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23 July 2004 The invention pertains to a process for pyrolyzing a feedstock
of crude oil and crude oil fractions containing pitch in an ol efins
pyrolysis furnace. The production of ,olefins, in particular ethylene, is 5
achi eved conventionally by the t her mal cracki ng of petroleugkggpr Bgrbon

f eedst ocks using natural gas liquids, (NG's) such as ethan yﬁ@ usi ng

t he naphtha or gas oil fract PORQINIZANE QRUDDMEL canude distillation col um

operating above at nosp I [ eSSUS ently, the trend in sone
regions is toward desiEE??§ g?%bEﬁ%@ﬂngggé%ﬁﬁgggﬁ%N§h%IEEQ of heavi er

f eedst ocks, such as vacuum gas oils. These heavi er feedstocks, however,

foul tubes in CQEyection..section reheat ers and downstream equi pnent by
coke deposition: Ty At Bt REF U R 2nherat BFRSeEE £RE Ewirolofzime a

convect i on Seetisenck loft hage drehaat efs,gange f raaLabaul %%Q{t%q(?ui 9o

t hereby co letelg vapouri zing the feedstock wthin the conveCtion's
or in heav;g%EEB Bséd Sl igs g viysbndiveraoe gas oil, finally and

conpl etely 20 vapauki-ziah@+ihe f t.oek ext .as,Lt proceeds tqward
the_second stage pr%hea?%?g't f%ﬁg%é?ﬁ?%’ngé e£§%FHl§5ngﬁ¥§F88’sﬁ@anlas

deseribed i#CRLGVeA. £oRIBIGIPRALLY LY X IEBOt HeAnall sekasksng process for
king | ' t tural ~1iquid, 25 which
Can nesodaroa ot BYRCRRARER SR it YelRe St TRlcopoduct s on of

i s an associ ated ol curring rn
gas from gasiqubdds. (RGa'plocesh ias datraridesk asy pEoce§StAE hhgnkggdst ock

through a fjzst_ sta reheater withjn the convection zone to a
vapoUrIiquf%ré%%ﬁraggrgéngFﬁgﬁ PEQAH?%A;ﬁER%i%NF§%ﬂ% ai-sbildetbenng ni xed

with superhealeth sbpamtangeaopdesddsbherd 25ty 2004 prebeater within
a g@nvectlon zone, and finally to the radi ant Zone. e feedsfock is
cr

ked by " atY ngtRRd tFERBY i-Ag SoMea IS | § % Ut evargades bgnangor t i on
of heavy fraetdisssftonuthembbbateStage W Lheatar, secti apd
subsequently returning the vapou?er %bg%hEﬁ?ﬁﬁgﬁikg%eegg?%gﬁcgﬁ’the
second st afdlPt ehea¥@FUBBS GRE Slbject Thg schdefzaeidst abkedot yX8) ysi s. The

t enper at ur ¢ fpd. bres i.thin.th Lrst .stage preheater, tupes are
rrairrﬁt ai ned%vvithieﬁf%l ?éﬁge%gh %ha?%‘h’&%%‘agﬁ%ﬁ%w%%&? 28° 18"¢hi ch

woul d ot hedmivies tteee eqQui pgeptoblens kien delve stilties ar v @ Déai Nprbayid

stat e, whi l ions_unlikely to, cause, coking problens are fully
e&g%oratedﬁ &%ﬁ§%§§%§?taﬁeﬁ§8r8§bFe§¥fSSﬁnFmﬁﬁﬁq%ﬁoqn%ﬁﬁ%&%ﬂ SeEfton
range frowsﬂﬁgd}ﬁfﬁhéht@r@rﬂ&ﬁgéOfﬁbﬁidbb@QOQ@Gﬂﬂﬁbtqﬁ%(¥H%%é$¥generatin9

fractions wthi.n thﬁytubes. The %as-lia uid mxture exiting the Tirst
preheat er SEEEISTTS (ERRPVBLEIRA the [Regstgpkaadtdiniitién a ratio of

60/40 to 98bAveison adéor £an, ber adhuakedybybhe addid iqn.pf, super heat ed
diTution S%E%mgﬁdiiégﬂég gas ©il, finall d 1
' Yy 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-4,4098,629.

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



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 renoved and di scharged fromthe
system while the gaseous fraction is passed through a gas 25 delivery
line, mxed with superheated dilution steam again, and then ?9@@?60&0 t he
second pre%&g&§§i I n the%second Breheater, the gas is_heate% up"to a

t enper at ur & J St bet oW Phe" t BnperEEaEE OBt 2@MEeh YRt RL1S B orbeed, after
which it passRsrintforde rogeaptegeebheniang cg%sia  youl dbe
desirabl e to process, feeds other_than heavy rflg?d%gil qug)gs- mﬂ%%ﬂlghé%%gh a
pyrol ysis fi G or theV FRAGTF atignédopepERptere 2 Honttiatl eof deelsvy ncl ude

crude oil @8 dANFF&sT e fiP&tEeaggf %g‘%ﬁ]e%tte et 6%5"]?}%/(1 2004 oil

at nospheric colum. Crude oil feed is rom
fields whepsibseagrdrl yworet winihe pheduebbuniertr getriivod iglithdormis a

d il. Laui d. st 1S _i
Cuperori 1] SaP et 15 The PRt Sfeh RoRbEALE: R diartang

reaches 5 Shef deedsarquer atairssr ahys s eSSTRES teMPREQTIMRY AL igidss fite
f eedst ock OEF%E% Itg%g esidue of a crude oil atnospheric colum through a
e d

pyrolysis Tu e SFRIRE ST 82 EORdEEPEAS 2des e imd@ dined

U S. - A-5,580:448, aandnge paldH Gila¥ alose t £PREEALHEE JRRGNG fJom 150 C 350
C éo inafj r_sg_1 ejreheati ng stage, or at any tenperature at which those
fr&cti ons YREERy Yoy leh GSdiecawdi SRy G ot erekieanbhobhetisquind tieattatkesd t hose
fractions gabi keby ¢ 9Qkg; Mhes u rated uld be

di sadvant ageous ec%use gﬁu%ﬂgﬁ%owék‘?%ﬁ%%r%%%?géggg %giﬁﬁf H ﬁéhvy nat ur al
gas- | i qui d82¥F8 préiagsedoblsimC-B35 flinseFipcraned..r a@ypaeslofexit

vapouri ze I rd sigdues,. are recovered, resulting in reduced
yiglds ofd%%égggﬁﬁgkggeFfﬁagéélﬂéﬁ%ﬁ?f??ﬁﬁ??ﬁ%ﬁ PRERLPECKEDIZ0 THOB heavy

ends of cri®e 8F+3&Ad °Cong resietue canrmid beayappus i agd tuades kkypi cal
okefins pyrolysis.furnace.convection section conditions. The heavy ends of
c!rLgde 0i | i%%gf%ﬁbn?e#&?&l&?@ Ko I}fcl?eerﬁa%%s by distillation, and the
l'ighter vapouriZhél gabragtiu@Hs nfidmrd i Sid |49L | p0rsF0sLfaARRRI Y the
napht ha or gas.oil,frgctions, are used as the feed for olefins pyrolysis
plants. THISCHFSEi FFatPSRTEPESara iUord st 4070 ct4¥easi Withhd Rong resi due
requires agigiibonal soanobt @b @!gngddq«rﬁq)dlrtégfr@lc %?t éaﬂuggg& Bg t he
process. 3Q There is now provided a process for pyrolyzing a crude oi
and/ or cr Jd® i i Eaeni ofis supsrhieaiteg witlort feedsteak ah anpohetins

00l Yol s Haace, enImESLIBkEeln Bl s sl prdt ot etvde

in a convédiion fonenbiyt he Auvagoer-Adapiiny ddmBator. Once in the
vapour-liguid separator, the heavy unevaporated liquid
fractions are removed and discharged from the system,
while the gaseocus 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



4 23 July 2004 feedstock within the first stage preheater to an exit
tenperature of at least 375 C to produce a heated gasliquid m xture,

wi t hdrawi ng the heated gas-liquid fromthe first stage preheater to a
vapour-1liquid separator, 5 separati n? and renmoving the gas fromthe |iquid
in the vapour-liquid separator, and Teeding the renoved gaszégug Zt%ﬁgond‘
stage prehegfzar {rovi i e nyection z . further heatin e

t enperat ure of Jﬁgﬁ%ﬁ%e?%égg%gn%g%a %r%ogﬁoﬁgpt : GttPe 8Etrpetgas
exi ting theif0 Mgl -foxui dis separatior pillnt r adueang thepr£heghed gas into
a radi ant zgg_g afq t dé)é{éoigsi s furnace, and pyrolyzing the gas to ol efins
and associ at edt by- product s-° THe AbBIaSpiScBss SeRfisa ifsier} osbreess a | ong
residue_andtamy gl oiheinctonnensen! hBbng Bty By The progpss of the
invention allo one to feed a crude oil or crude oIl fractions containing
pi t ch feedst8EKk St 3%%&*&% | A ZBReSBRraspyr Brpsies sirmat ec maddout
havi ng to degokeelehe e s \Y; ! zQpre _any.sooner, t han the

radi ant tubes of a furnacg?é?ﬂgpggﬁggdﬁgéggg? ?ﬁeaiﬁég S Stextends the
capabi | i ty BFMRAPSESfichsFlmmmddrerdh asparobedssotraadeathdfr crigle oil

or crude o0iteaf; I C Wl itch t hi gher, t erature (e. g. 480
C that is n%t bggrﬁgggﬁ %%gl%rgé\r/bgﬁoeé% élttﬁ%e%o{'?oﬂséofﬁg‘%vé@&rﬂ‘;dqrst&mcl ation
col um 25 uhdePanbdirul aopertata rgpngond thionsr4:6p00y A28mClLs ot rerefyp ald owi ng

onggto recoyver_achigher fracti.on of the crude oil or crude oil fractions
cont ai ni ng hﬁt%hfggggaégﬁ SGLfd FI%r &%y FRYt ReTPadRANTeh@dt transfer

zone in a pymdeysthobur fizgeettiban tHae eaQyerfdsd NEQKIR 393:%5::'1%» heric or
vacuum distillation colums. The process of the inventlgn al’'so has the

advant age ofSPTbResBi ngddie: §8et6 arst sk Bractiensi ondikedyaitmi ng pitch
feed withowtok@ving tAbksr skeS¥bjzact etv@‘i‘ao?a”cﬂe‘?d oi Io@:{?clggde oil fractions
35 ther al T ow

containing pitch feed to fractionation, %B@ ng one to process
a cheaper FéEvantageoysoheganper@dq theedstwick temme pytokysi atf ur nace.

Fipal ly, tRheildH ggeSWantiiy E' her. Qi fractions in crude oil or
crude oil fract] ons cgpt ai nlrgfgL thc . (r%ldlske fe AP HREITFAr gas |iquids, wet
the inner st ades3e? (Ge inbvfscimnthEraamirstid G zensoatisuit ablgel i near

vel ocities d t pe Lhg_tegperatures described herein, thereby
maki ng cr ucclgrloiq{r o'?g% u‘déeg%‘#'llg?r 2¢ti GRECYETES nitFF Wi teH alBuFedBreds eed

and m ni m #iirg dsheof odewst T ainl of oLeEenwplhidhctthenC GN@EtiRs Zone tubes. 10

Preferablyféé gé%cgtock for use in the present invention is a feedstock
wherein 85 wt. % or Tess of the feedstock will vapourize at 350 C, and 90

wz® or | ess offheheherrmifleenid deedst@skow! bhr¥apeuly it , 400 ch as
measur ed agcordi ng to ASTM D-2887. 15 P(rDef er_?ed c?gldéeeoﬁdgege%asq?%(g s used
in the inv ﬁtF@P%iﬁﬁ?%quyq@#¥OVYRQC%ha@é@ﬁénBsPW¢9lME£ﬂ1iummammerization

. \ . H . 0,
Lol hasnes et ISR SR L I G TR R
g residue are normally removed by )
distillation, and the lighter vapourizable fractions from
25 @ distillation, most commonly the naphtha or gas oil
- fractions, are used as the feed for olefins pyrolysis
plants. This distillation preparation step for crude
0ils 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 il and/or crude oil fractions containing pitch
feedstock in an olefins pyrolysis furnace comprising
feeding the crude oil and/or crude oil fractions
containing pitch feedstock to a first stage preheater

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



90 wt. % or |less of the crude oil feedstock will vapourize at 400 C

Feedst ocks within the above range of characteristics mnimze coking within
t he tubes of the convection 25 section of a pyrolysis furnace under the
operating conditions described hereipn. The wei ght percentage of Iighter

f eedst ocks, such as nost heavy natural gas |iquids, vapourlé @t
S S0 hi h t hat the vapourization of the co fractlon

350 C, or J?
woul d 30 q %ﬁéiF%ﬁ&eW%ﬁ ipukas wﬁFﬁFnﬁﬂﬁgﬁlﬁﬁﬁh%@%gé ﬁ@eheaeentat t he
t enper at ur esmghad i hbg ERVERLELEN3 76N o H{oe $&d QWQO%QEQ? gEQe C“Jde

oil specified for the feedstock has the fol ng Char acterrs 65 w .
or |ess vagd@ils AyiEELBE0 Eﬁtéﬁéaglng6t2§\hﬂqt@®0@aﬁﬁﬂmgugdofrbmss of the

crude oil Eg@dgﬁgﬁﬁzJQFggéléng%?£g§SQo a YU éﬁ%vfiéggaeggé%Fo t he crude

oil feedstock wll b I n"a nore prefer Rt 60 wt.~
or 1 ess orSE@@nahanCﬁmdandmbmmggrEBedgasvdhnnm|ﬁm§ Biqe0d m end 70 wt.

| f | feedstpck t 350 C,_and 10 80 wt.
ess of hBPHtG ot ReUEbOtREaE 1 | SUApEPCaE (OO CIOTH dBabsko @

preferred eebodldmslﬁagé her sheisiee pi prbeedetiock wHd dweediitod 0fdow ng
characteri tl%i 21 o or less or the crude oil vapourizes at 15 300 C,
and 65 W . PE LTI thedeeBPErRERASt 6K Bhep ciFs z*é% eat 350 C, and 75

w .o or |esempbrifted usdeowd | cfeedshoskapilke wap Typi cal
cr%Fe oi | feedstocks will have API d?av?tles notq%1 ﬁ£$ zéé At
vapour—ligquid separator, introducing the preheated gas

into a radiant zone of the pyrolysis furnace, and
pyrolyzing the gas to olefins and associated by~-products.
The above process can be used to process a long

residue and any crude oil 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 alfurnace. The

20 process of the invention extends the capabiliﬁy 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
2 pyrolysis furnace than that recovered through

30 atmospheric or vacuum distillation columns. The process
of the invention alsoc 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



Long residue feedstocks are the bottons of an atnospheric distillation
colum used to process and fractionate desalted crude oil, also commonly
known as 25 atnospheric tower bottons. This atnospheric distillation colum
separates di esel, kerosene, naphtha, ngasoline, and |ighter conponents from
the crude. Long residues satisfy the above specification fo gujytz%l@he f eeds
used in thefeademictn irand pMidlpd 50 sathsby.theshahhow r’c@u—:'gaavge
specificatiﬁgén§§tmﬂ.% %glless, nprgé;referably 15 wt “% or 1éss,” and even
10 wt.$ or FedB-ap&ir ARG aPasl Y SRACE50RE. $noerigles oidora pref erabl y

40 wt. o, antdueeenil0 fatacti®hnd %té’ﬁ%’%i } pgnat : 23 July
2004 The pressure_and tenperature at whic %he cfugggg#% 5%5#8{ | ong

resi due fecddREBERYI §3fed itridfe iWRtetthe imeeti surfstage offf ¢heattatbds) t he

congecti on ZONEhES R eGiilnCal eedst ock.i s .fl.owable. The 5
pressure general | gcr anges f Po%oglze?v\%egn 5 ;%ﬁggr',{lﬁ%f'ﬁ BEEPELEHSF from 11 to

18 bar, andR¥RrtEhpepreuasiod tHempenainims $ dssgensedl hgrseh,from anbi ent

to belowt g ;enperature .i.n the coavectjon zone where it-wll
first be hre}%tlge%#ﬁ}’y%?}é%ﬁﬁy%fr}]g% Pid @%0’0‘-’@6 §paFsiessare not

critical, aarttaphing poubt besddviaral erdean Golustn B ps 9gSERAt a feed
rate rangi fron122,ggo-g ,OOQtE% of crude oil and/or long residue feed

per. hour. FigibaioFsCa SRREnHLITEI: $0&8 SINERF bl alyr zomef tabes . pyr ol ysi s

furdace. Figure2eioraplg| evabi eBevis@Wcd! . yanaurs| gyl d, separator. Figure
3is aplan view of Fig. 2. Figure 4 is a perspective, drawnhg of the vane

20 assenbl VR KO abduR - fREEFECSEpHhSIrEi OIS Fivk . . 0Fi heise 6fi sha
schematic ﬁe@&sﬁoéi%ﬂiagég%ﬁ?'z@ BYr Qlsysies T ul ncgggﬁj Fi g%'-re 6,is _a
m o ace., Ws:

:
schematic process flow di agr a pyrolysi s ’fur heFi hGeftion is
described B& dkantiwede ebel rfagdsboBkguid 11 vapanidd ust rasd ohc pf ebbg

invention. gt 5&%453%%E§§35$88F§2§§Eh2$52§% e of the invention may

i ncl ude any nunber and Types ™ © et ween each descri bed
pridcess step oPiseteseend acxieserbbedisauseecard u3dqdast ivwal igi iy a

process step. Faqr ex e,.any nunber of additional equipnment or process
steps may ﬁ?gebg¥ﬁ%gﬁgﬁQQWVE%oﬁ?gF?ﬁE?Hl§§ﬁ&ﬁato@%%hjthe second st age

preheat er, candaarte midderonfofdghé | epalieeBYNPFRRGYHJY AGESR L ePSymay lie
between fegdnd &0 SN BSgg7.
85 wt.% or less of the crude oil feedstock will
20 vapourize at 350 °C, and
90 wt.% or less of thé crude oil feedstock will
vapourize at 400 °cC. |
Feedstocks within the above range of characteristics
mipimize 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 gquickly 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




3 8 23 July 2004 (fromthe vapour-liquid separator as the source) to a
second stage preheater (the destination). The olefins pyrolysis furnace 10
is fed with a crude oil or crude oil fractions containing pitch feed or a 5
| ong residue feed 11 entering into the first stage preheater 12 of a
convection zone A Crude oil feedstocks are referred to thr %E%ﬁ oyhe
specification as_a feedstock of the invention, -but it is to be understood
that |ong residgg FeedstUc ke 2§ 0 fil Bhesarudsl 0110 flegsiidtastks whi ch may be

used in |ieyapbuek zidLUWifagion With crude oil feedstocks whenever crude
oi| feedstocks are referred to. Further, for convenience, it is to be
under st ood t hat 88v¥ity ¥mam ilesofofrivkie oitdehpalglieedstduekspeciy ils@iion

i ncludes crydeygpl ~gnd crude oil fractions 15 containing pitch.

Accordi ngly, tﬁe scope of the invention includes |ong residue and crude oi
frabti ons contalni agmpirtecipmdfomenmed ensdiméht| s nentioned as a feedstock
The first stageaﬁrege ter. 12 in the convection, 20 section is Lxg%;ally a
bank of tubes, WheP&iA Ofe “Eort &tk SShh THER UBLE aPE HeRGed o5 ily by
convective hepbutinasf et Fpgmtde Hopbustion gas exiting fromthe radi ant
section of the ?grolysis furnace. Preferably, the feedstock is fed to 85
w.o or |ess of’{hetfaEe@st d@2phithe apiieiobl afegdotockandramnitzes or

| ess of theyerygle opl fggdstock will vapourize at 400 C, each as neasured
according to ASTM D-2887." I n one enbodinent, as the crude oil and/or |ong
resPdue feedst otk wtabebs tlssugf tihe fmsie stahefpedbeatar widl it is

heat ed toa%ég%&fwygrgEuh%dMMdﬁlpronntes evapor ati on of non-coki ng
fractions into a vapour state and evaporation of a portion of coking

fractions into =Invapoustspakederurid emmidindmnt Notkdecreari pder of the

coking fractions in a liquid state. have found that with a crude oi
and/-or 35 I'ON ?%%ﬁ%u@l?geb§Wﬁc%%ﬁtfq P T HPRERGEEGEFYLGS: 9 23 July

2004 evapor at e 3%hever ¥deroiksan@OrHeORG URSiSHIE $496kE0RssWakch do not
pr.onot e coé&gﬁ dn the first stage preheaters, and i'n addition, maintain a
Fehbe f

erat ur fQQi%%@Iy el evated to further evaporate a portion of 5 the

crude oi | and/ qgfs lipngs r gsi dugsf eedshack conPrd; i l
pr onot e coking%of t he tubes iﬁ the first staé%égg% %%%égggnggéPW?ﬁgggecond
st age prehédt 50 THe caRfing phenonenon in the first stage preheater tubes

is substantial ls diymdi shegd-by pei afai ning a wet surface. nw19 the walls of
the heating tubes. So I ong as the heating Surtaces are wett & ﬁt a
suf fi ci ent Vapgird 4¢ rear 4081 8€i.ty, the cokihg of those surfaces is
i iy bi ted. 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.



The optimal tenperature at which the crude oil and/or |ong residue
feedstock is heated in the first stage 15 preheater of the convection zone
wi || depend upon the particular crude oil and/or |ong residue feedstock
conposition, the pressure of the feedstock in the first stage preheater,
and the performance and operation of the vapour-liquid sepahatgloohf oOne
enbodi ment of thé&h2opriemsents amd tthenmttden 0d | s @ndi oenl eAg Eesy Ugil
feedstock is d,in the first stage preheater to an exit tenperature of
at | east 375&“2,8?%’%lr?'ll;l)l erﬁﬁéf%%b’f?‘%%tcg??‘e&?tf%%nﬁ%rﬁbar éndetapil shst 400
C. In one enbbdstestageheretidatanmel atiy edfvdde: deedshacksf pam the first
25 stage prehe | east 415 C._ The upper range on the tenperature of

afer _Ls at
the crude oift* hﬁfé FEndor&sitdud e draaniosh inef Iowablet agBhpr eheat er -
tube§ 12 i t8EE tge ¥q) i jldt f_th d i
ubes 12 i s biebbade! gohbeanainilyathishnl Nl 19 1ygobat Nepgrude ofl

and/or long residue feedstock 30 is inpaire a certain
coki ng propeiEft§rePLiyhérpBeddt §ek lithdeeasendhadmusenper asphal benekei n t he

pitch begin 48,48 og;put S0 utyi I e separate fromthe solubilizing
resins in the feeds:tLocIE.s %lﬁlﬁgkﬁé‘l erS%ttu&Ie} H?in?jn FAPPTIPY o BBt HLYS ¢ he

first stage $eheemperatibes andtakl conbestdiomeiiagriizre 10- 23;i Jul y 2004 up

to and i ncl ydi t -1 Lqui.d arator. Preferably, the exit -
tenperature%f?%eggr%%gggﬁr %éﬂgllgﬁiﬁg’ngrf)@sil& e Ceeddt ock- wikeR% the first
st ag@ preheatedres sanetnodr eriBava320aCrnandhmst wralenablde ot ppL e s than

500 C. Each of {he teggeratures identified above in the first stage
preheat er are HENSUrdPERCERE BEnBef8edr €atRe rgaginiayfixbmi xt ure attains at

any point w22h)io0d+e0 foostk§t agecpuabeat o ankinehuding the exid port of the
first 10 stage preheater. R%cogni zi ng that a?hg terrﬁg1 at%‘resé%éjfe tﬁeee‘%r ude oil
and/ or | ongF~ési feedstock inside the tubes of the first stage preheater

changes over a gapfdfHium; gene i Si t crude oi |l and/or Iong
resi due flows thrg{gh the 1 E‘%e%@ll&%ﬁ{?%i?hég?%%%grg ﬁ‘rﬂe%é‘ta%f‘bﬁ it2 15 exits

the¥irst sPagelsdiediurnag¢e. is desirable to measure the tenperature at
the exit port ofg; figyst. stage, preheater.fromthe convection zone. At
these exit tenper. tuﬁtreesz,r %bsot%ﬁge%%ﬁ%tjp?%n%%?‘ﬁgg%rSCYFBﬁugﬁ&léiuﬁéincoki ng
fraction of seperatgde oil and/or |ong residue 20 feedstock.w |l be

evaporated i nt 014 933 hasse, ile maintaining the remai nder of the coke
pronoting fraction inm & Mgyt cPh’pﬂbs‘él?‘ﬁ o dfet9t o adequat el y wet the walls

of all heating Fuglaeed iEhe gasrdpdnt tvd %f&ufﬁﬁ%ﬁa@hﬁ Lapges from
60/2160-98/2 bé vvefn%ght, re preferably 90/10 25 95/5, by weight, in order to
maintain a SGFFFErenA (P TUbet a9 seprraker ceki Agg-add pronote

increased yieldfigure 5 is a schematic process flow diagram of a
pyrolysis furnace. '
Figure 6 is a schematic process flow diagram of a
pyrelysis furnace.

25 The invention is described below while réferring to
Figure 1 as an illustration of the invention. It is to
be understocd 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



The tenperature conditions within the first stage preheater are suitably
adapted to the use of a crude oil 30 and/or |ong residue feedstock, and are
not recommended for a heavy natural gas-liquid feed. Feeding a heavy
natural gas-liquid having coking fragtions through the first stage
preheater at the process conditions of the invention could gygﬁg@@bg t he

f eedst ock t? its %§é point, 35 and within days to a week cou oke up the
furnace 3 (1Y9B3tHg yamsou thisivy i seRaeatonvest the seumios) i the poi nt

where a shugg@mﬁdigtg%@ubggﬁﬁf F¥€EE“H5%€!63%%03?9 first stage preheater
in

12 is not particularly |Iimted. The pressure w the first 5 stage

preheater is gehBfaPlyfwnshipyrelymige Hfrredd baris mied piehemakipdr om
odi ment of e _invention, a feed

5-13 bar. |5;an,0pL.i I t rred e t
of diIutioﬁﬁ%?u?g,eggggefgglfQEﬁE}QQﬁ1%éE?%%P*%@ %%tﬁgdéﬁeﬁothé crude o
andPor | onglergi deeidoef feastt dak dnteimd iirsio Stip@er prebeatgheat any point
prior tot if,of e gas-liquid mxture fromthe first stage preheater.
In a nore nggééégﬁre%goagnﬁnF#%ﬂQQHﬁQﬂw%ﬁﬂ?:ﬁ}i§:%H@%d°®é the crude oi
and/ or Iongfee&ﬁﬂuekée&datQ@Ee@&e@h%ofE%%bd%&éﬂﬁ;Hﬁ%@e§%§Ei§EF§t98knt 15

a

external to pyrolysis furnace for ease of malntalning replacing
equi prent . aﬁgeaf%%%d?ﬁo‘a | € Regdgvesta ost,r davh vitti chs i soabeapour at the

injection pAiddrstdeOdtPeati [8haS e fe. s can be used.which
prﬁgbtes the 20 evaporat?on o%gnggggggﬁng%%%§§¥¥§¥%E%ﬁ% %f%%rFFﬁﬁag%ecoking
freaétions iGFadEetkriewhithandyobel osgdr ési die efistockn dbebghhbtiban gas

feed al so ySt S | Nt aj. ni the flow reqginme of the feedstock through
t he tubes \;%mﬁzdrrgbéyr%{%%:gegéggr%gf}ﬁﬂﬁe’qugﬂegﬁ SFGE £L5 L39AFTPFEY 11 ow.
Exanpl es ofud |nafeorre@dses. ar Bustram ﬁbefebabbhﬂéﬂd%fCHtSigaﬁb(ﬁéthated
steam at i i nt)., methane, ethane, nitrogen, hydrogen, natural gas,
dry gas, r§|4%§%¥§ﬁ PResSVehd Be0hp80r PEeGTRAShOHA. - tFiedeghony, thae

di I ution gapeics Midatiom siepatie30c2unsf bNer ¥nef ko938 JAPOLLZed, napht ha,
or,dmi xtures thereaf. The tenperature of the dilution gas i1s at a nininmm
suf i ci ent PO P st rReReTAIBIYEsebhs scape Of tthe espect to

?Ieer'[L)lte irg?ufgﬁggmfﬁtgdc%ﬁeﬁfﬁﬁgia(n&dﬁégiéﬁe3§n8 EEURe 3" & helow the
containing pitch whenever crude o0il is mentioned as a
feedstock.

The first stage preheater 12 in the convection

290 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 o0il 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 nen-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 iﬁ a
liguid state. We have found that with a crude oil and/oﬁ

35 long residue feedstock, it is desirable to fully



12 23 July 2004 feedstock neasured at the injection point to ensure that
the dilution gas does not condense, nore preferably 25 C bel ow the crude
oil feedstock tenperature at the injection point. Typical dilution steam
tenperatures at 5 the dilution gas/f%edstock junction range from 140 Cto
260 C, nmore preferably from150 C to 200 C. The pressure of ; iJ'uHIi(f(’JQ gas is

not parti cul Lmt but is preferaply sufficient to alTow’i njection.

Typi cal dil u%%%ogégepgg?s&&’?ead’dédacr@t% lqngeresidpg foagbhenal |y

within the nengsnofiobnéd paemotle ichidey riablid epfgedilytion gas into the
kg o

first stageé%r heater in_an anmount up to 0.5:1 gas per kg of crude
oil, prefer %h?ﬁﬁ?ﬁsﬂ.éFg kG 6Adgdd ozer nigg rdfaior mleteinpeaatihioe | ong

resi due feedaifofkeidpt Nt g1RaLikel &, f fodilution fluid 13 (the fluid
bei ng inaliquid or mﬁ%ed i ui\égl égs ghlgt}%)ror?a%gooer%ﬁ%eﬁ PBrEhERcPhde oi |
f eedst ock i Fithe&Fndat 0st agadppohdangr ratsiame ;ﬁy’qﬂsmébrc@@ﬁ;fﬁgegxbt of

the gas-liqgu ] . first stage eat er. Exanples of dilution

20 fluids alrﬂer'c%cirﬂqfl%#d%eb{ %?maégggglstﬁ ﬁo\s'féﬁ uﬂ%ggjealtd%%e% ih ereokisséh a

liquid wat estage rphhéaten sndbrathen seicohdotshergedid i on: L § qui s, or

gases. |n general a}_léjzijl ution fl U{:H [ %,Ereferred when the injection point

is at a |ocation WHere Ui snsEPpl FiRsEhetRoGuIRFSlteateT antbos 1§ uti on

gases are pseb&tmﬁiidﬁﬁytd&miﬂiQﬁéHQBypﬁEEBthﬁnégﬁaAt | QI pher e, erude
Y,

is gither partially or ol 'y vapourized. Prefera e process, erein
theledarmunt g?’e\/\/gtaelrlsa d-he I?%E%%ﬁd*étlbéﬁ-i sS¢ Aoing$ asv dlesdedaierd on the

mol es of theukrgadslx0Gk:e 3t {41k hgﬁff-gg%ﬂet h\_{% e?) di ment, superheated

steam can be added to the first stage preheater in Five 5 pr onot e
further evaPBLRFidY ofthehecrine of | thesdssockavkthin tibg ifbirsds St age

B Gasl fqui d maror er TR R e TS VRLOR " RESRE B Gt OO

long residue feedstock is heated 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 fesidue-feedstock is
heated in the first stage preheater to an e%it
temperature of at least 375 °C, and more pfeferably tb 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 oil 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



23 July 2004 first stage preheater through line |4, directly or indirectly
to a vapour-liquid separator as a heated gasliquid mxture. The
vapour-1iquid separator renoves the non-vapourized portion of the crude oil
and/or long 5 residue feed, which is;sthdrawn and separated fromthe fully
vapouri zed gases of the-crude oil and/or |ong residue feed. 5Ehg, 2004
vapour-1liquid separator can be any separator, including a cyclone
separator, apceid rdddigencOhdankr [ [alal i: %ggg’gp used i n heavy
oil 10 pr oceggi ng. .The vapour{lEIfTi gﬁibdqgg%g?atlg%\aéﬁ co#?yléijr ed to accept
side entry FEEFSARMHEIn the ¥pSuEeBRRrStUNe todD tife tdmudepat bt andasd t he
liquids exig 1 o. a : a t.op.entry feed wherein the
pr oduct gaseghgiilﬁlkﬁmsi%%é%?t§§g ég{ﬁgégt g?l.e f&r%ﬁe% RElgAEer

separ at or opér Lithgrrerpeha ub20i 8Csubhiicinest beefeiriidih rHdwe depperat ure
of tshe gas-Liguy @Orﬁi ¥ture within the range of 375 Cto 520 C, preferably
within the range "of 4 Cto 500 C. The vapour-liquid tenperature can be
adj usted by an Beahsofi itaidiagoOat nes easiivgrarh bawaofviRgr heat ed

di lution stgam %o tthe gas-liquid m xture destined for the vapour-I|iquid
separat or a5 H8ScAHEF HFIRRTHRT YeR MPapered ast hheedsame nark e urhes 5,
and/ or by igggeashdd he stamper f-.th e ck.tq.the.furnace from
ext er nal hegt 25 gxchan ers. | néiw%é?e?%e%n%nggg%?mﬁtl%?}l%e%\?fp l:sfti qui d
separ at or i $T@88cPFBEGAYR ol tdinppthiec aekbh PErk40F emtsl tdiadkt "A Wetted
Wahlp Vapourgiigui I r." | o, Flgs. 2 and 3, th

vapour - | i quh?){::léi % ggg%%%t%ﬂzo }}ég%s o% i n%W%%rFF%aE?mBSFFI f?e(ﬁfied?ﬂsﬁ Vi ew
in Fig. 2 a®oufe aideemnidoimad lpiran ndwidua fegdsBocEheneadd tihens Bfed he
gas-liquid (m e:kn_lLine 14 at the entrance of the vapour-liquid

separ at or Zégf;#féédg%‘gﬁgeﬁt%a&e SRR STIEH9EHr OPpEFt Re§Onitd ntaing5
preferred tgehavalsyf tisient, ren-tRPUHidedhi qahd/dp Songléed3all y 2004
(between 2-40 vol $ of the feedstock, preferably 2-5 volt of the feedstock)
to wet the THR%F nbPXSHAfa FBgTe Whgsurthe q’{ﬁlﬁp%éﬁ‘é\daﬁoﬁmﬁhiﬂm dtnett ed
walb requi reEnd tHeessent altdde %ﬁ@rﬁ@é@ef,ﬁ%ﬁ{ﬁ &’ésiké}o@@ tBf event, 5
coke formation and deposition on the surface of the separator Z20. The :
degree of VHINFeatRentesPeyatursf atorthmpuiit zte dfquhd fSxstan be

control | ed dns a4 ysthogrkhe g e sheaddesdst ock rajio, and flash

t enper at ur e ofé’?hyé gas- | i qui Okrﬁy%th%r 5%%14. f{)lcﬁﬂeéc\grg%buréjﬁ aﬁﬁﬁesgb‘&ﬁzat or 20
descri bed HEWISTPpeiress beplr at icoreopromeHiingi tr 45t hod aaRoHr ndB-phases
of the flash Lp.: sHuch -a.man t hat. .coke, solids are not allowed to
form and subseq e#t]‘[e?/&?lééﬁ glft ﬁg’r% {&%éjdsee%d'rlata&d/;ﬁr CR%e’ GOWHERr eam

eqi? prent  (Gestdsthovin)wilh b6 aveponbted it d el ajdy/ehlyaSONPAEL1e

constructign,. the wetted-wall vapaur-1liquid separator 20 design can achieve
Rz lnln?|€1§ﬁ FRERIOREE O g%ﬁ% RERTRIF RS uEBB2ebEamn, t hus

a higher tempeérature

ef fecting tihe ar dcioyery phasehigherdeapeur bzrdfact) o4 608 &QElEeﬁﬁ 11
for further agmdo St ream processing. This increasés the fraction o :
feedst ock Tt e@#% PRT 48EASH or TBPoGAE ARG Wiighera bi ree fevafotys 23, and

L%"é”é_es Ré?gff‘{gﬁ? R R T IR e L Pt
véssel havrnd wal% Woeghhn iRl erdegatponaiateiini iy suiEficiomihy gas- | i qui d
QUi d out P et Ten T dl ekt gt e T S gnaca s EPR R G aRe il om
the inlet Y381d$.a hub 25 having a plurality
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-ligquid feed. Feeding a heavy

natural gas-liguid 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




30 of vanes 25a spaced around the circunference of the hub 25, preferably
close to the end nearest the inlet 14a. The vane assenbly is shown nore
clearly in the perspective view of Fig. 4. The incomng gas-liquid m xture
14 is dispersed by splashing on the oximal end 35 of the hub 25 and, in

particul ar, by the vanes 25a 3 15 July 2004 forcing a % r%pfq @f the

liquid phasetmblﬂb hhﬁ'mﬂétéwﬁVéétf&ﬁ“@é@ﬁXcﬁo%@rQh%h o4l t he
vapourlqu|daﬁ§Q rator, 20 thereby keeping the walls 2 a conp wet t ed

with Iiquid “iledsy HgEHeredi e of, 5 if not preventing, any coking of
the interior of u surface of t hub 25 is
The M esmat c}ﬁcon fﬁg?%y %gﬁgﬁupaeﬁﬁﬁgrert Hgat 3 ows

mai ntained in a conplfetely wette |on
down the out@PtSQﬁﬁéé@ﬂﬁaﬁﬂM)ImmxnﬁﬁtC)Tmsuﬁféssaﬂé hﬂtﬁgﬁ @ el FARGRON T

the Igi quid 15-Lpn.C Q wifh the surface of hub 25 to the interior of
the walls 20%?‘1:‘% E?tre?‘%f% SUTT RS & off’s‘i%neﬁdréﬁgﬁhefhéﬁzlsb@ﬁd ai ds

in forcing amgréi guedetrmeanispddeed 8 e, outer surface of the hub 25 to
the interior of he maII% .20a bé dep03|t|ng t he I|gU|d into the smnrllng 15
vapour. The uppet™p8Pt PETIoRahEWrapsetasiRa erlepdinent 26 kbefilled in at

20b bet ween ieehdheh,l4a rard BEbdQQdﬂidH(kﬂﬁii ner8£eigﬁlg gihgag%;tor

walls 20a as the gas I| quid m xture 14 enters t apour
20. As the I9¥%i# 1@3Vsbﬁr&ﬁgﬁérﬁédU@ﬁmﬂMﬂdﬁ Q1ﬂ|an&éepslbhg ﬁﬁbh@u&Oa and

t he1bub 25 washesd:a d Sgihifsn o t rmation.of coke on
their surfaces. T%eegl %ﬁ %%SEégr?ttl %E:g gﬁ%kﬁaégﬁ 2ki t4YReip pBALPEqui d

separ at or ZﬁqrﬁQﬁgﬁX@heOﬁlqbedQGEtﬂeQulﬁamm&uumé f&omf&ﬁé poZgtes 26 is

provi ded belgw ut 5_tube to ovi de quench oil for

cool i ng coIIecf%%g?¥%ﬁ§§Ef§ gkrédﬁgéedgﬁéi ML HPHRE: on. The
vapour phaseilﬂeltem:ergthéSvapoaﬁdedt ket tthectcAfite adi1 tond)f gPesbngoi Nt 16c,
exits at ou&let a_vapourizer 17 for further tFfeatnent

prior to enterin ?h E%Bgﬁaﬁ aﬂ? ggEtﬁﬁﬁs5fﬁﬂ%gﬁnﬁwﬁﬁﬁﬁ%ﬁ#Lﬁha@epasnshomm

in Bg. 1. Axlrialbbospyreupdsst bergateanes 166 i ¢l 46 and
aids in deflectin c%éjany |1 qui d915 out a/ar dly toward eti E\bef %la%a?%&ﬁu\?\g %2&20

The di stanc& “oH& QuEHQSP%§F5n5|on bel ow the 35 vanes 25a was pi cked
based on estimatian MfedhorldOWi6i3q 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 portibn of -
coking fractions in the crude oil and/or long residué
feedstock. The dilution gas feed also assists.in |
maintaining the flow regime of the feedstock through the
tubes whereby the tubeé 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 dilutioen steam,

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

The temperature-cf 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




16 23 July 2004 drop size that would be captured before the drop had noved
nore than half way past the hub 25. Significant liquid 15 will be stream ng
down the hub 25 (based on observations with the air/water nodel) and the
presence 5 of a "skirt' 25b on the b 25 will introduce liquid droplets
into the vapour phase well bel ow the vanes 25a, and collectbggmyéob
continue below the skirt 25b of hub 25 due to the continued swrl o? t he

vapour 16 #eeidstmpiesndDsinedodt| ehet Uhgedbaonl@olh RUD skinte 2Dh Was
sized to npve ILgyid fromthe hub 25 as close aS possible to t%e outer wal l

20a wi t hout*Peddcitd Ihedat a0 8r ohpEaRdessSEl, omased awatriaklni 2abfe in
the vanes BaacwAtrd RIALdd G 1 nﬁéé&étoéﬁoeémﬁg%ﬁ%‘&g% ?c':rteacl'f%r flow has been
IS

provided than is present at the 15 vanes 25a. The ance between the
bottom of &RaeRHEP5 penidtt he Twgrhest gblntitec stkavagempandt etes ube 16a

was si zed faur L. t 16a di ter., This was
coﬁgistenteaft H&ﬁgl%?fﬁ%gfégg%%%%?eyT#gﬁFﬁggﬁtrﬁggﬁb%g%mbﬁﬁv?dégaﬁ%a for
the vapourZ266 Rigr aberea erdtemivl et fida Wohoat thagiong °ext remel y hi gh

radi al velocitigs. The distaqgg%%ion1the entrance | 6¢c of the vapour outl et
tube |6a to the CeREESSHRE AT tHe" HorT 2 FR 2 L PoRPFoR st AR Yut | et pi pe

16a, has beeniebasepuds IPYgh fetdWPe $hresclbatpiBe adhaNRLSl e el Nt ent
isto provide_diitance to keep the vortex vertical above the outlet tube
16a - not hERECRL Aidtibidy 9RS (e HHEsE T 29dee ERe ther iczawtealo¥l obve pat h of

the vapour gdfekeayingutieteHaibeadfa. o e pgspion and size of the

anti-creep 30 ring 16b on the vapour outlet tube 16a are somewhat
arbitrary. It I§ pesiPeisdredld due add dutubedowgashénktpptied fisstel ativel y

small to r oke tq f tween the.outer |'1__20a and t he
ring 16b.a%%%ﬁ%lggghggﬁg&éégﬁf§}5$&gﬁgge omF?hQ'guglgg ?%bgaf6§m§5 ve
been di ct at£dchydeondérnpreftesiatel t hep bomndis3 01 ki 8£3gaslpe3 khplgr 2004
separator._As.long,as_nothi is done to cause liguid to jet above the
inlet 16¢c ?5u?ﬁe°gﬁtFQE/Fﬁbggfﬁ%jr?ﬁﬁﬁqf’§%ﬁﬂ§ﬁ“8€ﬂno i mpact to separation
eflfi ci ency. ChikteanegsvellyGold feDROBIdL IuvOby er SREHI 98BS (Whih /3 wigpour
recircul ation, or netal nqt well washed with |iquid. The area 20b inside
the top hé%%?%ﬂylﬁeasﬁ&ﬁ@&dquWWQ%ﬁP\ﬁ%QP%Qﬁ%ﬁﬁaPhFéeépEﬁﬁxbﬁaﬁQQﬁﬁa

expected regsitxal akhae s3ne reuxtdisl dg ofnhd hes pub g@ahé g}%@%fte&me”t Hal
trouble point. If coke were to grow and fall 10 over the Inlet 16c to

vapour out3®t3R¥bROiBE, PEisy W itdenteiowdshe ugt sohigudHdmdedmre such as
a closed cARek VALYVE)-sBOL LSS Jrtfilke A (08,01 SCEECN, 20 0L, ©i ther Tods

or a pipe cap may be used. prev hé™ coke om gr owi ng,
béf woul d Fotidspareoligsids ithall ace sasilat wapougezeluakong mdttH i kel y

N R A FoR R R TR TN R

possi bl e. 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 a2 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



The gaseous vapourized portion 16 of the crude oil 20 and/or |ong residue
feedstock 11 fed to the vapour-liquid separator 20 as a gas-liquid m xture
fromthe first stage preheater 12 is subsequently fed through a vapouri zer
m xer 17, in which the vapour m xes 1\éxf;ath super heated steam 18 to heat the
vapour to a higher tenperature. The vapour is desirably E’hﬁﬁﬁ}éﬁ’b&h

super heat edfstreamsitmoer gereH < oS Wierddgh 1D§es§a<’aa&yx@@il@,s J1”a gaseous

state by | owerin e partial pressure of the hydrocarbons~in the vapour.

Si nce the vsal\%gﬂlr":%giillp’i t%e"iﬁ%ﬁb‘ﬂ‘rqu S LRPEARPSr 2i5s as Arartade gjas-he

addi tion of 1sypedheataehsd eamn0 widdy fdni tial for ki ng

fractions in the vapour to cond.ensg.(;ln il%ﬁfgu%gg%‘gg&gq' tr%goﬁrﬁﬁegc&fd

ext ernal pi PPRGVEBRNELESSY Ao eap eff HHeyuitudepat it andfort hengecond st age

prelgeater. Jhe;sQur f upers haat eam i,s_a steamfeed 18 into the
i 80N 2B tbﬂl%.c% H.% wqﬁ:hec&asutln %H%Ef%g%ﬁa ﬁg %

convection section of 35 thé pyrolysis Turnac FP% t&%d second
stage 3  18uP3YJuRpoR0G4ept gleeatserns. tHee diutbe 9AEESahaPBYt henpadi ant

section pr t ,as e heating.source for increasing thé tenperature
of “the stearst oY BEEARC e JEROUTLATAET o Sk Fon: canobeanny

t enper at ur esepaRanor, Sipaluddnbatl yyldnee GeatdoP] 08 8By 2R(gghoul d be
sufficient to $r§w de.a neasure of superheating above the dew pornt of the
ar |

vapour. Gengr *2FheCBfpePRe fE¥d C8t ERMMCOR JshtytrRickY heavweovkpouri zer

mxer 17 atprodesPengl uraer RgLAG-f miab%léf? AR S t Gont?;
vapouri zer mxer 17 ?s preferably Iogat ed e taer na tcgal?g%ep§?%?§§P§Ed

furnace, addt FFePPEagédsf ephrnt Eradcwhensincdrhemapmat exktaozkke may be

used, but idod Soprefercedat e LX.N s descr.ibed in
U S -A4, 498,§629, to f ur?ﬁérgtgémaghdzméﬁ?hgi?ou%%g ef%%o?é?‘nt RFERFoBhd the

i nner surf dd¥s IWpahetarx apzal bopThrtpyeferdediidve 0zzhe Wweodeser i bed in
U S. -A-4, 4%%5%?@ ubul ar el enent and a second tubut ar

rises_a.first
el enent surroundi%gi?hteﬁ%?%ctieta uFé? aPBREAT Y0 form an annul ar space. The

fikst tubul ar &lenendpant-1heusecoasa 28t bububan aeliene Merie subst aotial Iy

coi nci di ng | Preferab super heat éd steamis conbi ned

suoﬂ%id:t'Udi{'ai:-_ axes. ly, (

with the révoved gdit pr? of21otantr e n’E%mPﬁéasté‘c,r@ndesttd‘g% g Thiebget d
Ther ef ore, md :ftiuzsd widlein MERESr&8gPrOFiI ded Fer rionts in rized
crude oil aigrg/ qr 253‘ I ongnresi dﬁe %ro | ong resi gﬁ? %gggg?dc%%érﬁeoy%ﬁgyfi rst
tubul ar el EMEREATS SR PF nfe? Heake F80pr6vi dEdef orapavr-ddimi iy

super heat edefifpRamuydtd dhe @@”ﬁéﬁsééécﬁng{lﬁm‘é%%t E%%lig]%n% ement and .t he

second tubul ar el enent are each Pprovi ded an open-en or° t he supply of
t e 30 supdPRESRSE Nt darfi kew ot asupe tseatedndidutive oftdare teaphs feed,

the open epgds-4Hem@;nating i open . apranged in_a plane, .substantially-
per pendi cuPar to%gﬁﬁ%ln%&%%icﬁe: lg)gesé%_£ﬁﬁe9§5pgﬁgpﬁ -g'll%u‘idgcl udes a
f rust oconi abeyasdivaped elesmentbed omefwenchepndeched belldw theropen end of

h n l.ar .el enen ' it h
the seco drEngC H%(%¥%&fel§fng5§v%fmgy f%creasing the temperature

of the feedstock to the furnace from external heat

25 exchangers.

In a preferred embodiment, the vapour-liguid

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

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-liguid mixture in line 14 at
the entrance of the vapour-liguid separator 20 are
dependent on the feedstock 11 properties. It is

35 preferred to have sufficient non~vapourized liquid 15



19 23 July 2004 a longitudinal axis substantially coinciding with the

| ongi tudi nal axes of the tubular elenents and diverging in a direction away
fromthe second tubular elenment, the frustoconically shaped el enent havi ng
an apex angle of at 5 nost 20 degreqg. The arrangenent of a slightly

di verging frustoconically shaped el ement behind the | ocatiopswgr#olhe

super heat ed, s megt g .t he .feed prevents the contact of liquid'droplets
with the maf?éggg%ﬁeseﬁgm&ﬁl%fﬂﬁeﬂﬁﬁrﬁ?ﬁﬁf%?ﬁbrtﬁ@eﬁaﬁéhﬁy(xﬂﬁﬁfmmmmtion

in the nix obzzhe. fé¢0d¥hecxypardaaied st eant gas. i Ly &0 t§ the
vapouri zer m xer }{Z through line 19, is fed to ??eéégggr? sto§gtétql§r eheat er
[

21 and is, hEAPRUF ThiBHeds Eepad atiaiye? Or €Mehs evet heduyh lilubesieaediy t he

flue gases fsomiberiadi apt 4806td Q0L roace, .l n the second stage 15
pr egeat er 21, the m xed superheat ed g‘{lle%m@ab%ésl %fktﬁ?fenf% PEEMYreheat ed to

near or justCRel bormatiaperatuderats hiah substansiaFateedst egle cracki ng
and associ | aydo iLn the preheater woul d occur. The_ m x feed
subsequentﬁi %ms fo hem?S igﬁﬁﬁééx? N B I HEYRE9D (PReV22%0PLt he

ol ef i ns pyrmehysiapdurhaeklehtdenie Igasents By aceronsang thermal ly

cracked to olefins and associated by products exiting the furnace through
line 23. Tfélﬁﬁtﬁqﬁkﬁk?e%bngﬁﬁFe qﬁ?%éﬁ?ﬁ@ﬁﬁ%ﬁﬁ yaheoBaadefibohe 480 C

nore pref ertanpemitd.easér 5ﬂlQnga§5lfIQ%1ticpEﬁf}&r1?§E yl]%\t | east 537 C, and at
Ie_gt?t 732 C at the exit, npre preferably at |east 0 C, and nost
pr

erably bet VAR U ahEdB81Y cereFasosndile daswid e dieteng and short
chain ol egiaas 0 llias: ofr 08UELS 9f oan Ohief 115y RYLOLYST 5 W nage
) u )

include, but are not "30 Iimted to, ethylene, "propyle
benzene, hydr &den flash metdtimes andsochee assweinttdciol edkai o1 pagaffinic,

and ar omat i,¢. pr.oduct.s. . Et hyl en enerally.is the predom nant product,
typically F%ﬁgfﬁ’g %r%n%@t%gﬁogﬂ ??%béglgﬁegﬁ Xt Gt DEthee Yapouri zed
f eedst ock. s8para@®o23 2Mulor A4 dowastephhobaliQMed BN SHRGiheatggd steam
may be addggcg?gnttheffi.r st s%%a%gﬁjfgrﬁheat er 12 in the convection section
t hrough i he i°n i & SofF BnYsPedRfss SrROWTIUCTieR, I1ther may be
added bet weenttHewaxilt vie@dufl bgtiba Ebpstashbaoe opehs: r?rcaq{']fjac%ﬂ'h?%xﬁe

ur t her

vapour -1 i qui .SE arator as shown_in Fig. 5, for the purpose o
el evating thé*f Eﬁeutsffﬁ’ﬁefa&fulf%efb%hl Bandthirkt dre asd wiEsialedradunen eby

i ncr easi ngcthgefl bachmens tand Wk ght+ pgLcepLa [ ggoMered from the
crude oil and/or /| ong residue 10 feeds%ojgﬁgE %ﬁggé’g%?g%%gae%&g\ﬁvearpouri zed

conponentsv?ﬂoar§§§ﬁ!éﬁﬁ@ﬁﬁQGLk% Of t bhey foedf Lisfopr euesther may be
GEPLe o SIQERTLEELY BECHRRAIAET, (DS AL Lo R Bt o ot
super heat efieedabariddiddwhd chhecaor Udle ws¢d afdf oprbanginesiduadreedst ock in
the first yajyeg 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-liquid mixture 14, a vapour
outlet 1€a for directing the vapour phase 16 and a liquid
outlet 15a fox 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 14a. The vane assembly is shown more clearly in
the perspective view of Fig. 4. The incoming gas-liguid
mixture 14 is dispersed by splashing on the proximal end

35 of the hub 25 and, in particular, by the vanes 25a



stage preheater 12. The anount of vapour recovered fromthe crude oil

and/ or | ong residue feedstock should not exceed the stated gas-liquid

ratio, that is, no greater 20 than 98/ 2, in order to mnim ze- coking. The

process of the invention can inhibitqgoke formation within the

vapour-1liquid separator 20, the vapourizer mxer 17, and in éd’nmgﬂg@q}md

stage preheat@rc?dy dypeepibAvald rheettipd d ke heatingssurfaces wthin 25
eheater and the vapour-1liquid separator. The process of

the first st
thg i In\r/Znt isﬁgg%ﬁ%vjeﬁ PrENarEegvéEryast dhederadils & oef| bhyg veppdue
fractions nati@iherydse-obtai ngltgeg%sfyi ﬁ:%?eg?%mﬁetfpé %\gﬁgrz gnperatures of

350 C or less, while simultaneously i nhi g coke Tornation. The
pyrol ysi s f Ry beebhydt ypshol iquavennkdonalcat img plye obysésofyrnace

operqat ed for 4, ' .| Qwe I | ar iLght .ol.efins, especially

i ncl'udi ng altubUE a&glls ear?néjéllrigék%ﬁgofz(égyﬁgge? TH et&ﬁbtsewc?jﬁi%ftﬁlée%
convection »edd nf2Qhe pPyilokysse, f theacatary she faldaagedede hid 28 July
2004 as a bank _of .tubcgs. in para or the tubes may be arranged for a

] el,
singl e pass 6t t1fe 1% dlsqo‘%kc?’ﬁPiaﬁ{jﬁthEeEBﬁgeEPP@ﬁtﬂdﬁé.bwat wkdet, the

feedstock mapyke spldd FUBWY S6WA! BheSbigbe Bas®alwbes: b Y f6. fed to 5
one single pas?ﬂftftj_be, t hrough which all the feedstock flows fromthe i nl et

to the outl éPSHETHE ik hoktag et prerenseprt anbiendriayirdkfley dbl yearanigh t he
whalce of theieenved iGN Fane o TebsTabl ¥o the Lhististage prheater s
i

conprised of one single pass bank of tubes di spose € convection
zone of theWpyasl ydias f dr redeiert | 25k hisr prefids r eHeeniediaterind td® wanvection

zone conpri Si : S; ing two, or.nore banks .t hyough which
the crude o:ﬁﬁga% /8?5 (;%rllg’ﬁ‘as’felsx%L gﬁcgr?%%s?no%ﬁ*ﬁ‘d . SHATTRP , the
tubes may athengedeim smxdEde osf lthsegen?$ neot yRe antIgIERys Widhin one

row, and each,bank .may have several rows of tubes. To further mnimze
AL D eoT by

coking in th B39 e phEfett ef tERI HRE swed ime t her

dowdst r eam aagowict. hi Theh@pranoUscld ok o5 epes a&@?oughgihiquar vel ocity 20 _
of the crude oil %nd/ %{Q !&%2& residue feedstock flowis preferably selected
i

to reduce tREPPFEEFHEN iorl &bKithgt % ralt i et vapouthged ngaded 4ian t he

tubes. An apRRoRtbabs kionealy \eloidy ak lndla0:promn! of QoAU gp oL A thin
uniformwetted tube_surface. Wile higher 25 [inear velocitieées of crude oil
and/ or | ongtPRsPBgaliaudst sk tUROUGh arte 1abese ofapherfiliguist age

preheator 1 dysseihe nateasl OB APOrS 12 R SRLLY Aag O 1o

velocity for ‘a particular toc eyond nef rcral
cokB reductienkeepknthe wadklsi HDB@rc tliewd 2hevexhed endr geduces,

U ferent sengeged. LO.UID, Ui feedsliadk, Al Lhe, SL2lpa geaulgnents of
crude oil dhéotigong L&scdueiiesaro/@0Q tand heoigd the vepesrof the
first StagQLﬂégfgaggﬁaigtgr 20 through the liquid outlet 15a. A pair
of inlet nozzles 26 is‘provided below the vapour outlet
25 tube l6a to provide quench oil for cooling collected
liquid 15 and reduce downstream coke formation. The
vapour phase 16 enters the vapour outlet duct 16a at its
highest point 16c, exits at outlet 16a and proceeds to a
vapourizer 17 for further treatment prior to entering the
30 radiant section of the pyrolysis furnace as shown in
Fig. 1. BA skirt 16b surrounds the entrance 16c to the
vapour duct 16 and aids in deflecting any liguid 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




35 convection section ranging from1.1-2.2 nls, nore 3 22 23 July 2004
preferably from1l.7-2.1 mis, and nost preferably from1.9-2.1 m's, provide
optimal results in ternms of reducing the coking phenonenal bal ance agai nst
the cost of the tubes in furnace andighe energy requirenments. 5 One neans
for feeding a crude oil and/or long residue feedstock at a lingRfogal ocity
within the range of 1.1-2.2 mis is through any conventional p~, unping

nmechani sm #non pi@&etm@¢.enhddiﬂaatem@tﬁh@dib&gBEEOQhet@QOH mear velocity
|_on i due 10 feedstock is enhanced by injecting

of the cru ' Lor, re

a smal | angﬁﬂgggfﬁplauF&aﬂn lﬁiﬁ?ﬁt?ﬁ?%r%ﬁ% FeRd2pri 0FiEeidAcEntvi t hi n
the first siageigrabeatian, ey Alr ailyi Pl dédwilesh £ ey bBI Nphhe f st stage
preheat er. A% t he %Lguid wat er vapourizes in the crude oiF and/ or” | ong

resi due 15 TRBGEYBERCEhE WA Jdid 2 iot/ e ¥ aedeht oant the pubesnicecr eases.

To gchieve ¢hig ebkeets oBhY 3Bl qUANtI4 | fy Le,needed, such as
| nol e% water or |ess based on thee nol esz%fﬁjhg %%\glgd(g{hol%ﬁ H’iﬁbﬂl h the first
stage prehed¥@Pletbesnteothe vappwomhsss atell dbé hewpyhel yahesf neraces,

t he radiantEé&C&éPﬂE&E?Sﬁi%ﬁﬁﬂn%%ﬁﬁi’ﬁ#%%%§¥%$h§%%5%%§ggré?B_5 weeks to

justify a decoking operation on ose BtAE i nvention
provi des fdruk h2b pledetdi hjeardrtriacddGwifria oF Udes Oﬁé%éﬁgl 96 h@ng.residue

f eedst ock ol gf i ns rnace w thout having to shutdown the furnace
f or decokiﬁ%ﬂg%%?%?iBﬁg SH%EﬁBr u&@té %-han the furnace woul d ot herwi se

hal@ to be shuttiownhil kdet bOLCERGUGH e t@%é‘@.f&@?ﬁ%nﬂ%mi{% he

radi ant se tioqﬁéubes. By the process of the invention; e convection 30
rADRT sCHPSE

section rumg e85t PR§SLEAG & tthe rudieantwakbt2@m wihpeti od.
I n anot her wydedidentnof 2 +bg 58¥GQBE%ﬁr &%ef¥§%”%§ﬂéw‘é@ciggg%gfgﬁgeafe

decoked on a regular scheduled basiS at a frequency as T inro
35 event nofe Tiedquasmes th3a- t hdsf peguentycefl maditant, seedioR® m@de23 July

2t least 5 e Tongary hap o EA K Pk Ida Sy oL Rl EtD o (¥1ds. | anger
t heh t he ra@in@® Z%ecti on decoki ng schedul e. Decoking of a tube may be
The distance between the bottom of the hub 25 and the
highest point 1l6c 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 tb 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 l16a ~ not have it disturbed by the proximity
of the horizontal flow path of the vapour 16 leaving
outlet tube 16a. 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 relatifely 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




5 conducted with a flow of steamand air. In yet another enbodi mrent of the
invention, a flow of superheated steamis added to the first stage
preheat er tubes and/ or between the exit point fromthe first stage

preheat er convection section and the|7vapour-l iquid 10 separator via a mx
nozzle. Thus, there is provided an enbodi mrent where a fl ow %Jg,g@gbh)eat ed
st eam ent er ssdher£ORY¥ECt inQN 17QNE 5 P, ahl y. between_the_first and second
stage preheat eﬁ?ﬁ, t her eby supe hggsin%tg{lﬂg fllsgvé%  stRanftgeatidiper Hure
within a raigft otbapeuthesnCeB00 6€ ti6 the shoviet rnedhg. 15aandnkirg. 6, the
source of supges t e may. be split . a splitter to feed a fl ow of
super heat ed stégﬁ?t%gtﬁé 3%%85%—?Fh3ﬁ@%§ %ﬂ(§¥é§%ﬂﬁp%ﬁflom/of

super heat ed st edrhief aapersnozzkekingocaned HetivRa ddies&xt ok fhenfirst
stage preheat er.co risi nngg_the tube banks 2, 3, and 9 and the

vapour - | i qui'd FSeParatorT5Y AR08y 8% BeitRdr "doatildertashed el thvent i on,
the feedstodk g optTRAabk¥abeoBPlhkiRY &replidd & Sy in.gkig 6,
bet ween heat exchangers 2 and 3, or 2% betweechiyeg#ﬁer §§$mg§%ﬁ3§gers in
the first pféh edefitBnmaterhalc 5pvappireoxiveds dhofexpecteadnace. Such

a splitter mayihke i I en 3 0 tal ns hi gh_ wej ght
per cent age of &t(%?%ﬁé@?sgﬁggfed&gg %5§?§% ?gngggaﬁﬁhaést rﬁ?ﬂtgﬁﬁat
exchanger 1PPkegitderl tbragbtenpobhtit sIfl ondli Wietry, ticheney abwiading the

neeghto pro a ) dstock_through.the first heat exchanger in
thgﬁ%i rst pggﬁe%até:e gie%i‘?gnigg ?%ev388%0935r11efoﬁé‘?’%ﬂé%fol"‘! owi ng prophetic

exanpl e il | sdgndtidsame HfoBSobseresbodhneatsdobetie RN i And is not
004 limt the scope of the invention. This

i ntended to i 24C%$ Jul ,
exanple is g PS8 FH35t t el Fobel i FQF pE P afP BERDN aBe§3TE OICELIRIVI Si on
Version 5. 125Bebr efiaghds £&@e ¢ £ SUPE BabOmh 'g%t 3y .t higg, &miodirent .

I n each case, the vapours liquid mxture exitin e convection zone 1s at
a t enper at uFBEWRFEY Bicdeth 75 € WAdeF ovhRg pr Busuweiilemperlat mast of

condi tions deseni badden dhe i@l esrqdi ghisr feeds,syghag heawy natural
gas liquid would vapourize cracking Ifr?actl ons, causing the“10 T 1ion
section to 2BResSupngera thevdnsstorirts catdlanhe skirts 16b on the

vapour ocutlet tube l6a 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-ligquid
separator 20 as a gas-liquid mixture from the first stége
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 1s 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



the coking rate in a furnace processing the feedstocks under the conditions
descri bed bel ow. Prophetic Exanple 1 A crude oil feed, having the
properties listed below, i5 is used as the feedstock: APl G .37.08ASTM

D- 2887 TBPW . %eg.
Cl%Q410%iI120%17030%&2540%&6950%80963&86870%42D80%47790%574%§9ﬁﬁggb crude
oil feedstock which has an APl gravity 37.08, and an average nolecul ar

wei ght of 2R¥eBeafered 3 Th2512% JdseL0fdomt thet eAEeRANUIR iy C and a

rate of 38,50 Rt n external heat exchanger 1 to warmthe crude oil
to a terrpergtgﬁégégl%%faﬁatasa %}%3&? W ARUpEE pPFofnEaeasting ithe the
first bank oémpenstoteomfseatid Frdwatey H é&@@ﬁh@atgﬁesﬁﬁgt&d crude oi |

f eedst ock, stil i is routed through the

é bgiﬁg all liquid at this point,

singl e pass fir3ttbankeof WPEFES S ShBRF ki P HRAEUDESt Bls@spodach row
spabi al |y asamnpedlbple Serpertd ne faghign, andyth ' ted to a
tenperature of 324 C agd exits at a 10 prggshsure ‘bf&ﬁ Eg‘rohggt %%hi s stage
the |iquid SwiiHeieracEPoRToyides4s meastiichef | superheathing aposie aheate of

32,500 kg/ 4 : dengiet f lLi quid i 2 kg/nB and ils_average
nol ecul ar weﬁg-r%@i s 2%% %bgTﬁ%B\?gﬁ:‘dur G%ﬁlaeé‘ﬂeaé#yd\/\gé%? auPar eéfa'e§950 kg/ hr
and has an sheamages 15ntwbdoakdr taeithet vabalird S ant sedensi ¥ af 31 kg/ nB.

The vapour -JJ qu ixtu exits_the first bank of tubes 2 ,and is fed to a
second bankelo t%bée%s%( %%gﬁfpga#ﬂﬁl Fh@ i r‘%ﬁrb b&nkE© vbie? e €he vapour-1i quid
mx@ure is furtlher hepdediteramieEpenat yse pofe f240H3 b exidg at a 20

pressure of bar.. The Iﬁ‘qui d weight fraction exiting this second bank of
tubes is QFOE e 19 qbRE R¥HPhNELE GuREROP oRFBHIN Kignsease bEs an

aver age mohagutaneiaNtaR) 3dRvént2Bdal! ’ 23,909 kglpor. The
vapour - phase flows at a ra%e ofv1151, 1003129?‘\%% gtﬁﬁ#fgggarfﬁga%%? gegug
nol ecul ar w&i §ift Pefefmred ahe usdeasiiy pPz22e9 aey/deSsciitesapour- | i qui d

m xture i sysybseque to,a-thi bank.of tubes 4 identical to the
first and second Ibéﬁé%'fé%\%beg? ‘\hﬁg{rﬂé\gﬁ ?ﬁgl{}%&?u&?ﬁ JiRRE T xture is 30
f Ur her heBPEENtd ad tamperditthe DindB8s@rfandsexift +Hehenit:hidsh ppak and the

convecti on n t.hat .t erature and, at a.pressure of about 7 bar. At
the third Egﬁk 6%tfteulg%sd A7 %faiS‘gﬁsﬁﬁf‘EFdofmdiq'lﬁ'i"oz}f‘%ft‘%%% 6%%r eam

3.5, is fedompribest ld rif henk-wulabest dneht 18nBak 3econd 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 entfy 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 aznnulus 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




26 23 July 2004 and at 182 C. The liquid weight fraction exiting the third
bank of tubes 9 is now reduced down to 0.362. The average nol ecul ar wei ght
of the liquid phase at the exit of the third bank of tubes is increased to
419.4 and it 5 has a density of 667 J4g/nB flowing at a rate of |4,400

kg/ hr. The vapour phase flows at a rate of 25,400 kg/hr, ha§3$ﬂ| 3¥Bj4 age
nol ecul ar Wealql%[ of agout | 14,0 and a density of 14.5 kg/nB. g.

vapour - | i quid M3E e eR#t s2¥he eRPFE2BAARLAY TOimEelindy iwitihetitonvect i on

section of tlkevceiithydene: fagpacsrapgdef Nozzle,5. A flow 5a of
about 17,60Q kg/ hr, of steam super heat {égﬂtﬁ%ggg%ﬁgmg%‘)ﬁas parr}acLs%‘éer@gbar is

.injected info % KE-3RHIR3 | 3¢@Y dERemt the erCbhdg tube leon et 2 0fnge

t hrough t he g¥lps tNQZZ 115 e ' apour-liquid mxture flows to a
vapour-1iqui d separ at%aSlGl%tsggﬁ%é eé%%&%g?%@ kBEhAD aPeX tdiiled ffirat of
427 <, and &CS¢ Bar deffreewer dijes not eenganenei gt a0k 185 e H1iyawd, now
has further & 96.,0. The Jiquid weight fraction’is now 20 0.D70
due to the a gﬁt %%%%g\‘éagulg{er%aﬁ%cg %Jt%&‘?ﬁt TheRVBRotiRel Legiad inn tlvesrs s
separ at ed i bhehevpaphiwatdd|utk sepesaioOrede Fbegsspataled ih%“i:g;% exi.t

t hrough the tom, The separated vapour exi sttahe

c)gotsL g&t’rhe separ at qQr.

vapour -l i quPd S&p4r- Rl &R Wid dhesaht ceghthe sedemdnawtihenathey of

53, 500 kg/ hmiabsiiatng trewperzaliurgs ofsaboty : r ure of 6 bar.
Thg average nol ecul a? wei ght of the ovapourrI"&51%tFjlecga;Fna%'lgI gggu(f&%&nﬁzz&ﬁd it has
a dénsi ty of 4. 8RRgFHBErIRa tiedyWiteapigasmsirtnare exkttagthbe vapour - i quid
separator i¢ag8uregarded it y: be treated.accordingly. The rate
of pitch flo‘-:\:vlgits1 aboEt 4%%5%29%@%’#5%&1% sl%’t Jastfe‘ﬁ‘%eFat Egg SeCahdut 427
C at 6 bar.SUng8 pPrgbedteas2d dewsiitsy hefa tERD iktg/ e afelc@ndayenage nol ecul ar

wei ght of 7 uly.2004 The v ur stream?7 is conbined with

st eam 8a h aj?%%é?ir:]eé ngﬁagh 'H]‘%&E g.ea‘JFﬁ%D Yediia Hrlgigroesae 8xom the at a

rate of abotadilB360 kgthioandfi shsuperheated e, %H@'%@ﬂ&” 593 C at a
ugh a M x Nozzle 9 where ﬁgég conbi ned

pressure of bar. It flo 5 thr
Wltf vapourPsHHEanty ¢ ’p)ﬁ\%au@éxﬁgvEBB@F@P@%SQ@mwamgnmtareaie of

54, 800 kg/ hfully aptehpetatuce gba430,CH LGS SUr. 6_bar to the
e a r jﬂ@q #eRlES t?enﬁ:;%fﬁlg%ehag

convection zone second stage preheater 9b, where it 1S ted and
4RGh

passed to atitmtasohel Aeedshedh. cTRekiver agel musmisreaetghe of the
vapour streaRdd Sit2ele 9P hb8:BNILLY ! Sccur. The mix feed

subsequently flows to the radiant section B through

20 line 22 of the olefins pyrolysis furnace where the
gaseous hydfocarbons 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, benzéne,
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 vapocurized feedstock.



4.6 kg/ nB. The vapour stream subsequently flows back to the convection zone
and into the radiant zone of the ethylene 15 furnace to crack the vapour.
Prophetic Exanple 2 A long residue streamderived fromcrude oil which
originates as the bottons stream of g@ at nospheric crude distillation
colum and has the properties |listed below, 20 is used as t@g‘mﬁggﬁhock: 3
28 APl Gr. 2S. 85ASTM D- 2S87 TBPW . ~Deg. :

C0y220l Oy35620988 130 ~4b44 Endd2 2ButtiAe+A0 7 T0A40280:-p3489 98-77Q 23 July
2004 This lon residuebfequtock whi ch has an API %?ggigggéﬁ §§§8 Cand an
aver age nnl%%%?%rtReFBﬁtféﬁ5$2§P?9%uPﬁth&§ﬁ%u1%.iEanﬁaaneeotiB& C and a

rate of 43,000ckgAhtnteugs @xhernal sheat 1§41 dnt rmthe long 5
residue to a tenperaturgaof 169 C aﬁ aq%ﬁﬁg§%¢29%¥E%§é%agt%gﬁoﬁsto entry
into the fi¥eWbahk Bigcohveoti orysbet aciicbdiatrweameshd. eXhe borg besi due

feegstock, stilk;pein Laui d.at_ thi oi nt, is_routed through the
sTngIe passﬁﬁéré%P%%ngt%%étEggge%tﬁ§VFH§Féﬁﬁ%fviQﬂ%rigﬁg?lguﬁﬁg?rééeﬁ [ ow
spatial |y eg asiysan i inaFsgrpént ifoe frashipetporyl dheferiBeheal 8datong

tenperature_.of 347 C and exits ,as a liquid at a pressure of 13 bar. The
| ong resi dUd hasS P HEREITS 8% ?%@ ﬁ&ﬁﬁglg§Hq:W%ﬁ?%??rﬁpf¢$§%rﬁénk of tubes

2 and is fethdrmelty SEEOREaddnhankeok rbiebednd IGRNILAIN L gpéﬂ?eﬁ{é?é Bank,
where it is further heated tq a tenperature of 394 C and exits af a
pressure of 2RPWarteRRVSAPBuEreBt the careée plidcarshb lorg residue

i0 feedstock.

The percentage of vapourized componénts in a gas-
liquid mixture within the first preheater may be adjusted
by contrelling the flash temperature, the guantity of
optional dilution steam added, and the guantity 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 ccking.

The process of the invention can inhibit coke
formation within the vapour-ligquid 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-liquid
separator. The process of the invention achieves high
recovery of crude oil and/cr 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
colefins 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




23 July 2004 entire streamexits as a liquid flowwng at a rate of 43,000
kg/hr with density is 670 kg/n8. The long residue is subsequently fed to a
third bank of tubes 4 identical to the first and second bank of 5 tubes,
wherein it is further heated to a t erature of 410 C, and exits the third
bank and the convection zone at that tenperature and at a prﬁ%ﬁ&{ﬁgdﬁf about
7 bar. At tkte third bank of tuhes 4, a flow of 1360 kg/hr o 1"l 'ut1on
steam stredht #5035 PedtPReShd ™t FETd W& or 1he (beBes meyibebar and at
182 Gt leavemgde 6114 BaRk18l phiese dan olRak | BHEO, g

having a liquid weight fraction of D.8 The aver age nol ecul ar "wei ght of
the |iquid e RElemez@Ret oftt ket Rindethatheoffaadesots ®4P. Beand it has

a density ofs 65 1 hNng . f 136, 850_kg/ hr.. The_.vapour
phase fl ows sa%? a Fﬁéiﬁ%fé%%%g%g?ﬁggl%a?%tasﬁ g\}léjfeasge %I@%ﬂl%‘? gﬁ?gﬁg of
abowt BO.5 &ite &idenkss tyaos BubBekghmBughhehiamowl-l itthe dfsdxstsekexits the

third bank i he_copvection section o he et hyl ene furnace 20
and fl ows tg'ilt he ﬁ?lfsrxé&lo{z’i% ez.%_feﬁ gPo&/ggaoblf%‘g%o& 11:%’],‘@31%13&@? hFtd¥e st eam
super heat ed pre 85 & atared pheS8 UpLe 8ErAbbgr ths cuHealitd wid tHe the
vapour-1liquid mxture exiting the_convection zone through the Mx Nozzle 5.

The resul ti ngV: Of | 2 mi XFEERTEPAYs t8Hea fiTsiafdinge imnaheatparator 6
at a rate ofs6Zckp}ikdlct abnd LERRELALHLS Bfan‘}kzéfc’tlﬂ@r%]gc}ris%é@éd Jhe

avg_roage nol e%ul ar_wei ght of the |iquid phase now has fu I'ncreased to
59¢.°0. The Kf &ui%%%ﬂoq r&eRe ofli shaory o208 igud irmatdre. addi ttitis of
super heat ednsb@&aPr 30 HR Y - 1L QUi ) ;e rated in the
vapourliquig.separatof 6. The sebarg%egoﬁ?éﬁgégneéfiﬁ$ﬁ¥%ﬁﬁﬁ%%ﬁﬁa%mnton1of
t he separ at 8-nJtee Pagsartataal hapong Twexorsmohe bapdusr -dhrgpuicth sepasat or at

the top or o] i.de t.a rate of. 49,400 kg/hr and at a
tenperature£§é H%%d%3§ﬁ$3éﬂé%% ot “BBohE S Adve cEah SE%ﬁﬂéég&WQ-of 6 bar. The
aver age nol €dthan weicghbaofk t hehe apaiis s shagagrirangbautirda $oiangdt has a
depgity of §é84 k%/.rrB. The liquid bottom streamexiting the vapour-1liquid
separator i S°FBFEFAES &¥ES (T FEHE MRy bEN{ReaREd TN ordich GIBED TRk at e

of pitch flmwyi ha@bokkvieT00G&ed N5 BNk exits at a tenperature of about
427 C at 6 bar._This liquid has a density of 722 kg/nB8 and an average
mol ecul ar wei ght Cof Us§9STTRE VPRt Gakiaian 7 i kheohbbredofi thestfidamtsa

heated 10 ieragbapkenbatibesy sMhaaieamibepuonabine Ba.hl gus ot a rate

of about 1360 r and is superheated to a tenperature o C at
pressure of"9thap. the veewsnHdenyld & evacNozz) etBewhéneairt vied ocdnrlyi ned

Wi ph vapour, gt rqd eam 92 fl.owmn a rate 15 of
50, 730 kgl h?ﬁaﬁﬁgn%%ir%gr gtlgr é%&ﬁo%?%ﬁé%%%% e%f'igggﬁge%ﬁﬁ’waﬁgut 6 bar

to the conwetienabbressdeote sttage quheteadtter Sbsiqbree timbsofurt her
vor gnt of (heoaaorr2Br B Mapcd ze L Harr T 1 donR: FY5FE 208, o ko/ e, The
vapour st r emwpsopsigtent ipeblrows ladk t eitllie L5 estbastZ0nsraRdibAt o the
radi ant ZO%%‘Q %ane£QX%ggg L%%%%%Fgﬁ é”;ﬁﬁ%éﬁ?,vﬁﬁﬁfié 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




3 31 CLAI MS 23 July 2004 1. A process for pyrolyzing a crude oil
and/or crude oil fractions containing pitch feedstock in an ol efins

pyrol ysis furnace conprising feeding the crude oil and/or crude oil
fractions containing pitch feedstocko40 a first 5 stage preheater provided

in a convection zone of the furnace, heating the feedstock %éﬁﬁzédﬁ first
stage preheater_to an exit tenperature of at |least 375 C to produce a

heated gas- Prgdicd bt dregm vl t h? abi mgst henteabed gaseféxub Ty ff.ommt he first
stage preheaterstq I gqui ¢_separator, separating and renpvi ng
the gas fromthe Ti gh/ljsgf iin %Eed%/a%{ﬁ?@??qﬁ?auggﬁarlé’t 3}&:’3%1?100# R R e
renoved gasthe sokdognelstrageermkheal encpr ayhdadti rRHM&CONEEi N zone,
further heat] t erature,of the gas to a tenperature above the 15

t enper at ur e{:gﬁgﬁhgﬁgﬁ@&a% R, h%h%a%%%?gYi HEABiEEPE dtSr, i ntroducing the
preleat ed gas i Ohe menadi @r zneinig tdecpyyo! Mﬂs%hw&cq,on?@fe%y-rquevzi‘ ng

of ¢

the gas to Iefigs %nd assqci ated by-products. 2. e proces alml,
wherei n 85 WECHPLPCKedd & LiRaaie Yekemiti kwivkhiny Sheurangeato35D C, and 9D

W . % or |ess. pf2themgsude Giy 1@@ ' i ze at. 400 C, each as
measured according to ASTM Dr28 .%&%%%%%%ggg%cé&%“&lﬁ‘& toclaim1 or
2, wherei n Tpe#B28Bt ockR N & Puk farndt dnilradisenteofir eheatigfredt: idnd S
pressure raggl ng; L9 - d t enperatyre rangi ng froml 40
C-300 C. 4. The |lor ocg]sgégitggélrt i %gfr ttg{éanc?/:tuocﬁee J?Pc?ﬁfi rl-]@?%v\ﬁélséidhlet he
feélst ock i¥eedetockstsseapenprehent dmjections ed £0aa0 axbhntesger ature of
at | east 4q%. ng.to any one of clains 1-4,

., 30 5., The process accordj
wherein the d%%% iﬁ%Fﬁrrépg8 %%ﬁgégqﬂ%) G ArieroBpoengry within

the first stage preheater, or at any point desired within
the first stage preheater. As the liqguid water
vapourizes in the crude oil and/or long residue

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 bésed
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 reqguired, and in no

35 event more frequent than the fregquency of radiant section




23 July 2004 6. The process according to any one of claims 1-5, wherein
dilution gas is added to the feedstock in the first stage preheater. 7. The
process according to any one of clainms 1-6, 5 wherein superheated steamis
conbined with the renoved gas prior g entry into the second stage
preheater. 8. The process according {0 any one of clains 1- (323%5&% t he
ol efins conp ethylene in an_anmount ranging from15 to 3 ased on
t he melghtté $k93@ va%%ﬁﬁ?féﬁlﬂee6§@0§@nﬂ?Ctﬁﬂ@[ﬂ&ﬁt%@nansoddcn@eﬁo any
one of clain® Iz Sraheseip gtdiggtsttors £l g%t} fl d ;1%5%‘:3?@33 Ligw d or

m xed |iquid/ gas phase, is added in the |rst agé
/ Ny/ N@ N? | NG gmwu\vlm@w:\m\g:m\@/ KijNED BJ/oN\g/eNMﬂH@Nth Md\ﬂmr&&w NC/ NM' NM

?LA d ca] ] ca] ca] ca] ca] ca] ca
?‘E gi\ljc {ai\l(c::/ ai\l(c::/ aFEdﬂ\r&f 8%{%%%]? ¢ a? c a% ?81]%6 a] ?é]scgg( 3’:9} E'c A% 28] cal cal LA

QAT AR AA9 BHBISHODOMNAANAZAS 5&BfEBQAGEENﬁSEMnéﬂGPﬁQEMﬁnhCAY]Ca]cggcggfggfggfg
et el eSS

“KPS' T xs BiagheZ 6a) €3] eakc c | ca] cal
ca] ca] ca] ﬁZ““g] c];}e?gd!@m ot ool sakeal o8] sebeaycaloakanle gl aplgrl o2 cal
] ca] ca] ca] c "t%ﬁ%“’é}]l‘éa?éé]:cﬁ?éa]:cé}:@a] (ta]ecijlczﬂt:as]t:aﬁe:a] calc

A alked w3 c a cal.cal.ca] ca] ca] ca] c”
2} ga] ga?]cg?%g]@bg] ca] ca] ca] ca] J\gg{’]L g% &Qf%}g %kg léfe:{? ?%8? ?& N$<_=! P8y &10
o0&+ - .| 5y&FPeRBLPTr Viiey &1 QUK (r)ozzsmo%(m,femem 6.)5 PERA%R o ) rkDXSWXO.

_19;;308/‘«50&3&, %@94«%& wh@e%loa/«ﬁffaw ot | YL () o L8YSL0%K )~y o

10@ &10%& (FoBVBLELEDOYRINE), - G RERALRY (beﬁivédl@'&ﬂ@%?ﬁ&sﬁ:) 268 L% {J -

10 zX9E .

10@&10%& (] -BPR FETOOR EF SanEIEiTR% IYReTH aRingat 1§ - SLowy efoREam 6! @&l
0%9 ()- 6&~golﬁl g&ﬂ:@%i&r@) W0 % Y8a kg e 6b X &0584 (2 56) e&Q%E o ) 10 10

@gﬁ%&( )Qs%%g%@(y&n( Figrovefivk )9 6! BF\ Bhiooeoyycs! af as0pRTheag ed
\&10%XX&.()sﬁéaﬁbﬁ§Nbbé 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-ligquid
separator 6. . ‘

In yvet a further embodiﬁent 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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]&101/&' ()-4&@%&&&% %é%%% ?tvyﬁ%/knl’? PHe10 5'1(3) eé‘gﬁdja%?&s() 10 10
10S>10%&! ()de;n}r&ﬁom&t (Ohe&hodEl ing (X¥dckam Simulated Sciences

10! 1 y&10 S5! By &1 0%<K&'( 51 _@&100& ()-Sb! ] y&l0%& ()-S5 y&L0%
ng () - S5fm%§§§§@§lgn )% - ence’ is made to Figure 5 to

10"y&lO%\M&liﬁzsSﬁht)é&k@:%@@g’erﬁﬁo&hﬂt&lo‘.ﬁf{]¥§<c1(u) § s {he yapouz- ..

y&l%%jd&' 0 Sc?xgol/gy%:l.gzmu\gevgéx(ﬁ?tlsr% tvﬁlglgo/gggcéa).on zone J_s ,at, a A
temperature which exceeds 375 °C. Under the
pressure/temperature conditions described in the
examples, lighter feeds such as heavy natural gas liguid
would vapourize cracking fractions, czusing the

1o convection section to coke up at a much faster rate than

the coking rate in a furnace processing the feedstocks
under the conditions described below.

Prophetic Example 1

A crude oil feed, having the properties listed below,

15 is used as the feedstock:

APT Gr. 37.08

ASTM D-2887 TBP

Wt.% Deg. C
13 24
10% 111
20% 170
30% 225
40% 269
50% 308
60% 368
70% 420
80% 477
890% 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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rst bank ‘of tubes 2 havxng elght rows of tubes, each

row spatially arranged in a serpentine fashion, and there
is heated to a temperature of 324 °C and exits at a

iQ pressure of 11 bar. At this stage the liquid weight
fraction is 0.845, and the liguid 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

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

The vapour-liguid 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 liguid 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
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14,400 kg/hr. The vapour phase flows at a rate of

25,400 kg/hr, has an average molecular weight of about

114.0 and a density of 14.5 kg/m3.

The vapour-liquid mixture exits the third bank of

10 tubes 4 in the convection section of the ethylene furnace
and flows to the Mix Nozzle 5. A flow 5a of about
17,600 kg/hr of steam superheated to 334 °C at a pressure
of 9 bar is injected into the vapour-liguid mixture
exiting the convection zone through the Mix Nozzle 5.

15 The resulting vapour-liquid mixture flows to a
vapour-liguid 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 liguid 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—liqﬁid mixture is separated in the
vépour-liquid.separator 6. The separated liguids exit
through the bottom of the separator. The separated '
vapour 7 exits the vapour-liquid separator at the top or

o5 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 liguid
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 molecunlar weight of
696.




10! %4y&10% t & () - V6! B8y&LOY&' () - V6! f 2y&10%& () - V6! y&10%& () - V6! y&10%t' t & (
) - V6! y&L10UKKS' () - VB&\ 5\ \ ABADNEAFAGN} ASHE 10! 94 10 10 0% & ()- VBGHInS
10p>10%& () - y&10%&' () - V6! Oy&10%ese& ()- V6! dy&10%&' () - VEHy&10% & (

X6SH= | L
gl Paft(é%%]&'() 711 2@10%: () - 7! | 8TR10%<& () - 7! @109KXE ()5 11 HEBIPYE ()
7109 () - ZCddeeeébezWBEDukOBEermlﬁwgs combin wi %BiB@%F ?a7g§FF§ﬁiZXGPE

' ' 10% \'& (
tosi0%e (- @k, Lapie (-7, GIORTET] i Sttoar § 2P6r fovns
10! 1 B*\ &lo%arx&té%( loltsgm%\,&l@g@o( X! /BlMa§ 0% (gﬁzljgr'}\1 10X & () -16

0 I 1

1(()2);<|323848X& ’%%@EB%&OF)W@I FEa209kx fresiie \dd 0968 & () -1 6! #) &10%41& ()

igg;gﬁ i& égf)% &'( ])15%\!]%&11%010& ?Kg ;’g%éfoe}a?\(ézs( )CCS@HE%L With ov@seyr 100x

100x70Qp_ p—q?f[ M Y7EEO produce a vapour stream 8 ;)n% at a rate

¢ 0 g \ &10%&'
s SNRIBREA SRR G T T

100x! | R&10YYEE aoiB 88 (9hex & o )tkﬁéoﬁ/@ﬁi@e&iloﬁozaﬂn second stage

() - Y& XXy z{wu3~\
10S>10%& () &éﬁJ%&pﬁ&ég E%ggre it is further heated and passed to a

10 radiant zone, not shown. The average molecular weight of

the vapour stream %a is 42.0 and its density is

4.6 kg/m3.

The vapour stream subsequently flows back to the

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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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/hr
to an external heat exchanger(s) 1 to warm the long |
5 residue to a temperature of 169 °C at a pressure of
18 bar prior to entry into the first bank of convection
section heater 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
10 of tubes, each row spatially arranged in a serpentine

fashion, 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 ka/m3 as it
exits the first bank of tubes 2 and is fed to a second
15 bank of tubes 3 identical teo the first bank, where it is
further heated to a temperature of 394 °C and exits at a

pressure of 10 bar. No vapourization takes place and
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e& ()- 6'_Ny&1093T§é(ioﬁ5N¥%P§due is subsequently fed to a third bank

of tubes 4 identical to the first and second bank of

-5 tubes, wherein it is further heated to a temperature of
410 °C, and exits the third bank and the convection zone
at that temperature and at a bPrxessure of about 7 bar. At
the third bank of tubes 4, a flow of 1360 kg/hr of
dilution steam, stream 3.5, is fed to the third bank of

10 tubes 4 at 10 bar and at 182 °C. It leaves the third
bank of tubes 4 as a vapour-liquid mixture having a
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-ligquid 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-liguid 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 liguid 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 liguids 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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The vapour stream 7 is combined with steam 8a heated
10 in a bank of tubes 8. The steam through line 8a flows at
a rate of about 1360 kg/hr and is superheated to a
temperature of 589 °C at a pressure of 9 bar. It flows
through a Mix Nozzle 9 where it is combined with vapour
stream 7 to produce a vapour stream %a 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 %a is 41.3 and its density is
20 4.5 kg/m3. _
The wvapour stream subseguently flows back to the
convection zone and into the radiant zone of the ethylene

furnace to crack the vapour.
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provided in the convection zone, further heating the
temperature of the gas to a2 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—produéts. |
2. The process of claim 1, wherein 85 wt.% or less of
20 the feedstock will wvapourize at 350 °C, and 90 wt.3% or
less of the crude o0il 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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6. The process according to any one of claims 1-5,
wherein dilution gas is added to the feedstock in the
first stage preheater.

7. The process according to any one of claims 1-86,
wherein superheated steam is combined with the removed
gas priocr to entry into the second stage preheater.

8. The process according to any one of claims 1-7,
wherein the olefins comprise ethylene in an amount
ranging from 15 to 30 wt.%, based on the weight of the
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.



