termnati i n openi ngs
arragg%d in a pla%g% gﬁ%sfﬁﬁﬁFg ?tSSPﬁgﬁaiE&F PrFoe?ﬁgs Fgggitudinal axes.
The appar at usvabsoriizelruddsea 1f7r itdtrecghi ¢ahky 19hapedrebementhat seaengnd

connected to 35 _the open end qf the second tubuyl ar el enment, provided with
18 WO 01/ 66675%5%?/ Eﬁ@%/eé%fs%laa g‘ncjﬁst gRhaF aRi $P8uBsCaRt AFP¥ecoi nci di ng

with the |ongithdinal axesush theckubuhaedebenentsrand ghuekgdirRgn ikRed
direction away fromthe second tubular element, the frustoconically shaped
el ement havinéagﬁaaﬁefegﬁdpg & Afe furnace. In the second stage

15 preheater 21, the mixed superheated steam-gas mixture is
fully preheated to near or just below a temperature at
which substantial feedstock cracking and associated coke
laydown in the preheater would occur. The mix feed
subsequently flows to the radiant section B through

20 line 22 of the olefins pyrolysis furnace where the
gaseous hydrocarbons are thermally cracked to olefins and
associated by products exiting the furnace through
line 23. Typical inlet temperatures to the radiant
zone B are above 480 °C, more preferably at least 510 °C,

25 most preferably at least 537 °C, and at least 732 °C at
the exit, more preferably at least 760 °C, and most
preferably between 760 °C and 815 °C, to promote cracking
of long and short chain molecules to olefins. Products
of an olefins pyrolysis furnace include, but are not

30 limited to, ethylene, propylene, butadiene, benzene,
hydrogen, and methane, and other associated olefinic,
paraffinic, and aromatic products. Ethylene generally is
the predominant product, typically ranging from 15 to
30 wt.%, based on the weight of the vapourized feedstock.
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5 nost 20 degrees. The arrangenent of a slightly diverging frustoconically
shaped el enent behind the |ocation where the superheated steam neets the
feed preweavssdshe contact of |iquid droplets with the waPCT/@Pot(1628e] enent
thereby mnimzing the risk of coke formation in the mx nozzle. 10 The
super heated steanfigas m xture exits the vapourizer m xer 17 through |ine
19, is fed to thelS8e@Bn@PterRged FrEREAfErts1 snRgrhsakes: sdepm he decond

stage preheat@idedhreughd yhastheated By chbatbl-ua 0ases iy aonthe . ;radi ant
section of the furnace. In the second stage 15 preheater 21, the m Xxed

super heat ed st&& QR thteLge Lige g fp é#@ﬁe&ﬁe@lﬂﬁtﬁ@@rS@ﬁaﬁugﬁ bel ow a
tenperature aknhowhi ¢R $ubst ant ial m%%e@%tga@eﬁrﬁ%%h@% %%9%'%%?% eoke

| aydown in the preheater woul'd occuf. The mi x subsequent "'ows to
t he radi ant sé@@|éﬁrlttﬁﬁ@@@hPZ@hﬁ@ﬁérzzndftbﬁeV@p@ﬂWHQl@Wﬁdlyeperbmpwace

wher e the ga%%OQ%oQ%d&%C%ﬁgon% a&%rtQﬁ%ggh&ﬁpgéa%%e%uEQE%lefﬂ@%a%

associ at ed by groducts exiti'ng the furna ough line y i'Cal" Pnl et
t enperatures ft etﬁémpééﬁéwﬁez@ﬁetBeaQeSa@eqeldSQthumereOpﬁeSemaUIy at

| east 510 C, t ferably I an 32 C at he
exit, nore pre?@ra ylgt%ﬁggg?g gg%cf?%% 1§§§t§nd g %% é%bgfﬁeeﬁeYQS C
and 815 C, toVvppreomst gecoaekicng £rom tbﬁgcandesb@ﬂtaoudbm fohegc uked due

ol efifys. Prody %%ﬁ +@fan ol efins pyrolysis furnace include, but are not 30
limted to, ethylene propylene but adi ene, benzene, hydrogen, and

met hane, and othewhasgewcahedgeleﬁlmappurmaeafbbmponeamd ahoaagae products.

Et hyl ene generall he pre mn r.od pi_cal | gi from 15
to 30 wt.% badd mﬁﬁ% ﬁ%%&P %ﬁg 3&58 rPE&b% &Edsh Ek fggVEﬁeQ
01/ 66672 PCT/EEO&bﬁEG%&llh@ aMeomua@nakeepb@dtﬁeet tsepenhaated steam nay

be added to the firs t pr eheat er i.n the convection section through
line 13 in |i8RtSP G I%ﬂ&gﬁl§Pe§%F§§ aéée nd £he quantity and

15 temperature of optional superheated steam added to the
crude oil and/or long residue feedstock in the first
stage preheater 12. The amount of vapour recovered from
the crude oil and/or long residue feedstock should not
exceed the stated gas-liquid ratio, that is, no greater

20 than 98/2, in order to minimize coking.

The process of the invention can inhibit coke
formation within the vapour-liquid separator 20, the
vapourizer mixer 17, and in the second stage preheater
21, by continually wetting the heating surfaces within

25 the first stage preheater and the vapour-ligquid
separator. The process of the invention achieves high
recovery of crude oil and/or long residue fractions not
otherwise obtainable at first stage preheater
temperatures of 350 °C or less, while simultaneously

30 inhibiting coke formation.

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

35 convection zone of the pyrolysis furnace may be arranged

20



shown in Fig. 1, or may be added between the exit port of 5 the first stage
preheater and the vapour-liquid separator as shown in Fig. 5, for the

pur pose o¥Ohuedsher el evating the tenperature of the gas-PCTyEP@/2628t Ure soO
desired, thereby increasing the fractions and wei ght percentage of vapour
recovered fromthe crude oil and/or long residue 10 feedstock. The

per cent age of aFapobrP¥ed@icsiipSHerits Pegadlgds- o dlied titbetsuma ywibehi n the

first preheat gkrABYcbe rad] sk g1y p%%t bel khRg fLhefash t%%%%a% A
quantity of optional dilution steam added, and the quantity a

t enper at ure ofCBFELEASN §9§@rheé¢e&h§té&#ﬁéddé@etéeﬁd@t0©ﬁumeyobb and/or
l'ong residue EEQ@%tQﬁ%nbnsEQ%rEUr§E giéa%%sgr%ﬁ%%%er &h ?%ck should

vapour recovered from the crude 0| and | ong r ési
not eXceed t RBesEangdegrsski Gure ﬁ@ﬁpaghtWauChsaldot@ee£Eedszackhan 98/ 2,

in order to meRpze cokiAg. ﬁlﬁ%tpkgc%ié SLF&gg o%v%ﬂtl%lrs%n 'nhlblt COke

formation within the vapour-liquid separato vapourlzeP M xer 17,
and in the sepoabiestage pnéhm@terprZIerbylgomhknughlthewhbmg bife theat i ng

surfaces m‘thhgngéckggn % ?% St 396 (pr SQE teq:he 3h8%5§%2$§?368 e&r ude

separator. The process o & i nvention éhleves
oi | and/or | ong cempdmeeﬂraftpnassmngleopheswbsakobﬁammabbedahpbbéat1&tage

reh er te ratures f 350 e simyl t aneousl 30 .
Pnhibl ing co g fOrratt |gﬁonTﬁgnﬁyPSI$§lspyﬁphgéé g&yrﬁécﬁny ¥9p§g6F
conventional pok&kirmedpgmbbysinentyr naeecopeeatednf ebnpr edugtieasof, | ower
nol ecul ar wei ght ol efins, N ﬁgeglallé incl udin u ulab st eam cr acki ng
¢ v ¥

t
furnace. The TUBESCWPERFN 8V¢BHVEEPi BR ?gﬁg 8RR Re LAY PEEYSFEiEHr nace

may be arrangede 20uM® 011666420PCTHER01LQ2638 fé%d@tb@&kaBwEUbeS in

rallel, or the ubes may be
pa thgn each %ank, the tubes may arranged in a coil or

15 serpentine type arrangement within one row, and each bank
may have several rows of tubes.

To further minimize coking in the tubes of the first
stage preheater and in tubes further downstream and
within the vapour-liquid separator, the linear velocity

20 of the crude o0il and/or long residue feedstock flow is
preferably selected to reduce the residence time of
coking fraction vapourized gases in the tubes. An
appropriate linear velocity will also promote formation
of a thin uniform wetted tube surface. While higher

25 linear velocities of crude oil and/or long residue
feedstock through the tubes of the first stage preheater
reduce the rate of coking, there is an optimum range of
linear velocity for a particular feedstock beyond which
the beneficial rates of coke reduction begin to diminish

30 in view of the extra energy requirements needed to pump
the feedstock and the sizing requirements of the tubes to
accommodate a higher than optimum velocity range. In
general, crude oil and/or long residue linear velocity
through the tubes of the first stage preheater in a

35 convection section ranging from 1.1-2.2 m/s, more
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arranged for a single pass of the feedstock through the convection zone.
At the inlet, the feedstock may be split anong several single pass tubes,
or may bevéededsd2 5 one single pass tube through which al | PChEPéIeR6st 0Cck
flows fromthe inlet to the outlet of the first stage preheater, and nore

preferably throu the whole o h convection zone. Preferably, the first
stage preheat ét* '%rag%]rﬁbr‘?rs% f%)ﬁel srf‘ﬁ%ﬁ AT Harkr of ¥ ks %ﬁ@bosed in
10 the convecti ovzonenof, theovyd®! yst s Urnaser td Nid M SrmPr&f erd@din

enbodi ment, the convection zone conprises a single pass tube having t%\o or

more banks t hridtRyiFuhith PherOeenRfe Rrlangri/againily Fhsierrt fekdshioack
flows. Wthin@ach Hank rddies tURe S HBYe A F AN | N1 S &Pid . Or 15 serpentine
kK

type arrangenent within one row, and each ban By have several rows of
t ubes. °To further GRHITHEES ok nEsH the tubide ofil mnd/ostlont agesidue

preheater and 4duddites, i el s AoNnStd 6308 andy; AN L d e yapoy - |1 qui d
separator, the linear velocity 20 of the crude oil and/or ng residue
feedstock flow il 2 pt ét/kd albd ytivedwah exhy ocqrethidel artrel regimience time of

coking fracti qp Mapou ze i t : rapriate linear
velocity will also pronot gll?gfgﬁél%nggched at ?Cinlmﬁé{rh% %?fn%ef tle%‘?einutbleoré'urface.
Wi | e higher %8 |Jivesr viedlontitiesobfthe ubeids loidndirot/ donigpresialiiedue
feedstgck throyghy hes e, f.irst stage preheater _reduce the rate
of co&?ng, there |5fs%a‘icn}$ ou'Lp ienlﬁ{n%rg%n%eg of elc%ge‘&anrgovaelsé%&}]t%y %r%c?urgc ticul ar

f eedst ock beydridiwitd oretdhel benefici atudatisdfprioke teddetiwniibagin to

dimnish 30 in.,view of the extra.ener requi,renents needed to punp_ the
f eedst ock andnct 4G e R A of %%eattl?ﬁ)eysﬁ%lm—accg t"e- & 1 gher

e 5171 ng TequiTenent s
t han opti num wHediitnstr angaye Iprelgeneral , Ay ute diilqund/weitdong resi due

l'i near vel oci t\yaipgﬁlh%h the  tubes of the fic{/st thoage erseihdeuaet er in a 35
convection sectto ng' fromE 2. P mE Y g e O

15 feedstock, the velocity of the feed through the tubes
increases. To achieve this effect, only small quantities
of water are needed, such as 1 mole$ water or less based
on the moles of the feedstock through the first stage
preheater tubes.

20 In many commercial olefins pyrolysis furnaces, the
radiant section tubes accumulate sufficient coke every
3-5 weeks to justify a decoking operation on those tubes.
The process of the invention provides for the preheating
and cracking of a crude oil and/or long residue feedstock

25 in a olefins furnace without having to shutdown the
furnace for decoking operations any more often than the
furnace would otherwise have to be shutdown in order to
conduct the decoking treatment in the radiant section
tubes. By the process of the invention, the convection

30 section run period is at least as long as the radiant
section run period.

In another embodiment of the invention, the

convection section tubes are decoked on a regular
scheduled basis at a frequency as required, and in no

35 event more frequent than the frequency of radiant section
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WO 01/ 66672 PCT/ EPOL/ 02628 preferably from1.7-2.1 ml's, and nost
preferably from 1.9-2.1 nis, provide optimal results in terns of reducing
t he coki mgo phiessorenal bal ance agai nst the cost of the tubewEPO/R2628nace and
the energy requirenents. 5 One neans for feeding a crude oil and/or |ong

residue feedstock,at a linear veI00|ty wi thin the range of 1.1-2.2 ms is
through any cBR¢8KEPEnal PREABEAGL YrethEnFeRYeFhigRpFeFELPRILENBBEPKEAL Of

the inventionat hherkyneacyvetoskhytob Emﬁegryeﬁ @k' ﬁBQéOﬁrEEQQaﬁﬁ i due 10
feedstock is enhanced_ by injecting a small annun? liqurd water into the

crude feed prféPmtéteﬁﬁﬁﬁtmﬁtHPn9 Fh@eﬁlﬂ@ﬂg§Fa§éapr§h@a¥édla©t at any
poi nt desi redsuithbA dEB@kEh@SEcﬁEég§epreB%é&ﬁingé@?égethbguhgymﬁ Ler

vapouri zes in the crude oil and/ | ong residue edst ock he vel ocity
of the feed tfAPBdYAtedevitibes filavredsescamoandhpéve this effect, only

smal | quantities 19f¥$@tsﬁoeﬁsrnsﬁﬁsgl?ggehofstﬁe”9h9é%¥@ &' Qrf%S@So?ased

on the noles of the feedstock throug first stage preheater
I n many commefebarhepeednstppmoliygskddedr hacebe fhestraﬂaaatpseheabertubes

accuml ate SULLLCLCDhaOOKeLEURLY, $n8 WERKSOLPnEUSELEY . dpEp tnggﬁgefation

on those tubes he process o n prOV| t|ng
and cracking prehe@tadeconveahdbor8bohgoneshdu9héeedpbunkl?@und a ol efins

furn wi t ho ' shut down t h furpace r _decoking operations any
nnre%gften thg%pgﬁétggu&ggce mgﬁlao E%rmﬁéguﬁavég?ﬁebéssﬂﬁgﬁbaﬁ 9 A%r der
to conduct téebdétnknhgwheeataefiiownofhsupadhastedestéan ehubes. tBy the

process of the invention, the con ect 0, section r eriod is at |east
as long as thSOPX%?gﬁ?n §BRET ORTF ﬁrﬁgiyogetWﬁe%nBQﬁef gﬁ AECORt he
invention, thetagenyeeheéatesertthartbbesupeehdeeokedtRe A16RJUEaEteam

scheduled basjs at, a frequency as required, and in no .y ec_g00 °c.

15 As shown in Fig. 5 and Fig. 6, the source of superheated
steam may be split by a splitter to feed a flow of
superheated steam to the vapour-liquid separator 6 and a
flow of superheated steam to a mix nozzle 5 located
between the exit of the first stage preheater comprising

20 the tube banks 2, 3, and 4 and the vapour-liquid
separator 6.

In yet a further embodiment of the invention, the
feedstock may optionally be split by a splitter la as
shown in Fig. 6, between heat exchangers 2 and 3, or

25 between any other heat exchangers in the first preheater
section of the convection section of the furnace. Such a
splitter may be desirable when the feedstock contains a
high weight percentage of pitch and is heated to a high
temperature within the heat exchanger 1 in order to

30 control its flowability, thereby obviating the need to
process all of the feedstock through the first heat
exchanger in the first preheater section of the
convection zone.

The following prophetic example illustrates one of

35 the embodiments of the invention and is not intended to
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35 event nore frequent than the frequency of radiant section 22 WO

01/ 66672 PCT/ EPO1/ 02628 decoking. Preferably, the convection section is
decoked wvadon6dsrequency at |east 5 tinmes |onger, nore preP€er/apdyo26isr om at
least 6 to 9 times longer than the radiant section decoking schedul e.

Decoking of a_tuhe may be 5 conducted with a flow of steamand air. In yet
anot her embodilABrtt §F& REAN &t iT8E @andwosr  Fhjer keamaed sstisam i s added

to the first eleaaedr ehem ehe RS IO NEREGNE LK dc RO, from the
first stage preheater convection section and the vapour-Iliqui 0

separ at or vi a F&OYiLe1eez Megsimius, - i-heRefiey epicevildedhage tenFudiurentd where a
flow of superhoated sleamien! eibdditientONVas! LORZ e Phslerably bet ween
the first and second stage pre e_atereslz thgﬁeg%%guggr%ﬁéatt%ﬁg t'he ow of
steamoto a tésdvigh Ovietninehiaxid iman ddeofcoalyst 1450 zGn80G sCatl® As shown in
Fig. 5 and Fig he ,soukge.of h ed . st may.be split by a
splitter to fegglggr%l ow ow qs%&peer eagesd%?tsear%'t o%?hwgrv{é&%ur-l iquid

separ at or 6 aRdessufregwerpengperiteatcadlistioan desaribedndzzitdes | ocat ed

bet ween t he exi f. the first s preheat er . conpri sin 0 the.tube panks
2, 3, and 4 a)r% tat éeéépc%t} H%ed‘ﬁui %sseﬁ’glrcg’t g g.eaquﬁ %‘ttu%afaur er i ment
of the invent womldt Fepoueedst ack akaygoftriaatdlony , beaspliny khea splitter | a
as shown in Eig. 6, .between.heat exchangers 2 and 3, _or 25 between any

ot herﬂﬂeat exgﬁ%ﬁ’geec;tslcﬁnnsteﬁglﬁnrstto SPEFedPeft §eE‘P|C§nf816 e T8&Hv &0@on
section of thehktucokdeg Such dn splfurhecempyobesdesigr ablee rahenrtidie s

f eedst ock cont ains hi gh wei.ght percentage of pitch and is heated to a

hi gh tenperaflﬁfigrvﬁlhﬁi ﬁ%flﬁr\éf\%ﬁg)&s &?@ﬁ&ﬁﬁj’@% PelfR%order to 30 control its
flowability, thepebyiebwixaikipng tthe need to process all of the feedstock

t hrough the first_heat excﬁan%er in the first preheater section of the
A crude oll fged, having the properties listed below,

15 is used as the feedstock:

API Gr. 37.08

ASTM D-2887 TRBP

Wt.% Deg. C
1% 24
10% 111
20% 170
30% 225
40% 269
50% 309
60% 368
70% 420
80% 4717
90% 574
97% 696

This crude oil feedstock which has an API gravity

37.08, and an average molecular weight of 211.5, is fed
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convection zone. The follow ng prophetic exanple illustrates one of 35 the
enbodi nents of the invention and is not intended to 23 WO 01/66672

PCT/ EPO1LMQ62&672 i mt the scope of the invention. This exp@pERo®E628deri ved
fromthe nodeling program Sinul ated Sci ences ProVision Version 5.1.
Reference is nade to Figure 5 to_ illustrate this enbodinent. In each case,
the vapour 5 |13t dCoReTREUERI of ng/ t he 2vAVRCEIBR 9Hn@8i B0@tka/hr to

tenperature wigh exceeds Bd5: Gxlhgelcl N + HreSSHr s copgRatyr -88”%! tions

described in the exanples, Iighg er feeds such as heavy natural~gas Tiquid
woul d vapour i ZeeRRUEKEWee fehc8$ oS, a2t aush pes 3hee 10f chnvieat i pnisectoon to

coke up at a mugh.fastel ¢@desipan i pking Late in a f ace_ processing
t he feedstocks un%er t he lg%n |t|§12ns @gsﬁri%ed %(gt%%)(\)/\% ?’r%%#e@?}geig%ﬁpl elA
crude 8il feediuliesvidg tHee hopeediesude steld beddswocks $isilibdoemsg tael
f eedst ock: API; . . 37 1N 887 TBP .Y Deg. 1% 24 0% 111 20%
170 5000 226 dGH LG S SO e, g ot AT SR T C REAS AR08 704 606
Thi s crude oi |ffmedsiatk ahitchbdas? dmARlg geiyht yrows of tubes, each

row spatially arranged in a serpentine fashion, and there

is heated to a temperature of 324 °C and exits at a

10 pressure of 11 bar. At this stage the liquid weight

fraction is 0.845, and the liquid is flowing at a rate of

32,500 kg/hr. The density of the liquid is 612 kg/m3 and
its average molecular weight is 247.4. The vapour phase

flows at a rate of 5950 kg/hr and has an average

15 molecular weight of 117.9 and a density of 31 kg/m3.

The vapour-liquid mixture exits the first bank of
tubes 2 and is fed to a second bank of tubes 3 identical
to the first bank, where the vapour-liquid mixture is
further heated to a temperature of 370 °C and exits at a

20 pressure of 9 bar. The liquid weight fraction exiting

this second bank of tubes is 0.608. The liquid now has a

density of 619 kg/m3 and has an average molecular weight
of 312.7, and flows at a rate of 23,400 kg/hr. The
vapour phase flows at a rate of 15,100 kg/hr and has an

25 average molecular weight of 141.0 and a density of

27.4 kg/m3.

The vapour-liquid mixture is subsequently fed to a
third bank of tubes 4 identical to the first and second
bank of tubes, wherein the vapour-liquid mixture is

30 further heated to a temperature of 388 °C, and exits the
third bank and the convection zone at that tempeiature
and at a pressure of about 7 bar. At the third bank of
tubes 4, a flow of 1359 kg/hr of dilution steam,
stream 3.5, is fed to the third bank of tubes 4 at 10 bar

25



37.08, and an average nol ecul ar weight of 211.5, is fed 24 WO 01/66672

PCT/ EPO1/ 02628 at a tenperature of 27 C and a rate of 38,500 kg/hr to an
ext er nal weat/s@xrhanger 1 to warmthe crude oil to a tenperararecsf 83 C
at a pressure of 15 bar prior to entry into the first bank of convection

section heater 5 tubes 2. The heated crude oil feedstock, still being all

liquid at thi €750, 18% Tout dd'a Hrisigie tfd Bithdlve e iirtsinaaifie of

tubes 2 havi ngnairghtharnse Oft dBthes, i@aGhy HQMRRAL IRlY & rcﬁ'b&%dB ' 'C’%haed
an

serpentine fashion, and there is heated to a tenperature of

exits at a 103YPESf @Vt Harmelsht ifs theadd atiel Inhquied ateitgist exfirtacti on

is 0.845, anddfherd qiidd HddioUNG e ifALS Qe a 3% 30 4‘?1%{.% 'an-lé_g(;‘LtdenSI ty
ght’ 1s :

of the liquid is 612 kg/nB and its average nol ecul ar wei 4. The
vapour5phase hhlsows dainsd thatef of6 5% ég/Mrowdnd has aanzawersge 15 nol ecul ar

wei ght of 117.%2%% density of 31 kg/nB. The vapour-liquid m xture exits
the first bankef % 2 and'S FHREFT &M SSe Sh&rtk Bofr & 3 i denti cal

to the first bankoowxer/adt,héaspeUEdrGded mddMNQd Sreifgid har digatied to a
tenperature of 370 C and exits at a 20 pressure of 9 bar. The |iquid weight
fraction exitildd - Ot kinsl sectsmbidaniofofl 4t.$bés /s .0. 608. The |iquid now has a

density of 619 kg S5 | ecul ar ight. of 312.7, and
flows at a rate O#E%S%g)ﬁlﬁk%gﬂ%%uqyﬁﬁéﬁ\%gﬁog%r e;})(ﬁgsset;ﬁl%o&gllﬁd g)arn &Fof 15, 100
kg/ hrl@nd hastabes23 dwverdge amlveculian weicghtonofo £f14he0 eaingy 12 nde Fsirtns cof
27.4 kg/ nB. The vapour-liquid m.xture i.s subsequently fed to a_third bank
of tubes 4 idle;ﬁtdi %glowtsott euchfelﬁq & fﬁ)&zsl& rid %b:ﬁﬂ?wo%éat e?%%erei n the
vapour - | i qui d1fH,600r &g/ 30 f wiidher sheatredateda tiempar acue ef p3dJsGreand
exits the third_bank and . he convection zone at that tenperature and at a

pressure of aBSuf PbarS ACIEFEChitdpdhe gerour-liquid mixture

exiting the convection zone through the Mix Nozzle 5.

15 The resulting vapour-liguid mixture flows to a
vapour—-liquid separator 6 at a rate of 57,500 kg/hr, at a
temperature of 427 °C, and at 6 bar. The average
molecular weight of the liquid phase now has further
increased to 696.0. The liquid weight fraction is now

20 0.070 due to the addition of superheated steam.

The vapour-liquid mixture is separated in the
vapour-liquid separator 6. The separated liquids exit
through the bottom of the separator. The separated
vapour 7 exits the vapour-liquid separator at the top or

25 through a side draw a rate of 53,500 kg/hr and at a
temperature of about 427 °C and a pressure of 6 bar. The
average molecular weight of the vapour stream is
about 43.5, and it has a density of 4.9 kg/m3. The liquid
bottom stream exiting the vapour-liquid separator is

30 regarded as pitch and may be treated accordingly. The
rate of pitch flow is about 4,025 kg/hr, and exits at a
temperature of about 427 °C at 6 bar. This liquid has a

density of 750 kg/m3 and an average molecular weight of
696.
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tubes 4, a flow of 1359 kg/hr of dilution steam stream3.5, is fed to the
third bank of tubes 4 at 10 bar 25 WD 01/66672 PCT/ EP01/ 02628 and at 182
C. The | ivabdésset ght fraction exiting the third bank of PODEBIM2628 now
reduced down to 0.362. The average nol ecul ar weight of the |iquid phase at
the exit of the third bank of tubes is increased to 419.4 and it 5 has a
density of 667 kg/P& MAGRAUYTY SHESRT dt é Sofcomb4 ngG0 Wigrhh st <Rive 8eapearteghase
flows at a ratig of badd 400 H{ﬂfefy 3 hafrh%n sac\é%&@&%ﬂ?} cyliale el ght,of gbout
114.0 and a density of 14.5 kqg/ The vapour-liquid mxture exits t e
third bank of 2Fateed Ahant a@@or}ﬂ%&ﬁ G ds dct isowpesthertedettiylaene f ur nace
and flows to td fNazz| of, a t 17,6 o/ hy, St eam
super heat ed to%ﬁﬁé at a(ﬁr gf)s9saﬁrecl %\g %9pc?tfa(:"rst%tal(?ﬁlé |On%j egc'?)%{l n'?(;C %OWS
vapour?| i qui d HHsetgie a é@éﬁ N ztlise Oc otneaet iidn lﬁor@@nﬂdm@tsﬁghfltthe vidpoudozz| e
S. 15 The resuyt a ui.d
separator 6 a'ltétzfe'rég}\g %wf%dggoweka%b%gﬁ: atq:\g% graatfl}re 0 57% TaL8d at 6
bar. The averé§é54w@M@b$Ddhnmatgﬁtt@mpﬁh@tmm@umd mﬁ@séCnawdhaSp&@@bm&@
increased to he Li.qui g r i i s ngw 20 0.070 due to the
additi on of sgggrﬁog}e 5 % t% %$ﬁe%§§@§%ﬁgllqupge SYCOPE PS5 2E8par ated i n

t he vapour-l@q@h@a$epaﬁﬁbomh@reThe sepduat-eéer heritds endtpabﬁé@ug@ tthe

bot t of the tqr. The separated apour 7 eX|t our-lqu|d
sepa?f¢or at t%gggé% &5 Ph% %ﬁwg sid é d?gﬁrggFaPQ SFu §r58ﬁlﬂ Fhietand
at a tenperatheevaboahow&ré&ﬁ @aamd azpoessdr e tef denkaksy TBe average

nol ecul ar wei ght of the vapour streamis about 43.5, and it has a density
of 4.9 kg/nB. TﬁekQVﬁﬁid bottom stream exiting the vapour-liquid separator

is 30 regarded asmpit r ¢ingl e, r of pitch
flowis gbout 4,0ggbk§% ?ﬁqa%g¥ggﬁ EEBQEEQeﬁ%Eg %lgasybalﬂ tof 8hE P

convection zone and into the radiant zone of the ethylene
15 furnace to crack the vapour.

Prophetic Example 2

A long residue stream derived from crude oil which
originates as the bottoms stream of an atmospheric crude
distillation column and has the properties listed below,

20 is used as the feedstock:
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tenperature of about 427 C at 6 bar.
kg/ n8 and an average nol ecul ar wei ght of

This liquid has a density of 750

696. 26 WD 01/ 66672

PCT/ EPOLMQ62867The vapour stream 7 is conbined with steaPCBaPHIGREd i n a

bank of tubes 8. The steamthrough Iine 8a flows at
kg/ hr and is superheated_

It flows 5 th

7 to produce
tenperature o

second stage
radi ant zone,
9a is 42.0 an

flows back to
et hylene 15
resi due strea

stream of an
|i sted bel ow,

APl G. 25.85

414 40% 432

10

15

pressure of 10 bar.

a rate of about 1360

o-a tenperature of 593 C at a pressure of 9 bar.
oUAt &M x Nozzd%e- B whefe it is conbined with vapour stream
vapour stream9aftowing at a rate of 54,800 kg/hr at a
430 C and a pressure jof about 6 bar to the convection zone
br ehegel Bt DY 8&hefBPit ijs further heated and passed to a 10
ﬂﬁﬁjﬁ#ﬂﬁ%ﬁ Fre—average—{nol ecul ar wei ght of the vapour stream
j itsS densitly i ®d:6 kg/imB. The vapour stream subsequently
the oeonvecfion zone and into the radi ant zone of the
—urnace-to G our. Prophetic Exanple 2 A |long
m dert¥®d frpm crirfe oil| which ori ginates as the bottons
At NOSPREer 1 ¢ crudesg @i St | ation col um and has the properties
20 is used as the feedstock: 27 WO 01/ 66672 PCT/ EPO1/ 02628
ASTM @ 2887| TBP 4M{ . % Deg. C 0% 220 10% 356 20% 391 30%
40% 432
50% 447
60% 467
70% 492
80% 536
90% 612
98% 770

This long residue feedstock which has an API gravity

of 25.85 and an average molecular weight of 422.2 and is
fed at a temperature of 38 °C and a rate of 43,000 kg/hzxr

to an external heat exchanger(s)

1 to warm the long

residue to a temperature of 169 °C at a pressure of

18 bar prior to entry into the first bank of convection

section heat

er tubes 2.

The long residue feedstock,

still being all liquid at this point, is routed through

the single pass first bank of tubes 2 having eight rows

fashion,

of tubes, each row spatially arranged in a serpentine

and there is heated to a temperature of 347 °C

and exits as a liquid at a pressure of 13 bar.

The long residue has a density of 710 kg/m3 as it

exits the first bank of tubes 2 and is fed to a second

bank of tubes 3 identical to the first bank, where it is

further heated to a temperature of 394 °C and exits at a

No v

28
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50% 447 60% 467 70% 492 80% 536 90% 612 98% 770 This |ong residue

f eedst ock which has an APl gravity of 25.85 and an average nol ecul ar

wei ght ofwdaReéed7and is fed at a tenperature of 38 C and BCT/ap&/262843, 000
kg/ hr to an external heat exchanger(s) 1 to warmthe long 5 residue to a
tenperature of 169 C at a pressure of 18 bar prior to entry into the first
bank of conve®@i e SEciSBh Hedterad thest PLArHe qwRy radsiad ue Feeadst ock,

still being alj; I§gui t i,S. paint.,, 1s.r t hrpugh the single pass

first bank of 4t3dl§]|eog)u}%@\ﬁ %t}l gcgetnsrlotv% lfo%(b)léoegi?o)g%,' each row spatially

arranged in a serfért ilong frashicare iandudseromdns Iheateel HoO = Hrameidy e of
The, | ong residue has

347 C and exi as. a liquid . at ressure..of 13 bar.

a density of f)% tﬁ%ﬁ?ﬁ 4ag‘oietntlec ?thcq ?ﬁ}% ifrlsrtStbfrﬂgfiosfecth’éjeéja? RFis fed to
a secohd 15 Hablesof whehresi i3 iitdent ifaltHer ttheddd o kandempiieraiid d:s
further heated.to.a tenperatuyre of 4 C and exits at a pressure of 10
bar. No vapou?lil?at i%dn &< 991%c eaﬁ:g“lz@ @Brﬁl/af%% PEPEISTIPI6 ZP %Nt i r e
streamexits as ahaitquwethdfdreminig aind atate pfes A3 O0F k@dir W tdydensidy is
670 kg/ nB. Th i of tubes 4

| ong .residue is subsequently fed to a third bank
identical to ffr?& F%T’*s?td %r‘?dl Sord 5k ot Fithed, Wt &b 9 furt her
heated to a temperabw tefam,4k3 Garamd EXiitss fde thivid bank @pddhe ¢

conve éi on zone_ at that tenperature and at a pressure of about 7 bar. At

the third bankUSest dbéd 40 £ GRbRYUIEE K§-hr 1o lgaviss dhesttddmd st ream
3.5, is fed toahftedehichdhank 4f a Rddthes idnaly 1 Adrandah 182 C It

| eaves the third '
liquid weight fraction of 0.830. The average molecular

weight of the liquid phase at the exit of the third bank

of tubes is 440.5 and it has a density of 665 kg/m3
15 flowing at a rate of 36,850 kg/hr. The vapour phase

flows at a rate of 7540 kg/hr, has an average molecular

weight of about 80.5 and a density of 9.6 kg/m3.
The vapour-liquid mixture exits the third bank of

tubes 4 in the convection section of the ethylene furnace

20 and flows to the Mix Nozzle 5. A flow 5a of about
17,935 kg/hr of steam superheated to 589 °C at a pressure
of 9 bar is injected into the vapour-liquid mixture
exiting the convection zone through the Mix Nozzle 5.
The resulting vapour-liquid mixture flows to a

25 vapour—-liquid separator 6 at a rate of 62,330 kg/hr, at a
temperature of 427 °C, and at 6 bar. The average
molecular weight of the ligquid phase now has further
increased to 599.0. The liquid weight fraction is now
0.208 due to the addition of superheated steam.

30 The vapour-liquid mixture is separated in the vapour-
liquid separator 6. The separated liquids exit through
the bottom of the separator. The separated vapour 7
exits the vapour-liquid separator at the top or through a

side draw at a rate of 49,400 kg/hr and at a temperature
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bank of tubes 4 as a vapour-liquid m xture having a |liquid weight fraction
of 0.830. The average nol ecular weight of the liquid phase at the exit of
t he thiraveankse’nf tubes is 440.5 and it has a density of P6BEPkg 268 15
flowng at a rate of 36,850 kg/hr. The vapour phase flows at a rate of
7540 kg/ hr, haﬁba aver,a e ol ecul ar weight of about 80.5 and a density of
9.6 kg/nB. Thé Q%& 4 %ui & @G §r PEEESELS RE OhiPRd -bafcoRVeE@Ses 4 in
the convecti omosectilan efeilghe RN dddRace redd ard aflAws 4H0 ot hg Y x
Nozzle 5. A flow 5a of about 17,935 kg/ hr of steam superheated to 589 C at
a pressure ofitohiggr ai dleinsjidat exf i4néd thige' mPapBive- [Liguiidl iotttome stewiatd ng

t he convection. z t hrqu the M. le 5. .The.resul ti vapour.-| i qui d
mxture fl ovvs%%%g%%t&\;%p%%rpﬂ%ﬁfqm%u@%%re tagrrat ratlsarregtagra%fd 62, 836K/ hr
at a Yenperaktademely H27 tCeadrd @c®MdnglThe aher agee wdl edikar raeiwght of
the liquid phase has, f.urther,, increased to_599.0. The |iquid _weight
fraction is ng% agggégaéug%905ﬁ &4ddney 5K16F & p?r%&@?@&a§Pg§nPf30 The
vapour - | i qui damioxttuée7i $Cseparcatoad.i N Thie Vapaud- hhisqui desepakaber 6. The
separated |liquids exit, through the bottom of the separator. The separated
vapour 7 exi t/$2t k6/Pdpade. Phg@ive regsarelecudert Weivbs of SRPough a side
draw at a rate of , t u 9 14,6667

PCT/ EPO1/ 02628 LFha. 6 Oggé@%rgﬁ i 5?e§§ﬁ§§5%P hesa) st ggeggéged

mol ect? ar wei gkt aobanke ofasednessBr-eafihies sgbaut thZzogghaddnei Bah&doasdensi ty
of 4.84 kg/n8 | | gul tt St i tin v r-lLiquid
separator is Peggﬁgeggaéggpgc%%gbaﬁggﬁg;a@é Pﬁegyég%gggggéiﬁﬁl . The rate
of pitch flowtempeabbutre1®f0066 % JLhrt angresistizeabfadt paper atur €1ofrs about

427 C at 6 ba i.s Liguid.has.a density of .722 kg/nB8 and _an aver age

mol ecul ar wei r&ﬁfgggiSSQ&HfheNo\%azplgu% %’?‘Fgémljf‘ L8 EORBitREd \‘?\V/ilft'ﬁ1 PBaH8a

heat ed stream 7 to produce a vapour stream 9a flowing at a rate
15 of 50,730 kg/hr at a temperature of about 430 °C and a

pressure of about 6 bar to the convection zone second
stage preheater 9b, where it is further heated and passed
to a radiant zone, not shown. The average molecular
weight of the vapour stream 9a is 41.3 and its density is
20 4.5 kg/m3.
The vapour stream subsequently flows back to the

convection zone and into the radiant zone of the ethylene

furnace to crack the vapour.
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10 in a bank of tubes 8 The steamthrough line 8a flows at a rate of
about 1360 kg/hr and is superheated to a tenperature of 589 C at a
pressurevodofedsaz . It flows through a M x Nozzle 9 wher ePCT/EP&1/2628Di ned

Wi th vapour stream 7 to produce a vapour stream9a flowing at a rate 15 of
50, 730 kg/ hr at a tenperature of about 430 C and a pressure of about 6 bar
to the convection zone second stage(Preheater 9b, where it is further
heated and passed to a radiant zone A The average nol ecul ar

wei ght of the vapour stream9a is 41.3 and its density is 20 4.5 kg/n8.
The vapour stream subsequently flows back to the convection zone and into
the radi ant zdne &f PERESSthyih@yHalivFdee ®o cengek dtifie avaour cr3@ewoil

01/66672 PCT/ E2A%:02028 cchith AihndV thn ARLAEESS. for AYIAIN0  crude

oil and/or crude oil fractions containing pitch feedstock inan ol efins
pyrol ysis fur R¥Ee1lyehsr ifsinmg dee adimmy ishadc feddinigl téred /caudec mude amid/or

fractions contgaidng A tf‘ij%eéctﬁ%ql%t %%iﬁttagé&{x{qinéﬁttc% ?tee%gigst%r g{h%%z %r Epj{r%g ded

in a convection zone of t furnace, a the t ocC

first 3tage prelsearechratar @doviderdpénabucenskcatioheasne3dd €hieo produce

a heated gas-Id qui.d _m xtur Wi, t hdrawi.ng the .heate as-liquid fromthe
first stage prftlé1 gg’%eer’ ?Sg‘ééﬁw \J/Egj%og‘%? F%SF% gé‘bcglﬁ‘gt (ci%rh% Eéﬁggatsi%ﬁ@eand
renovi ng t he gashefrtem tte ani guxiid iterpkearapeuof] aquildaseparat o, tand

feeding the r V. gas,to.a second.stage preheater , provided in the
convecti on zo%ggdﬁgret RefSREET 955 ﬂéquﬁgnﬁ‘éé?ﬁ?e ot YAL 9% &hg

t enper at ure abewéethgabsltienper #rome tak trhesgastaxit brghthe vapeur- | i qui d
separgj or, i ntroduci pr eheat e as int 0.8 radiant zgne of the

th d
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by-products. from the liquid in the vapour-liquid separator, and

feeding the removed gas to a second stage preheater
provided in the convection zone, further heating the
temperature of the gas to a temperature above the

15 temperature of the gas exiting the vapour-liquid
separator, introducing the preheated gas into a radiant
zone of the pyrolysis furnace, and pyrolyzing the gas to
olefins and associated by-products.
2. The process of claim 1, wherein 85 wt.$ or less of

20 the feedstock will vapourize at 350 °C, and 90 wt.$% or
less of the crude oil feedstock will vapourize at 400 °C,
each as measured according to ASTM D-2887.
3. The process according to claim 1 or 2, wherein the
feedstock is fed to the first stage preheater at a

25 pressure ranging from 11 to 18 bar and at a temperature
ranging from 140 °C-300 °C.
4. The process according to any one of claims 1-3,
wherein the feedstock in the first stage preheater is
heated to an exit temperature of at least 400 °C.

30 5. The process according to any one of claims 1-4,

wherein the gas-liquid ratio ranges from 60/40 to 98/2.
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2. The process of claim1, wherein 85 w.%or |less of 20 the feedstock

w Il vapourize at 350 C, and 90 wt. % or |ess of the crude oil feedstock
will vapowooweséar 400 C, each as nmeasured according to ABTMEPYIZB828. 3. The
process according to claiml or 2, wherein the feedstock is fed to the
first stage preheater at a 25 pressure ranging from 11l to 18 bar and at a

t enperat ure %anahgg from 140 G 300,,C. 4. The process according to any one
of claims 1-3°" ePH OFRE 5 BEFSEGTRY Ot REYF OPSt ot &4 1BceRedrer s
heated to an ekictreti@npenatuos Qhsatid easle 4@ €he3FLdsHIR PHACETS
according to %né %ne of clainms 1-4, wherein the gas-liquid ratio ranges
from 60/ 40 t o 88F>. STIPOWBTGLPEE6F2 PCT/ EPOL/ 02628 6. The process
according to any omre gﬁ:o@b@is”&céo@din\gmtbeiaﬂfioln@t l0@N 938 misS 1a¢ded to the
feedstsock inthe first stage preheater. 7. The process according to any
one of° cl ai ms WEEEC1B FHECENFaSGFeSiiealted SsCOBRINSG I iHsin ddenivemorvies! r enpved
gas prior to gakrpriBkocbnenseqond el 2ge RECHEA! §hasl pHIeRLQCESS
according to any one of clains 1-7, wherein the ol éfi ﬁs conprise ethyl ene
in an anount 8rangPRgPEPERSE5AEE603GING. WP Bavegnenofthelweighfl-df the 10
vapouri zed feed k. C G di a e _of ainms 1-8,
wherein a dil ut ?%%QF‘ | 5?3, g\%ﬁifg%%f Forgise %@%‘%& o %R‘Qélg‘lﬁ i qui d/ gas
phase, is add&dnpAnNgh&rPy 36 spagl wpr-dhekesed 32 the weight of the

10 vapourized feedstock.
9. The process according to any one of claims 1-8,
wherein a dilution fluid, which fluid is in a liguid or
mixed liquid/gas phase, is added in the first stage

preheater.
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